Faculty of Science, Engineering and Technology

Swinburne University of Technology, Australia




Agenda

Introduction

Approach

Experiment Setup

Experimental Results

(
(
(
(
C

Conclusion

Y/ A A e




Clouds offer Subscription-Oriented IT Services:
{computation, application, data,..} as a Service (..aa$S)

‘Public Cloud

Clients

Private 0
Cloud

Other
Cloud Services

Cloud Services




Several Benefits......

Service

Oriented

Cloud
Computing

Dynamic
(& Distributed)

Market
Oriented
Pay As You Go

Shared
(Economy of
Scale)




« New York Times 2012: Data centres use about 30 billion watts of
electricity per hour worldwide, equivalent to the output of about 30
nuclear power plants :

= High Operational Cost
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= A key objective of cloud
service providers:

develop resource provisioning and
management solutions at minimum

energy consumption while still . |
guaranteeing Service Level ~N
Agreements (SLAS). Understand both

' ' system performance

and energy
consumption pattern
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&

Understand both system performance and energy consump

pattern:

% running extensive experiments with heterogeneous
parameters/metrics and workloads;

< collecting appropriate cloud and application energy/
performance measurements;

< performing energy/performance trade-off analysis.




Performance and energy analysis tool - StressCloud
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DataCenter
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Access Password

Access User Name

Cache Of Physical Processor
Cloud Element ID
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Frequency Of Physical Processor
Frequency Of RAM

Hyper Threading

Incoming Connection

Number Of Physical Processor
Number Of Virtual Machine
Number Of VM Group
QOutcomming Connection
Processor Additional Description
RAM Additional Description
Server Service Address

Size Of RAM

Size Of Storage

Type Of Physical Processor
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I= PhysicalServer
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| All available VMs on Host https://136.186.6.60/sdk

CentOS,IPAddress:null, guestRunningState:notRunning, OSType:CentOS 4/5 (32-bit),numof( ~

VM1, IPAddress:null,guestRunningState:notRunning, OSType:Microsoft Windows XP Profess a

QEMU-VM,IPAddress:null, guestRunningState:notRunning, OSType:CentOS 4/5 (32-bit),nurr
[0}

FEI_VM2,IPAddress:136.186.6.222, gquestRunning
rEl_VMI1,IPAddress:null guestRunningState:not

FEIL_VM3_WS IPAddress:136.186.6.229,guestRun

State:running, OSType:Microsoft Windows X
Running, OSType:Microsoft Windows XP Pro
ningState:running, OSType:Microseft Windo

e

< [ 1

] 3

| Choose VirtualMachine |
Selected VirtualMachine

| FEI_VML1,IPAddress:null, guestRunningState:notRunning, OSType:Microsoft Windows XP Pro

(b)

< 1

¢ |

0S Type

Outcomming Connection
Processor Additional Description
RAM Additional Description

Size Of RAM

Size Of Storage

Type Of Virtual Processor

VM Group ID

VM Running Status

VM Service Location

AddVMToDiagram
NirtualMachine
Core Property Value
m | Cache Of Virtual Processor I= N/A
—_ Cloud Element ID =N}
Cloud Element Name = FEL_VM1
Communicationl Task Allocated List =
Compositional Task Allocated List =
Computation Task Allocated List =
Datal Task Allocated List 1=
Frequency Of RAM 412133.0
Frequency Of Virtuall Processor 1128
Host Access Password = amanil23
Host Access Username = root
Host Service Location I= https://136.186.6.60/sdk
Incoming Connection
Number Of Task Allocated 13
Number Of Virtual Processor 13

= Microsoft Windows XP Professional (32-bit)

= null

= null

116144.0

(11 8.388608E7

= Intel

=N}

= running

I= http://136.186.6.235:8080
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EndService
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DataCenter

Core

<
/@ Tasks | =] Properties &2

<4 PhysicalServer

- Appearance

Property

Access Password

Access User Name

Cache Of Physical Processor
Cloud Element ID

Cloud Element Name
Frequency Of Physical Processor
Frequency Of RAM

Hyper Threading

Incoming Connection

Number Of Physical Processor
Number Of Virtual Machine
Number Of VM Group
Outcomming Connection
Processor Additional Description
RAM Additional Description
Server Service Address

Size Of RAM

Size Of Storage

Type Of Physical Processor

Value

= amanil23
= root

= N/A
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I= PhysicalSe
11 2,79999961
11100

% true
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= null
= null
I= https://13
[111,0718543¢
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= Intel

:C1oudLoadTescDeploymencArchitecﬁure>
<DataCenterController DataCenterControlerID="1" DataCenterControlerName="DataCenterController">

<ControlStrategy>Distribute</ControlStrategy>
<TargetElementConnected>VMManagement</TargetElementConnected>
<SourceElementConnected>DataCenter</SourceElementConnected>
</DataCenterController>
<VMGroup VMGroupID="0" VMGroupName="VMGroup">
<NumberofVM>1</NumberofVM>

<HostServiceLocation>https://136.186.6.60/sdk</HostServicelocation>

<SourceElementConnected>VMMana ceElementConnected>
<VirtualMachine VMID="0" VMN
<CacheofVirtualProcessor>N/A<L
<ProcessorDescription>null</ProcessorDescription>

<RAMDescription>null</RaMDescription>

eofVirtualProcessor>

<FrequencyofVirtualProcessor>2.8</FrequencyofVirtualProcessor>

<FrequencyofRAM>2133.0</FrequencyofRaM>
<TypeofVirtualProcessor>Intel</TypeofVirtualProcessor>
<SizeofRAM>6144.0</SizeocfRAM>
<SizeofStorage>8.388608E7</SizeofStorage>
<NumberofVirtualProcessor>3</NumberofVirtualProcessor>
<NumberofTaskAllocated>3</NumberofTaskAllocated>
<VMGroupID>0</VMGroupID>

<0SType>Microsoft Windows XP Professional (32-bit)</0S5Type>

<VMServiceLocation>http://136.186.6.235:8080</VMServicelocation>

(b)

<HostServiceAddress>https://136.186.6.60/sdk</HostServicehAddress>

<HostUsername>root</HostUsername>

<HostPassword>amanil23</Hos Qrd.

<Task TaskID="0" TaskNam{="GetIndex">)
<MappedTaskID>0</Mapped
<MappedTaskName>GetIndex</MappedTaskName>

</Task>

<Task TaskID="0" TaskNam @
<MappedTaskID>0</Mappedl aSKTD
<MappedTaskName>Signin</MappedTaskName>

</Task>

<Task TaskID="0" Tasmm@
<MappedTaskID>0</Mappedl aoRID
<MappedTaskName>GetHelp</MappedTaskName>

</Task>

</VirtualMachine>
</VMGroup>
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| deTault.Cloudgeneraluserwork I ] deTauit.cloudgeneraluserwork

- (a) 0L

] deTauIt.cloudgeneraluserwork I ] Testnew.c

| <ParentTask TaskID="0" TaskName . -

Comm_GET
[ <Resourcelocation>http://136 M BB=6=287" 8080</Resourcelocation>
:’.55@5@74 </ParentTask>
<Path PathID="0">

<CommunicationServiceCXient ServiceClientID="0" ServiceClientName="Client">
<isMultiThread>fAlse</isMultiThread>
<ServiceClientlumber>10</ServiceClientNumber> ((:)
<ClientStateffalse</ClientState>

</CommunicatigAServiceClient>

<CommunicatifnTaskPage PageID="0" PageName="StartPage">
<ServifeResult>start</ServiceResult>
<DelfyMax>0.0</DelayMax>
<D€layMin>0.0</DelayMin>

PageData>Start</PageData>

<PageDataType>Start</PageDataType>
<PageState>false</PageState>

</CommunicationTaskPage>

<CommunicationTaskAction ActionID="0" ActionName="GET">
<RepeatTime>1</RepeatTime>
<ActionType>GET</ActionType>
<DataAmount>40.0</DataAmount>
<PacketSize>40.0</PacketSize>
<DataType>TEXT</DataType>
<ActionState>false</ActionState>
<TransitProbabilityFromPriorPage>1.0</TransitProbabilityFromPriorPage>

ﬁiiiiiiiill

<Path Path

<GeneralUserClient UserClientID="0" UserClientName="Client">
<ClientState>false</ClientState>

</GeneralUserClient>

<StartPoint StartPointID="0" StartPoint="Start">
<IsStartState>false</IsStartState>
<IsTerminateState>false</IsTerminateState>
<State>false</State>

</StartPoint>

<CompositionalTask TaskID="0" TaskName="GetIndex">
<TransitProbabilityFromPriorPage>1.0</TransitProbabilityFromPriorPsgfe>

</CommunicationTaskAction>

<IsStartState>false</IsStartState> <CommunicationTaskPage PageID="0" PageName="GETResult">
<IsTerminateState>false</IsTerminateState> <ServiceResult>GETResult</ServiceResult>
<State>false</State> <DelayMax>10.0</DelayMax>
iati i ngn _n "
<5ub_CommunciationIntensiveTask TaskID="0" TaskNamdg"Comm GET"> <DelayMin>0.0</DelayMin>
<WorkloadModelFile>C:\test\decisionmodel\JPetStore\eaf=eeI< /WorkloadModelFile>
. . <PageData>TEXT</PageData>
<RepeatTime>1.0</RepeatTime>
<Resourcelocation>http://136.186.6.235:8080</Resourcelocation> <PageDataType>TEXT</PageDataType>
<NumberOfVM>1</NumberOfVM> <PageState>false</PageState>
<VMTypeRequired>Large</VMIypeRequired> </CommunicationTaskPage>
<IsStartState>false</IsStartState> <CommunicationTaskAction ActionID="0" ActionName="EndService">
<IsTerminateState>false</IsTerminateState> <RepeatTime>1</RepeatTime>
<State>false</State> i .
<ActionType>END</ActionType>

</Sub_CommunciationIntensiveTask>

</CompositionalTask> <Datakmount>40.0</Datalkmount>

<EndPoint EndPointID="0" EndPoint="End"> <PacketS5ize>40.0</PacketSize>
<IsStartState>false</IsStartState> <DataType>TEXT</DataType>
<IsTerminateState>false</IsTerminateState> <ActionState>false</ActionState>
<State>false</State>

i <TransitProbabilityFromPriorPage>1.0</TransitProbabilityFromPriorPage>
</EndPoint>
E— </CommunicationTaskActionﬂ
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| Data file settings (LiveGraph) = SE | 8T

Data file:

..ad\CloudHostPeiformance_2013-09-29_22_47_01.Igdat j Open...

® Show alldata () Show taildata [_] Do not cache data

Update frequency:

every 5 seconds (0.2 Hz).

Next update: 2.487 seconds. . Update now |

|£] Graph settings (LiveGraph) @ = B X

Viewport:
MinY: O ® auto | Maxy: O @ auto
MinX: O ® auto | MaxX: © ® auto
Vertical grid: Horizontal grid:

® Do not display a grid @® Do not display a grid

() Grid aligned on dataset indices © Display a horizontal grid

() Grid aligned on X-axis units

X axis:

A
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Performance and energy analysis tool - StressCloud

Workload Model:

A set of Tasks modelling the target cloud application behaviour

v' Computation-Intensive
v CPU-Intensive

v' Memory-Intensive
v’ Data-Intensive

v' Communication-Intensive

Task:

A stochastic form chart specifying the detailed user requests and required
responses from the cloud system

Task Type Service Type in StressCloud
CPU-intensive Fibonacci sequence calculating
Memory-intensive File processing
Data-intensive Rational database operating

Communication-intensive HTTP request/response




Performance and energy analysis tool - StressCloud

Cloud Architecture Model:

All available resources in the target cloud system and their detailed
configurations
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Experiment Setup

> Energy and performance profiling framework

Cloud Server

VirtualMachine VirtualMachine

Apache Tomcat Apache Tomcat

Load Test Web Service
Load Test Web Service || | [ [ ==

T D
MS SQL MS SQL
Server Server

Router

PowerNode GreenWave Monitor and Load Generator

y Gateway
o StressCloud

> VM configuration

V|rtu.al Number of Cores RAM Hard Disk
Machine
Small 1 2GB  80GB
Medium 2 4GB 80GB
Large 3 6GB 80GB
XlLarge 4 8GB 80GB




Test cases

Workload Type
CPU-intensive
CPU-intensive

Memory-intensive
Data-intensive
Data-intensive

Communication-

intensive

Communication-

intensive
Mix Computation- and
Data-intensive
Mix Computation- and
Data-intensive
Mix Computation-, Data-
and Communication-
intensive
Mix Computation-, Data-
and Communication-
intensive

Test set Number

N R RN

Test Point
Resource & Workload
Resource Allocation Strategy
Resource & Workload
Workload
Workload

Workload
Resource Allocation Strategy
Workload

Resource Allocation Strategy

Workload

Resource Allocation Strategy
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CPU-Intensive Workload

increasing the CPU cores allocated to the task, and the workload of the

- task.
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CPU-Intensive Workload

tasks constant, while changing the resource allocation strategy.

Energy Conumption per

Task in Joule
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Memory-lntensive Workload

% Test set #1: Keeping the number of tasks constant,

while .gradul

-" %
N

SIS

ly

increasing the size of RAM allocated to the task, and the workload of the

 task
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Data-Intensive Workload

< Test set #1: Keeping the number of tasks

increasing the workload of each task
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Energy Conumption in Joule
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Data-Intensive Workload

<+ Test set #2: Keeping the ratio of each type of operation and total nu
of tasks constant while changing record size of database requests and user
request number per second

c RecordSize 400K RecordSize 400K RecordSize 400K
"a m RecordSize 500K ® RecordSize 500K m RecordSize 500K
n4
S 180 100 . 450
5 160 x5 90 € 400
o 80 ————H—tr— = 350
o o
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Communication-Intensive Workload

+ Test set #1: Keep the resource allocation strategy constant while increas
the number of user requests and the packet size of each request

.+ 6000 PacketSize1500K 5, Packetsize1500K
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Communication-Intensive Workload

the number of user request per second and resource allocation strategy

~ 6000 Small 200 Small
8 : Medium
o = Medium u Me
g 5000 M Large
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Mix Computation- and Data-Intensive Workload

2+ Test set #1: Keep the resource allocation strategy and total amount of d

processed constant, while changing the size of each data set.

Energy Conumption in Joule

8000
7000
6000
5000
4000
3000
2000
1000

0

1000K 2000K 4000K 8000K
Size of Data Block

DataSize 2G

Throughput

50

40

30

20

10

0

DataSize 2G

1000K 2000K 4000K 8000K
Size of Data Block



Mix Computation- and Data-Intensive Workload

< Test set #2: Keep the total amount of data processed and size of each

set constant, while changing the resource allocation strategy

Energy Conumption in Joule
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Mix Computation-, Data- and Communication-
Intensive Workload | |

+ Test set #1: : Keep the resource allocation strategy constant while chang

workload
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Mix Computation-, Data- and Communication-
Intensive Workload | |

< Test set #2: Keep the workload constant while changing the reso
allocation strategy | | |
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Conclusion

< StressCloud
< Experiment results show energy consumption and system
performance are related to:
> Organisation of Cloud application workload.
> Type of Cloud application workload.

> Resource allocation strategy.
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