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SLAstic Meta-Model

SLAstic — Architecture-Based Online Capacity Management

System Partition (also used as runtime model)

0 Type repository (e.g., component types, interfaces, connector types, execution container types)
9 Component assembly (e.g., assembly of components via connectors)

@® Execution environment (e.g., execution containers and interconnection via links)

9 Component deployment (mapping: assembly components — containers)
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SLAstic — Architecture-Based Online Capacity Management

System Partition (also used as runtime model)

ﬂ Type repository (e.g., component types, interfaces, connector types, execution container types)
9 Component assembly (e.g., assembly of components via connectors)

@® Execution environment (e.g., execution containers and interconnection via links)

9 Component deployment (mapping: assembly components — containers)

<<Provides>> <<ComponentType>>

BookstoreT <<ExecutionContainerType>>
<<Requires>> WebSrvT
<<Provides>> [P Ll asY el
<<Interface>> CatalogT
IBookstore

Book searchBook()
<<Interface>> <<ConnectorType>>
<<ConnectorType>> ICatalog | ConnectorTICatalog

ConnectorTIBook Book getBook()

<<ExecutionContainerType>>
AppSrvT

Example type repository
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A bh o

7 <<AssemblyConnector>> l
bookstore = catalog
O <<ComponentType>> —C— C;:;ch;)‘t'[;tgs:lz —>0] <<ComponentType>>

BookstoreT 9 CatalogT

Example component assembly
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SLAstic — Architecture-Based Online Capacity Management

System Partition (also used as runtime model)

0 Type repository (e.g., component types, interfaces, connector types, execution container types)
9 Component assembly (e.g., assembly of components via connectors)

@® Execution environment (e.g., execution containers and interconnection via links)

9 Component deployment (mapping: assembly components — containers)

<<ExecutionContainer>>
web1:WebSrvT

<<AssemblyComponent>>
bookstore

<<ComponentType>>
BookstoreT

<<ExecutionContainer>>

app1:AppSrvT

<<AssemblyComponent>>
catalog

<<ComponentType>>
CatalogT

<<ExecutionContainer>>
web2:WebSrvT

<<AssemblyComponent>>
bookstore

<<ComponentType>>
BookstoreT

<<ExecutionContainer>>

app2:AppSrvT

<<AssemblyComponent>>
catalog

<<ComponentType>>
CatalogT

André van Hoorn (Univ. Kiel)

DepluymentCOmpiinent

Example component deployment
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SLAstic Runtime Reconfiguration Operations

cialviiil

SLAstic — Architecture-Based Online Capacity Management

© (De-)Replication of Software Components
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SLAstic Runtime Reconfiguration Operations

cialviiil

SLAstic — Architecture-Based Online Capacity Management

© (De-)Replication of Software Components

e replicate (component: AssemblyComponent, to: ExecutionContainer)
o dereplicate (component: DeploymentComponent)
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SLAstic — Architecture-Based Online Capacity Management

© (De-)Replication of Software Components

ol o

® Migration of Software Components
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SLAstic Runtime Reconfiguration Operations

cialviiil

SLAstic — Architecture-Based Online Capacity Management

© (De-)Replication of Software Components

ol o

® Migration of Software Components
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Completions/Decorations

SLAstic Meta-Model (cont'd)

SLAstic — Architecture-Based Online Capacity Management

Completions/Decorations

e Adaptation / Reconfiguration (e.g., plans, operations, capabilities, properties)
e Measurement (e.g., workload, timing, utilization)

L] Usage (e.g., operation call frequencies, calling relationships)

O 500
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Completions/Decorations

SLAstic Meta-Model (cont'd)

SLAstic — Architecture-Based Online Capacity Management Universitat zu Kiel

Completions/Decorations

e Adaptation / Reconfiguration (e.g., plans, operations, capabilities, properties)
e Measurement (e.g., workload, timing, utilization)

L] Usage (e.g., operation call frequencies, calling relationships)

°

- traceld : long CPUUtilization 1>1_- timestamp : long <l MemSwapUsage

- eoi :int - user : double «| - utilization - memUsedBytes : long
-ess: int - system : double - memFreeBytes : long
- tin : long - wait : double 1| - resource - swapUsedBytes : long
- tout : long - nice : double - swapFreeBytes : long

- sessionld : String - irq : double Resource
§ - combined : double

- idle : double

DeploymentComponentOperationExecution

- deploymentComponent : DeploymentComponent
- operation : Operation

Measurement event types
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Evaluation Methodology

SLAstic — Architecture-Based Online Capacity Management

brechts-Universitat zu Kiel

Monitoring log
from

case study

T Instrumented, runtime reconfigurable |
O siw system (or lab system) O
I
SLAstic.
MONITORING

L

¢ "

SLAstic.CONTROL

© Online analysis (production/lab system)
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Evaluation Methodology

SLAstic — Architecture-Based Online Capacity Management

Monitoring log
from

case study

'

JMeter
Markov4JMeter

Kieker.
LogReplayer(RT)

L (Real time)
1 Log Replayer
'

b4
¢ e
SLAstic SLAstic SLAstic. SLAstic. =
MONITORING RECONFIGURATION MONITORING RECONFIGURATION

9
SLAstic. CONTROL SLAstic.CONTROL

@ Offline analysis (log replay)
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Evaluation Methodology

SLAstic — Architecture-Based Online Capacity Management

Monitoring log
from

case study

'

JMeter
Markova

Log Replayer
Y T
Kieker SLAstic.SIM =

LogReplayer(RT

v L Instrumented, runtime reconfigurable |
® siw system (simulation) QO
SLAstic SLAstic SLAstic SLAstic. = SLAstic. =
MONITORING RECONFIGURATION MONITORING MONITORING RECONFIGURATION
Q N7
SLAstic. CONTROL SLAstic. CONTROL SLAstic.CONTROL

@® Simulation-based analysis
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Kieker — Application Performance Monitoring and Dynamic Analysis
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis

IF—————
Monitoring probe

| Software system with monitoring instrumentation | ‘

sieker
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis

0 &%) | Java probes/samplers: + basic adapters for
§9 Manual instrumentation ® C#/NET
— ™ 53 Aspects | Spiing ® Visual Basic 6/COM
s | 5 sewet  oxFisoAP e COBOL
Monitoring probe E ) ;
E) <your interception technology>
: § EENS lizati
% S§ ,i g CPU utilization
H) 5c @ 2 Memory usage
4 33
" Ell @ ® <your technology>
| Software system with monitoring instrumentation | iy edymonfioring probez

dieker
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis

={ Monitoring records

Measurement
Monitoring log/stream

Monitoring probe

[ Software system with monitoring instrumentation

sieker
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis Universitit zu Kiel

Measurement i
Monitoring log/stream
Operation execution

Control-flow events
CPU utilization Memory/swap usage

Monitoring Resource utilization

=
B
g
a
?
H
g
&

Current time
<your monitoring record type>

[ Software system with monitoring instrumentation

NE
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis brechts-Universitat zu Kiel

= File system

=
§
= =] Java Messaging Service (JMS)
\ "i Java Management Ext. (JMX)
R 4 Database (saL
Measurement H .( )
Monitoring log/stream E Named pipe
LB <your monitoring reader/writer>
Operation execution
5| Control-flow events
E: CPU utilization Memory/swap usage
H
Monitorin g g Resource utilization
FJ| Current time
<your monitoring record type>

[ Software system with monitoring instrumentation

NE
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis

[Analysis configuration (Web GUI)]

== [Pugins| == =
Measurement
Monitoring log/stream e e s

Monitoring probe —

| Software system with monitoring instrumentation

sieker
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis Universitit zu Kiel

[Analysis configuration (Web GUI)]

Monitoring log/stream ———— —— —

Measurement

2 = Dependency graphs
T
2 g 7 ﬁ D Sequence diagrams
2 % g % g. Call graphs
H 3
Monitorir] H|Z 8l &[5 <your visuaizaton> p—
£ I}
s [E 2 <your trace analysis>
] g
S §_ <your reconstruction plugin>
H
<your analysis plugin/tool>

| Software system with monitoring instrumentation

NE
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis

Universitat zu Kiel

[Analysis configuration (Web GUI)]

Measurement

2 5! < Dependency graphs
» b § g ; pel qu P
% g z o 8 Sequence diagrams 5
g % % % g-. Call graphs =
S g
Monitorir] B =h g @ <your visualization> H
£ I} 3
s [ENF <your trace analysis> %
2 = £,
B

<your reconstruction plugin>

<your analysis plugin/tool>

|_Software system with monitoring instrumentation |

Visualizations

NE
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012]
Kieker — Application Performance Monitoring and Dynamic Software Analysis

Monitoring records |Analysis configuration (Web GUI)

O ewrrr—- =

- = e
l * Monitoring log/stream — — e

[re——
Monitoring probe

Software system with monitoring instrumentation

Selected use cases in research and industrial practice (+ teaching):
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012] cialviiil

Kieker — Application Performance Monitoring and Dynamic Software Analysis

Monitoring records |Analysis configuration (Web GUI)

[re——
Monitoring probe

Software system with monitoring instrumentation

Selected use cases in research and industrial practice (+ teaching):

e Online/offline performance evaluation and feedback, e.g.,

e Continuous monitoring of application behavior and usage
e Performance anomaly detection and diagnosis
o (Self-)adaptation control
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Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012] cialviiil

Kieker — Application Performance Monitoring and Dynamic Software Analysis

Monitoring records |Analysis configuration (Web GUI)

[re——
Monitoring probe

Software system with monitoring instrumentation

Selected use cases in research and industrial practice (+ teaching):

e Online/offline performance evaluation and feedback, e.g.,

e Continuous monitoring of application behavior and usage
e Performance anomaly detection and diagnosis
o (Self-)adaptation control

e Extraction of software architectural (performance) models and visualizations

André van Hoorn (Univ. Kiel)  »Architecture-based Online Capacity Management: Modeling, Monitoring, and Adaptation«  June 20, 2012 @ Prague 12/18



Kieker: Example Workflow and Use Cases

[van Hoorn et al. 2012] cialviiil

Kieker — Application Performance Monitoring and Dynamic Software Analysis

Monitoring records |Analysis configuration (Web GUI)

[re——
Monitoring probe

Software system with monitoring instrumentation

Selected use cases in research and industrial practice (+ teaching):

e Online/offline performance evaluation and feedback, e.g.,

e Continuous monitoring of application behavior and usage
e Performance anomaly detection and diagnosis
o (Self-)adaptation control
e Extraction of software architectural (performance) models and visualizations
e Simulation (replaying previously monitored stimuli; measurement, logging, and analysis)
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Core Kieker Framework Components

Kieker — Application Performance Monitoring and Dynamic Software Analysis Universitst zu Kiel

] £

Plugin

Monitoring | " ll Monitoring | Analysis /
Probe jging >O- O Reader Visualization

Kieker.Monitoring Monitoring Log/Stream Kieker.Analysis
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Core Kieker Framework Components

Kieker — Application Performance Monitoring and Dynamic Software Analysis brechts-Universitat zu Kiel
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Core Kieker Framework Components

Kieker — Application Performance Monitoring and Dynamic Software Analysis Universitst zu Kiel
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Core Kieker Framework Components

Kieker — Application Performance Monitoring and Dynamic Software Analysis
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Kieker — Application Performance Monitoring and Dynamic Software Analysis
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Kieker — Application Performance Monitoring and Dynamic Software Analysis

Time

Source

&

Monitoring
Probe

Periodic
Sampling

André van Hoorn (Univ. Kiel) »Architecture-based Online Capacity A

&

brechts-Universitat zu Kiel

g g &l

Writer

& IMX

Interface

itori l 4 B Monitoring Analysis Analysis /
ol "Recora l RN BBH eacer ||WUl controer [RCSAl Visuaiization

Plugin

Monitoring Log/Stream Kieker.Analysis

- Modeling, M ing, and A June 20, 2012 @ Prague 13/18



Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

<<Reader>>

: FS reader outputPort

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization
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Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

<<Filter>>

operationExecutions
: Performance anomaly filter

lanomalyRatings

{1
systemModel

<<Reader>>

: FS reader outputPort

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization
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Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

<<Filter>>

operationExecutions
: Performance anomaly filter

lanomalyRatings

{1
TsystemModel

<<Reader>>
: FS reader

2

tp
<<Repository>>
: System model repository

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization
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Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

anomalyRatings,

<<Filter>>
: Performance anomaly filter

operationExecutions

Filter

: Anomaly graph plotter

{1
TsystemModel

2

tp
<<Repository>>
: System model repository

<<Reader>>
: FS reader

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization
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Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

operationExecutions <<Filter>>

: Performance anomaly filter [ ]

anomalyRatings,

- Filter
l':szstemModsl : Anomaly graph plotter
<<Reader>> Y

2
: FS reader

tp
<<Repository>>
: System model repository

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization
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Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

<<Reader>>
: FS reader

tp
<<Repository>>
: System model repository

systemModel:

messageTraces

<<Filter>>
: Trace reconstruction filter

ionTraces

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization
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Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

<<Reader>>
: FS reader

O . N N —
<<Repository>>  [€777TTTTTTT — SystemModel
: System model repository
<<Filter>>

: Sequence diagram visualization
messageTraces|

systemMode!

messageTraces
messageTraces
= <<Filter>>
ionTraces : Dependency graph visualization

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization

: Trace reconstruction filter
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Example Pipe-and-Filter Configuration

Kieker — Application Performance Monitoring and Dynamic Software Analysis

<<Reader>>
: FS reader

O . N S —
<<Repository>>  [€777TTTTTTT — SystemModel
: System model repository
<<Filter>>

: Sequence diagram visualization
messageTraces|

systemMode!

messageTraces
messageTraces
= <<Filter>>
ionTraces : Dependency graph visualization

Kieker.Analysis example pipes-and-filters configuration
* Performance anomaly detection and visualization
e Architecture and trace reconstruction/visualization

: Trace reconstruction filter
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Framework Features & Extension Points

Kieker — Application Performance Monitoring and Dynamic Software Analysis

9 Manualnsrumentaion
Aspect)  Spring
% Serviet  CXFISOAP
<your interception technology>
gE § 2 GPU utiization
il = Memory usage

= [prm—

a

Hieker
e Modular, flexible, and extensible architecture
(Probes, records, readers, writers, filters etc.)

<your monitoring probe>

System time

<your time source>

e Pipes-and-filters framework for analysis configuration % e —
e Distributed tracing (logging, reconstruction, visualization) | S

i Database (SQL)
File system
'g Database (SQL)
" Nemedpipe  Output stream

Low overhead (designed for continuous operation)
Evaluated in lab and industrial case studies

<your monitoring writer>

3

Operation execution
GontroLflow events
4 CPU utiization  Memory/swap usage
Resource utization

K
K

srcewecolor dataport EWE g, il X
- [— = norosank XING

Eo

Current time.
<your monitoring rocord type>
File system
Java Messaging Service (JMS)
4 Java Management Ext. (JMX)
Database (SQL)
Namedpipe  Reaktime replayer
<your monitoring roader>
S S Dependency graphs
b & s
% g callgraphs

<your visualization>
<your trace analysis>
<your reconstruction plugin>

Kieker.Analysis <your analysis plugin/tool>
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Framework Features & Extension Points

Kieker — Application Performance Monitoring and Dynamic Software Analysis

Kieker
CKE

e Modular, flexible, and extensible architecture
(Probes, records, readers, writers, filters etc.)
Pipes-and-filters framework for analysis configuration
Distributed tracing (logging, reconstruction, visualization)
e |ow overhead (designed for continuous operation)
Evaluated in lab and industrial case studies

%

7+ cewe color datspgrt EWE g, * X
(= DY— = NORDBANK XING

Kieker is open-source software (Apache License, V. 2.0)

http://kieker-monitoring.net

Kieker is distributed as part of SPEC® RG's
repository of peer-reviewed tools for
quantitative system evaluation and analysis
http://research.spec.org/projects/tools.html

Kioker.Monitoring

E Manual instrumentation
23 Aspects sping
g Serviet  CXF/ISOAP
<your interception technology>
§§ § 'g CPU utilization
§: 8] Memory usage
= [prme—

<your monitoring probe>
System time

Y <vourtime source>

W Flesten

g Java Messaging Service (JMS)

£ Java Management Ext. IMX)

i Database (SQL)

Filo system

%’ Database (SQL)

" Nemedpipe  Output stream
<your monitoring writer>

Operation execution

Controkfiow events

CPU utization | Memorylswap usage
Resource utiization

Current ime

<your monitoring record type>

Filo system

Java Messaging Service (JMS)

Java Management Ext. (JMX)
Database (SQL)

Named pipe Real-time replayer
<your monitoring reader>

g < Dependency graphs

Sequence diagrams.
<your analysis plugin/tool>

Deseria-

=

siskieue 001l
uonezyensi

Call graphs.
<your visualization>
<your trace analysis>

<your reconstruction plugin>
Kioker. Analysis
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Case Study: Model Extraction Example

Kieker — Application Performance Monitoring and Dynamic Software Analysis

EWE - . . .

Telecommunication provider, distributed setting
Goal: Workload characterization and performance evaluation
Java-based technology: Servlet, Spring, and CXF/SOAP
Continuous Monitoring (utilizing Kieker):

e Probes for collecting distributed application-level trace and performance data
e Continuous monitoring in production use since 12/2009

Model extraction examples (316,980 traces):

e eemmTTTTTTTTTTTTTTS > <<execution container>>
- 77540 »| pikdb0
-7 <<execution container>> |~~~ E
~7 157851 %, css0 L _77410 s
$ 155156 o~
~ 7~ -~ -»[ <<execution container>> 75??4 -7~
AN cssl . A
S 75892 <<execution container>>
\\\\ 2001 T pikdbl

André van Hoorn (Univ. Kiel)

Container dependency graph (with calling frequencies)
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Case Study: Model Extraction Examples (conta)

cialviiil

Kieker — Application Performance Monitoring and Dynamic Software Analysis

Christian-Albrechts-Universitat zu Kiel

Deployment-level component dependency graph (with calling frequencies):

<<execution container>>
pikdb0

<<deployment component>>
@9:..DnsService
176 .-~
-~ [<<deployment component>>
- @8:..SupportService

37172~

<<deployment component>>
@7:..WebhostingService

1047__L
= = ==2" 1556
<<deployment component>> 138, @6:..DomainService
@3:..Kieker _a7408
il 17401

OutProbe

. 10203 B Teell "~ <<deployment component>>
P = =execution container>> 75894 L--7" ~~.6386 @5:..AccountService

<<deployment component>> <<deployment component>> . <<deployment component>>

9ging @2:..KiekerTpmonResponselnProbe @4:..EmailService

75892 |-
<<execution container>> S <<execution container>>
css0 77540, pikdbl

<<deployment component>> 50199 <<deployment component>> P N <<deployment component>>

9ging ©2:.KiekerTpmonResponselnrobe [|", .\ . ®9:..DnsService

TO375T — BRI -

André van Hoorn (Univ. Kiel)
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167 .=

<<deployment component>>
2 @6:..DomainService

@3:..KiekerTpmonResponseOutProbe L

1969
@7:..WebhostingService

==T._ 6530

3718 [ <<deployment component>>
N Se @4:..EmailService

*s. 47406 [

<<deployment component>>
@8:..SupportService

‘<<deployment component>>
@5:..AccountService

ing, and A

June 20,2012 @ Prague  17/18



What I've Talked About

Conclusion

SLAstic

e Self-adaptive capacity management based on application-level workload
e Adaptation goal: Increased resource efficiency while meeting SLAs

e Means for adaptation: Architectural runtime reconfiguration

e Use of architectural (performance) models at development & runtime

e Domain: Business-critical distributed component-based software systems

Kieker

e Modular and extensible architecture (Probes, records, readers, writers, filters etc.)
e Pipes-and-filters framework for analysis configuration

Distributed tracing (logging, reconstruction, visualization)
e Low overhead (designed for continuous operation)
e Evaluated in lab and industrial case studies

Feel free to contact me: avh@informatik.uni-kiel.de
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