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REVERSE ENGINEERING TOOLS/SERVICES

REVERSE ENGINEERING |

... the reconstruction of (more) abstract
knowledge from given software engineering
artifacts
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EXTRACT-ABSTRACT-VIEW

Reverse Engineering Tools follow the
extract-abstract-view-metaphor

Repository

extract

2

Source code Visualization

REPOSITORY SERVICES

Reverse Engineering Tasks are supported by
repository services

xanalysis concept analysis
xquerying cluster analysis
xabstraction transformation

xVisualization
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ARTIFACTS

ARTIFACT LANGUAGES

All software engineering artifacts are written in
their respective language:

xtextual, visual, or natural languages

xformal, semiformal, or informal languages

The artifacts are instances of their language
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MODELING

The fact repository contains models of the
artifacts, i.e. abstractions suitable to the
reverse engineering task to be solved,

depending on

x the language of the artifact
x the viewpoint addressed by the task
x the granularity needed

EXAMPLE
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public class Main {
public static void main(String[] args) {

inta = 26;

intb=-5;
System.out. printin(compute(a, b)),

private static int compute(int a, int b) {
)

return Utility twice(Utility. add(a, b));

}
}

public class Utility {
public static int add(int x, inty) {
return x +y;

public static int twice(int x) {
return 2 « x;

}
}
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EXAMPLE
name = Main '52\
ruu‘er IIIII 3 Mathod

x language: Java
x viewpoint: syntax

x granularity: fine

public static void main(String[] args) { ‘

inta=26;
intb=-5;
System.out.printin(compute(a, b));
isParameterias
v “identifier -
¥7 :identifier sActualParameterOf
k=s e =8
column = 34
length = 1

USE CASE DIAGRAM
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EXAMPLE

x language: Use Case Diagram
x viewpoint: syntax
x granularity: fine e

@ ......... o
/ / A name = manageCanference Data
.

e \ uuuuu
o hetor
¥8 UseCase ¥2 sheter
..... ChairParson spociaien
. el \ mmmmmmmmmmmmmmmmmmmmmmmmmmmm
£y N S—
& P~
2.‘;..-.__3‘ name = produceCherviews.
imyden ciydes
¥ :UseCase o :UseCase
nnnnnnnnnnnnnnnn i rame = peoduceFisansiOvenen

ASPECTS

Languages

Java, C, C++, ..., RSL, Class Diagrams,
Logs, Traces, ...

Viewpoints (Perspectives)

Syntax, Controlflow, Dataflow, Usage,
Containment, ...

Granularity
fine, medium, coarse

03.04.2009
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ARTIFACT LANGUAGES

SCHEMAS

A program is an instance of a grammar
A diagram is an instance of a metamodel

A graph is an instance of a schema

Schemas are (slightly restricted) metamodels

03.04.2009
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SCHEMA-INSTANCE-DICHOTOMY

x Grammar and Program x Schema and Graph

stmt := var ':=' Expr ';'
Expr := Expr ('+'|'-") Expr /G D\
| "' Expr ')’ " ontese
| var S g
T islnstanceOf T isInstanceOf
X :=v+ (w- 2);

METAMODEL ENGINEERING |

It is helpful to develop (and agree upon)
reference metamodels for reverse engineering
tasks which are widely usable wrt

xLanguage

xViewpoint

xGranularity

03.04.2009
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TGRAPHS AND THEIR FORMALIZATION

TGRAPHS

TGraphs are
xtyped: vertices and edges have a type

xattributed: (depending on the type)
vertices and edges have valued attributes

xordered: the vertices, the edges, and the
incidences are ordered

xdirected: edges have a start and an end vertex

Multiple type inheritance is allowed

14
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MATHEMATICAL DEFINITION

A TGraph G = (Vseq, Eseq, Aseq, type,value) consists of

m an injective sequence Vseq of a set I” C VERTEX of vertices

m an injective sequence Eseg of a set £ C EDGE of edges

B atotal incidence function Aseq : V — seq(E x {in,out})

such that for eache € £

there is exactly one vertex v with (e, out) € Aseq(v)
and exactly one vertex w with (e, in) € Aseq(w)

m atotal type function type : VUE — TYPE

m atotal value function value : VU E — (ATTR + VALUE)

GRUML DIAGRAMS

TGraphs can be specified by a subset of UML-
class diagrams (grUML):
xClasses: Vertex Types
xAssociations: Edge Types
x Attributes: Element Attributes
xSpecialization: Type Inheritence .
xMultiplicities: Degree Restrictions = =
(slightly more than EMOF)

03.04.2009
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COMPATIBILITY

A TGraph compatible to a schema

x if the element types and the attribute
assignments in the graph respect the schema,

xif the incidences of the edges respect the
schema, and

xif the vertex degrees respect the multiplicities
(under inheritance)

Schema AttritutedElementClass Attribute
SADULE

+ name: Steing + isfbstrct boolean  [p~, NISNVOUW B [, name: Swing
+ name: Sting o 1

molehame: Sing

03.04.2009
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SLICING

TGRAPHS AND THEIR IMPLEMENTATION
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GRALAB

There is an elaborated API (JGralLab)
which supplies all operations for
xcreating,
xmanipulating, and
xtraversing

TGraph schemas and TGraphs (wrt schema)

http://userpages.uni-koblenz.de/~ist/JGralLab

JGRALAB

JGralLab is
x based on symmetric incidence lists,

x supplies all operations derivable from its
metametamodel, and

x allows pseudocode-like programming of graph
algorithms

Graphs may contain several millions of elements

03.04.2009
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SYM

The implementation is efficient wrt traversal

1

API

The JGraLab API is derived from the JGralLab

Metametamodel

GraphClass

il 1r|5t nce0f

Graph

[HvertexCount ©int
[edgeCount : it

hasattributeValue

hame : string

[+createvertex (avenexClass : Venexclass)

+createEdge( anEdgeClass - EdgeClass, alpha : Verlex, omega : Vertex)
+deletel/ertex(id : siring)

+deleteEdgel it © string)

+delete( aGraphElement : GraphElement)

[+ getE dgeF ramTo( firstvertex - Vertex, secondveriex : Yertex) : Edge
+0etE dgeB etween( firstvertex : Vertex, secondvertex | Vertex)  Edge
[+ et raphElement(id : string) | GraphElement

[+ getFiraty ertex() : Vertex

[+ 0etF ity ertex OTClass( av entexClass : VenexClass) @ Vena
+getF irsty ertex OfExplicitCl; avertexCl VertexC| Werlex

L+ getF irstE dge) | Edge

+uetFiretE dgeOfClass( anEdgeClass | EdgeClass) : Edge

[+ etF irstE dgeOfExplicitC|ass anEdyeClass | EdgeClass) : Edge

[+ ety ertex( pos : inf) : Vertex

[+ getE dget pos - inf) - Edge

[+ ety ertexOTCIass( pos © int, 3V ertexClass | VerexClass) : v ertex

[+ gety ertex O fExplicitClass( pos: int, aVerlexClass : VerlexClass) : Vertex
[+ getEdgeOTtlass( pos © int, anEdgeClass : EdgeClass) : Edge

[+ 0etE dgeOTEXplicHCIass] pos ! int, anEdyeClass: EdyeClass) | Edge

Vaine
{fabstract}
1
‘AttributedElement
fabstract

Fid s int

+sethttributel avalue : Valug)

+ getattribute ) : Value
+pushTempAtiribute! value : Object)
+popTermpAtiribute)  Object

-+ setT empAttribute( level :

+gefT empAttribute level : int) : Object

nt, value : Object)

GraphElement]
fabsiract)

03.04.2009

24



Folie 47

JE37 Ich weild nicht, ob das gut, dass ich die Implementation schon hier anspreche
Jurgen Ebert; 28.03.2008



GraphElement
fahstract}
1
Edge
Falpha : Vertex
EdgeClass | ¢ instancef |-0mena: Vertsx
[next : Edge
. [Rrev:Edoe
1 Edge
+gethextEdgeOTClass] anEdgeCiass | EdgeClass) : Edge
+gethextEdgeOmEx picitClass( anEdgeClass : EdgeClass) | Edge
Vertex +getPrevEdged : Edge
Chext; verex +getPrevEdgeQiClass{ anEdgeClass: EdgeClass) : Edge
prev - vertex +getPrevEdgeOMEX it Class( anEdgeClass | EdgeClass) : Edge
irstincidence : Incidente ”ii;'DEE(aE”dEdEEEﬂEdg)E)b bt;ﬂl
< +isAfter( anEdge : Edge) : boo
+§Ztg§§;§§gvcﬂss< avertexClass: vertexClass) : int *outBefore( anEdge : Edge)
+ getDegreeOTExplicitClass avertexClass : VerexClass - int *putafter( anEdge - Edge)
-+ getDegree( orientation : booly - int +insertht; pos : infy
+getDegree( a erexClass : VerlexClass, orientation : bool) - int +delste)
+yetFirstincidenced : Incidenc e
+gefF irslincidence orientation : booj : Incidence g
+gefF irslincidenceOfClass{ anEdge Class | EdgeClass) : Incidence "
+etF iclincidenceOfClass{ anEdge Class | EdgeClass, orientation : boaly: Incidence 4
+ gt it OfExpliciCl hEdgeClass : EdgeClass) : Incidence b 3
+gefF irclincidenc edfExplicitClass( anEdgeciass : EdgeClass, orientation : ool : Incidence
-+ gethextiertex ) | Vertex
| gethlextyertex OFCIass{ oV ertex Class - VertexClass) : Vertex
g OfExplichClass( aVertexClass : VerlexClass) : Vertex a
+getPrevVerex ) | Verex L normat - bool

+getPreviertex OfClass( av ertex Class © VertexClass) - Vertex

-+ getPrevertex OfExpliciClass( avertexClass - VertexClass) © Verex
+isBefore avertex  Venex) : hool

+isAfler( avertex - Vertex) : bool

-+ putBeforel aV ertex - Vertex)

+putAftert aVertex : V ertex)

IS erAt( pos :iny

-+ deleteq)

| next - Incidence

+ishormal( : baol
+isReverse() - hoal
+ getNexdincidence() : Incidence
+getNextincidenced orientation : bool : Incidence
-+ petextincidence0iClass] anEdgeClass : EdgeClass) : Incidence
Class( anEdgeC| EdgeClass, orientation - boal) : Incidence

« instanceOf

VentexcClass

OFExplicHC anEdgeClass : EdgeClass) : Incidence
+getNextincidenceOfExplicitClass( anEdgeClass | EdyeClass, orientation : bool : Incidence
-+ getThis) - Vertex
-+ changeThis( aV ertex - Vertex)

+ et That() : v ertex
+ changeThat( avertex : Vertex)

SAMPLE GRALAB CODE

The GralLab-API that allows creation,
manipulation and traversal of schemas and
graphs according to the metametamodel

GraphClass scClass = schema.getGraphClass(” SoftwareCase”);

Graph sc = new Graph(scClass);

VertexClass reqClass = sc.getVertexClass(” Requirement” );

Vertex req = sc.createVertex(reqClass);
req.setAttribute("name”, " Create bills" );

03.04.2009
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ADVANCED FEATURES (ACCESS LAYER) |

JGralLab contains a tool that also generates
Java classes from grUML diagrams

Requirement req = softwareCase.createRequirement();

SoftwareCase sc = SoftwareCase.create();
req.setName(” Create bills");

Thus graph-algorithms and object-oriented
programming are combined

QUERYING

Many reverse engineering tasks rely heavily on
information extraction, i.e. querying the fact
repository:

x Software metrics

x Cross referencing

x Program Slicing

x Impact Analysis

x Traceability determination
JGraLab comes with a schema sensitive graph
query language: GReQL

03.04.2009
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GREQL EXAMPLE

1 | from caller, callee: V{Mathod}

2 | with caller ¢

3 <——{ilsstatementIn}

4 [ <——{isReturnvaluenf}]
5 <——{ishctualParameterof} &
6 <——{isCalle=0f}

7 )+ callee

3 | report

9 caller.name as "Caller”,

10 callee.name as "Callee”
1 | end

Caller Callee

main | System.out.println

main compute

main twice

main add
compute twice
compute add

GRAPH-BASED TOOLS

27
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Eile  Edit

Project

Ouery Window Halp  Settings

Lo 0

OGupro

|
:
/

Gupro'Wersspace LS Query Editor Query Result
Warkspare A FROM  caller, calles: V{ldentifier} |g,.p: jd = L08340cdbdicab=86370£7
1
-~ & Cnsmns | WITH 2 A
) Cempatation time = 30 ms
+ W results caller
;i | s 2
& variables { -->|isDirectDeclaratorIn}+ |Result size = 10C
P
- W s .
[ -—>|isFunctionDeclaratorInt Caller Callee
< client.c | <=-[isCompecundStatementIn} message builtin va sta-t
& comme [ ‘ A
. J eIror_nsq builtin_wa_sta-t
5! ident.c <-—{isStmETIn} *
+ s debug.c Do info msqg builtin wa start
~
5| serverc
: v <—-{isDaclarationTn}+ <6
Gueries ~ <—-(isInitDeclaratorIn’ debug.c
functions_ca... i itiali - - —
g - < {isInitializationIn: void message (int printident, char *fmt, ...)
o functions_ra V) {
g Iunct!ons_c.a.” - «——(isExprIn}* va_list ap;
o functions_wi...
identifier.ar <——{isFunctionNameIn} ) .
g i her.grq & if (printident) {
o identifier_co.. It . "
A LT print_identificat on{¥
o identifier_wit .. calles 1
o indirect_func... REPORT caller.name AS Caller,
- [ indirect_func... .
indirect f ~ calle=.nam= AS Callss pva_start(ap, fmt)a
o indirect_func.. '

END

wfprintf(p INFOFP «, frt, ap);

GUPRO

GUPRO works on heterogenous software on

different levels on abstraction:
xC
xC++ via Columbus
xJava
x UML via XMI

JE34

(including preprocessor support for C/C++)

03.04.2009
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JE34 vtl. mehr zu Gupro
Jurgen Ebert; 02.04.2008



CONCLUSION

»+MIESSAGE® OF THIS TALK

Use a rigorous approach (seamlessly formal and
efficiently implemented) to support:

xengineering of metamodels
xrepresentation and handling of facts

ximplementation of reverse engineering
services (by coding and/or querying)

03.04.2009
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STEPS

x |[dentify the reverse engineering task

x Build a metamodel M of the relevant information
(depending on language, viewpoint, granularity)

x Write (or generate) extractors from artifact
languages to M

x Design and implement the solution using
algorithms and or queries

METAMODEL ENGINEERING |

Metamodelling becomes the central activity.
A metamodeling style guide is needed.
xWhich concepts are entities/attributes?
xWhen to use inheritance?
xWhen to use associations/aggregations?
xWhich cardinality constraints are enforced?
XLE.
xAvoid cloning and duplication!
xUse edge order!

03.04.2009
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TGRAPH APPROACH

The TGraph Approach consists of
+ A powerful graph type: TGraph
+ A UML sublanguage with TGraph semantics: gruML
+ A Java API with Java Access Layer: GralLab
+ A query language: GReQL
+ Several utility tools:
scripting language, GXL export, ...

... and is being developed further
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JE27 URL eintragen
Jurgen Ebert; 31.03.2008



