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This talk...
 Why
c How

e What




Why...

Model composition...

...really important and hard

...error-prone

...time-consuming

...the literature fails to
provide empirical evidence




Why...

It is not clear to what extent

...composition techniques

...composition effort

....affective states of software
developers.




Introduction

Base Model Delta Model

5% Model A 5% %% Model B %%

= g3

developers

Integration
Technique

Intended Model

Composed Model

fb Model CM Model AB%%

|

There is a difference because
the input models conflict with each other in a some way.




Example: applying the techniques

Base Model conflict Delta Model
Researcher < -> Researcher
conflict .
-salary:int \ - - hame: String
A \ + salary: float

i

Attributes with equal names, but different
tvnoace INT ve CIOAT and

Developer needs to compose
m. two input models.




Example: detecting inconsistencies

Composed Model

Incorrect class: Incorrect attribute:

Researcher )
concrete . - salary: int
Expected class: - nalme:.S_.trtlng Expected attribute:
abstract - sajary:n + salary: float

o

Professor Assistant

+ getSalary(): float + getSalary(): int

i | Legend:

h . Unexpected
. Expected



Example: resolving inconsistency

(otopdeddidddel

Researcher Remove:

- name: Strin - salary: int
+salbnycjfibat | Insert:

Change the Researcher class
from concret to abstract.
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~-.._| +salary: float
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+ getSalary(): float + getSalary()] fildat
PN
The method getSalary(): int

cannot return a float
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Insert:
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— Legend:
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Composition Techniques

» Composition techniques: Developers can compose design
models using specification-based techniques, such as Epsilon,
and heuristic-based composition techniques, such as IBM
Rational Software Architecture, and traditional composition
algorithms like override, merge and union.

Specification-based technique Heuristic-based technique
Epsilon Rational Software Architect
MatCh Rule Merge Rule 25 conflicts didnot resolve A L g
4 ® Conflicts
rule MatchClass rule MergeC|ass PIE_ X rmfh:‘.: related to Question (M<Package>
matchb : baselClass mMmergeb : baselClass - ,,',”,,”:,
with d : deltalClass{ With d: deltalClass i),
compare { into c: composed|Class { " & Resolve with the right contributer
b name = dname c.name = dname' ':‘. -“ Rr".-nl\'r- with the left contributer
} e ,;.' y < Ignore
} }
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Effort to Compose Design Models

Composition Effort: f(M,,Mg) + diff(Mcp,Mag) + 9(Mep)

A Model f g
Composition
PO Mcwm Mag
Technique : y Y
M | ~
B . diff !
Legend:
f: effort to apply composition technique Mag: intended model
diff. effort to detect inconsistencies Mcp: composed model
g: effort to resolve inconsistencies Ma, Mg: input models

» Composition Effort is formed by:

— the effort that the software developers invest to apply the composition
techniques,

— the effort to detect inconsistencies, and

— the effort to resolve inconsistencies.
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Affective States

» Affective states: Software developers have different types of
affective states, such as engagement, frustration and
excitement, that can be measured using wearable
Electroencephalography (EEG).

Emotiv EPOC E L &
Wireless-Headset

Study Setup Wearable EEG
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In short...

Composition
Techniques

Epsilon

Match Rule Merge Rule

rule MatchClass rule MergeClass

matchb : baselClass Merge b : baselClass
withd: deltalClass( With d: deltalClass

b.name=d.name c.name = d.name,

)
) )

Composition Affective
Tasks States

Composition Effort: f(Ma,Mg) + diff( My, Mag) + 9(Mcpy)

compare ( into ¢ : composedIClass {

A \ Model £ g
Composition > M > M
. CM AB
/’ Technique v vy
M 1 .
B | diff :
Legend:
f: effort to apply composition technique Mgug: intended model
diff: effort to detect inconsistencies Mcp: composed model
g: effort to resolve inconsistencies Ma, Mg: input models

techniques:

Nothing has been done to understand the impact of composition

...on the effort to perform composition tasks and
...on the affective states of software developers




How...

...performing a controlled experiment with
realistic design models

...evaluating 18 composition scenarios

..three research questions were formulated and
investigated

..following a well-known experimental process

...using wearable Electroencephalography with
14 channels.




Methodology

» Objective:

Analyze composition techniques
for the purpose of investigating their effects
with respect to effort, correctness and affectivity
from the perspective of software developers
in the context of evolution of software design models

» Model Composition Effort is equal to

effort to apply the model composition technique +
effort to detect the inconsistencies +
effort to resolve the inconsistencies



Methodology

» Research questions:

RQ1: What is the relative effort of composing two input models using
specification-based composition techniques with respect to heuristic-
based composition techniques?

RQ2: Is the number of correctly composed models higher using
specification-based techniques with respect to heuristic-based ones?

RQ3: Does the use of heuristic-based technique cause a higher effect
on the developer's affectivity than specification-based technique?




Experimental Process

The experimental process has three phases:

Experimental Process

Phase 1 ? Phase 1 — Training and Application:
Croson desrpions | () f | * all participants were trained to ensure that
. rainin output .7 ] cpe e .
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M, | ) i
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guestionnaire.



What...

...our main findings considering
... general composition effort invested by subjects

... the number of correctly composed models

... general affectivity state of our participants




Study Results

» RQ1: Composition and Effort

>

RQ1: General Composition Effort Invested by Subjects

B heuristic-based technique

B specification-based technique
c 63
16.5
- 36
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Specific finding 1:
Participants tend to invest more than twice effort to produce the output

composed model using the specification-based technique.
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Study Results

» RQ1: Composition and Effort

RQ1: General Composition Effort Invested by Subjects

B specification-based technique B heuristic-based technique
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» Specific finding 2:
On average, developers invested by about 28 min to run the experimental

tasks using a heuristic-based technique, compared to 63 min using
specification-based techniques. -,



Study Results

» RQ1: Composition and Effort

RQ1: Application, Detection and Resolution Effort

B Detection and Resolution [ Application

(&)
Specification 42 21 + 12 min
g Heuristi
2
S <
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wn Specification 32 15
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©

Specification
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» Specific finding 3:
The specification-based technique required, on average, 12 minutes longer to

detect and resolve inconsistencies than the heuristic-based techniques.
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Subjects

Study Results

» RQ1: Composition and Effort

. . RQ1: Application, Detection and Resolution Effort
RQ1: General Composition Effort Invested by Subjects B Detection and Resolution = Application

B specification-based technique M heuristic-based technique
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Conclusion of RQ1: Developers tend to invest more effort to combine
two input models, detect and resolve inconsistencies using a specification-
based technique, compared to a heuristic-based technique.

80
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Study Results

» RQ2: Composition and Correctness

RQ2: General Correctness » Expectation Not Confirmed:
5 . Our initial expectation was that the
number of correctly composed models
‘ might be improved using specification-
2, based technique due to its flexibility to
[} oy
£ elaborate the composition rules. However,
o 2 . . .
X this expectation was not confirmed.
o
1 I
0

Heuristic  Specification

Conclusion of RQ2: Developers tend to produce a higher number of
correctly composed models using heuristic-based technique, compared to
specification-based technique.




Study Results

» RQ3: Composition and Affectivity

RQ3: G | Affectivit T
Q3: General Affectivity > Flndlng1:

1485.67 Specification-based technique tends to
cause a lower impact on the developers’
affectivity, compared to heuristic-based

technique.
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Affectivity
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Conclusion of RQ3: Specification-based technique tends to cause a lower
impact on the affectivity of the developers, compared to heuristic-based

technique.




Conclusion and Future Work

» An initial empirical study was performed for:

— evaluating the effects of model composition techniques on the
developers’ effort and affective states

— performing a pilot study to explore EEG in the context of model
composition

» Main finding:

— While the specification-based technique required a greater effort
and produced a lower amount of correctly composed model, it
caused a lower impact on affectivity.

» Future work focuses on:
— Replicating this study with more participants, and

— Exploring cognitive and emotional aspects of software
developers.
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