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Approach and Contributions =L

a Automatically extract
= a Palladio Component Model (PCM) instance
» from a running enterprise Java (Java EE) application
a by means of online monitoring data
» collected by state-of-the-art monitoring tools

a Model extraction method,
gap between performance models and
run-time information can be closed
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a Validate method with a
representative system
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Background — Palladio Component Model \‘(IT

a Palladio Component Model (PCM) [BKRO9]

= Meta Model: Performance-relevant aspects of
component-based software architectures

<<lJsers> Implementation

f o= K e S

External Service Calls
Usage Profile ﬁ

Execution Enwrunment

= Model Solving:
Queueing Network based simulation (amongst others)
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Background -\-\J(IT
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m Oracle WebLogic Server (WLS)

a WebLogic Diagnhostics Framework (WLDF)
» Instrumentation engine

= Monitor runtime information
(e.g., size of database connection pool)

Lol

ORACLE | %bea
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Model Extraction Method

Extracting a PCM Instance from a Running EJB Application
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Model Extraction Method - Overview = o

m Scope: Enterprise JavaBeans (EJB) 3.0,
Java Persistence API (JPA)

a ldentifying Component Boundaries

a Extracting Inter-Component Control Flow
a Call Path Tracing

a Extracting Intra-Component Control Flow
= Call Path Tracing

a Extracting Resource Demands
s Resource Consumption Monitoring
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Call Path Tracing
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Extracting Control Flow
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a Extracting Inter-Component Control Flow
a Extracting Intra-Component Control Flow

class LargeOrderSession {

public LargeOrder createlLargeOrder(String assemblyld
// extracted external call

) A

Assembly assembly = createlLargeOrder_l_externalcallaction_1

(assemblyld ) ;

// extracted internal action

{

/* compute something */

entityManager . persist (largeOrder ) ;
return largeOrder;

}

LargeOrder largeOrder =|createLargeOrder_l_internalaction_2|(assembly , o 1o
return largeOrder;
private LargeOrder |createLargeOrder_l_internalaction_2|( Assembly assembly, ...)

LargeOrder largeOrder = new LargeOrder(assembly, ...);:

private Assembly] createlLargeOrder_l_externalcallaction_1

Assembly assembly mifgSession . findAssembly (assemblylc
return assembly:

}

}

(String assemblyld) {
)3
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Example: Extracted Service Behavior

m Extracted resource demanding behavior

(exemplary service)
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>

[ <<ExternalCallAction> > ]

I+ IMfgSession.find

<<LoopAction>>

e
IntPMF[(9;0

loopAct3
.2)(10;0.5)(11;0.3)]

[ <<ExternalCallAction>> |

Inputvariablef  Loop iteration number: . i+ IMfgSession.getInventory
OutputVariablel ) » o InputVariableUsage
P(,9 times®) = 20% -
. “ OutputVariableUsage
P(,10 times*) = 50%
\P(,,11 times®) = 30%
< <InternalAction>>| < <InternalAction>>
¢ intAct2 C ¢ intAct6
l ResourceDemand ResourceDemand J
L5411 <CcPU> | L51.02 <cPU>
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Extracting Resource Demands =LA

m CPU resource demands

m Approach 1

a Approximate resource demands with measured
response times

m Approach 2

a Estimate resource demands based on utilization and
throughput data

a Partitioning between
= app. server CPU (WLS CPU)
= and database server CPU (DBS CPU) ?
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Extracting Resource Demands - Example =53RS
A
a Measurement { \
Interval |

a CPU Utilization

m Actionl executed 8 times, Action2 executed 4 times
a Apply Service Demand Law:

How to partition ?
processing time? .
Response Times: Actionl = 1 sec, Action2 = 2 sec

m 8*1sec=4*2sec = 1:1 Relation

| Action2
m Resource
Demands L
Actionl
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WLS CPU demands and DBS CPU demands \‘(IT

transaction {

— \Working phase

} commit

— Commit phase

} —
a Working phase —» WLS CPU

a Commit phase =— DBS CPU
a DB read vs. DB write?
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Related Work | .\\J(IT
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m Trace-based approaches

a Hrischuk [HWRI99], Israr [IWFQO7]

a Extraction of Layered Queueing Network (LQNS) structures
s Not component-based, no explicit control flow in components

a Dynatrace Tool [DYNT]
m Transaction call tree in distributed JavaEE / .NET environments

= Briand [BLLO6]

a UML sequence diagrams

a Java application monitoring at run-time
s Carrera [CGT+03]: hotspot and bottleneck analysis
a Compas [MMO2]: generates interaction models
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Related Work I .\\J(IT
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m PCM extraction
» Java2PCM [KKKRO0S8]

s Component-level control-flow based on static code analysis

a Krogmann [KKR08a, KKROS8D]
a Static analysis (code) and dynamic analysis (run-time)
a Not focused on extraction during system operation

a Abstracts from concrete timing values
(Java bytecode operations)

a Extraction by means of machine learning techniques

a ArchiRec [CKKO08]

m provides component boundaries based on static code analysis

16 10/19/2009 Fabian Brosig — Automated Extraction of PCM Instances |~ Ferschungszentrum Karisruhe Universitat Karlsruhe (TH)
. . - in der Helmhaltz-Gemeinsc hatt Research University - founded 1825
from Running Java EE Applications r




Karlsruhe In:

stitute of Technology

Case Study

With a prototype of SPECjEnterprise2010 ‘

—

spec
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SPECjEnterprise2010 -\\J(IT
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m State-of-the-art, industry-standard benchmark
m Realistic, three-tier, Java EE application
m Representative workload
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SPECjEnterprise2010
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Running Java EE Applications
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System Under Test
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Java Application Server
Benchmark Driver
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’
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Serviets JMS 2
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|
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Sites CreateVehicleEJB, Domain
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Emulator 3 T
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System Environment ﬂ(".

a Benchmark deployed on three machines

ORACLE ORACLE 11 g
WeblLogic Server® DATABASE

WebLogic Server 10.3.1.0 Oracle Database 11g Release 1

WeblLogic Server 10.3.1.0

Application Server Database Server

Benchmark Driver and
Supplier Emulator
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Results — Scenario 1: ,,Schedule Work Order*

a Model A: Resource demands

AT

eeeeeeeeeeeeeeeeeeeeeeeeeee

approximated with measured response times

m Model B: Resource demands
estimated based on utilization and throughput data
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Results — Scenario 2a: ,,Create Vehicle*

a Model A: Resource demands

approximated with measured response times

m Model B: Resource demands
estimated based on utilization and throughput data
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¢1
ResourceDemand
50,94 <CPU>

5 — Scenario 2a: ,,Crea

r SupplierSession
P

€] MfgSession

' ¥7 SEFF <findAssembly>
| ¥T SEFF <getInventory>

pIierURLs(string p1, string DZ) | ComponentParameterCompartment

et
y1

_Re=ouiczDemand

143 2CPUs

*’ DDRCDriwe diaco=s
InpsVaiatlelsage.
8% imounceDemand
VarankChaatmisaion
S VALUE = 2333 04
| OupsVaiatklsagy

Dbject[] getAllSuppliers()
< <Provides==
blierSession
liisupplierURLs> g
A“SUDD“EFS> u SEFF 4
¥ SEFF <
[meterCompartment ¥7 SEFF <
¥ SEFF <
<<Provides>> Compa
<<Requig
<<Requires==>
|rderSession o
D.nifg.entity.WomOrder che.. | =l voiddbaccasald
b.mfg.entity.WorkOrder sch... Q
Nt p1)
(int p1)

VIOUET A~ Uy 5 cpy — U-UY, VIOUETB. Uy g
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Results — Scenario 2b: ,,.Schedule Work Order*

a Model A: Resource demands

approximated with measured response times

m Model B: Resource demands
estimated based on utilization and throughput data
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Conclusion

Summary and Future Work
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Concluding Remarks - Summary  =EARL

a Automated end-to-end model extraction

a Extracts PCM instance from EJB application
s Components, Component connections
s Component internals
a Resource demands

= During application run-time
a Used WLDF to implement tool prototype

am Case study with prototype of SPECjEnterprise2010
a Feasibility, Proof-of-concept
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Concluding Remarks — Future Work -\\-‘(IT

a Extend extraction method
a Asynchronous Messaging

a Extraction of component internals
[KKR08a, KKRO8D]

» Resource demand estimation
(e.qg., statistical regression [Pac08, Rol95],
JRockit method sampling)

m Extend case study
s SPECjEnterprise2010
a Application Server Cluster

1 Gbit
LAN

Database Server

Appltion

a Descartes vision sobpleator
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Questions? .\\_‘(IT

Karlsruhe Institute of Technology
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Background — Palladio Component Model
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Components
/ -

i] MfgSession

& SEFF <findAssembly>
ﬂ. SEFF <getInventory>

% ] WorkOrderSession

ﬂ. SEFF <scheduleWorkOrder>

ComponentParameterCompartment

<<Provides>>

51 seFr <updateWorkOrder>
L seFF <completeWorkOrder>

ﬂ SEFF <checkForRequestedWork>

<<Requires>>

<<Requires>>

ComponentParameterCompartment

<<Provides>>

£] MessageSenderSession
3-1 SEFF <getNextLargeOrder>

ComponentParameterCompartment

<<Provides>>

€D IWorkOrderSession

0 IMfgSession

(1] IMessageSenderSession

= | Assembly findAssembly(string p1)
.= | Inventory getInventory(string p1, int p2)

30 09/09/2009 Using WLDF to Enable Performance Prediction for Java EE 7

Applications

— | bool updateWorkOrder(int p1)
|~ | bool completeWorkOrder(int pl)

= | WorkOrder checkForRequestedWork(int p1)
\; WorkOrder scheduleWorkOrder(string p1, int p2, in...
|

= | LargeOrder getNextLargeOrder()

\

Component Interfaces

-
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Background — Palladio Component Model ﬁ(".

m Service provided by a component described by:
Resource Demanding ServiceEffectSpecification (RDSEFF)
o

<<LoopAction>>
.(,) loopAct3
L e Ty & IntPMF[(9;0.2)(10;0.5)(11;0.3)]
&* IMfgSession_WorkOrderSession.findAssembly T e e T '
InputVaria _ _ [‘t’ IMfgSession_WorkOrderSession.getInventory
\ ounutvard  LOOP iteration number: TnputvariableUsage
. “ OutputVariableUsage
P(,9 times*) = 20%
P(,10 times®) = 50%
. 6\ — 0
<<Intema|A\P(u11 times ) =30% / < <InternalAction>>
¢ intAct? @: ¢ IntActé
ResourceDemand ResourceDemand J
2280 <CPU> | 235 <CcPU>
m Performance relevant behavior
a Abstract control flow @
a Resource demands
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Challenges .\\J(IT
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m Apportioning resource demands among different
resources

m Stable system environment (repeatable experiments)

a Instrumentation Overhead
a Instrumentation vs. JRockit Optimization

m Benchmark driver measured incorrect response times
s Usage of System#fcurrentTimeMillis (Windows)

a Dynamic frequency/voltage scaling
s EIST (SpeedStep), load-dependent resource
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Scenario 1: Resource & Allocation Model ﬂ(".

a PCM Resource Environment Model

'{: Resource Environment <ResourceEnvironment:>
M| wLS <ResourceContainer> [ID: _yyORKRPOE6 1z8f-NidkpQ]
# Processing Resource CPU: Rate: 1000 Scheduling: PROCESSOR _SHARING <ProcessingResourceSpecification>
<> ProcessingRate: 1000 <PCM Random Variable >
|:-:!_ OradeDBS <ResourceContainer> [ID: _00jfOxPOEd6 1z8f-NidkpQ]
# Processing Resource CPU: Rate: 1000 Scheduling: PROCESSOR _SHARING <ProcessingResourceSpecification>

<> ProcessingRate: 1000 <PCM Random Variable >

a PCM Allocation Model

&) wLs [E] OracleDBS

&1 Allocation_DeleaateWorkOrderSession <DelegateWorkOrderSession=

%1 Allocation_JDBCDriver <JDBCDriver=
2] DelegateWorkOrderSession <DelegateWorkOrderSession:

€] IDBCDriver <JDBCDrivers
&7 Allocation_WorkOrderSession <WorkOrderSession:
€] WorkOrderSession <WorkOrderSession

&1 Allocation_MessageSenderSession <MessageSenderSession:
£] MessageSenderSession <MessageSenderSession:

&7 Allocation_MfgSession <MfgSession=
£] MfgSession <MfgSession:
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ldentifying Component Boundaries ﬁ(".

a Options to specify component boundaries
s Every EJB is considered as a separate component.

<?7xml version="1.0" encoding="UTF-8"7>
ol d as
<!— This 1s a sample system description a user has to provide.
It describes the SPECjAppServer2004_Next benchmark application. ——>

<fb:system xmlns:fb="http://sdq.ipd.uni—karlsruhe.de/fabro”
xmlns:xsi="http: //www.w3.org /2001 /XMLSchema—instance ">

<!— Choose application with name specj. —>
<fb:application>specj</fb:application>

<!— Choose to map each EJB to its own component. —>
<fb:configmode>ejbtocomponent</fb:configmode>

</fb:system>

m Tool Prototype: Specification provided as XML doc
conforming to an XML schema
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Tool Prototype - Extraction Steps

m Extraction Steps

a Configure WLDF to

m extract the application's structure
a extract performance-relevant control flow

a - Monitor running application -

a Configure WLDF to
m extract resource demands

a - Monitor running application -

a Extract PCM repository model
and PCM system model
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Extracting Intra-Component Control Flow |

a Naming of methods, where performance-relevant
actions are moved to

<methodname> = <pname> ‘_’ <idA> ‘_’ <action> ‘_’ <idZ>
<pname> = The name of the parent method.
<action> = ‘internalaction’ | ‘externalcallaction’ |

‘loopaction’ | ‘loopbody’ |
‘branchaction’ | ‘branchtransition’

<idA> = A number that, together with <pname>, uniquely identi-
fies the parent method. In case of method overloading,
the parent method’s name alone could not be used as
identifier.

<idZ> = A number that uniquely identifies the extracted method
amongst those extracted methods with the same parent
method. Note that the number only serves as identifier,
it is not an index of a sequence.
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