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otivation '
* Much work based on the premises that patterns
improve
— analyzability

— changeability
« Some studies suggested that patterns may

iImpact negatively
— development and maintenance activities

) * Goal of this study : Impact of Visitor pattern

— comprehension

— maintenance
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Visitor Pattern

Client Wisitos
+¥isitConcreteElementAlin ConcreteElementA)
+WizitConcrateElementB(in ConcreteElementB )

X AL\

ConcreteVisitor2
+VisitConcreteElementAlin ConcreteElementA)
+¥isitConcrateElementBlin ConcreteElamentB )

ConcreteVisitor]
+WigitConcreteElemeantAlin ConcreteElaments)
+HisitConcreteElement8(in ConcreteElementB)

ObjectStructure Element

o >
P
+Acoept{in visitor © Visitor)

I

ConcrateElementA ConcreteElementB
+Accept{in visitor ".-’isimr,‘f,»* +Accept(in visitor @ Visitor] .
+OperationA)) s +OnerationBi{) K

E
#
f'f #
s #
£ P

visitor VisitConcreleElementa this ) visitor VisitConcreteElemantB( this |

Université f“‘l

de Montréal



Study Objectives

» Study the impact of Visitor pattern
— at the design level (UML class diagrams)
— on comprehension and modification tasks

* From two perspectives

— Presence vs. absence of the pattern

| — The layout of the classes involved in the
) pattern
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Hypotheses

« Comprehension

— HCa1

* A class diagram with the Visitor reduces the
subjects’ effort during program comprehension
when compared to one without it

— HCaz2

A class diagram using the canonical representation
of the Visitor reduces the subjects’ effort during
‘\ program comprehension when compared to one
using the Visitor with another layout
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Hypotheses

« Maintenance

— HMa-

A class diagram with the Visitor reduces the
subjects’ effort during program modification when
compared to a class diagram without it

— HMa2
) A class diagram using the canonical representation
\

of the Visitor reduces the subjects’ effort during
program modification when compared to one using
the Visitor with another layout
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Variables |

* Independent variables

— Design Alternative
« Visitor and canonical representation (CP)
« Visitor and random layout (MP)
 without Visitor (NP)

— Tasks
« Comprehension (C)

« Modification (M)
 Mitigating variables
— UML Knowledge: (1) fair/good (2) very good
— DP Knowledge: (1) fair/good (2) very good
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Variables

* Dependent variables

— Eye tracking system (EyeLink Il from SR
Research)

« Two cameras on a headband

« Detection of eye-movements using infra-red ray
reflection on the subject’s cornea

« Sensors help translating eye-movements into screen
positions

« Raw data

— Fixations: stabilizations of the eye during a gaze,
characterized by a duration

— Saccades: movements from one fixation to another
« Subject’s effort
— Derived from the number and durations of fixations, and

saccades
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Variables

sinterface»

* Dependent variables

— From screen coordinate to

diagrams R T —

» Fixations and saccades grouped by areas of
interest corresponding to class e
. i ’ +3 [entr_eetjgun:r.Flgurefg,‘Flgqe
representatlons |n a dlagram +orphan(entree figure : Figure) : Figure

- Two categories of classes (areas) SR I

IngertintoRrawingVisitor

«classe dimplémentations
StandardDrawing

— Relevant: necessary to perform the task bl s s ‘ —
+visitFigure(entree hostFigure - Figure)
— Non_re|evant: Otherwise +InserintoDrawingVisitor(enirée newDrawing : Drawing)
I
I
sinterfaces

FigureVisitor
+visitFigure(entrée Figure)
+yisitHandlefentrée Handle)
+VisiiFigureChangeListener(entrée FigureChangelistener)

[y

sclasse dimplémentations

L] DeleteFromDrawingVisitor

-myDrawing : Drawing

+visitFigure(entrée hostFigure : Figure)
+DeleteFromDrawingvisitor{entrés newDrawing - Drawing)
#getDrawingl) . Drawing

-setDrawing(entrée newDrawing - Drawing)
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Variables

* Dependent variables

— ADRF and ADNRF (Average Duration of Relevant
(resp. Non-Relevant) Fixations)

« Conjecture

— First phase: subjects look at the different classes of the
diagram to identify relevant ones

— Second phase: they use mainly relevant classes to perform

the task
— By hypothesis, Visitor reduces the duration of the second
phase
« Calculation
SSES d C
ADRF — ZcE{Rel. Classes} d(C) ADNRF — ZCE{NO”Rel- Classes} ( )
#{Rel. Classes} #{NonRel. Classes}

d(c): total duration of the fixations made to a class ¢
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Variables

* Dependent variables

— NRRF (Normalized Rate of Relevant Fixations)

« Conjecture

— When subject look often to the relevant classes, it means that
he is making a lot of the effort to perform the task

— The number of relevant fixations is normalized by the size of

the diagram
— By hypothesis, Visitor reduces the relative number of relevant
fixations
| » Calculation
” > ce{Rel. Classes} 4 (€)
NRRF — #{ Rel. Classes}

ZCE{REI. ClassesU{NonBRel. Classes} f(C}
#{Rel. Classes}+#{NonRel. Classes}

f(c): number of the fixations made to a class ¢
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Ob . l

bjects and Subjects

* Objects

— Reverse-engineered class diagrams

— Three open-source programs/libraries
» JHotDraw, JRefactory, and PADL

» Subjects

— 24 students (graduate) in three groups
— Experience with software architecture and UML diagrams

- No Pattern CIassu:aIPattern MudlfledPattern

63 61
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Tasks

«interfaces
Tool

+activate()
+deactivate()

+mouseDrag(entrée e - MouseEvent, entrée x - int, entrée y - int)
+mouseUp(entrée e - MouseEvent, entrée x _ int, entrée y - int)
+mouseldove(entrée e : MouseEvent, entrée x : int, entrée y - int)

+ikeyDownfentrée evt - KeyEvent, entrée key - int)

JApplet JFrame
Graphics

+JApplet() +JFrame()
+update{entrée g . Graphics) #framelnit()
+setContentPane(entrée contentPane - Container) +update(entrée g : Graphics)

aclasse dimplementation» KUSESH «classe dimplementation»

DrawApplet DrawApplication

+fgDrawPath : String = "/org/jhotdraw/” Tttt -fgDrawPath : String = "/org/hotdraw/”
-fDrawing : Drawing | +DrawApplication(entrée title : Siring)
-fview - StandardDrawingView «USESH :
B i -
+nitDrawing() : : «classe d'implémentations
-initDrawingy) S N StandardDrawing
#loadDrawing(entrée param : String) «interface» <]- === === == = — = --myTitle : String
-readDrawing(entrée filename - String) Drawing +add(entrée figure - Figure) - Figure
-readFromStorablelnput{entrée filename © String) +orphan(entrée figure - Figure) - Figure

StandardDrawingView

-fDrawing : Drawing
-fDamage - Rectangle
-fSelection : Vector

+add(entrée Figure : Figure) : Figure
+remove(entrée Figure : Figure) : Figure
+addAll(entrée Vector - Vector)
+selection() | Vector
+selectionElements() : FigureEnumeration

-readFromObjectinput(entrée filename : String)

«interface»

«interface»
FigureVisitor
+visitFigure (entrée Figure)
+visitHandle(entrée Handle)
+visitFigure ChangeListener(entrée FigureChangeListener)

] -

g

AbstractFigure
-Color : Color

+setFillColor(entrée Color - Color)
+getFiliColor() : Color
+figures() : FigureEnumeration

+size() o int

FigureEnumeration

+nextFigure() - Figure
+hasNexiFigure() - bool
+reset()

+SEmMpty() : bool
[ [

AttributeFigure CompositeFigure

«classe dimplémentation»
DeleteFromDrawingVisitor

«classe dimplémentation»
InsertintoDrawingVisitor

-myDrawing : Drawing

-myDrawing : Drawing

+visitFigure(entrée hostFigure : Figure)
+visitHandle{entrée Handle)

+visitFigureChangeListener(entrée FigureChangeListener)
+DeleteFromDrawingVisitor{entrée newDrawing : Drawing)

#getDrawing() - Drawing

-setDrawing(entrée newDrawing : Drawing)

PolyLineFigure

#AttributeFigure() | |+CompositeFigure()

FARROW_TIP_NONE :int 1

«interfaces
Figure

|

+visitFigure(entrée hostFigure : Figure)
+visitHandle(entrée Handle)
+visitFigureChangeListener(entree FigureChangeListener)
+InsertinfoDrawingVisitor(entrée newDrawing : Drawing)

FARROW_TIP_START :int
FARROW_TIP_END : int

=== frdram

FARROW_TIP_BOTH -int

+PolyLineFigure()

«classe dimplémentation»
LineConnection

-myStariConnector : Connector =8
-myEndConnector : Connector

pay

+accept(entrée visitor - FigureVisitor)

winterface» -
c g vlnleﬁace_»
rowner() - Figure ConnectionFigure
+connectStart()
| +connectEndy()

Is it possible to change the color of a LineConnection”? Why ?
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Study Results

« Comprehension

— The presence of Visitor, with both
layouts, does not change significantly
the effort for comprehension tasks

(ms) CP_C MP_C NP_C A1 (NP_C, CP_(C) A2 (NP_C, MP_(C) sig. (A1) sig. (A2)
ADRF 12,766 12,252 13,332 8% 0.807 0.592
ADNRF 3,355 3,578 3,388 -6% 0.711 0.635
(%) CP_C MP_C NP C p-value (HCo1) p-value (HCo2)
NRRF 75.77 77.95 81.49 0.221 0.663
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« Maintenance

— The presence of Visitor (only with the
canonical layout) does change
significantly the effort for maintenance

15

Study Results

tasks
(ms) CP_M MP_M NP_M A (NP McP.M) | a2 (Nem, MP M) | sig. (a1) | sig. (A2)
ADRF 12,138 13,175 18,724 35% 30% 0.045 0.076
ADNRF 4,804 4,024 4421 9% 9% 0.672 0.626
(%) CPM MP M NP M p-value (HMo1) p-value (HMo2)
NRRF 71.97 73.46 80.18 0.027 0.725
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tudy Results

» Combined effect
— UML knowledge
 No significant impact (alone or combined)

— DP knowledge
 No significant impact (alone or combined)
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Threats to the Validity

 |Internal validity

— Tasks given in random and different orders to
subjects (learning and fatigue effects)

— Limited time for the experiment (fatigue effect)

— Analysis of eye-movement movies to detect
cases of decalibration (instrumentation)

— No communication (about the study) between
| the subjects during the study period (treatment
\ learning)
\
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Threats to the Validity

» Construct validity

— Diagrams extracted from three programs with
different application domains (mono-operation
bias)

— Two dependent variables: ADRF-ADNRF and
NRRF(mono-method bias)

— Subjects not informed before hand about the
study goal (hypothesis guessing)
) — Subjects reassured about the absence of risks
\ and anonymous identification (apprehension)
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Threats to the Validity

« External validity

— Graduate students have knowledge of UML
and design patterns comparable to most junior
professionals (interaction between selection
and treatment)

— Actual UML diagrams with a usual size of 20
classes ((interaction between setting and

) | treatment)
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Threats to the Validity

« Conclusion validity

— Quiet laboratory and pre-study trials (random
Irrelevancy in setting)

— 24 observations per design alternative

— Heterogeneous subjects with different 2 levels
of UML and DP knowledge, different GPAs,
and with or without working experience

) — Combined effect analysis
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Conclusion

» Analysis of the impact of Visitor for
comprehension and modification tasks

« Considering the layout
» Using an eye-tracking system (objective
effort measurement)

* Results
) — Visitor does not reduce the comprehension

effort

— Visitor does reduce the modification effort when
presented in the canonical layout
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Future Work l

* Replications
— Other variables
— Other patterns
— Professional subjects
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