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Main Goal

Define a system allowing users to compare the
quality of Design Pattern Detection (DPD)
tools results

Who cares?
— End users: to be able to choose a tool

— Researchers: compare existing techniques/ reuse valid
techniques



Related works

* DEEBEE
x Usability v' Open web application
v" Interesting choice of
x Data model functionalities
* P-MARt
X No support for discussion v’ Pattern instances identified by
experts

X No way to measure reliability



Proposed Solution

DPD results sharing

Evaluation DP Instances
ENENEEN
L3 ] 1| |2 |5 |
\ ' ]
| Search N Summary

g data
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Representation (panoramic)

Meta-model
Definition . Instance
Model
Concrete definition FRSOR— Concrete instance

Instance

\.\. )

DP code implementation
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Representation (meta-model) -

Definition AN Instance
#contains
) <> 0.1
#contains
Level ~ Levellnstance
#contains « #def 1 1"
1 <> 1
#has |1 *
-1“*
#has / Role
RoleDef
ﬁ] value
@] name Fdef g1 fiePath
g1 lineNumber
@] comment
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Representation (model)

0F cods implementarian

Concrete definition S Concrete instance

Role_AF

has RoleDef_AF

A fﬂ value="org.test. AF" #has
‘.':"_] name="AbstractFactory’ F-‘l flePath="org/test/AF java’
§1 lineNumber=64

&] com ment="B0% confidency score”

Foontains'

WY
L_ConcreteFactory

#contains | #oontains'

ins’ ontains

,."#Gu‘E
ﬁ ,j: s | | ke

i

3 Role_AP2 #contains

@] name="AbstractProduct’

|LI_'II:I' | |L|_11 |

RoleDef_CF

has

Role_CF1

#oontains #Foontain
|l._l:uncmlel-’mdur.ﬂ | |L_Cunu!t|!l=mdmt!_|

l_#cml“ ﬁ.'l name="ConcreteF actory’

Role_CF2 =
- Ehas

1

#contains [#contains #contains [#contains

[ | ’_{LI_S | |LI_E | |LI_T |

[Role_crn

s RoleDef CP

@1 name="ConcreteFroduct [7;

Role_CP21

0
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Analysis and Evaluation

Evaluation

DP Instance

l
thff sl eval; - votesBalance;

I
Zlff' sl votesBalance;

rating(instance) =

votesBalance; = max(def + votes; — votes; ,0)
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Analysis and Evaluation (umiL diagram)

UML

Dynamic tree Nested boxes Source code Javadoc

<= Connectionfgure ~AbstractFactory

<= RgureEnurmeration ~AbstractProduct

PahlineConnector ~ConcretePraduct

<|= Connector ~AbstractPraduct

B

B

L

LineConnection ~ConcrebeFactory

AgureEnumerator ~ConcreteProduct

Vi

ElbowCennection ~ConcreteFactary PertDependency ~ConcrateFactary
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Analysis and Evaluation (structural view)

UML | Dynamic tree | Nested boxes Source code

Javadoc

Layout: |CompactTree|'| Ioom:| & || + | | Save as Image |

Level Instance l—H Componert_operation: %NONEY tmdhndi

J_ Composite: CH.ifa.draw.standard. CompositeFigure |

Level Instance |—)'| Composite_operation: %NO0OMNEY [miﬂhndil

w Level Instance |—» Composite_operation: %NONEY [method] |

S
rCompasite: CH.ifa.draw framework. Connection Figure |

_ﬂ—)l Level Instance |—»{ Composite_operation: %NONE% [methad] |

‘l Composite: CH.ifa.draw.standard.Decorator Figure |

Level Instance

Level Instance |—)'| Composite_operation: %NOMNEY Imdhnd!l

Level Instance

L.
‘l Composite: CH.ifa.draw.standard.Decorator Figure |
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Analysis and Evaluation (structural view 2)

T i e ey ———

@ CH.ifa.draw.framework.FigureChangelListener

@ CH.ifa.draw.standard.DecoratorFigure @ CH.ifa.draw.standard. CompaositeFigure @ CH.ifa.draw.framework. ConnectionFigure

YaNONE%:

YaMOMNEY FaNOME%2
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Analysis and Evaluation (source code)

UML Dynamic tree Nested boxes Source code Javadoc
Select a code element: |CH.ifa.draw.standard.DecuraturFigure El Pii}
39 public abstract class DecoratorfFigure .
40 extends LbstractFigure
41 implements FigureChangelistener {
42
43 S E|
44 * The decorated figure.
45 L7
46 protected Figure fComponent;
47
48 i*
49 * Serialization support.
a0 *
51
iy
53
B4 public DecoratorFigure () {
55
BE S
57 * Constructs a DeceraterFigure and deceorates the passed in figure.
58 L7
59 public DecoratorFigure (Figure figure) {
60 decorate (figure) ; i
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Analysis and Evaluation (javadoc)

UML Dynamic tree MNested boxes

Select a code element: | CH.ifa.draw.standard.CompositeFigure E

Source code

Javadoc

CH.ifa.draw.standard
Class CompositeFigure

java.lang.Cbhject
L CH.ifa.draw.=standard.&bstractFiqure

L CH.ifa.draw.=standard.Compo=siteFigore

All Implemented Interfaces:
Figure, FigureChangelistener. Storable, java io.Serializable, java lang Cloneable, java util Eventl istener

Direct Known Subclasses:
GroupFigure, PertFigure, StandardDrawing

o

pubklic abstract class CompositeFigure
extends AbstractFigure
implements FigureChangelistener
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Analysis and E

J uML | Dynamic tree Nested boxes

Source code  Javadoc

valutation (side by side view)

UML Dynamic tree Nested boxes

-

<I> FgureChangeListener ~Companent

LA IS

~

Select a code element: \ CH.ifa.draw.standard.CompositeFigure

Source code | Javadoc

Compositefigure ~Composite

<|= Connectionfgure ~Composite

Decoratorfgure ~Composite

27 public abstract class ComposiceF:
28 extends AbstractFi

29 implements FigureChangeListener

30

N S

32 * The figures that this figure is composed of
33 * @see #add

34 * @see #remove

35 e

36 protected Vector fFi

37

38 /*

39 * Serialization support.
40 L7

41 private static final long =seria rsionUID = T408153435700021
42 private int compositeFigureSer izedDataVersion = 1

43

44 protected CompositeFigure () {
45 fFigures = new Vector():
46 )

47

48 Vikd

49 * Adds a figure to the list of figures. Initializes the

50 + the figure's container.
51

52

53 i VEFi r {

54 s.addElement (figure) ;
55 i .addToContainer (this) ;
56 1

57 return figure;

58 }

59

60 I

61 * Adds a vector of figures.

62 +* @see #add

63 */

64 public void ad: (Vector newF:

65 Emmeration k = newFigures.elements();
13 while (k.hasMoreElements())

67 add((Figure) k.nextElement()):
68 }

69

70 fE%

71 + Removes a figure from the composite.

72 * @zee #removeAll
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Analysis and Evaluation (cvaluations)

Add Evaluation

Rate detection accuracy:

Comment:

Evaluations

-+ i by Marce Zanoni @ 20/02/11 (20:03) 1 points X Hide

There are some real compaosites figure, but the component is wrong and there is no leaf.

[Post a comment]

Andrea Caracciolo @ 10/10/11 (19:01) [Reply]
I fully agree with you.

i o by Elio Salanitri @ 10/04/11 (17:06) 0 points @ Q Hide

You can see that ConnectionFigure is an interface and it cannot be a Composite class properly. Then nor
DecoratorFigure or CompositeFigure haven't any kind of collection of Component object as attribute.
Finally there aren't any kind of methods to manage the collection itself and there aren't leafs classes.

[Post a comment]
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Cumpa I'é two Analyses

Project: | MapperXML 1.3.7 ||

Compa rison (system analysis comparison)

Analysis 1: | Analysis £8 (tool: DPD Tool 4.5)

Analysis 2: | Analysis 242 (tool: P-MARL )

Design Pattern: | Singleton []

Analysis #8
#498 #513 #5177

#1337 kil 33% | 33%
Analysis #42 #1242 | 33% EKILELN | 33%
#1247 | 33% | 33% Lk

.@{l

View Options:

View layout: | Table :
Hide rows/columns below |0 % :

Color scheme: | Blue gradient ||

Highlight highest value of each: |Row E|
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Compa rison (algorithm: weights setting)

depthScoregepn, = log,y(treeHeight — depth) + 1

0,15

. depthScore;
we;ﬂh’ti = tree H
>0 depthScore; - [levels]
03
0,25
0,24 ’ 02
0,23 ’/ \Q

0,21 ’/
0,1
0,18 ‘/ \’
0,14 R o
DP instance 0

0,24

23
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Com Pa rison (algorithm: similarity computation)

rr.E'fi.*.mi“!r(:f'c:u:ut1: roota) - weighty

o _ +3°1  simL(subLq;, subLa;, 1) se simLI(rooty,rooty) > 0
sim(insty,insty) = « ’ ’

0 altrimenti

Similarity = simLI(root;,root:) * weighto+ simL(L, Ls) + simL(L., Ls) + ...

DPB: A Benchmark for Design Pattern
Detection tools

18



Com Pa rison (algorithm: similarity computation)

rr.E'fz'*.m“[“lr(:f'.:aﬂt1: roota) - weighty

: . - + Z?—1 SimL(EUE}Ll iy SubLo ;. 1) se Si?nLI(:-"oath Taﬁtg] = ()
sim(insty,insty) = « = ) ;

0 altrimenti

Similarity = simLI{root.,root.) * weighto+ simL(L, Ls) + simL(L, L) + ...

LA RN
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Com Pa rison (algorithm: similarity computation)

rr.E'fz'*.m“[“lr(:f'.:aﬂt1: roota) - weighty

: . - + Z?—1 SimL(E’UE}Ll iy SubLo ;. 1) se Si?nLI(:-"oath Taﬁtg] = ()
sim(insty,insty) = « = ) ;

0 altrimenti

Similarity = simLI(root;,root:) * weighto+ simL(L., Ls) + simL(L. Ls) + ...

o
oe oo
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Com Pa rison (algorithm: similarity computation)

simL(l1,la, depth) = >, simLI(subLiy ;, mostSim(subLiy;, subLisa))

_ weightdepth

+ > ity simL(subLy ;, subL2;, depth + 1)

Similarity = simLI(roots;,root:) * weighto+ simL(L., Ls) + simL(L. Ls) + ...
simL(L,, L.) = [ simLI(LL, LL) + simLI(LL, LI) ] * weight. /2

DPB: A Benchmark for Design Pattern
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Com Pa rison (algorithm: similarity computation)

|sharedRoles|

imLI(liq, lig) =
simLI(liy, liz) max(|subRolesi|, |subRoless|)

Similarity = simLI(roots;,root:) * weighto+ simL(L., Ls) + simL(L. Ls) + ...
simL(L,, L) = [ simLI(LL, LI) + simLI(Ll,, LI) ] * weight. / 2
simLI(Ll, LI:) =2 /4 =0.5

D
D

DPB: A Benchmark for Design Pattern
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Com Pa rison (algorithm: similarity computation)

rr.E'fi.*.mi“!r(:f'c:u:ut1: roota) - weighty

o _ +3°1  simL(subLq;, subLa;, 1) se simLI(rooty,rooty) > 0
sim(insty,insty) = « ’ ’

0 altrimenti

Similarity = simLI(root;,root:) * weighto+ simL(L, Ls) + simL(L., Ls) + ...
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Search (example)

Search for Analyses

12va JHotDraw 5.1 DPD Tool 4.5

—

IUnit 3.7 P-MARL
Web Of Patterns 1.4.3

Lexi 0.1.1 alpha
MapperXxML 1.9.7
Nutch 0.4

PMD 1.8
QuickUML 2001

Reactions: |1 :I [(*]

Bridge

Builder
Command
Compaosite
Decorator
Facade
FactoryMethod
Iterator
Memento
Observer

Stars: | *** (2]
JHotDraw 5.1 Lexi 0.1.1 alpha
DPD Tool 4.5 AbstractFactory Adapter  AbstractFactory — Adapter
Analysis £4 4 El
Analysis #7 0 lIl
JHotDraw 5.1 Lexi 0.1.1 alpha
P-MARt AbstractFactory Adapter  AbstractFactory  Adapter
Analysis #41 0 III

JHotDraw 5.1 Lexi 0.1.1 alpha

Web Of Patterns 1.4.3  AbstractFactory  Adapter  AbstractFactory  Adapter

Analysis #12 4 3
Analysis £14 0 lIl

M E N positive instances / M negative instances
No instances found for DP
Project has not been analyzed

DPB: A Benchmark for Design Pattern
Detection tools
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Search (results analysis)

Comparison for the same context

Comparison respect to patterns

DPB: A Benchmark for Design Pattern

JHotDraw 5.1

DPD Tool 4.5 Composite
Analysis #4 1 (1]
JHotDraw 5.1
P-MARt Composite
Analysis #41 0 0
JHotDraw 5.1
Web Of Patterns 1.4.3 Compaosite
Analysis #12 3 2

DPD Tool 4.5
Analysis #4

Detection tools

JHotDraw 5.1

Adapter Decorator FactoryMethod

26



Collaboration, beta-testing and feedback

Gunter Kniesel and Alex Binun (Universitat Bonn,
Germany) "
universitatbonn

Nikos Tsantalis (University of Alberta, Canada)

Yann-Gaél Guéhéneuc (Ecole Polytechnique de =¥
Montréal, Canada)

DPB: A Benchmark for Design Pattern
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Conclusions

e A benchmark for DPD tools

— Specific meta-model for DP representation
— A new algorithm for DP instances comparison

— Largely Experimented

www.essere.disco.unimib.it/DPB

DPB: A Benchmark for Design Pattern
Detection tools
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Future work

* Simplify the results importing process

— Compatibility extension for other meta-models
— Web service for results upload

* Add statistical analyses

* Think at new interaction types
— Eclipse plug-in
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Statistics

 The platform is currently poplated with:
— 2 DPD tools (WOP and DPD-tool(Tsantalis))
— 1 verified instances dataset (P-Mart)
— 20+ system analysis
— 700+ DP instances.
— 160+ evaluations.

 There are 36 registered users.
* Access statistics:
— 900+ visits e 360 unique users.

— 13.000+ page visualization.
— 15 minutes of average spent time on the web site



Meta-model requirements

. Minimum effort to understand how to define a new DP instance

. Compact representation (to make data store and elaboration
faster).

. Support for DP instances having multi-value roles.
. Flexible enough to support any DP definition

Requisiti soddisfatti
— DPB: all©
— DPDX:only3 and 4

- Quite big and too generic in many cases
Models code is not very readable
- The lack of a shared set of Schema meta-models does not allow to make the models reallly interoperable

— KDM: needs extension
— FAMIX, Dagstuhl, Marple, other: only code representation



Principles for the definition of the specification

* Multiplicity principle: Given the level A and B, having
respectively the associed roles (A1,A2, ..,An) and (B1,B2,
...,Bn), it is possible to state that B is sublevel of A if (and
only if) for each instance of any role associated to level A,
at least one instance exists of each role associated to level
B. In other words, the multiplicity rate between the
number of instances of any role Ai (belonging to A) and any
role Bj (belonging to B) is always 1:1 or 1:many.

* Coupling principle: Two roles A1 and A2 are associated to
the same levele, if every time an element playing a role Al
is present it is possible to observe one and only one
element playing role A2.



Technologies

Apache

Glassfish

PHP

JSF

ISP

Presentation

Business Logic

Toplink Essentials

Data Access

Source code files

Data Store

DPB: A Benchmark for Design Pattern
Detection tools
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Example: DP instance scoring

* evaluations:
— evaluation 1: 4 stars (3 agreements / 1 disagreement)
— evaluation 2: 3 stars (8 agreements / 0 agreements)
— evaluation 3: 1 stars (0 agreements / 8 agreements)
— evaluation 4: 4 stars (1 agreement / 4 disagreements)
* formula applications brings these results:
— votesBalancel =3 +3-1=45
— votesBalance2 =3 +8 -0=+11
— votesBalance3 =3 +0 -8 =-5 (<0, => votesBalance3 = 0)
— votesBalanced =3 +1-4=0 (<0, =>votesBalance4 = 0)
* Result:
— rating(instance)=(4*5+3*11+1*0+4*0)/(5+11+0+0)
=(20+33)/ 16
=3.31



Online examples

System analysis:

— http://essere.disco.unimib.it:8080/DPBWeb/faces/Analysis.jsp?id=12
Instance:

— http://essere.disco.unimib.it:8080/DPBWeb/faces/ViewDP.jsp?id=692&dpa=83
Search:

— http://essere.disco.unimib.it:8080/DPBWeb/faces/Search.jsp?new=1

— Java — JHotDraw+QuickUML — DPD+WOP — AbstractFactory+Adapter+Bridge
Comparison:

— http://essere.disco.unimib.it:8080/DPBWeb/faces/Compare.jsp?new=1

— JHotDraw - #4 - #41 — Strategy

— 64%
Definition:

— http://essere.disco.unimib.it:8080/DPBWeb/faces/Doc_DpDef.jsp?id=28&name=AbstractFactory
Browse:

— http://essere.disco.unimib.it:8080/DPBWeb/faces/Browse.jsp

DPB: A Benchmark for Design Pattern
Detection tools
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http://essere.disco.unimib.it:8080/DPBWeb/faces/Analysis.jsp?id=12
http://essere.disco.unimib.it:8080/DPBWeb/faces/Analysis.jsp?id=12
http://essere.disco.unimib.it:8080/DPBWeb/faces/Analysis.jsp?id=12
http://essere.disco.unimib.it:8080/DPBWeb/faces/ViewDP.jsp?id=692&dpa=83
http://essere.disco.unimib.it:8080/DPBWeb/faces/ViewDP.jsp?id=692&dpa=83
http://essere.disco.unimib.it:8080/DPBWeb/faces/Search.jsp?new=1
http://essere.disco.unimib.it:8080/DPBWeb/faces/Search.jsp?new=1
http://essere.disco.unimib.it:8080/DPBWeb/faces/Compare.jsp?new=1
http://essere.disco.unimib.it:8080/DPBWeb/faces/Compare.jsp?new=1
http://essere.disco.unimib.it:8080/DPBWeb/faces/Doc_DpDef.jsp?id=28&name=AbstractFactory
http://essere.disco.unimib.it:8080/DPBWeb/faces/Doc_DpDef.jsp?id=28&name=AbstractFactory
http://essere.disco.unimib.it:8080/DPBWeb/faces/Browse.jsp

Similarity algorithm — Example

Detection tools

S S .
Vi ——
/ / .
=) e S ——
— ; : ;
/ = @) = / w =
/ [
N — N —
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T ADStraciracion) 0.29 [TRBStractracton |
DP instance 1 DP instance 2 i
i i
[
|L_Ahstmctproduct1 | L_ConcreteFactory a |L_Ahstra::1Product‘l' | |L_(:omre1efactary1' |
M My My
L2 L3 L8 L1 L2 LI_10
[
|L_ConcreteProducﬁ | |L_ConcreteProduth | |L_Cancre1eProduct3 | |L_CancreteProduct‘l' | |L_Cancre'teProduct2‘ |
R m R R R
"y "y "y
o @ £

Calculate weights (based on definition’s structure; see slide 4):

#  depthScore 0:1logl10(3-0)+1=1,48
# # depthScore 1:logl10(3-1)+1=1,3
# depthScore_2: log10(3-2)+1 =1

Sum(depthScore_i * numlLevels i)=1,48*1+1,3*2+1*1 =5,08
#  weight 0=1,48/5,08 =
# # weight 1=1,3/5,08-=
# weight 2 =1/5,08 =

DPB: A Benchmark for Design Pattern
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m m L6 L7 m L9

‘ ‘ |L_.ﬁ.bstractFactor:."1" |
m
DP instance 1 DP instance 2
[0
M
[
L_AbstractProduct1 L_ConcreteFactory1 L_AbstractProduct1” L_ConcreteFactory1®
-| - | =) | : ~| - | ~| :
@ L2 LLs I{7§| L2 LI_10
[
q L_ConcreftePr”l L_ComreiePrﬂ | L_ConcreteProduct3 ‘1 L_Con::reftePrﬂl L_ConcreteProduct2® |
A Y A Y Y
"y "y "y

similarity = 1 * weight_0 + simL(L_AP1, L_AP1',1) + simL(L_CF1, L_CF1',1)

simL(L_AP1,L_AP10, 1) = (simLI(LI_1, LI_1") + simLI(LI_2, LI_2") + simLI(LI_3, null)) * weight_1 /3 +(simL(L_CP1,L_CP1',2) +
simL(L_CP2,L_CP2', 2) + simL(L_CP3, null, 2))

simL(L_CP1,L_CP1',2) = (simLI(LI_4, LI_4") + simLI(L_5, LI_5')) * weight_2/2=(1+1) *0.2 /2=
simL(L_CP2,L_CP2',2) = (simLI(LI_6, LI_9)) * weight 2/1=0*0.2=
simL(L_CP3, null, 2) =

simL(L_CF1,L_CF1',1) = simLI(LI_8,LI_10)*weight_1/1

DPB: A Benchmark for Design Pattern
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L_AbstractFactory

| L_AbstractFactoryl® |

i

DP instance 1

il

DP instance 2

RootLevellnstance®

[L_AbstractProduct! |
™

L_ConcreteFactory1

[L_AbstractProduct!” |

L_ConcreteFactory1®

L

Il

L3

L_ConcreteProduct! | |L_ComreteProduct2| |L_Cor|cre1eProduc13

|L_ConcreteProductl' | |L_ComreteProduct2‘ |

A

A

"y

[b]

i

| L9 |

similarity = 1 * weight_0 + simL(L_AP1, L_AP1",1) + simL(L_CF1, L_CF1',1)
simL(L_AP1,L_AP10,1)=(1+1+0) *0.26/3 +(0.2+0+0) =
simL(L_CP1,L_CP1',2) = (simLI(LI_4, LI_4') + simLI(LI_5, LI_5')) * weight_2/2 = (1+1) ¥0.2/2=0.2
simL(L_CP2,L_CP2',2) = (simLI(LI_6, LI_9)) * weight 2/1=0*0.2=0
simL(L_CP3, null,2)=0

simL(L_CF1,L_CF1,1)=0*0,26/1=

DPB: A Benchmark for Design Pattern
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L_AbstractFactory? |L_Abstrac:tFac:tcrr}f1" |

i
DP instance 1

DP instance 2
i
i
[
|L_AbstractProcluct| | |L_(:omre1erac1ory| | |L_Ahstrac1producﬂ' | |L_Concre1el-'actury|' |
i i y y
%l L2 L3 T} @;l Lz LI_10
[
L_ConcreteProduct | |L_ConcreteProduct2 | |L_ConcreteProduc13 L_ConcreteProduct1’ | |L_ConcreteProduc12‘ |
' i f“ i
CEl R B s

similarity=1* 0,29 +0,37 +0=0.66 => 66%
simL(L_AP1,L_AP10,1)=(1+1+0) *0.26 /3 +(0.2+0+0)=0.37
simL(L_CP1,L_CP1',2) = (simLI(LI_4, LI_4") + simLI(L_5, LI_5')) * weight_2/2 = (1+1) ¥0.2/2=0.2
simL(L_CP2,L_CP2',2) = (simLI(LI_6, LI_9)) * weight 2/1=0*0.2=0
simL(L_CP3, null,2)=0

simL(L_CF1,L_CF1,1)=0*0,26/1=0

DPB: A Benchmark for Design Pattern
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