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In Brief..

a ToolprovidingPerformance and Cost Analytics
for Elastic Cloud Services

using
Monitoring and Cost Data
and utilizing
the Cloud Service Topology
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Presentation Outline

A Cloud Computing and Cloud Analytics
A The gap in Cloud Analytics Tools
A Our Approach

A Design / Implementation

/A Evaluation

/A Conclusions & Future Work
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Cloud Computing

A Providesa shared poobf physical resources

A datastorage space, networks and computer
processingower

A Utilizedto run virtualizedresources

lay 28th 2015, University of Cyprus
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Cloud Computing Economics

A Biggest advantages cloudcomputing
/A Renton demand resources
A reducebare metal machines maintenancests
/A Pay as you go
Ainitial cost is minimal
Aovercosté SI& AYIRY F ASI o6t S
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Cloud popularity

Cloud computing is responsible for Cloud \WaturitycoffResponders
providing the facilities that host
nowadays the larger percentage S Sl

of computing and storage service

No Cloud Cloud Cloud Cloud
of the Internet. Plans Watchers Beginners Explorers Focused
Planning First project Apps running Heavy use

= All or many
m Some or a few

Entenpriseworklaads by, type

m None

Dev & test Websites Existingweb  Greenfield Marketing Legacy apps
apps campaigns

Source: Right 2015 Scale State of the Cloud Rep
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Cloud Service Development Lifecycle

servicemesh =

Cloud Usage and
Cost Analytics
Tools
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What is Analytics?

Theprocess of applyinghathematicsand
statisticsover a set(s) of datand thevisual
representationof the extracted information

Web analytics (e.g. Google) Business Analytics (e.g. SAP)
2 W varee =7 Aowindesecin o] Oeboa® T wue o1 Tas 2T 6000 =1 GLccurs =7 commg saymens =) swpra =1 Goo e o wew t < W
R R e S e nn G .
.nlm G e Salas-munu'
.::' o Ussn Right now . _QL | I..

enen \/—\J"\/\\\/\/\ — —
Website Traffic and Visit Sales of a product
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Cloud Analytics

A Insights intoapplication behaviour

A assist users to improve application performance, resource

utilization and thereby reduce cost

A Increaseof demand froncloud analytics

A More than 1,000 customers RightScal€loud Analytics

platform after a monthannounced

-
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Analytics Insights

Utilization / Performance
Usage
e.g ram or disk used in GBpuload inpercentage

Stateof a resource ovetime
Short and long term trends

Visualizationgntercepting the data input rate (e.qg.
requests/sec) and theesourca usage(CPU, memory

usage

Cost
Costper hour/month/year
Costchange over the time

-
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But Still¢ Lack of Visibility

a y9r ofdeploymentdound underutilizedn terms of
CPU, Memory, /O ardl S (i 4 2 NJ £

G L v & lareyird&dilized with average utilization
rates between &> €

G 5 A T fériugedid digest analytics data, as cloud
deployments scale out to massi&eh | S a €

oga

The Big Data GroupSurvey 2014

Cloudyng White Paper: The Great Hope of Cloud Econon
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IT Staffc Maintainers

AT Staffc Maintainers

A Forensic analysis of an incident,

primarily uses monitoring data

A Analytics for anomaly detection e.g.

INn request rate to identify dos attacks

W 7 May 28th 2015, University of Cyprus
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Different Usersc Different Needs

A Application Developers

/A Optimize / Fingune cloud Services

A\ Configure Cloud Service Elastic M1

Behavior (e.g. set rules / thresholds)

m"! May 28th 2015, University of Cyprus
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Different Usersc Different Needs

/\ Department Manager 6

/A Expenses management for the /§}
departments Products / Services gl II

A Single / Overall deployment(s) cost

May 28th 2015, University of Cyprus



Develop and

Deploy

Apache Tomcat + Video
Streaming Web Application
/P —

NoSQL Cassandra D8

= { ———
Application ’ Database
Server | | server
!
HA Proxy r a2
O " ] Application _ Database
O Load Server Server
@ ! ’ Balancer
e Application | Database
Server { Server
-~ N—————/
B P PT S Sebe TR PP
i Sign Out
B openstack e - b -] S8
Project - Instances
‘ Compute - =
SN Instance Key Availability
O Name Image Name IP Address Size Pair Status Zone Task
I Instances
m1.medium | 4GB RAM | 2 )
O DBServer_1 ubuntu14.04 192.168.0.102 VCPU | 40.0GB Disk thanasis  Active nova Mone
Images
O | AppServer_2 ubuntu12_04_java curl_htop_jcatascopia  192.168.0.100 m1. medium MGB. RAM |2 thanasis  Active nova Mene
Access & Security VCPU | 40.0GB Disk
[0  Load_Balancer  ubuntul2_04 java curl_htop_jcatascopia 192.168.0.109 il S ) thanasis = Active nova MNeone

‘ Network
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Displaying 3 items

VCPU | 40.0GB Disk
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Develop and Deploy

» All Instances

_ Instances Project v |[ Filter Q

-

— Host Image Name IP Address Size
nephelaecc ubuntu14.04 192.168.0.102 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelaench ubuntu12_04_java_curl_htop_jcatascopia 152.168.0.100 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelaencs ubuntu12_04_java curl_htop_jcatascopia 192.168.0.109 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelaencd  Windows Server 2012 R2 Std Eval 192.168.0.13 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelaencd  centos6.4x86_64 192.168.0.121 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelaenc5  centos6.4x86_64 192.168.0.119 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelaecc ubuntu14.04 192.168.1.62 c2.medium | 4GB RAM | 6 VCFPU | 20.0GB Disk
nephelaenc3  ubuntul14.04 192.168.0.26 m1.large | 3GB RAM | 4 VCPU | 80.0GE Disk
nephelaenc3  ubuntul14.04 192.168.0.25 m1.large | 3GB RAM | 4 VCPU | 80.0GE Disk
nephelae ubuntu14.04 192.168.1.57 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelae ubuntuid.04 192.168.1.58 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk

| nephelae ubuntu14.04 192.168.1.56 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk

' nephelae ubuntu14.04 192.168.1.55 m1.medium | 4GB RAM | 2 VCPU | 40.0GE Disk
nephelaenc?  ubuntul14.04 192.168.0.20 m1.xlarge | 16GB RAM | 8 VCPU | 80.0GE Disk

Foudoulis Athanasios May 28th 2015, University of Cyprus
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Cloud Service Analytics

n T -

/A Analytics Per
Instance

- /A CPU utilization

A Possible Aggregatiot
A Per Tenant
. A Per Cloud Project
— / Per Regi on

-026d2tEe 77.99%

CPU Utilization Iy

iiiiiiiiii

76.39%

EEEEEEEEE
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Cloud Service Analytics

Find which instance undgrerforms
ldentify the most costly project
Pinpointwhich tenant cost less

Helpful for IT Staff and Managers

Can not easily focus on single deployment

Can not optimize a single application tier
(e.g.database

-
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Visualizations Based on Service Topology

Designing Useoriented or Useitentric
Interfaces can increase the user experience
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Advanceover Stateof-the-Art

RIGHT SCdLe

. . &8 cloudability
/A Focus is driven on & CloudCheckr

. L S @cloudvertical
/A Resource performance visualization Cloudyn

/\ Total application cost visualization Cloudzware

/A State of the Art notware of applicatiortopology

A Insights limited to application level

A Multi-grain performance evaluation is not available

A (e.g. how scaling one tier affects the cost of another tier)

-
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Our Proposal

Ananalyticstool
Aim helpingdoud Service Developers
Provide amdditional view of the existing
iInformation.
Cloud Service Topology hekeystone of our
tool

away to graphically represent the blueprint of a
cloud service.

-
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Our Proposal

A Extract insights, such as thend of thedata

A Apply statistical calculations,

A'In the timeseries formatted data

May 28th 2015, University of Cyprus



/q Laboratory for University
Internet Computing . of Cyprus

Leverage Service Topology

/A Enhance metrics data with service topology
A Providefine-grained analytics

A

A

-

Per tier Analyticsuseful to identify bottlenecks or
possiblebottlenecks)

How one tier can affect others

28th 2015, University of Cyprus
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Support elastic applications

Exploitcloud elasticity

More detailed analytics fothe cloud
application lifecycle

Help understand what it may seem abnormal
behavior

Use elasticity actions as time bookmarks to
navigate through the deployment

-
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Functionality / Requirements

Calculateanalytics for a cloudervice
deployment

Visualizeand Map analytics orthe service

topology
Integratedifferent data source¢e.g usage
and cost meteringlata)

Understandand exposethe elastic nature o
service

Respond in a timelgnanner
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Implementation

Two components

Backend (Computation Layer)
Retrieves datdrom the configureddata-sources
Combines andnalyzeshe data
Exportsthe enriched dataviaa REST API.

Frontend (Presentation Layer)

Helpsthe user interact witlthe BackendService

Presentghe information in aunified anddescriptive
manner

-
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The Analytics Tool

/A Runs as CloudService

Analytics Tool Back-End Service

* APl Calls

hcnitoring System

Cost Caloulation Madule
Analytics Tool Front-End Application

\ HTML ESX w
-;__(_‘f »>Java E E ﬂki;ﬂ GOOGLECHART
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Data Sources

Resources Data

Architecture

Analytics tool Backend Service

»

Application
Topo logy

Profiling

Deployment
Information

Cost Information

Monitoring Data

Data Collection
Modules

T

Analysis Module

T

Controller Modules

Foudoulis Athanasios

e S iy s e gy =

APl Calls

Y

Visualization Tool

Anahlytics Tool Fronte nd Application

Web Browser
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Data Collection

Provides

A set of Interfaces In order tensure theneeded
abstraction

A set of data objects to help communication of the
a)\yuSNyl f ¢ Y2Rdz Sa

Ve \\

LYGSNYOGa 6A0K GSEUSNYI €
Monitoring System
Cost calculation Module
File System

CNFyaF2N¥ya GKS RFEGF a2 0
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Analytics Calculation

Statistical analysis over tirrgeries data

Common methods like MIN, MAX, MEDIAN,
MEAN, SD and COUNT

Based omapache.common.math

Additional Optimization for performance
Incremental MEAN calculation

- T
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Analytics Calculation

A Trend Calculation

A lmplements &Simple Moving Averag&MA*
function
A Procesdevel Parallelization
/\ Break data to small chunks

/A Calculate each chunk Trend
/A Combine the result

*G.Sanche2010,a a2 @AYy 3 AYy G SNBDI f ¢

series forecasting €
m"! May 28th 2015, University of Cyprus
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Visualizing Timeseries

Timeseries data

¢ Isequence oflata points, typically consisting of
successive measurements made over a time
AYUSNDI ¢

Frequentlyplotted via linecharts

Themost popular choice of visualization, among
scatter plots andpace filling approaches

- T
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VisualizingTimeseries- Issues

/A Not the whole data can fit to a screen
A Plotting too much data* results
AWYSEaaeQ +Aadd tATFGARZY A
/A Reduces the clarity and readability
A User can digest less data than the one actuall

visualized
5000 points 3000 points

| | 40
Ml i | I~ )
| [ Al f
Il 11

* According to screen size in pixe

AL A f Vi / 8 'SPy { 11 |
I :_. | l..’ \ llv/ | v " / ll‘ é n -, ~ :.' i '.' \ ",,"/ " s .II !
,,--' W .‘.A ! L ,.:" '-,"';_.' \ B he ‘..4" W l\ J NS \ 4
) rrcMN Moy e e e . e Eadln b |
B’UI 8th 2015, University of Cyprus




Visualizing Timeseries- Solutions

Reduce the amount of dat®ata reduction
Remove some strain from the rendering tool
Transfer less data over network

Data reduction Techniques
Aggregation, Binning and Sampling
Algorithms preserve

Thevisualization accuracy
Not the analysiprocessaccuracy

-
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Down-sampling

LargestTriangleThreeBucketsalgorithm

Separateghe raw data in almost equal size
buckets and

Selectdrom each one the most representative
point based on the previously selected sample.

Sveinn SteinarssomDownsamplinglime
Series for Visual SLINB a Sy G I G A

015, University of Cyprus 33




Additional Optimizations

Visual Feedback
While usemwaits foranalytics Calculations

Partial Loading / Preoading
vdzA O1f & ONBFIIS | YR LINB:
visualization
e.g. Using High sampling rate
Add the detalls later, seamlessly

-

015, University of Cyprus




Does it meet our expectations?

Expected Characteristics / Requirements
Calculateanalytics for a cloudervice deployment

Visualizeand Map analytics orthe service

topology

Integratedifferent data source¢e.g usage and
cost meteringdata)

Understandand exposethe elastic nature o
service

Respond in &mely manner

2rsity of Cyprus




Evaluation- Functionality

A Define two realistic applications
/A Configure to use the collected data

A Use Ul to inspect analytics

Foudoulis Athanasi May 28th 2015, University of Cyprus
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Use Cases

C ﬂ O videaGenericCesre B
as §-Tier ke Slream e

Athree-tier service*
1. HAProxyoad balancer

2. Applicationservertier ===
3. Cassandra NoSQL _— @ ——— 2
distributed data
storage

*D.Trihinag aal ylF3Ay3a YR Y2yAid2N
**Service Topology As it was Designed through CAMF User Inte

Foudoulis Athanasi May 28th 2015, University of Cyprus
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Use Cases

Case?

A data analysis and exploratory
game application*

1. Loadbalancer
2. Applicationservers (GO)

3. Computenodes for
extractingand
transformingof data

Rediscache

PostgreSQtatabaseas
the primary storage

6. Cassandr®Bstoringlarge
binary blobs

>

U1

*Dataplaywas developedby Playgerfor the purposes of CELAR (FB1779Q

**Service Topology As it was Designed through CAMF User Inte
: May 28th 2015, University of Cyprus
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Evaluation- Results

+ASg -HIWENI GSRQ FylFf&@idAoa NB
components including bothsageand cosimetrics

Fagomshe Repoits  Topology Caplure

Curpuonn List ‘
I 2 | Ram
Uu:‘::lumu - """"v] mamty l
Applicahan Servar
Leslabase
. on

Moaterof baloes
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Evaluation- Results

Present analytics for various components mapped onto the
cloud service topology

furrmsic Frparts Topology D

Foudoulis Athanasios May 28th 2015, University of Cyprus
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Evaluation- Responsdime

/A DefineWhatto measure

" @ © o ® ® e
A Datesets
A Up to1-million randommetric values
A Data fromrunning a 3Tier Application
/A Repeat each measurement several times, extract the me
A Test if response time 4s

D.TrihinagE Gal yI3Ay3d FyR Y2yAdl2NKyarR & by Ko adt AdpRizRe 2y 02 S|

m I LILJE A OF GA2yat web users willing to walit €
S lay 28th 2015, University of Cyprus
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Backend Service (BC)

B Down-Sampling Procces B Trend Calculation  =——Total Analysis Time

/\ Backend Service

/ Parse data from -
data source

ACalculatetrend T FEREREEECRCE

Data Point (Metric Values) Count

A Apply sampling

/A Write the response:
g T0%
Backend Service A % oo
r—a" PR

: _____________________ ED g
al Data Transformation Trend Sample i_ E 30%
I_ ______________________ | 20%
(B) (C) (D) %

1000 2000 5000 10000 20000 35000 50000 75000 100000 200000 350000 SOOO00 750000 1000000
Data Point(MetricValues) Count

Time |
[=]
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Frontend Application (EF)

Frantend Application

A Frontendapplication e =

| arser
| I

A\ Transform to Google Charts form-————- |
/' Render the Chart

2.50

2.00
o
al
2
o 1.50
£
=

1.00

0.50

0.00

3000 3600 4200 AB00 S0 E000 EE00 F200 FEOD BADD Q000
Data Point (MetricValues) Count
mmm Transform to Google Charts Format mmm Render Goggle Chart =—Total Time For Displays the Chart
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Endto-End Timec Scenario 1

/A Scenarioc 1
A 3 Day raw data (10sec interval)
/A 60% Dowrsampling
/A ~18000 point for rendering

Foudoulis Athanasios May 28th 2015, University of Cyprus



