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M ti tiMotivationMotivation 
Realizing self-managing solutions is challengingRealizing self-managing solutions is challenging

Developmental issues: architectural elements theDevelopmental issues: architectural elements, the 
i t ti thinteraction among them…
Runtime concerns: performance runtime servicesRuntime concerns: performance, runtime services… 

Reusable software frameworks are helpfulReusable software frameworks are helpful
Saving development effortSaving development effort

New approach is needed:New approach is needed:
Proposed solutions have limitationsProposed solutions have limitations
Enabling technologies have been improvedEnabling technologies have been improved
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St MX F kStarMX FrameworkStarMX Framework
A i f k b d t d d dA generic open-source framework based on standards and 
well-established principles to address self-managing concernswell established principles to address self managing concerns 
in the Java domainin the Java domain
Hosted at sourceforge.netHosted at sourceforge.net

http://so rceforge net/projects/starmhttp://sourceforge.net/projects/starmx
More than 260 downloads so far
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E bli T h l iEnabling TechnologiesEnabling Technologies
Java Management Extensions (JMX)Java Management Extensions (JMX)
Policy engines (e g IBM ABLE Apache Imperius )Policy engines (e.g. IBM ABLE, Apache Imperius…)

Simple integration with different policy/rule enginesSimple integration with different policy/rule engines
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St MX A hit t O iStarMX Architecture OverviewStarMX Architecture Overview
Architectural characteristics:

Capturing common tasks in the developmentCapturing common tasks in the development
Providing required features and servicesg q
Providing enough flexibility in designing self managing requirementsProviding enough flexibility in designing self-managing requirements

High-level view of the architecture:High level view of the architecture:
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E ti E iExecution EngineExecution Engine
Automates management g
operationsoperations

Uses the services providedUses the services provided 
in the Service Layert e Se vice aye

Key components: ExecutionKey components: Execution 
Ch i d PChain and Process

P h b ildiProcess as the building g
block of Execution Chainblock of Execution Chain
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E ti Ch iExecution ChainExecution Chain
Process implementation:p

Using a policy languageUsing a policy language
Using the Java languageg g g

A h bj tAnchor objects:
JMX MBeans or MXBeansJMX MBeans or MXBeans
Si l bjSimple Java objects

Activation mechanisms:Activation mechanisms:
Timer-based
E ent basedEvent-based
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E ti Ch iExecution Chain ContExecution Chain Cont.

Execution Chain as Autonomic ManagerExecution Chain as Autonomic Manager
P MAPE f iProcess may represent one or more MAPE functionsy p
High flexibility in designing autonomic managersHigh flexibility in designing autonomic managers
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S i LService LayerService Layer 
L kLookup

provides access mechanisms to theprovides access mechanisms to the 
anchor objectsanchor objects

iProxy Generationy
creates a proxy object dynamicallycreates a proxy object dynamically 
if the anchor object is an MBeanif the anchor object is an MBean

Activation MechanismActivation Mechanism
defines the techniques for triggering execution chainsq gg g
timer-based and event-basedtimer-based and event-based

C hiCachingg
improves performance of the lookup service by holding referencesimproves performance of the lookup service by holding references 
to previously accessed anchor objectsto previously accessed anchor objects
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S i LServices Layer ContServices Layer Cont.

M SMemory Scopes y p
it i t t h d trepositories to store or exchange data among processes:

StarMXScope: shared among all processesStarMXScope: shared among all processes
PolicyScope: private scope to a processPolicyScope: private scope to a process
ExecutionScope: shared among all processes in one chain

Data GatheringData Gathering
collects statistical data about the execution of eachcollects statistical data about the execution of each 

ti h iprocess or execution chain
LoggingLogging

a facility to keep records of the events in the frameworka facility to keep records of the events in the framework

StarMX Framework SEAMS 2009 Vancouver 10StarMX Framework - SEAMS 2009 - Vancouver 10



D l t St U i St MXDevelopment Steps Using StarMXDevelopment Steps Using StarMX
D fi lf i i t1. Define self-managing requirementsg g q

Based on non-functional requirements and SLABased on non-functional requirements and SLA
D i d i d ff2. Design and instrument sensors and effectorsg
D l t l i3. Develop management logic p g g

Implementing policy-based or Java-based processesImplementing policy-based or Java-based processes
C fi S MX i i l fil4. Configure StarMX in its xml fileg

Anchor objects and their lookup informationAnchor objects and their lookup information
Closed loops via execution chains and processesC p p

D l d5. Deploy and run
Local or remoteLocal or remote
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E l tiEvaluationEvaluation 
To assess the suitability and fitness of theTo assess the suitability and fitness of the 
framework in a relatively complex situationframework in a relatively complex situation

T l h l f i fTo evaluate the completeness of its feature setTo evaluate the completeness of its feature set

T l it f h dTo analyze its performance overheady p
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C St dCase StudyCase Study
CallController2 (CC2), a VoIP systemCallController2 (CC2), a VoIP system 
CC2 is deployed on Mobicents an open sourceCC2 is deployed on Mobicents, an open source 

l f ifi d f JSLEEplatform certified for JSLEEp
i i l dCC2 services include: CC se v ces c ude:

l llRegular VoIP callsg
C ll f diCall forwarding
Call blockingCall blocking
Voice mailVoice mail

Lines of Code: 171KLines of Code: 171K
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C St dCase Study ContCase Study Cont.

Goal: to satisfy quality requirements at varying loadGoal: to satisfy quality requirements at varying load 
diti i bli /di bli iconditions via enabling/disabling servicesg g

3 diff l l b il d ld3 different user levels: bronze, silver, and gold, , g
d ff3 MBeans as sensors and effectors3 ea s as se so s a d e ecto s

30 policies to define self-managing requirements30 policies to define self managing requirements
Load scenarios: Low and HighLoad scenarios: Low and High
Server: Win Server 2003 x64 SP2 Intel Core 2 QuadServer: Win Server 2003 x64 SP2, Intel Core 2 Quad 
Q6700 2.66 GHz, 8 GB RAM, Ethernet 100 MbpsQ6700 2.66 GHz, 8 GB RAM, Ethernet 100 Mbps
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A t i C bilitiAutonomic CapabilitiesAutonomic Capabilities
C it i St MX bilitCriteria StarMX capability
Degree of Autonomy Closed loopg y p
C t l S M lti lControl Scope Multiple resources
Self-* properties support All self-* propertiesp p pp p p
M t l i i D l ti d tiManagement logic expression Declarative and programmatic
MAPE loop construction Flexible architecturep

M it i t h i Ti b d d t b dMonitoring technique Timer-based and event-based
Data communication facility Memory scopesco u c o c y e o y scopes
R t t S t dRemote management Supported
Applicable environment Any Java-based systempp y y
M i J t Vi W bS i JNI b d h bj tManaging non-Java systems Via WebServices or JNI -based anchor objects
Runtime updating management logic Under construction
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P f A l iPerformance AnalysisPerformance Analysis
StarMX performance is good if its impact on theStarMX performance is good if its impact on the 

t f i li iblsystem performance is negligibley p g g
T l d i i i d fTotal adaptation cost is comprised of:p p

A h bj iAnchor object execution costj
MBean proxy execution costMBean proxy execution cost
Process execution costProcess execution cost
StarMX Framework execution costStarMX Framework execution cost

Local and remote deployment models have differentLocal and remote deployment models have different 
i fimpacts on performancep p
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P f A l i R ltPerformance Analysis ResultsPerformance Analysis Results
P f it i L l d Hi h l dPerformance criteria Low load High load
Load test time 732 (sec) 850 (sec)Load test time 732 (sec) 850 (sec)
No. of executed policies 1191 1472p
T t l d t ti ti 2 8183 4 7152Total adaptation time 2.8183 4.7152
Total policy execution time 2 3299 3 8645Total policy execution time 2.3299 3.8645
Total sensing/effecting time 1.0515 1.3617
Avg policy execution time 2 3663 E 3 3 2032 E 3Avg policy execution time 2.3663 E-3 3.2032 E-3
Avg framework cost per policy 0.41 E-3 0.578 E-3Avg framework cost per policy 0.41 E 3 0.578 E 3
Ad i i l i 0 38 % 0 55 %Adaptation proportion to total time 0.38 % 0.55 %
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Ad t ti C t P tiAdaptation Cost ProportionsAdaptation Cost Proportions
Low load High loadLow load High load

18%17% 18%

29%

37%37%

46%46%
53%Framework

Policy
Sensing/Effecting
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R l t d W kRelated WorkRelated Work
A dAccord {H. Liu et al}

A framework to define autonomic elements and their compositionA framework to define autonomic elements and their composition
Ad ti S F kAdaptive Server Framework {I. Gorton et al}p

A framework for J2EE systems based on separation of concernsA framework for J2EE systems based on separation of concerns 
principleprinciple

A t i M t T lkitAutonomic Management Toolkit {J. Adamczyk et al}g
A rule-engine based approach for adaptation in Java systemsA rule engine based approach for adaptation in Java systems

J3 PJ3 Process {J. White et al}
A model-driven approach for fine-grained adaptation in EJBA model driven approach for fine grained adaptation in EJB 
componentscomponents

R i bRainbow {D. Garlan et al}
An architecture-based self-adaptation frameworkAn architecture based self adaptation framework 
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C l i d F t W kConclusion and Future WorksConclusion and Future Works
StarMX facilitates addressing self-managingStarMX facilitates addressing self managing 

i t i diff t ti trequirements in different computing systemsq p g y
I f ll i i i dIt performs well in running environments and p g
provides the required runtime servicesprovides the required runtime services
It ill b ibl t th f k d itIt will be possible to manage the framework and its p g
properties dynamically soonproperties dynamically soon
Supporting Web Services Distributed ManagementSupporting Web Services Distributed Management 
(WSDM) standard is a planned work for future(WSDM) standard is a planned work for future
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