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Static Analysis of Software Systems
To distinguish it from dynamic analysis
Dynamic Software Analysis

Static analysis may is applied to the program code to check the programs
quality for various concerns, some examples:

Clone detection Bauhaus
Code metrics JavaNCSS

Coding conventions Checkstyle
Fault patterns FindBugs

Architecture analysis Sotograph
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Dynamic Analysis of Software Systems
Dynamic Software Analysis

"
"(Cornelissen et al. 2009)

Dynamic analysis, 

or the  analysis of data gathered from 
a running program, 

         has the potential to 

provide an accurate picture
of a software

system's actual behavior.
because it exposes the

system

This picture can range 
         from 

   up to 
class-level details

high-level
architectural views [...].
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Dynamic Analysis of Software Systems (cont’d)

Dynamic Software Analysis

"
"(Cornelissen et al. 2009)

Among the benefits over static analysis are 

the availability of runtime information and, in the context of

object-oriented software, the exposure of object identities

and the actual resolution of late binding. 

A drawback is

     that dynamic analysis can only provide a partial picture  of the system, i.e., the               results obtained are valid for the            scenarios that were exercised             during the analysis.
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Dynamic and Static Analysis of Software
Dynamic Software Analysis

• Static analysis alone 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

• So, how to collect runtime data from running systems? — Instrumentation
Profiling — employed in development environments

Monitoring — employed in production environments
• An comprehension of the requirements of system operation is required

to do the right things at development time
• Instrument upfront!
• Integrate with continuous integration and delivery.
• Have you heard of DevOps ?
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How does Monitoring work?
Example instrumentation: Measuring response times
Dynamic Software Analysis

84
85 public static void searchBook() {
86 long tin = System.currentTimeMillis();
87 Catalog.getBook(false);
88 long tout = System.currentTimeMillis();
89 System.out.printf("Catalog;getBook;%s;%s", tin, tout);
90 }
91

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

1
0

2
0

3
0

4
0

5
0 Mean

Median

Catalog;getBook;1273333822196;1273333822202

Catalog;getBook;1273333823197;1273333823199

Catalog;getBook;1273333824198;1273333824200

Catalog;getBook;1273333825199;1273333825201

Catalog;getBook;1273333826200;1273333826202Program execution

Instrumentation

Statistical
analysis

Visualization of results

Monitoring log

Challenges
Flexibility (instrumentation, changing log formats), runtime overhead, data volume, data
distribution, online analysis, legacy systems, . . .
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Continuous Monitoring — Design Decisions
To cope with the previously listed challenges [van Hoorn et al. 2009a]
Dynamic Software Analysis
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Type of Monitoring Probes
Depends on analysis goals

Number and Position of Monitoring Points
Trade-off between performance overhead and information quality

Consideration of the Induced Monitoring Overhead
During continuous operation: only small overhead acceptable

Physical Location of the Monitoring Log/Stream
E.g., database, file system, queue, distributed deployment

Intrusiveness of Instrumentation
Don’t mix monitoring logic with business functionality → AOP
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Framework Features & Extension Points
Essential Characteristics [Rohr et al. 2008, van Hoorn et al. 2009b; 2012]
Kieker Monitoring & Analysis Framework

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

• Pipes-and-filters framework for analysis configuration
• Distributed tracing (logging, reconstruction, visualization)
• Low overhead (designed for continuous operation)
• Evaluated in lab and industrial case studies

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

http://kieker-monitoring.net

Recommended Tool of the 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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Overhead Evaluation
[Waller and Hasselbring 2012]
Kieker Monitoring & Analysis Framework
Linear Rise of Overhead

MSEPT 2012 ― MulƟcore Influence on ApplicaƟon‐Level Monitoring Overhead Jan Waller and Wilhelm Hasselbring ― 31.05.12 14

Experiment similar to:

A5 AsyncFS writer 16 cores whole system is available
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Kieker: Dynamic Analysis Workflow
[van Hoorn et al. 2012]
Kieker Monitoring & Analysis Framework

Monitoring Probe

Software System with Monitoring Instrumentation

Measurement
Monitoring log/stream

Monitoring Records

Analysis

Analysis Configuration (via API and WebGUI)

Pipes and Filters
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Core Kieker Framework Components
Kieker Monitoring & Analysis Framework
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Core Kieker Framework Components
Kieker Monitoring & Analysis Framework

Kieker.Monitoring
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Core Kieker Framework Components
Kieker Monitoring & Analysis Framework
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Program Instrumentation (Here: Manual)
Example: Monitoring Operation Executions
Kieker Monitoring & Analysis Framework

Application code: Monitoring probe code (schematic):

public void getOffers() {

// EXECUTION to be monitored:

catalog.getbook(false);

}

// BEFORE execution to be monitored

if (!isMonitoringEnabled()) {

collectDataBefore();

}

// AFTER execution to be monitored

if (!isMonitoringEnabled()) {

collectDataAfter();

writeMonitoringData();

}

Instrumentation — Getting the monitoring probe into the code

1 Manual instrumentation

2 Aspect-oriented programming (AOP), middleware interception, . . .
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AOP-Based Instrumentation by Annotation
Kieker Monitoring & Analysis Framework

Chapter 2 Foundations

Tpmon IntegrationCPD

TPMon

<<execution environment>>

aM bM

cM

AOP

SQL

DBMSSQL

(a) In an execution environment, three components a,
b and c each provide services which are monitored
by means of Tpmon using the AOP concept. Tp-
mon stores the monitored data into the database.

Call of Annotated OperationSQD

a b

b()
a()

M

@TpmonMonitoringProbe()

public void b(){

 ...

}

pointcut probeMethod():

 execution(@TpmonMonitoringProbe * *.*(..));

Object around(): probeMethod() {

  start=getTime();

  proceed(); //actually execute b.b()

  stop=getTime();

  insertMonitoringData(getOperationName,start,stop);

}

point−cut

match

aspect

(b) Component a calls operation b
of component b. This opera-
tion contains a point-cut defined
by the annotation @TpmonMon-
itoringProbe. As defined in the
description of the respective as-
pect probeMethod, Tpmon saves
the current time before and after
b is executed.

Figure 2.17: Sample system instrumented with Tpmon (a) and how an annotated ope-
ration is woven (b).

basic functionality program

aspect 

programming

languages

aspect

description

programs

woven output code

aspect

weaver

Figure 2.18: An aspect weaver weaves the aspects and the functional part of an applica-
tion into a single binary (following (Kiczales et al., 1997)).

24

11

12  @OperationExecutionMonitoringProbe

13  public void getOffers() {

14  catalog.getBook(false);

15  }

16 }

Annotation-based (AOP) instrumentation for monitoring trace information
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Full Instrumentation with Kieker
Kieker Monitoring & Analysis Framework

Listing 1: META-INF/aop.xml

<!DOCTYPE aspectj PUBLIC "-//AspectJ//DTD//EN" "http://www.aspectj.org←↩
/dtd/aspectj_1_5_0.dtd">

<aspectj>

<weaver options="">

<include within="*"/>

</weaver>

<aspects>

<aspect name="kieker.monitoring.probe.aspectj.operationExecution.←↩
OperationExecutionAspectFull"/>

</aspects>

</aspectj>

Start the monitored application:
$ java -javaagent:lib/kieker-1.8_aspectj.jar BookstoreStarter
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Analysis Configuration with Kieker
Example Pipe-and-Filter Configuration
Kieker Monitoring & Analysis Framework
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: FS reader
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: Performance anomaly filter
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: System model repository
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: Anomaly graph plotter
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Textual Analysis Configuration
Kieker Monitoring & Analysis Framework

@Plugin(outputPorts = {

@OutputPort(name = "eventCount", eventTypes = { Long.class })})

public final class CountingFilter extends AbstractFilterPlugin {

...

@InputPort(name = "inputEvents", eventTypes = { Object.class })

public final void inputEvent(final Object event) {

final Long count = this.counter.incrementAndGet();

super.deliver("eventCount", count);

}

}
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Graphical Analysis Configuration
Web User Interface [Ehmke 2013]
Kieker Monitoring & Analysis Framework
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Web Control Center
Cockpit [Ehmke 2013]
Kieker Monitoring & Analysis Framework
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What others are doing with Kieker
Analysis of Calling Networks [Zheng et al. 2011]
Kieker Monitoring & Analysis Framework

Community structure Layered structure (hierarchy)

Xi’an Jiaotong University, Shaanxi [Zheng et al. 2011]
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Visualizing “Architecture Warehouses”
Example: Analyzing the JUnit Project [Dąbrowski 2012]
Kieker Monitoring & Analysis Framework

258 R. Dąbrowski

is later uploaded into the graph database. For the purpose of the proof-of-concept
dynamic data acquisition, a tool called Kieker [17] was used. Kieker is a Java
framework for application performance monitoring and dynamic software anal-
ysis. The upload process first took the software project source code as an input,
and Mikroskop retrieved information on those architectural artifacts (like pack-
ages, classes, methods, variables) and their relationships (like methods owned
by classes, classes belonging to packages) that could be determined statically.
Another stream of facts about the software project was uploaded dynamically
when execution of the software project was eardropped using Kieker. This made
it possible to collect data on dynamic relationships between software artifacts
(ie. count the numbers of executed call).

4 Software Intelligence

In previous section I defined an architecture warehose that contained architectural
facts, that is architectural artifacts and their dependencies that were acquired
statically and dynamically. Let software intelligence denote now a toolset that
makes it possible to access the facts using data visualisation and data analysis
techniques, hence obtaining a higher level of understanding of those facts, that is
obtaining knowdledge. In this section I deepen the definition by several examples.

Fig. 2. Graph-based visualisation of artifacts in jUnit project

Example 9. Figure 2 depicts the graph of all artifacts collected for jUnit software
in two different visualisations.

Visualisation of architectural knowledge may be a challenge due to the size
of the data set. Such challenges are not unique in computer science, ie. disci-
plines like computational biology have already developed libraries, frameworks

Warsaw University [Dąbrowski 2012]
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Monitoring on different system layers
Application Performance Monitoring

Self-adaptive Software Performance Monitoring 
for Anomaly Localization 

3 / 25 

Application-level Monitoring 

▪ Observations in field 
▫ Extensive infrastructure monitoring, application monitoring not widespread 

▫ Reactive monitoring probe injection only 
(after a critical performance drop has occurred) 

Business  
Processes 

Services 

Application 

Middleware Container 

Virtual Machine 

Operating System 

Hardware 
Availability, reliability, … 

CPU/memory utilization, … 

Heap size, … 

Thread/connection pool sizes, … 

Response times, operational profile, … 

SLO appliance, workload, … 

Key performance indicators, e.g. process throughput, … 

Application monitoring 

Business/service monitoring 

Infrastructure monitoring 

Monitoring practice in the “real world” (based on what we’ve seen)

• Focus on system level (network availability, resource utilization) or
business level (key performance indicators)

• No systematic instrumentation on application level
• Monitoring as an “afterthought”: probes are only added when problems occurred.
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Application-Level Monitoring in Practice . . . !?
— Among Java Professionals —
Application Performance Monitoring

Java monitoring tools being used

0% 10% 20% 30% 40% 50% 60% 70% 80%

dynaTrace

Quest Foglight

dynaTrace

Diagnostics

CA/Wily

Introscope

IBM IT CAM

Symantec Indepth

for J2EE

None

Others

n.s.

4.0%

0.9%

5.8%

3.1%

0.4%

65.5%

14.3%

9.9%

“Java monitoring largely unknown.”
[codecentric GmbH 2009]
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Application-Level Monitoring in Practice . . . !?
— At Facebook —
Application Performance Monitoring

Scaling Facebook to 500 Million Users and Beyond
“Making lots of small changes and watching what happens only works if you’re
actually able to watch what happens. At Facebook we collect an enormous
amount of data — any particular server exports tens or hundreds of
metrics that can be graphed. This isn’t just system level things like CPU and
memory, it’s also application level statistics to understand why things are
happening.

It’s important that the statistics are from the real production machines that
are having the problems, when they’re having the problems – the really
interesting things only show up in production. The stats also have to come
from all machines, because a lot of important effects are hidden by averages
and only show up in distributions, in particular 95th or 99th percentile.”

Robert Johnson, Facebook Engineering Director
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Anomaly Detection + Diagnosis
Kieker @ Xing AG [Bielefeld 2012, Frotscher 2013]
Application Performance Monitoring
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Anomaly Detection + Diagnosis
Previous work [Marwede et al. 2009]
Application Performance Monitoring
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Anomaly Detection + Diagnosis
ExplorViz [Fittkau et al. 2013]
Application Performance Monitoring
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Anomaly Detection + Diagnosis
Work at Stuttgart University on online failure prediction [Pitakrat et al. 2014]
Application Performance Monitoring

Hora

System-level Predictor

Monitoring
Reader !

!

Kieker, Weka, R, PRISM, ESPER, ...

CDT

PAD

HDD Failure Predictor

Event Log Analyzer

Component-level Predictors

PCM

SLAstic
...
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Extending the Pipe-and-Filter Configuration
Here: for Reverse Engineering
Reverse Engineering

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

SRV0::

@3:..Bookstore

SRV0::

@1:..Catalog

SRV0::

@2:..CRM

SRV1::

@1:..Catalog

searchBook()

getBook(..)

getOffers()

getBook(..)

<<execution container>>SRV0
<<deployment component>>@3:..Bookstore <<deployment component>>@2:..CRM

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

<<execution container>>SRV1
<<deployment component>>@1:..Catalog

searchBook()

getOffers()

1635

getBook(..)

543

getBook(..)

1092

573

1062

$ 1635
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Generated Sequence Diagram
Reverse Engineering
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Reverse Engineering of Java EE
Customer portal at EWE TEL GmbH
Reverse Engineering . Reverse Engineering of Java EE

Distributed 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 and CXF/SOAP probes
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Software Architecture Level
Component dependency graph
Reverse Engineering . Reverse Engineering of Java EE

$

<<execution container>>
css1

155156

<<execution container>>
css0157851

<<execution container>>
pikdb0

1972

<<execution container>>
pikdb12001

75894

75892

77540

77410
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System Architecture Level
Component dependency graph
Reverse Engineering . Reverse Engineering of 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

<<execution container>>
pikdb1

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

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

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

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

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

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

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

<<execution container>>
pikdb0

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

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

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

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

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

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

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

<<execution container>>
css0

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

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

<<execution container>>
css1

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

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

handleMessage(..)

checkLogin(..)

16586

getAccountInfos(..)

6332

getCustomerAccount(..)

23606

getPackageConfiguration(..)

78

getEndDateFromMainContract(..)

110

createToken(..)

143

deleteToken(..)

115

checkToken(..)

164

updateAccountPassword(..)

93

updateCssPassword(..)

84

printContractConfirmation(..)

3

getMyAdminLoginLink(..)

6

hasAcknowledgedDnsTermsOfUse(..)

81

acknowledgeDnsTermsOfUse(..)

1

getAccountNumberForDbUser(..)

3

getWebStatisticLink(..)

1

getMailAccounts(..)

2734

getVacationInfo(..)

2194

deleteEmailAlias(..)

29

updateEmailForward(..)

499

getSpamFilterConfiguration(..)

573

createEmailAccount(..)

164

updateSpamFilterConfiguration(..)

124

addListEntryToSpamFilter(..)

57

deleteEmailAccount(..)

85

addEmailAlias(..)

33

removeListEntryFromSpamFilter(..)

5

addEmailVirusScan(..)

7

deleteEmailVirusScan(..)

6

reactivateEmailVirusScan(..)

1

updateVacationInfo(..)

19

getTopLevelDomains(..)

832

getDomains(..)

447

getDomains(..)

96

getDomainCategory(..)

59

getFederalStateForZipCode(..)

6

getDomainInfo(..)

31

isDomainFree(..)

38

deleteSubdomain(..)

1

isValidContact(..)

4

performDomainOrder(..)

4

reassignDomain(..)

2

createSubdomain(..)

2

getSmsContacts(..)
686

getSmsNumbers(..)
1519

sendSms(..)
159

getSmsAuthorization(..)
21

getFtpQuota(..)
246

getAntiVirLicenseList(..)
525

getSmsAuthorizations(..)72

getMailQuota(..)257

queueSms(..)2

getOrderStaticIpResult(..)51

getIncreaseBandwidthResult(..)26

addAntiVirLicense(..)8

sendSupportRequest(..)24

scheduleAntiVirLicenseActivation(..)17

getMySQLVersion(..)

28
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3 getMySQLQuota(..)
45
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orderStaticIp(..)

2
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4

getVirtualServerEnvironment()

5

createSmsToken(..)

2

activateSmsNumber(..)

1

hasProweb(..)399

getWebhostingCategories(..)496

getWebUserIds(..)499

getWebhostingDetails(..)118

getWebspaceQuota(..)69

createWebStatsSession(..)28

getEmailFromMasterAccount(..)143

getAvailablePHPVersions(..)42

getWebhostingCategory(..)9
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getWebspaceSubdirectories(..)60

changeDomainUsageCategory(..)

23

getProwebDomainNames(..)
65

updateFtpAccount(..)6

createWebspaceSubdirectory(..)4

createFtpAccount(..)1

setPHPVersion(..)1

updateWebspace(..)1

createMySql(..)1

isUpToDate(..)74

modifyResourceRecord(..)17

getZone(..)

66

addResourceRecord(..)
4

deleteResourceRecord(..)6

handleMessage(..)

checkLogin(..)

16634

getCustomerAccount(..)

23651

getAccountInfos(..)

6264
getPackageConfiguration(..)

71

getEndDateFromMainContract(..)

111

checkToken(..)

165

createToken(..)

158

updateCssPassword(..)

94

deleteToken(..)

88

updateAccountPassword(..)

82

passwordRequestByMailAllowed(..)

3

getAccountNumberForDbUser(..)

7

hasAcknowledgedDnsTermsOfUse(..)

73

getMyAdminLoginLink(..)

4

acknowledgeDnsTermsOfUse(..)

3

getVacationInfo(..)

2138

updateEmailForward(..)

486

getMailAccounts(..)

2692
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26

deleteEmailAccount(..)

86

addListEntryToSpamFilter(..)

66

getSpamFilterConfiguration(..)

511
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30
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36
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181

removeListEntryFromSpamFilter(..)

7

updateSpamFilterConfiguration(..)

121

addEmailVirusScan(..)

5

deleteEmailVirusScan(..)

1

getDomains(..)

456

getTopLevelDomains(..)

824

getDomains(..)

121

isDomainFree(..)

52

isValidContact(..)

10

performDomainOrder(..)

4

getDomainCategory(..)

44

getDomainInfo(..)

26

getFederalStateForZipCode(..)

9

restartDomainTransfer(..)

1

createSubdomain(..)

8

reassignDomain(..)

1

getSmsNumbers(..)1555

getAntiVirLicenseList(..)514

sendSms(..)163

getSmsContacts(..)681

getMailQuota(..)260

getOrderStaticIpResult(..)43

getIncreaseBandwidthResult(..)22

getFtpQuota(..)274

getSmsAuthorizations(..)83

sendSupportRequest(..)20

addSmsContact(..)
14

getMySQLQuota(..)
25

scheduleAntiVirLicenseActivation(..)
19

createSmsToken(..)

2

activateSmsNumber(..)

2

getMySQLVersion(..)

44

addAntiVirLicense(..)

7

createWlanAccount(..)

10

getSmsAuthorization(..)
18

setSmsAuthorizations(..)
2

getVirtualServerEnvironment()
8

queueSms(..)
3

removeSmsContact(..)
3

getWebhostingCategories(..)511

getWebUserIds(..)510

hasProweb(..)

370

getAvailablePHPVersions(..)

39

createWebStatsSession(..)
30

getEmailFromMasterAccount(..)
130

getWebspaceQuota(..)
71

getWebhostingDetails(..)
98

getProwebDomainNames(..)
86

getWebhostingCategory(..)
12

getWebspaceSubdirectories(..)
61

createWebspace(..)
2

changeDomainUsageCategory(..)
22

createFtpAccount(..)2

terminateFtpAccount(..)1

updateMySql(..)1

updateFtpAccount(..)1

getZone(..)
78

isUpToDate(..)70

modifyResourceRecord(..)

14

addResourceRecord(..)

5

deleteResourceRecord(..)
9

doFilter(..) handleMessage(..)
50199

77410

77540
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Dynamic Analysis for Modernization
KoSSE Project DynaMod, http://kosse-sh.de/dynamod
Reverse Engineering . Reverse Engineering of C#

Motivation:
Emergent Architectures

Project Consortium

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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Reverse Engineering of C#
Complete Test Suite of Nordic Analytics [Magendanz 2011]
Reverse Engineering . Reverse Engineering of C#

Case study at HSH Nordbank AG.
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After Selecting a single Use Case
Reverse Engineering of C#
Reverse Engineering . Reverse Engineering of C#

$

<<assembly component>>
@1:..cAnalytics

7

<<assembly component>>
@6:..cSwap

1

<<assembly component>>
@31:..cJobObject

1

<<assembly component>>
@2:..cObjectPool

23

<<assembly component>>
@3:..cVaRMethodFactory

2

<<assembly component>>
@5:..cCreditBaskets

1

<<assembly component>>
@14:..cScriptTables

1

<<assembly component>>
@23:..cSecurityFactory

1

<<assembly component>>
@24:..cModelType

5

<<assembly component>>
@25:..cModelParameters

2

<<assembly component>>
@26:..cModelDescription

1

<<assembly component>>
@27:..cJobDescriptor1

<<assembly component>>
@28:..cEvaluationObjects

9

<<assembly component>>
@29:..cJob

7

<<assembly component>>
@4:..cSecurity <<assembly component>>

@7:..cLegDescriptor

4

<<assembly component>>
@10:..cLeg

12

<<assembly component>>
@16:..cScriptCashFlowHandler

2

<<assembly component>>
@8:..cPayoffDescriptor

4

34

<<assembly component>>
@9:..cCreditDescriptor

38

38

<<assembly component>>
@11:..cCashFlowBuilder

4

<<assembly component>>
@13:..cCashFlow

136

<<assembly component>>
@22:..cCashFlowScriptGenerator

34

<<assembly component>>
@36:..cIndexFixingDescriptionCollector

34

34

34

<<assembly component>>
@12:..cAccrualConvention

34

34 34

34

<<assembly component>>
@15:..cScriptParameters

<<assembly component>>
@17:..cFormulaBuilder

34

<<assembly component>>
@18:..cStandardFormulaBuilder

34

95

<<assembly component>>
@19:..cScriptOptions

<<assembly component>>
@20:..cReplaceIndexNameByFunction

<<assembly component>>
@21:..cScript

243

243

<<assembly component>>
@43:..cSetIndex228

68

34

68

34

68

1

2

7

4

1

1

<<assembly component>>
@32:..cSecurityDependency

3

73

398

<<assembly component>>
@33:..cValuationDateFinder

1

<<assembly component>>
@53:..cValuationControl

1

<<assembly component>>
@54:..cImplicitCalibration

4
<<assembly component>>

@30:..cTypeFilter

402

52
<<assembly component>>

@34:..cPricing

3

1

1 1

<<assembly component>>
@35:..cCashFlowPricingModel

1

2

34

208

121

<<assembly component>>
@39:..cPricingParams

2

<<assembly component>>
@40:..cPricingParamsCreditLinked36

<<assembly component>>
@41:..cPricingParamsCFP

107

<<assembly component>>
@44:..cDefaultFunctions

213

<<assembly component>>
@45:..cMarketAnalyticModel

112

<<assembly component>>
@46:..cVolatilityFinder

19

<<assembly component>>
@47:..cCashRateVolatilityFinder

19

<<assembly component>>
@48:..cConvexityAdjustmentModel

19

<<assembly component>>
@49:..cLinearRateModelBlack

76

<<assembly component>>
@50:..cAccruedInterestCalculator

68

<<assembly component>>
@51:..cLegDetailsCFP

6

<<assembly component>>
@52:..cSecurityDetailsCFP

6

34 <<assembly component>>
@37:..cScriptIndexDescriptorFunction

38

<<assembly component>>
@38:..cCollector19

19
1

56

19

19

<<assembly component>>
@42:..cTermTreeFunctionIndex

19

36

828

37

19

38

38

228

38

38

57

57

38

19

38

38

76

38

2

2

2

2

2

1

1

2
7

3
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Zoom to the Operation Level
Reverse Engineering of C#
Reverse Engineering . Reverse Engineering of C#

<<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
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Evaluate(..)

InitializeLMMPricing(..)
2

InitializeCommodityMCPricing(..)
2

InitializeIndexMCPricing(..)

2

IsHistoricalSecurity(..)

2

IsShortRateMC(..)

2

CreateSwaptionPricing(..)

2

Price(..)

2
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4

SetJobPart(..)

2

GetHashCode()

2
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2

SetResultProperties(..)
2

GetSpecificMarketData(..)

2

PriceSwaption(..)

2

GetPricingResult(..)

AddResultProperty(..)22
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2

OptionValue(..)

Vega(..)

FairRate(..)

PriceFloatLeg(..)

2

PriceFixLeg(..)2

PriceFloatCF(..)
20

PriceFixCF(..)
20

BuildDateGrids(..) GetAdditionalDays(..)
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GetVolatility(..)
2

GetObject(..)

6

GetObject(..)

2

PriceSwaption(..)
2

2

2

2

2

GetBlackScholesOptionType(..)
2

GetSwaptionValueEvaluationType(..)
2

StoreAdditionalPricingResults(..)

2

GetSwapTenor()
4
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2

5

2

2

GetEndDate()

2

Price(..)
2
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2

2

2

2

2

4

2
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GetObject(..)

GetDependencies()

ReplaceDependence()

Accept(..)Objects(..)
20

Objects(..)
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GetObjects(..)

GetObjects(..)

6

70

ReplaceDependence(..)

ReplaceDependence(..)

2

GetUseUsageTracking(..)

InitializeMarketDataUsageTracking()

18

InitializeObjectTracking(..)

18

InitializeUsageTracking()

18

2

18

2

InitializeTemplateObjects()

SetStoreLossDistributions()
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Evaluate()

2

2

2

2

2

2
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2

ToString()

2

ClearIntermediateObjects()

2
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2

2

6

42
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4

4

6
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FindCollections(..)
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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
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EvaluateJob(..)

2

2

2

2

2
2

2

2

2

2

2

2

6

2

2

WriteLogInfo(..)
2

WriteLogInfo(..)2

WriteObjectsToFile(..) GetOutConverter(..)
2

ClearPools()
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$

2

2

1

1
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<<assembly component>>
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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 of Visual Basic 6
Analysis of Specific Traces
Reverse Engineering . Reverse Engineering of 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
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Identification of unused Functions
Reverse Engineering of Visual Basic 6
Reverse Engineering . Reverse Engineering of 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

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

24.635 ms

1

Form_Resize

7.913 ms

1

Form_KeyDown

Form_Unload

2.750 ms

1

PrimaryCLS_MoveComplete

9.533 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_ClickmnuHelpSearchForHelpOn_Click

mnuHelpContents_Click

cmdAdd_Click

238.229 ms

1

cmdCancel_Click

66.170 ms

1

cmdClose_Click

51.233 ms

1

cmdDelete_Click

cmdEdit_Click

153.402 ms

1

cmdUpdate_Click

165.195 ms

1

SetButtons

5.927 ms

4

Abteilung

1.864 ms

2

daten_binden

10.146 ms

2

daten_loesen

3.517 ms

2

felder_frei

3.215 ms

2

felder_reset

2.988 ms

1

felder_sperren

felder_weg

3.491 ms

3

felder_zeigen

3.561 ms

2

Lese

schluessel_frei

2.992 ms

2

schluessel_sperren

3.372 ms

2

Seite1

4.069 ms

3

Seite2

3.307 ms

2

Suchen

101.015 ms

2

txtFields_LostFocus

5.918 ms

7

txtFields_GotFocus

2.904 ms

6

RTxtKlass_GotFocus

auffuellen_blanks

fuehrende_blanks

fuehrende_nullen

3.744 ms

2

cmd_Alle_Click

83.337 ms

2

cmd_Auswahl_Click

97.761 ms

3

cmd_Print_Click

HEAD_PRINT

cmd_reset_Click

26.706 ms

1

Form_Activate

17.009 ms

3

Form_Load

49.559 ms

3Form_KeyDown

Form_Unload

4.195 ms

3 Msg_Before

7.830 ms

1grdDataGrid_HeadClick

grdDataGrid_RowColChange

189.080 ms

2

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

48.480 ms

1

cmdDelete_Click

cmdEdit_Click

cmdFirst_Click

cmdLast_Click

cmdNext_Click

cmdPrevious_Click

cmdUpdate_Click

SetButtons

SATZAUSWAHL

61.732 ms

3

GRID_FORMAT

8.328 ms

5

AllesLeer

4.093 ms

3

txt_ZUS_LostFocus

7.761 ms

2

sixdigit

2.401 ms

1

NAV_ENABLER

7.247 ms

6 SortColSet

2.739 ms

1

Form_Load

Form_Resize

Form_KeyDown

Form_Unload

PrimaryCLS_MoveComplete

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click

mnuFileClose_Click

mnuFileSave_Click

mnuFileDelete_Click

mnuFilePrint_ClickmnuFileExit_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

Abteilung

daten_binden

daten_loesen

felder_frei

felder_reset

felder_sperren

felder_weg

felder_zeigen

Lese

schluessel_frei

schluessel_sperren

Seite1

Seite2

SetButtons

Suchen

txtFields_LostFocus

txtFields_GotFocus

auffuellen_blanks

fuehrende_blanks

fuehrende_nullen

Form_Load

110.285 ms

1

Form_KeyDown

Form_Unload

2.865 ms

1

Msg_Before

grdDataGrid_HeadClick

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

48.999 ms

1

cmdDelete_ClickcmdEdit_ClickcmdFirst_Click

cmdLast_Click

cmdNext_Click

cmdPrevious_Click

cmdUpdate_Click

SetButtons

SortColSet

2.285 ms

1

GRID_FORMAT

2.190 ms

1

CmdSonder_Click

Cmdtabindex_Click

223795.792 ms

1

cmdtabindex_Akte_Click

35031.119 ms

1

Commandklass_Click

13288.144 ms

2

Form_Load

155.212 ms

5

Form_MouseDown

Form_Resize

5.997 ms

9

lblenthaelt_Click

10.583 ms

6

lbltitel_Click

21.486 ms

9

lbl_s_Click

9.221 ms

21

RichTextBox1_DblClick

136645.765 ms

1

RichTextBox1_KeyPress

RichTextBox1_LostFocus

19.640 ms

7

RTxtBoxenthaelt_Click

54.595 ms

1

RTxtBoxenthaelt_LostFocus

22.138 ms

1

RTxtBoxtitel_Click

24.786 ms

5

RTxtBoxtitel_KeyPress

RTxtBoxenthaelt_KeyPress

Form_KeyDown

Form_Unload

2.851 ms

2

Option1_Click

7.996 ms

10

PrimaryCLS_MoveComplete

9.023 ms

2

RTxtBoxtitel_Markierung

RTxtBoxenthaelt_Markierung

RichTextBox1_Markierung

2.666 ms

2

RTxtBoxtitel_GotFocus

2.502 ms

17

RTxtBoxenthaelt_GotFocus

3.530 ms

1

RTxtBoxtitel_LostFocus

13.787 ms

17

tbToolBar_ButtonClick

mnuFileNew_Click

mnuFileOpen_Click
mnuFileClose_Click

mnuFileSave_Click

mnuFileDelete_Click

mnuFileSelect_Click

mnuFilePrint_Click

mnuFileExit_Click

mnuEditCopy_Click

mnuEditPaste_Click

mnuEditCut_Click

mnuEditUndo_Click

mnuHelpAbout_Click

mnuHelpSearchForHelpOn_Click

mnuHelpContents_Click

cmdAdd_Click

1954.737 ms

3

cmdEdit_Click

489.114 ms

10

cmdUpdate_Click

1036.801 ms

4

cmdCancel_Click

cmdDelete_Click

cmdAuswahl_Click

130.384 ms

2

cmdClose_Click

5991.764 ms

2

cmdFirst_Click

cmdLast_Click

cmdNext_Click

cmdPrevious_Click

SetButtons

8.626 ms

22

daten_binden

68.763 ms

13

daten_loesen

3.209 ms

6

ob_frei

3.081 ms

9

felder_frei

3.490 ms

13

ob_sperren

11.170 ms

13

felder_sperren

6.503 ms

9

ob_reset

felder_reset

36.761 ms

6

felder_weg

felder_zeigen

alterStand_sichern

2.009 ms

1

felder_sichern

2.779 ms

17

felder_laden

21.573 ms

1

Seite1

Seite2

Suchen

223.510 ms

15

RtxtBoxenthaelt_Change
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Reverse Engineering of COBOL
With consideration of non-instrumentable modules [Knoche et al. 2012]
Reverse Engineering . Reverse Engineering of 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
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Analysis of a PC COBOL System
[Richter 2012]
Reverse Engineering . Reverse Engineering of COBOL

6.4
Ergebnisse

der
Evaluation

$ <<assembly component>>
@12:SGBSTART

1

<<assembly component>>
@1:PSGLOINI

<<assembly component>>
@2:S_GetEnvironmentVariableA

7

<<assembly component>>
@3:REALIA_GET_MACHINE_NAME

1

<<assembly component>>
@4:PATHMAKE

1

<<assembly component>>
@5:PSGLOFUN

3

<<assembly component>>
@9:JOBIDSAV

1

<<assembly component>>
@10:PSGLOSAV

2

5

<<assembly component>>
@6:SHIFTFUN

7

<<assembly component>>
@7:REALIA_FINDFIRST25

<<assembly component>>
@8:REALIA_FINDCLOSE

25

<<assembly component>>
@13:BUCHWAND2

<<assembly component>>
@44:REALIA_CREATE_UNIQUE_FILE

1

<<assembly component>>
@11:PSGLOEDI

119

2

1

1

1

1

1

<<assembly component>>
@14:PASSWORT

3

<<assembly component>>
@15:DATUMFUN

1

<<assembly component>>
@16:PARMFILE

1

<<assembly component>>
@17:PATHFIND

1

<<assembly component>>
@18:MSGERZEU

1
<<assembly component>>

@19:MSGLAUFZ1

<<assembly component>>
@20:MSGMELDE

1

<<assembly component>>
@21:ZREPLACE

1

<<assembly component>>
@26:DATABASE

1

<<assembly component>>
@27:DATABTBA

1

<<assembly component>>
@29:SCRHANDL2

<<assembly component>>
@30:STRINFUN

1

<<assembly component>>
@31:SUCHEFUN

1

<<assembly component>>
@32:ZUGRIFUN

1

<<assembly component>>
@34:SGBINITA

4

<<assembly component>>
@42:SACHG-INIMO

1

<<assembly component>>
@47:PSGLO-MENNA

1

<<assembly component>>
@48:SACHG-SAVMO

1

1

<<assembly component>>
@25:DATABTRV

3

<<assembly component>>
@43:D9991FUN

3

1

87

<<assembly component>>
@22:DATABSPT

<<assembly component>>
@23:DATABLOK

13
<<assembly component>>

@24:BTRV

13

25

<<assembly component>>
@36:DATABSBS

9

13

13

<<assembly component>>
@28:SCRINOUT

25

4

<<assembly component>>
@33:SP2373110

1 1

1

1

1

7

<<assembly component>>
@35:USRIDENT

1

<<assembly component>>
@37:WKSIDENT

1

4

1

6

7

345

6

3
1

<<assembly component>>
@38:PSKVSINI 2

<<assembly component>>
@39:PSKVSSAV

1

<<assembly component>>
@41:DRUCKREO

1

<<assembly component>>
@40:PSKVSEDI

113

1

4
1

4

<<assembly component>>
@45:SGBMENWA

<<assembly component>>
@46:SGBMENUE

1

12

135

1

101

1

1
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C++ Digital Signal Processing
Kiel Real-time Audio Toolkit (KiRAT)
Reverse Engineering . Reverse Engineering of C / C++

Source: http://www.dss.tf.uni-kiel.de/en/research/kirat
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Reverse Engineering of C++
Analysis of the algorithmic kernel [Mahmens 2014]
Reverse Engineering . Reverse Engineering of C / C++

5. Architektur-Rekonstruktion

on_main, algcore_common_audio_effects_chorus_main, algcore_common_wavreader_main, alg-
core_common_fb_synthesis_main, algcore_common_wavreader_interface, algcore_common_si-
gnalsel_main und algcore_common_conv_ols_matrix_cpu_main.

<<assembly component>>
@2:..algcore_resman_memory_allocation

<<assembly component>>
@3:..algcore_medsigpro_main SapAlgCoreCalloc3DArray(..)

SapAlgCoreCalloc2DArray(..)

3354

SapAlgCoreFree(..)

SapAlgCoreFree3DArray(..)

SapAlgCoreFree2DArray(..)

3280

SapAlgCoreCalloc(..) SapAlgCoreCalloc1DArray(..)

SapAlgCoreFree1DArray(..)
4884

4992SapAlgCoreMedsigproDeinit(..)

280

32

213

187
*SapAlgCoreMedsigproInit(..)

32

2

282

273

212

86

Abbildung 5.14. Aufrufe des Pakets Medical-Signal-Processing zur Speicherverwaltung

Abbildung 5.14 zeigt die Nutzung der Speicheralloziirung des Pakets. Wie auch beim
Paket System-Evaluation wird die Funktion SapAlgCoreCalloc2DArray() einmal weniger
aufgerufen als die Funktion SapAlgCoreFree2DArray(), 212 Aufrufe im Vergleich zu 213
Aufrufen. Alle anderen Ressourcen werden vollständig wieder freigegeben.

5.3.10. Loudspeaker-Enclosure-Microfone-Simulation

Dieses Paket besteht nur aus 2 Komponenten. Die Komponente algcore_lemsim_main

ruft dabei die Komponente algcore_lemsim_gaindelay genauso häufig auf, wie sie selber
aufgerufen wird.

Abbildung 5.15 zeigt die Aufrufe des Pakets zum Anfordern und Freigeben von Spei-
cherplatz. Hierbei wird die Zusammengehörigkeit von Funktionsaufrufen durch dieselbe
Farbe signalisiert. Auf Grund der Gruppierung der Funktionsaufrufe ist ersichtlich, dass
der gesamte Speicherplatz, der von der Komponente algcore_lemsim_main oder deren
Unterkomponenten angefordert wurde, auch wieder freigegeben wird. Aus der Grafik
geht aber auch hervor, dass in den Initialisierungsfunktionen auch Speicherplatz wieder
freigegeben wird. Das ist ungewöhnlich, denn wenn der Speicherplatz nur während der
Initialisierung der Komponenten benötigt wird, wäre es auch möglich, den Speicherplatz
auf dem Stack und nicht wie bisher auf dem Heap anzufordern.

5.3.11. Binaural Simulation

Dieses Paket besteht nur aus der Komponente algcore_binauralsim_main. Aus dem Paket
wird auf die Komponenten algcore_common_wavreader_main, algcore_common_wavreader_-

54

6. Performance
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Abbildung 6.4. Aggregiertes Sequenzdiagramm für die Laufzeiten der Funktion SapAlgCorePro-
cess()

6.1.1. Analyse der Convolution-Berechnung

Da die Funktion SapAlgCoreProcess() jedoch viel zu komplex ist, um sie gezielt untersu-
chen zu können, wird im Folgenden die Funktion SapAlgCoreCommonOverlapSaveConvCpuPro

cess() aus der Komponente algcore_common_conv_ols_matrix_cpu_main betrachtet. Diese
Funktion wurde zusammen mit den Entwicklern von KiRAT ausgewählt, weil hier für jeden
Aufruf der Funktion nahezu identische Laufzeiten erwartet werden, denn die Funktion
berechnet nur eine Faltung. Das heißt, als Ergebnis der Messung wird erwartet, dass die
Funktion, abgesehen von einigen Ausreißern, eine konstante Laufzeit hat.

Für den Versuchsaufbau wird dieselbe Hardware-Konfiguration wie vorher verwendet.
KiRAT selbst wird so konfiguriert, dass nur das Modul Loudspeaker-Enclosure-Micro-
phone-Simulation aktiv ist, das die gewünschte Funktion aufruft. Außerdem wurde die
Länge des Input-Signals verzehnfacht, um mehr Funktionsaufrufe betrachten zu können.
Weiterhin besteht das Eingangssignal jedoch nur aus Nullen. Die Funktion wird damit
insgesamt 41258 mal aufgerufen.
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First shot with full instrumentation:
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Visualizing Dependencies in EPrints
Customized visualization with Gephi [Wechselberg 2013]
Reverse Engineering . Reverse Engineering of Perl

6. Ergebnisse

Abbildung 6.1. Visualisierung der Abhängigkeiten in EPrints
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Red: EPrints.PluginFactory. Green: EPrints.Repository.
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Visualizing Dependencies in EPrints
Refinement with adaptive monitoring [Jensen 2013]
Reverse Engineering . Reverse Engineering of Perl

5.7. Zwischenergebnis

Abbildung 5.6. Abhängigkeiten beim ersten Request mit dem adaptiven Monitoring von EPrints.
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Kieker in Space
Some analysis results [Harms 2013]
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Summary and Future Work
Summary and Future Work

Summary
• Monitoring for dynamic analysis may provide valuable information about

the real behavior of a software system.
• Combined with static analysis.

• Monitoring Data may be employed for various purposes, for instance
• Fault localization and diagnosis
• Architecture discovery
• Capacity management (SLAstic project, PhD Thesis André van Hoorn)

• Flexibility is required, particularly for architecture discovery

Future Work
• Extending the Web-based configuration interface & cockpit
• Model-driven instrumentation & analysis
• Application to workflow monitoring, parallelization and

Enterprise Architecture Management
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