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Statische Analyse von Softwaresystemen
Dynamische Analyse und Modernisierung

Unterschiedliche Zielsetzungen und Werkzeuge, einige Beispiele:

Code Metriken JavaNCSS
Programmierrichtlinien Checkstyle

Fehlermuster FindBugs
Architekturanalyse Sotograph

Klonerkennung Bauhaus

Statische Analyse kann bei Vorliegen des Quellcodes direkt angewendet
werden um Qualitätseigenschaften zu überprüfen.
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Dynamische Analyse des Laufzeitverhaltens
Dynamische Analyse und Modernisierung

• Statische Analyse kann Einblicke in die Struktur eines Softwaresystems
liefern,

• das tatsächliche Laufzeitverhalten kann jedoch nur durch eine dynamische
Analyse ermittelt werden.

• Profiling (in der Entwicklung) ermöglicht eine dynamische Analyse,
• üblicherweise jedoch nicht unter realen Lastbedingungen.

• Monitoring (im Betrieb) ermöglicht die kontinuierliche dynamische
Analyse

• des tatsächlichen Laufzeitverhaltens unter realen Lastbedingungen.
• Ein Verständnis der Bedürfnisse des Betriebs von Softwaresystemen

wird benötigt, um
• im Konstruktionsprozess die richtigen Aktivitäten der
• zum Monitoring für den jeweiligen Einsatzzweck benötigten

Instrumentierung der Software durchzuführen.
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Altsysteme modernisieren
Dynamische Analyse und Modernisierung

Historisch gewachsene
Architekturen

KoSSE-Projekt DynaMod
Dynamische Analyse zur modellgetriebenen
Modernisierung

b+m Informatik AG, Melsdorf
http://www.bmiag.de/

Software Engineering Group
University of Kiel, Kiel
http://se.informatik.uni-kiel.de/

HSH Nordbank AG, Kiel
http://www.hsh-nordbank.de/

Dataport, Altenholz
http://www.dataport.de/
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Dynamische Analyse zur Modernisierung
KoSSE-Projekt DynaMod, http://kosse-sh.de/dynamod
Dynamische Analyse und Modernisierung

WP 7 Project Management WP 8 Publication of Results

Static 
Analysis

Dynamic 
Analysis

Model-Based
Testing

Code 
Generation

Definition of Transformations

Evaluation
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Agenda
Kieker Monitoring & Analyse Framework
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2 Kieker Monitoring & Analyse
Framework
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Architektur
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Reverse Engineering von Java EE
Reverse Engineering von C#
Reverse Engineering von COBOL
Reverse Engineering von Visual
Basic 6
Calling Networks
3D-Visualisierung

4 Zusammenfassung und Ausblick

Kieker: A Framework for
Application Performance Monitoring 
and Dynamic Software Analysis

se.informatik.uni-kiel.de

Performance evaluation (e.g., bottleneck detection)
(Self-)adaptation control (e.g., capacity management)
Application-level failure detection and diagnosis

Continuous Application Performance Monitoring for Online and Offline Analysis

Simulation (workload, measurement, logging, and analysis)
Software maintenance, reverse engineering, modernization
Service-level management

Static analysis is not sufficient to study the internal behavior of software systems comprehensively
Continuous monitoring allows to gather a system's actual runtime behavior resulting from production usage profiles
The obtained monitoring data can, for instance, be used for

Pipe-and-Filter Configuration for Analysis/Visualization

A. van Hoorn, J. Waller, and W. Hasselbring. 
Kieker: A Framework for Application Performance Monitoring and 
Dynamic Software Analysis.  
Proc. 3rd ACM/SPEC Int. Conf. Perform. Eng. (ICPE '12), ACM, 2012

Invited Tool Demo @ ICPE 2012

Includes probes for collecting timing, 
control flow, and resource utilization
Support for various Java instrumentation 
methods, e.g., AspectJ, middleware 
interception, Servlet filters
Micro-benchmarks revealed low overhead
Each activation adds constant overhead 
(linear scaling)

Kieker is distributed as part of SPEC® RG's
repository of peer-reviewed tools for 

quantitative system evaluation and analysis

Current Activities/Coming Soon
Monitoring adapters for .NET, VB6, COBOL etc.
Model-driven instrumentation & analysis
Web-based graphical user interface
Plugins for analysis of concurrent behavior

Software Engineering Group
Department of Computer Science

University of Kiel, Germany
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Modular, flexible, and extensible architecture
Extensible probes, readers, writers, records, and plugins
Integrated monitoring record type model for monitoring and analysis
Allows to log, reconstruct, analyze, and visualize distributed traces
Designed for continuous operation in multi-user systems
Evaluated in lab experiments and industrial case studies (since 2006)
Kieker is open-source software (Apache License, V. 2.0)

www.kieker-monitoring.net
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Kieker: Nutzungsszenario
Kieker Monitoring & Analyse Framework . Nutzungsszenario

Software system with monitoring instrumentation
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Kieker Monitoring & Analyse Framework
Kieker Monitoring & Analyse Framework . Architektur
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Kieker Monitoring & Analyse Framework
Wesentliche Eigenschaften [van Hoorn et al. 2009; 2012]
Kieker Monitoring & Analyse Framework . Architektur

• Flexible, modular erweiterbare Architektur (Messsonden,
Log-Datenstrukturen, Analyse Plug-Ins, etc.)

• Verteiltes Tracing (Spring, SOAP, etc.)
• Niedriger Overhead (entworfen für den kontinuierlichen

Betrieb)
• Evaluiert im Labor und in industriellen Umgebungen

Kieker ist Open-Source Software (Apache License, V. 2.0)

http://kieker-monitoring.net

Empfohlenes Tool der SPEC Research Group

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
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Beispiel Pipe-and-Filter Konfiguration
Kieker Monitoring & Analyse Framework . Pipe-and-Filter Konfiguration

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

outputPort
<<Reader>>
: FS reader

<<Filter>>
: Performance anomaly filter

operationExecutions

systemModel

anomalyRatings

<<Repository>>
: System model repository

<<Filter>>
: Anomaly graph plotter

anomalyRatings
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Performance-Anomalieerkennung
Ein typisches Beispiel für die Nutzung eines Monitoring-Frameworks
Kieker Monitoring & Analyse Framework . Pipe-and-Filter Konfiguration

1

2

3

4

Entwickelt und eingesetzt bei der Xing AG [Bielefeld 2012].
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Beispiel Pipe-and-Filter Konfiguration
Kieker Monitoring & Analyse Framework . Pipe-and-Filter Konfiguration

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

outputPort
<<Reader>>
: FS reader

<<Repository>>
: System model repository

<<Filter>>
: Trace reconstruction filter

traceEvents systemModel

messageTraces

executionTraces

<<Filter>>
: Sequence diagram visualization

<<Filter>>
: Dependency graph visualization

messageTraces

messageTraces

systemModel

systemModel
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Trace Monitoring
Kieker Monitoring & Analyse Framework . Pipe-and-Filter Konfiguration

:CRM

getBook(...)

getOffers(...)

getBook(...)

searchBook(...)

:Bookstore :Catalog

Legend:

= trace
= call message

= return message
= execution with eoi i and ess j

0;0

i;j

1;1

2;1

3;2

Execution order index (eoi) i : i-th started execution in a trace
Execution stack size (ess) j : execution started at stack depth j
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Generiertes Sequenzdiagramm
Visualisierungsbeispiel für die dynamische Analyse
Kieker Monitoring & Analyse Framework . Pipe-and-Filter Konfiguration
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Web GUI zur Konfiguration der Analyse
(in Arbeit)
Kieker Monitoring & Analyse Framework . Pipe-and-Filter Konfiguration
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Reverse Engineering von Java EE
Kundenportal der EWE TEL GmbH
Reverse Engineering Beispiele . Reverse Engineering von Java EE

Verteiltes Enterprise Java System

<<device>>

Front−End Server
(on−site)

<<execution environment>>

Web Server/

<<artifact>>

PortalServiceB

<<artifact>>

PortalServiceC

<<artifact>>

PortalServiceA

<<device>>

Application Server

<<execution environment>>

Java EE Container

<<artifact>>

BusinessServices

<<device>>

Front−End Server
(off−site)

<<device>>

Back−End
System

<<device>>

DB Cluster

Client

<<device>>

H/W LB

<<device>>

0..1

*

12

M2

N2

22

2

K

0..1

*

21

<<device>>

3rd Party
System

Java EE Container

instrumented subsystem

Servlet, Spring und CXF/SOAP Messsonden

W. Hasselbring (CAU) Rekonstruktion von Softwarearchitekturen Architekturen 2012 17 / 29



Komponenten-Abhängigkeitsgraph
Softwarearchitekturebene
Reverse Engineering Beispiele . Reverse Engineering von Java EE
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Komponenten-Abhängigkeitsgraph
Systemarchitekturebene
Reverse Engineering Beispiele . Reverse Engineering von Java EE

<<execution container>>
pikdb1

<<execution container>>
pikdb0

<<execution container>>
css0

<<execution container>>
css1

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

<<deployment component>>
@3:..KiekerTpmonResponseOutProbe

47406
<<deployment component>>

@8:..SupportService

3718 <<deployment component>>
@4:..EmailService

6530
<<deployment component>>

@7:..WebhostingService

1969

<<deployment component>>
@6:..DomainService1522

<<deployment component>>
@9:..DnsService

167

<<deployment component>>
@3:..KiekerTpmonResponseOutProbe

<<deployment component>>
@4:..EmailService

6386
<<deployment component>>

@5:..AccountService

47408

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

1556

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

1947

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

3772

<<deployment component>>
@9:..DnsService

176

<<deployment component>>
@1:..KiekerRequestRegistrationAndLoggingFilter

<<deployment component>>
@2:..KiekerTpmonResponseInProbe

50199

77410

77540

<<deployment component>>
@1:..KiekerRequestRegistrationAndLoggingFilter

<<deployment component>>
@2:..KiekerTpmonResponseInProbe

49751

75892

75894

$

2001

1972

53100

104751

53121

102035

W. Hasselbring (CAU) Rekonstruktion von Softwarearchitekturen Architekturen 2012 19 / 29



Reverse Engineering von C#
Vollständige Test-Suite für Nordics Analytics [Magendanz 2011]
Reverse Engineering Beispiele . Reverse Engineering von C#

Fallstudie bei der HSH Nordbank AG.
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Nach Auswahl eines Anwendungsfalles
Reverse Engineering von C#
Reverse Engineering Beispiele . Reverse Engineering von C#
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Zoom auf die Operationsebene
Reverse Engineering von C#
Reverse Engineering Beispiele . Reverse Engineering von C#
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@10:NordicAnalyticsProject.Engine.Evaluation.ValuationControl.cModelParameters

<<assembly component>>
@9:NordicAnalyticsProject.Engine.Evaluation.ValuationControl.cModelType

<<assembly component>>
@8:NordicAnalyticsProject.Engine.Securities.cSecurityFactory

<<assembly component>>
@7:NordicAnalyticsProject.Engine.Securities.cSwaption

<<assembly component>>
@6:NordicAnalyticsProject.Engine.Securities.cSingleOptionSecurity

<<assembly component>>
@5:NordicAnalyticsProject.Engine.Securities.cSecurity

<<assembly component>>
@4:NordicAnalyticsProject.Engine.ObjectFactory.cObjectPool

<<assembly component>>
@3:NordicAnalyticsProject.Engine.Securities.cAccrualConvention

<<assembly component>>
@2:NordicAnalyticsProject.Engine.Evaluation.Risk.cVaRMethodFactory

<<assembly component>>
@1:NordicAnalyticsProject.Engine.Analytics.cAnalytics

IsCalibrated(..)

Evaluate(..)

InitializeLMMPricing(..)
2

InitializeCommodityMCPricing(..)
2

InitializeIndexMCPricing(..)

2

IsHistoricalSecurity(..)

2

IsShortRateMC(..)

2

CreateSwaptionPricing(..)

2

Price(..)

2

JobPartObjects(..)
4

SetJobPart(..)

2

GetHashCode()

2

Price(..)

PriceSwaption(..)
2

SetResultProperties(..)
2

GetSpecificMarketData(..)

2

PriceSwaption(..)

2

GetPricingResult(..)

AddResultProperty(..)22

AddResultProperty(..)

2

OptionValue(..)

Vega(..)

FairRate(..)

PriceFloatLeg(..)

2

PriceFixLeg(..)2

PriceFloatCF(..)
20

PriceFixCF(..)
20

BuildDateGrids(..) GetAdditionalDays(..)
50

GetVolatility(..)
2

GetObject(..)

6

GetObject(..)

2

PriceSwaption(..)
2

2

2

2

2

GetBlackScholesOptionType(..)
2

GetSwaptionValueEvaluationType(..)
2

StoreAdditionalPricingResults(..)

2

GetSwapTenor()
4

GetSwapTenorTime()

2

5

2

2

GetEndDate()

2

Price(..)
2

AddIPricingResults(..)

2

2

2

2

2

4

2

GetValuationDate()

GetObject(..)

GetDependencies()

ReplaceDependence()

Accept(..)Objects(..)
20

Objects(..)

58

GetObjects(..)

GetObjects(..)

6

70

ReplaceDependence(..)

ReplaceDependence(..)

2

GetUseUsageTracking(..)

InitializeMarketDataUsageTracking()

18

InitializeObjectTracking(..)

18

InitializeUsageTracking()

18

2

18

2

InitializeTemplateObjects()

SetStoreLossDistributions()

InitializePartialJobs(..)

20

Evaluate()

2

2

2

2

2

2

BuildNotBuiltDefaultCurves()
2

ToString()

2

ClearIntermediateObjects()

2

MarketDataUsageCheck()
2

2

6

42

SetObjectAndCheckImpliedCalibration(..)

4

4

6

18

FindCollections(..)

SetCollectionObjects(..)

GetObjectSignatures(..)

CheckObjectsAreUnique(..)

InitializeObjects()

CopyOrId(..)

ReplaceDependenceByObjectSignature()

2

2

2

2

GetObjects()
8

GetDependencyHandle()

2

ReadObjectsTable(..)

ReadObjectsTable(..)

2

ReadObjects(..)

2
ProveOfUniqueObjects(..)

2

CheckNumberOfObjects(..)
4

ReadScenarioTable(..)

InitMembersWithCorrespondingNullValues()

Initialize(..)

ReadMethodAssetClassSpecification(..)

GetDefaultIRSubModelType(..)

InitializeMethodAssetClassSpecification()

ReadAnalyticMethodsTable(..)

CreateInstance(..)

ReadDescriptionTableProperties(..)

2

ReadCurrencyProperty(..)
2

GetUnderlyingCashRateIndex()2

ReadDescriptionTableProperties(..)

2

GetCreditNames()

Insert(..) OnInsertObject(..)
14

OnClearPool()

Create(..)

GetVersionNumber()

GetCompilationDate()

SetContactMessage()

ReadObjectsFromFile(..) CreateObject(..)12 CreateObject(..)
12

CreateObjectPreProcessing(..)
12

CreateObject(..)
12

2

22

2

2

2

2

2

2

2686

4

CreateObjectPostProcessing(..)

12

12

EvaluateJob(..)

2

2

2

2

2
2

2

2

2

2

2

2

6

2

2

WriteLogInfo(..)
2

WriteLogInfo(..)2

WriteObjectsToFile(..) GetOutConverter(..)
2

ClearPools()

30

$

2

2

1

1

1

2

2

2

2

<<assembly component>>
@27:NordicAnalyticsProject.Engine.Job.cImplicitCalibration

<<assembly component>>
@26:NordicAnalyticsProject.Engine.Evaluation.ValuationControl.cValuationControl

<<assembly component>>
@25:NordicAnalyticsProject.Engine.Evaluation.PricingModels.Swaption.cSwaptionPricingModel

<<assembly component>>
@24:NordicAnalyticsProject.Engine.Evaluation.PricingModels.Swaption.cSwaptionPricingResult

<<assembly component>>
@23:NordicAnalyticsProject.Engine.OptionValuation.cBlackScholes

<<assembly component>>
@22:NordicAnalyticsProject.Engine.Evaluation.Pricing.cPlainSwapPricing

<<assembly component>>
@21:NordicAnalyticsProject.Engine.Securities.cPlainSwapDateGrid

<<assembly component>>
@20:NordicAnalyticsProject.Engine.Evaluation.PricingModels.Swaption.cSwaptionPricingAnalytic

<<assembly component>>
@19:NordicAnalyticsProject.Engine.Evaluation.Pricing.cPricing

<<assembly component>>
@18:NordicAnalyticsProject.Engine.Job.cValuationDateFinder <<assembly component>>

@17:NordicAnalyticsProject.Engine.Securities.cSecurityDependency

<<assembly component>>
@16:NordicAnalyticsProject.Engine.Job.cTypeFilter

<<assembly component>>
@15:NordicAnalyticsProject.Engine.Job.cJobObject

<<assembly component>>
@14:NordicAnalyticsProject.Engine.Job.cJob

<<assembly component>>
@13:NordicAnalyticsProject.Engine.Job.cEvaluationObjects

<<assembly component>>
@12:NordicAnalyticsProject.Engine.Job.cJobDescriptor

<<assembly component>>
@11:NordicAnalyticsProject.Engine.Evaluation.ValuationControl.cModelDescription

<<assembly component>>
@10:NordicAnalyticsProject.Engine.Evaluation.ValuationControl.cModelParameters

<<assembly component>>
@9:NordicAnalyticsProject.Engine.Evaluation.ValuationControl.cModelType

<<assembly component>>
@8:NordicAnalyticsProject.Engine.Securities.cSecurityFactory

<<assembly component>>
@7:NordicAnalyticsProject.Engine.Securities.cSwaption

<<assembly component>>
@6:NordicAnalyticsProject.Engine.Securities.cSingleOptionSecurity

<<assembly component>>
@5:NordicAnalyticsProject.Engine.Securities.cSecurity

<<assembly component>>
@4:NordicAnalyticsProject.Engine.ObjectFactory.cObjectPool

<<assembly component>>
@3:NordicAnalyticsProject.Engine.Securities.cAccrualConvention

<<assembly component>>
@2:NordicAnalyticsProject.Engine.Evaluation.Risk.cVaRMethodFactory

<<assembly component>>
@1:NordicAnalyticsProject.Engine.Analytics.cAnalytics

IsCalibrated(..)

Evaluate(..)

InitializeLMMPricing(..)
2

InitializeCommodityMCPricing(..)
2

InitializeIndexMCPricing(..)

2

IsHistoricalSecurity(..)

2

IsShortRateMC(..)

2

CreateSwaptionPricing(..)

2

Price(..)

2

JobPartObjects(..)
4

SetJobPart(..)

2

GetHashCode()

2

Price(..)

PriceSwaption(..)
2

SetResultProperties(..)
2

GetSpecificMarketData(..)

2

PriceSwaption(..)

2

GetPricingResult(..)

AddResultProperty(..)22

AddResultProperty(..)

2

OptionValue(..)

Vega(..)

FairRate(..)

PriceFloatLeg(..)

2

PriceFixLeg(..)2

PriceFloatCF(..)
20

PriceFixCF(..)
20

BuildDateGrids(..) GetAdditionalDays(..)
50

GetVolatility(..)
2

GetObject(..)

6

GetObject(..)

2

PriceSwaption(..)
2

2

2

2

2

GetBlackScholesOptionType(..)
2

GetSwaptionValueEvaluationType(..)
2

StoreAdditionalPricingResults(..)

2

GetSwapTenor()
4

GetSwapTenorTime()

2

5

2

2

GetEndDate()

2

Price(..)
2

AddIPricingResults(..)

2

2

2

2

2

4

2

GetValuationDate()

GetObject(..)

GetDependencies()

ReplaceDependence()

Accept(..)Objects(..)
20

Objects(..)

58

GetObjects(..)

GetObjects(..)

6

70

ReplaceDependence(..)

ReplaceDependence(..)

2

GetUseUsageTracking(..)

InitializeMarketDataUsageTracking()

18

InitializeObjectTracking(..)

18

InitializeUsageTracking()

18

2

18

2

InitializeTemplateObjects()

SetStoreLossDistributions()

InitializePartialJobs(..)

20

Evaluate()

2

2

2

2

2

2

BuildNotBuiltDefaultCurves()
2

ToString()

2

ClearIntermediateObjects()

2

MarketDataUsageCheck()
2

2

6

42

SetObjectAndCheckImpliedCalibration(..)

4

4

6

18

FindCollections(..)

SetCollectionObjects(..)

GetObjectSignatures(..)

CheckObjectsAreUnique(..)

InitializeObjects()

CopyOrId(..)

ReplaceDependenceByObjectSignature()

2

2

2

2

GetObjects()
8

GetDependencyHandle()

2

ReadObjectsTable(..)

ReadObjectsTable(..)

2

ReadObjects(..)

2
ProveOfUniqueObjects(..)

2

CheckNumberOfObjects(..)
4

ReadScenarioTable(..)

InitMembersWithCorrespondingNullValues()

Initialize(..)

ReadMethodAssetClassSpecification(..)

GetDefaultIRSubModelType(..)

InitializeMethodAssetClassSpecification()

ReadAnalyticMethodsTable(..)

CreateInstance(..)

ReadDescriptionTableProperties(..)

2

ReadCurrencyProperty(..)
2

GetUnderlyingCashRateIndex()2

ReadDescriptionTableProperties(..)

2

GetCreditNames()

Insert(..) OnInsertObject(..)
14

OnClearPool()

Create(..)

GetVersionNumber()

GetCompilationDate()

SetContactMessage()

ReadObjectsFromFile(..) CreateObject(..)12 CreateObject(..)
12

CreateObjectPreProcessing(..)
12

CreateObject(..)
12

2

22

2

2

2

2

2

2

2686

4

CreateObjectPostProcessing(..)

12

12

EvaluateJob(..)

2

2

2

2

2
2

2

2

2

2

2

2

6

2

2

WriteLogInfo(..)
2

WriteLogInfo(..)2

WriteObjectsToFile(..) GetOutConverter(..)
2

ClearPools()

30

$

2

2

1

1

1

2

2

2

2
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Reverse Engineering von COBOL
Berücksichtigung nicht instrumentierbarer Module [Knoche et al. 2012]
Reverse Engineering Beispiele . Reverse Engineering von COBOL

IDENTIFICATION DIVISION.
PROGRAM-ID. MODULE-X.

PROCEDURE DIVISION.

    CALL "MODULE-Y".
    GOBACK.

Literal block

Literal block

Before-Call Injection Point

Called Module: "MODULE-Y"

AOP-based COBOL instrumentation

$ MODULE-A

MODULE-B

MODULE-C

MODULE-EMODULE-D

Module-level call dependency graph with assumed dependencies

Fallstudie der b+m Informatik AG (Kieker-Erweiterungen durch Holger Knoche):
1 Industrieller Kontext mit mehr als 1.000 COBOL Modulen.
2 140.351 Messpunkte mit 14 verschiedenen Arten von Messsonden.
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Analyse ausgewählter Traces
Reverse Engineering von Visual Basic 6
Reverse Engineering Beispiele . Reverse Engineering von Visual Basic 6

$

Module1.Main()

1

frmMain.mnuDatafrmAKTE_Click()
1

frmAKTE.cmdEdit_Click()

1

frmLogin.Form_Load()
1

frmLogin.txtPassword_gotfocus()

1

frmLogin.cmdOK_Click()

1

frmMain.MDIForm_Load()
1

frmLogin.Anwendung()

1

clsKlasse.Class_Initialize()

1

clsKlasse.pruef_user()

1

clsKlasse.pruef_abt()
1

clsKlasse.pruef_rechte()
1

AKTE.select()

1

clsKlasse.adoPrimaryRS_MoveComplete(ADODB.EventReasonEnum, ADODB.Error, ADODB.EventStatusEnum, ADODB.Recordset)
1

BENUTZER.select()
1

frmAKTE.Form_Load()

1

frmAKTE.Form_Resize()1

frmAKTE.tool_menu_begin()

1

frmAKTE.ob_frei()
1

frmAKTE.felder_sperren()
1

frmAKTE.SetButtons(Boolean)

1

frmAKTE.Option1_Click(Integer)

1

frmAKTE.txtFields_Change(Integer)

1

1

1

frmAKTE.pruefung_ob()

1

frmAKTE.Suchen()

1

frmAKTE.Abteilung()

1

frmAKTE.daten_binden()

1

frmAKTE.RtxtBoxtitel_Change()

1

frmAKTE.RtxtBoxenthaelt_Change()

1

frmAKTE.ob_sperren()

1

frmAKTE.felder_frei()

1

frmAKTE.IndexPosLesen()
1

frmAKTE.felder_sichern()
1

frmAKTE.tool_menu_edit()
1

frmAKTE.fuehrende_nullen(Long)
1 1

1

clsKlasse.Class_GetDataMember(String, Object)

18

ABTEILUNG.select()
1

BENABT.select()
1

1

6

IPOS.select()
1

Fallstudie bei Dataport
(Kieker-Erweiterungen durch Holger Knoche).
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Erkennung nicht genutzter Funktionen
Reverse Engineering von Visual Basic 6
Reverse Engineering Beispiele . Reverse Engineering von Visual Basic 6

Module1

MsgHookProc

clsKlasse

MsgHook

frmMain
frmSplash

frmLogin

frmAbout

frmABTEILUNG

frmABTEILUNG1

frmBENABT

frmBENABT1

frmBENUTZER

frmBENUTZER2

frmKLASSIFIKATION

frmKLASSIFIKATION1

frmZUS

frmZUS1

frmAKTE

frmSTAT

frmSucherg

frmSUCH
frm_Findbuch

frmIndexakte

frmLFDNR

frmtabindex

frmSTKL

frmSTGES

frmSammel

frmKopy

frmMisch

frmtabindexAkte

frm_SuchenErsetzen

KLASSIFIKATION

ITEXT

IPOS

BENUTZER

AKTE

ZUS

ABTEILUNG

BENABT

Main

6162.546 ms

4

start_htmlhelp_dialog

P_Var_Reset

2.232 ms

77

DoHook

DoUnhook

WndProc

WindowProcWheelHook

WheelUnHook

IsOver

GetForm

FlexGridScroll

PictureBoxZoom

WndProc1

WndProc2

WndProc3WndProc4

WndProc5

WndProc6

WndProc7

WndProc8

WndProc9

WndProcXAddr2Long

Class_Initialize

309.293 ms

36

Class_GetDataMember

2.234 ms

208

adoPrimaryRS_MoveComplete

2.610 ms

373

adoPrimaryRS_WillChangeRecord

2.920 ms

15EditingRecord
AbsolutePosition

AnzahlDat

AddNew

35.080 ms

5

Delete

AkteLoeschen

Requery

344.236 ms

1

Update

44.911 ms

85

Cancel

2.727 ms

4

MoveFirst

MoveLast

MoveNext

MovePrevious

pruef_user

154.649 ms

4

pruef_abt

16.940 ms

31

pruef_rechte

15.360 ms

30

pruef_klassifikation

1.771 ms

256

pruef_sperrdat

1.832 ms

284

pruef_laufzeit

1.876 ms

296
Abt_neu

11.760 ms

83

Ben_neu

Zus_neu

14.158 ms

83

AkteKlass_neu

12.341 ms

82

Unternummer_neu

29.296 ms

5

Itext_neu

speichern

22.831 ms

11

Ben_BenAbt_del

Abt_BenAbt_del

Abt_Zus_del

Abt_Klass_del

Zus_Klass_del

Abt_Akte_del

Zus_Akte_del

Abt_Ipos_del Zus_Ipos_del

Ipos_del

Abt_Itext_del

Zus_Itext_del

Itext_del

Itext_del_einzel

ipos_suchen_lfd

33.806 ms

1

Tabellen_Sort

666.650 ms

1

abt_suchen ipos_suchen

27.223 ms

1

IndexSuchen

IndexLoeschenAlle

IndexLoeschenInAkte

IndexNeu

IndexLast

IndexVorbelegen

3.885 ms

1

IndexVorbelegenLeer

ipos_loesch

IposLoeschenAlle

GlobalsReset

Get-AbsolutePosition

5.636 ms

17

Get-AnzahlDat

2.343 ms

15

Hook

RaiseAfter

RaiseBefore

Unhook

Class_Terminate

MDIForm_Activate

3.442 ms

17

MDIForm_Load

9.053 ms

4

MDIForm_Unload

mnu_BSTU_Click

mnu_SuchenErsetzen_Click

mnuDatafrmAKTE_Click

336.757 ms

4

mnuDataPasswd_Click

174.798 ms

1

mnuFIND_Click

381.290 ms

1

mnuDatafrmKLASSIFIKATION_Click

236482.834 ms

1

mnuDatafrmKLASSIFIKATION1_Click

148.485 ms

1

mnuDatafrmABTEILUNG_Click

194.293 ms

1

mnuSystemfrmABTEILUNG_Click

mnuDatafrmABTEILUNG1_Click

mnuDatafrmBENUTZER_Click

168.062 ms

1

mnuDatafrmBENUTZER2_Click

mnuDatafrmBENABT_Click

mnuDatafrmBENABT1_Click

mnuDatafrmZUS_Click

mnuSystemfrmZUS_Click

mnuDatafrmZUS1_Click

278.508 ms

1

mnuStatAkte_Click

301.090 ms

1

mnuStatKlass_Click

140.932 ms

1

mnuStatGes_Click

140.653 ms

1

mnuDatafrmFINDBUCH_Click

205.972 ms

1

mnuHelpAbout_Click

mnuHelpSearchForHelpOn_Click

mnuHelpContents_Click

mnuFileExit_Click

Form_Load

6.839 ms

4

cmdCancel_Click

cmdOK_Click

228.790 ms

4

Anwendung

212.102 ms

4

Abteilung

txtUserName_LostFocus

txtUserName_gotfocus

txtPassword_gotfocus

4.593 ms

4

Form_Load

2.968 ms

1

cmdSysInfo_Click

cmdOK_Click

StartSysInfo

GetKeyValue

Form_Load

17.746 ms

1

Form_Resize

4.188 ms

1

Form_KeyDown

Form_Unload

14.713 ms

1

PrimaryCLS_MoveComplete

9.435 ms

1

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click

mnuFileClose_Click

mnuFileSave_Click

mnuFileDelete_Click

mnuFilePrint_Click

mnuFileExit_Click

mnuEditCopy_Click

mnuEditPaste_Click

mnuEditCut_Click

mnuEditUndo_Click

mnuHelpAbout_Click

mnuHelpSearchForHelpOn_Click

mnuHelpContents_Click

cmdAdd_Click

293.952 ms

1

cmdCancel_Click

cmdClose_Click

36.664 ms

2

cmdDelete_Click

cmdEdit_Click

cmd_passwort_Click

cmdUpdate_Click

194.136 ms

1Abteilung

1.944 ms

1

ABT_Update

26.370 ms

1

daten_binden

33.186 ms

2

daten_loesen

2.361 ms

1

felder_frei

felder_sperren

felder_reset

2.747 ms

3

felder_weg

2.774 ms

2

felder_zeigen

2.790 ms

1

Lese

pw

schluessel_frei

2.923 ms

1

schluessel_sperren

2.974 ms

1

Seite1

4.073 ms

2

Seite2

4.318 ms

1

SetButtons

7.597 ms

2

Suchen

114.638 ms

1

txtFields_LostFocus

5.575 ms

5

txtFields_GotFocus

3.030 ms

5

txt_passwort_GotFocus

String_format

2.115 ms

1

Form_Load

Form_KeyDown

Form_Unload

PrimaryCLS_MoveComplete

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click

mnuFileClose_Click

mnuFileSave_Click

mnuFileDelete_Click

mnuFilePrint_Click

mnuFileExit_Click

mnuEditCopy_Click

mnuEditPaste_Click

mnuEditCut_Click

mnuEditUndo_Click

mnuHelpAbout_Click

mnuHelpSearchForHelpOn_Click

mnuHelpContents_Click

cmdAdd_Click

cmdCancel_Click

cmdClose_Click

cmdDelete_Click

cmdEdit_Click

cmdFirst_Click

cmdLast_Click

cmdNext_Click

cmdPrevious_Click

cmdUpdate_Click

SetButtons

Form_Load

Form_Resize

Form_KeyDown

Form_Unload

PrimaryCLS_MoveComplete

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click

mnuFileClose_Click

mnuFileSave_Click mnuFileDelete_Click

mnuFilePrint_Click

mnuFileExit_Click

mnuEditCopy_Click

mnuEditPaste_Click

mnuEditCut_Click

mnuEditUndo_Click

mnuHelpAbout_Click

mnuHelpSearchForHelpOn_Click

mnuHelpContents_Click

cmdAdd_Click

cmdCancel_Click

cmdClose_Click

cmdDelete_Click

cmdEdit_Click

cmdUpdate_Click

daten_binden

daten_loesen
felder_frei

felder_sperrenfelder_reset

Seite1

Seite2

SetButtons

Suchen

txtFields_LostFocus

txtFields_GotFocus

Form_Load

Form_KeyDown

Msg_Before

Form_Unload

PrimaryCLS_MoveComplete

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click

mnuFileClose_Click

mnuFileSave_Click

mnuFileDelete_Click

mnuFilePrint_Click

mnuFileExit_Click

mnuEditCopy_Click

mnuEditPaste_Click

mnuEditCut_Click

mnuEditUndo_Click

mnuHelpAbout_Click

mnuHelpSearchForHelpOn_Click

mnuHelpContents_Click

cmdAdd_Click

cmdCancel_Click

cmdClose_Click

cmdDelete_Click

cmdEdit_Click

cmdFirst_Click

cmdLast_Click

cmdNext_Click

cmdPrevious_Click

cmdUpdate_Click

SetButtons

Form_Activate

1.631 ms

1

Form_Load

20.583 ms

1

Form_Resize

4.194 ms

1
Form_KeyDown

Form_Unload

12.678 ms

1

PrimaryCLS_MoveComplete

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click

mnuFileClose_Click
mnuFileSave_Click

mnuFileDelete_Click

mnuFilePrint_Click

mnuFileExit_Click

mnuEditCopy_Click

mnuEditPaste_Click

mnuEditCut_Click

mnuEditUndo_Click

mnuHelpAbout_Click

mnuHelpSearchForHelpOn_Click mnuHelpContents_Click

cmdAdd_Click

cmdCancel_Click

cmdClose_Click

31.460 ms

2

cmdDelete_Click

cmdEdit_Click

cmd_passwort_ClickcmdUpdate_Click

daten_binden

daten_loesen

felder_frei

felder_sperren

felder_reset

1.838 ms

2

felder_weg

1.906 ms

1

felder_zeigen

schluessel_frei

schluessel_sperren

1.831 ms

1

Seite1

2.224 ms

1

Seite2

SetButtons

Suchen

txtFields_LostFocus

txtFields_GotFocus

txt_passwort_GotFocus

pw

Form_Load

Form_KeyDown

Msg_Before

Form_Unload

PrimaryCLS_MoveComplete

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click

mnuFileClose_Click

mnuFileSave_Click

mnuFileDelete_Click

mnuFilePrint_Click

mnuFileExit_Click

mnuEditCopy_Click

mnuEditPaste_Click

mnuEditCut_Click
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INDEXCHECK
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INDEXUPDATE
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24.945 ms

23

select

10.300 ms
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select

11.929 ms
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4

select
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123

select

6.913 ms

86

select

7.706 ms

122

select

5.544 ms
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Analyse von Calling Networks [Zheng et al. 2011]
Clustering der Monitoring Logs
Reverse Engineering Beispiele . Calling Networks

Community structure Layered structure (hierarchy)

Xi’an Jiaotong University, Shaanxi [Zheng et al. 2011]

W. Hasselbring (CAU) Rekonstruktion von Softwarearchitekturen Architekturen 2012 26 / 29



3D-Visualisierung mit DyVis [Wulf 2010]
Visualisierungsbeispiel
Reverse Engineering Beispiele . 3D-Visualisierung

5 DYVIS - A PROTOTYPE IMPLEMENTATION 5.2 Functions

Figure 13: The application DyVis

contains an implementation that enables reading KDM22 conform files. Thus, with

an appropriate parser, e.g. KADis23, DyVis can represent the static architecture of

any program independent of the programming language.

DyVis uses Kieker’s interface for reading dynamic log data. Thus, it is also

possible to integrate it into Kieker. Moreover, one can make and save a snapshot

to an image file to easily insert the given architecture into a presentation or paper.

Figure 15 shows a snapshot of DyVis that illustrates the statics and dynamics of the

sample application iBATIS JPetStore24.

Interaction

The user is able to zoom in and out the city by scrolling the mouse wheel accordingly.

By pressing one of the keys W,A,S,D one can move forward, to the left, backwards

and to the right, respectively. It is also possible to rotate the view by dragging

22The OMG’s Knowledge Discovery Meta-model (KDM) is a meta-model for representing infor-
mation related to existing software assets and their operational environments.

23http://sourceforge.net/projects/kadis/
24http://ibatis.apache.org/java.cgi

39

W. Hasselbring (CAU) Rekonstruktion von Softwarearchitekturen Architekturen 2012 27 / 29



Zusammenfassung und Ausblick
Zusammenfassung und Ausblick

Zusammenfassung
• Das Monitoring zur dynamischen Analyse liefert wichtige Daten über das

tatsächliche Verhalten eines Systems.
• Kombiniert mit statischer Analyse.

• Die Monitoring-Daten können zur Rekonstruktion der
Softwarearchitekturen genutzt werden.

• Für die Architektur-Rekonstruktion sind flexible
Anpassungsmöglichkeiten erforderlich.

• In der Entwicklung sind spezifische Entwurfsentscheidungen für das
Monitoring erforderlich.

Aktuelle Arbeiten u.a.:
• Web-basierte Konfigurations-Oberfläche & Cockpit
• Model-driven instrumentation & analysis
• Einsatz für Workflow-Monitoring und zum Profiling eingebetteter Systeme
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