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mn Agenda

* Analyzing Elasticity of cloud offered services
« Quantifying elasticity of cloud offered services

* Monitoring elastic cloud services

* Analyzing Elasticity of cloud services
« Elasticity Space, Boundaries and Pathway
« Elasticity Dependencies
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mn Analyzing Elasticity of cloud
offered services

Motivation
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mn Analyzing Elasticity of cloud

offered services
Approach
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mn Analyzing Elasticity of cloud

offered services
Modelling Elasticity Capabilities

ElasticityCapability
elasticityPhase: Instantiation | Run-Time has

elasticityDim: Service Assoc. |Cost|QuaIigf|Resourcei L
dependencies: List<ElasticityDependency > [ Service

| has has
. . | has
ElasticityDependency [ ¥ lf . Y
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Mn Analyzing Elasticity of cloud
offered services

Customizable Elasticity Quantification Coefficients

+ Elasticity Phase Quantification Coefficients \ElasticityCapability
elasticityPhase: Instantiation | Run-Time

v; : if Instantiation Time
* ElPhaseQ(p) =3 v : if RunTime
Vi ¢ if Both

elasticityDim: Service Assoc. | Cost | Quality | Resource
dependencies: List<ElasticityDependency >

ElasticityDependency

maxReconfigurationFrequency: Volatility
. _ (v, ¢ if Optional Association type: Optional | Mandatory
ElDependencyQ(d) = {Vm : if Mandatory Association to: List <Service | Cost | Quality | Resource >
« Elasticity Dependency Volatility Quantification Coefficients
*  VolatilityQ (d)

* Elasticity Dependency Type Quantification Coefficients

* Elasticity Capability Quantification Function
* ECQ(c) = ElPhaseQ(c.phase) * X cc dependencies VolatilityQ(d) * ElDependencyQ (d)

Elasticity Quantification Function
‘ EQ {3) = Zd € cost, quality, resource W(d) * Zc € s.capabilities(d) ECQ (C)

Daniel Moldovan, Georgiana Copil, Hong-Linh Truong, Schahram Dustdar, QUELLE - a Framework for Accelerating the Development of Elastic Systems,
Third European Conference on Service-Oriented and Cloud Computing - ESOCC 2014, 2-4 September, Manchester, United Kingdom, ACCEPTED
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mn Analyzing Elasticity of cloud

offered services
Example: Elasticity of Amazon EC2 laaS Services

- Elasticity Phase Quantification Coefficient - Elasticity Dependency Type Quantification Coefficient

1: l:f Instan.tiation Time ElDependency(d) = { 1: zf Optional Associati(.m .
ElPhaseQ(p) =< 2: if Run Time —1: if Mandatory Association
3: if Both

- Elasticity Dependency Volatility Quantification Coefficient
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M2M |

Maa$S Requirements
Quality
MonitoringFrequency = 5 min

Analyzing Elasticity of cloud
offered services

Service Selection |Recommended| Quality Elasticity Cost Elasticity
Strategies Services Avg. |Min. |Max. Avg. |Min. |Max
Max Requirements 23 0.6 |O |1 2.39 |1.00U4 |3.0004 |

| Data End Topology

Event Processing Topology
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Resource
OperatingSystem: Linux
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Resource
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Resource
OperatingSystem: Linux
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Resource
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Bl Analyzing Elasticity of cloud
offered services

(conngctsTo)
1T SimpleQueue
(57 (Message Queue)
(recommendedCaost)

MessagingCostFct
(MessagingCostFct)

Properties

messages [1,0.5]($/million)
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m1.large
(VirtualMachine)

Properties

Architecture 64(type)
VCPU 2(number)
ECU 4.0(number)
Memory 7.5(GB)

StorageDisks 2(no.)
StorageSize 420(GE)

Network Moderate(perform:
(recommendedCost)
SpotCost_m1.large
(SpotCost)
Properties

hourlyUsage [1,0.0161](%)

HighMonitoringFreq
(HighMonitoringFreq)

Properties

monitoredFreq 1(min)

(rerxmwwdedenxy)

(connectsTo)

Monitoring
(Monitoring}

(recommendedCost)
HighMonitoringFreq...
{(HighMonitoringFreq...

Properties

monitoringCost [1,3.5]($/hour)
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* Monitoring elastic cloud services
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mn Monitoring elastic cloud services
Service Level Monitoring

Design-time View

Res ponse tlme Cloud Service: DaaS |
Service Topology: Service Topology:

- Event Processing Data End

N u m b e r Of C I I e n tS Service Unit: Service Unit: 1 service Unit: Service Unit:
Load Balancer| [Event Processing| [Data Controller| |Data Node

Other specific metrics

Controlling the service’s elasticity

User-Defined Requirements violation:
- Cost per client too high
Reasons:

SySte m Level M O n |to rl n g - Too much logging? Monitoring chatter?

- Too expensive VMs? Which one can be downsized?

Gang“a Nag|OS etC v - Not enough clients? Why?
b) b} .
C P U u S ag e Virtual Infrastructure View
i-\;’i-r-u-lz-al- Cluster: Cloud :
M e m O ry u S ag e ; Virtua%z;chine: Vinua%?chine: Virtua‘lrgdﬂ'il(chine: Virtua%[kddichine: . i

Network transfer

Daniel Moldovan, Georgiana Copil, Hong-Linh Truong, Schahram Dustdar, MELA: Monitoring and Analyzing Elasticity of Cloud Services, 5'th International
Conference on Cloud Computing, CloudCom. Bristol, UK, 2-5 December, 2013, http://dx.doi.org/10.1109/CloudCom.2013.18
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n Monitoring elastic cloud services
Structuring monitoring information

VM: 10.99.0.104

DataControllerServiceUnit :
.

- 1 [vmCount]

1 [vmCount]
A—:——J“—MAMM- DataEndTopology ,
Monitoring Data DataNodeServiceUnit ' VM: 10.99.0.105 - (ymCount]
-
1 [vmCount]
- 0.2 [cost]
VM: 10.99.0.62 - 51 [activeConnections]
LoadBalancerServiceUnit ]
CloudService : e 1 [vmCount] 1 [vmCount]
: L 51 [clients]
VM: 10.99.0.94 : - 841 [responseTime]
- 1 [vmCount]
Service Structure EventProcessingTopology ,
. Cloud Service ‘blconsisrsof e— 1 EventProcessingerviceUnit , VM: 10.99.0.88 , L P [responseTime]
isA L
i : cost/client/h 1 [vmCount]
A" Service Topology I cost/client/ e [throughput] e [throughput]
consistsOf e .
793.5 [responseTime] 2 [vmCount]
isA s :
Service Unit runsOn B 3 oty B 793 5 [responseTime]
isA - 5 L 51 [clients]
- Virtual Machine -~
isA Of

[Monitored Elemm\—[ Virtual Cluster |
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n Monitoring elastic cloud services
Structuring and enriching monitoring information

19.5 idle(%)
' Moniored Element VM:10.99.0.104 (eputdleol
' 0.0238 [write_latency(s)]
B Meni . .
etne DataControllerServiceUnit : B ;o5 wiiteLatency(ms)] 1 [numberOfYMs(ms)]
Requi
. cauirement L 80.5 [cpuUsage(%)
numberOfVMs(ms)]
DataEndServiceTopology ' o o i)
VM:10.99.0.105 , -
. . - 0.0193 [write_latency(s)
DataNodeSeryi€eUnit trrite fatency(e)
, L 70.8 [cpuUsage(%)] 1 [numberOfVMs(ms)]
0.24 [cost($)] numberOfVMs(ms)]
95 [activeConnections(no)]
VM:10.99.0.6

96.2 [cpu_idle(%)]
LoadBalancerServiceUnit 95 TrumberOfClients(no)] 1 [numberOfVMs(ms)]

L 3.8 [cpuUsage(%)]
. numberOfVMs(ms)]
CloudService ’

- 676 [throughput(no)]
VM:10.99.0.88 ' ] 88.7 [cpu_idle(%)]

EventProcessingServiceTopglogy - —— 827 [responseTime(ms)]
. . . response lime(ms
' EventProcessingSe€rviceldnit pe

: L 676 [throughput(operations/s

L 11.3 [cpuUsage(%

1 [numberOfVMs(ms)]

95 [numberOfClientg{no)]

- 927 [responseTiple(ms)]

numberOfVMs(ms)]

- 676 [througHput(operatitns/s)]

0.24 [cost($)]

Compute cost/client/h
N5 [cost/dlient/h($)] " . MUST BE LESS_EQUAL [0.0034]
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* Analyzing Elasticity of cloud services
« Elasticity Space, Boundaries and Pathway

SummerSoc 2014 14



Mn Analyzing elasticity of cloud services

Motivation

User-Defined Elasticity Requirements

Response Time<=1s

Cost <= 2.5 $/Month/Client

A4

Elastic Service

Load | J Event | Data | . 3
Balancer Processing Controller Data Node
pd

When to scale Event Processing?

Requirements for Event Processing?

When to scale Data Node?

Requirements for Data Node?

Daniel Moldovan, Georgiana Copil, Hong-Linh Truong, Schahram Dustdar, MELA: Monitoring and Analyzing Elasticity of Cloud Services, 5'th International
‘ Conference on Cloud Computing, CloudCom. Bristol, UK, 2-5 December, 2013, http://dx.doi.org/10.1109/CloudCom.2013.18
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mn Analyzing elasticity of cloud services

Elasticity Space, Boundaries and Pathway

-, [vmCount]

DataEndTopelogy :
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Daniel Moldovan, Georgiana Copil, Hong-Linh Truong, Schahram Dustdar, MELA: Monitoring and Analyzing Elasticity of Cloud Services, 5'th International
Conference on Cloud Computing, CloudCom. Bristol, UK, 2-5 December, 2013, http://dx.doi.org/10.1109/CloudCom.2013.18
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mn Analyzing elasticity of cloud services

Elasticity Space and Boundary
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Analyzing elasticity of cloud services
Elasticity Pathway

DataControllerServiceUnit ' - '
DataEndTopology ,
. . VM:...
DataNodeServiceUnit . ,
VM:... '
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CloudService
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* Analyzing Elasticity of cloud services

« Elasticity Dependencies
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mn Analyzing elasticity of cloud services

Elasticity Dependencies
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mn Conclusions

« Concepts
» Elasticity Space, Boundary, Pathway
» Elasticity Dependencies
» Elasticity Capabilities
« Mechanisms
» Quantifying elasticity of cloud offered services
» Constructing cross-layer monitoring snapshots
* Analyzing elasticity
« Framework/Tools
« QUELLE: a Framework for Accelerating the Development of Elastic Systems

« MELA: Monitoring and analyzing elasticity of cloud services
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Vienna University of Technology ( )
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