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Foreword

This year marks the 24th anniversary for the International Conference on Software Engineering and Knowledge
Engineering (SEKE). For nearly a quarter of century, SEKE has established itself as a major international forum

to foster, among academia, industry, and government agencies, discussion and exchange of ideas, research results

and experience in software engineering and knowledge engineering. The SEKE community has grown to become a
very important aad influential source of ideas and innovations on the interplays between software engineering and
g, and its impact on the knowledge economy has been felt worldwide. On behalf of the Program

Committe hairs¥ind the entire Program Committee, I would like to extend to you the warmest welcome to SEKE
2012
We received 219 pns, from 30 countries this year. Through a rigorous review process where a majority (86

received three reviews, and the rest with two reviews, we were able to select 59 full
ercent), 18 full papers for three special tracks (8 percent), and 60 short papers

g sessions during the conference. In addition, the technical program includes
yns, and three special tracks: Software Engineering with Computational

ts for SEKE, and Software Testing and Analysis with Intelligent

percent) of the sub
papers for the general cofiference (27 p
(27 percent), for presentation in thi
excellent keynote speech and pap
Intelligence and Machine Lea
Technologies.

The high quality of the SEKE 2012 technical
work of many individuals. First of all, [ wo

would not have been possible without the tireless effort and hard
ress my sincere appreciation to all the authors whose technical

lik&tto

ch easier. My gratitude also goes to the keynote speaker
4 portant research issues, to the conference organizing
committee members for their superb work, and to the cXtesnal re ers for their contribution.

Personally, I owe a debt of gratitude to a number of people el support with the technical program and the
conference organization are unfailing and indispensable. I am d nde to Dr. S. K. Chang, Chair of the Steering
Committee, for his constant guidance and support that are essential to p;
goes to Dr. Masoud Sadjadi, the Conference Chair, for his help and expgri to the Program Committee Co-
Chairs, Dr. Marek Reformat of University of Alberta, Canada, Dr. Swapn University of Connecticut, USA,
and Dr. Jose Carlos Maldonado of University of Sao Paulo, Brazil, for their g team work. I am truly grateful
to the special track organizers, Dr. Taghi Khoshgoftaar of Florida Atlantic Univ gk Reformat of University
Of University of
Massachusetts Dartmouth, Dr. Zhenyu Chen of Nanjing University, China, and Dr. Zheng Li of Befjing University of
Chemical Technology, China, for their excellent job in organizing the special sessions. | i
appreciation to all the Publicity Co-Chairs, Dr. Xiaoying Bai of Tsinghua University, China; 9%
of Universidad Politecnica de Madrid, Spain, Shihong Huang of Florida Atlantic University, an

Madrid, Spain, and Dr. Jose Carlos Maldonado of University of Sao Paulo, Brazil, for their great efforts in
expand the SEKE community, and to the Poster/Demo session Co-Chairs, Dr. Farshad Samimi of Trilli .
Ming Zhao of Florida International University, for their work. Last but certainly not the least, I must acknowledge the
important contributions the following KSI staff members have made: David Huang, Rachel Lu, Alice Wang, and Dennis
Chi. Their timely and dependable support and assistance throughout the entire process have been truly remarkable. It
has been a great pleasure to work with all of them.

Finally, I hope you will find your participation in the SEKE 2012 programs rewarding. Enjoy your stay in the San
Francisco Bay area.

Du Zhang
SEKE 2012 Program Chair
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Keynote
On the Naturalness of Software

Professor Prem Devanbu
Department of Computer Science
University of California Davis

Abstract

Natural Langus essing (NLP) has been revolutionized by statistical language models, which
capture the high' egularity and repetition that exists in most human speech and writing.
These models have€€volutionizgl speech recognition and translation. We have found, surprisingly,

that “natural software”, viz., g0
effectively by language mg#el
some early applications showca8ing t
future research in this area.

wiitten by people is also highly repetitive, and can be modeled
wed from NLP. We present data supporting this claim, discuss
value of language models of code, and present a vision for

you were born, and his PhD from Rutgers in ter spending nearly 20 years at Bell Labs and
its various offshoots, he escaped New Jersey toNg@in th faculty at UC Davis in late 1997. He has
published over 100 papers, and has won ACM SIG stig guished paper awards at ICSE 2004,

bautithe Speaker
Prem Devanbu received his B.Tech fro @mitute of Technology in Chennai, India, before

ICSE 2009, and ASE 2011, and the conference best at MSR 2010 and ASE 2011. He
has been program chair of ACM SIGSOFT FSE (in 20 (in 2010). He has served on the
Editorial boards of both IEEE Transactions on Software Eng@ he ACM equivalent. He
has worked in several different areas over a 25 year research T, ing logic programming,
knowledge representation, software tools, secure information stordge ingte cloud, and middleware.
idtties in theyeritable ocean of

the NSF, the

AFOSR, Microsoft Research, and IBM.
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Panel on Future Trends of Software
Engineering and Knowledge Engineering

Du Zhang
California State University, USA
(Moderator)

The Internationialg@gnference on Software Engineering and Knowledge Engineering (SEKE) is
celebrating its @7 iversary this year. For nearly a quarter of century, while SEKE has established
itself as a majot al forum to promote research and practice in software engineering

and knowledge engugd€ering, the computing fields have undergone profound changes. Today, our

daily lives are intimately inte @ with artifacts that are the results of software engineering

and knowledge engineering | the future hold for SEKE as a field of inquiry in the next
ten years? What are the challenge$#Hat lie ahead? What can we do as a community to further our
agenda on SEKE? Toward illurinatd r path to the future, an excellent panel of experts has
been assembled. Panelists will sha@nsight on the future trends of software engineering and
knowledge engineering. We hope y 11l @in&ythe panel an inspiring impetus for the continued
growth of SEKE in the years to come.

Software Engineer@f tonomic Clouds

Masoud
Florida International €nivVers USA
(Panelist)

Autonomic or self-managing clouds are becoming prevalent softwgdfe deployment environments for
applications ranging from commerce (e.g., banking), to education (e. irtual labs), to research
(e.g., high-performance computing). Unfortunately, traditional approaches to 5

consumed in the clouds. One example of the specific characteristics of autonomic
concept of on-demand services leasing, which has major impacts on the growth of ne
from their inception to booming popularity. To respond to such needs, service providers
major challenges when trying to keep up with their promise of infinite capacity with uncgndi
elasticity.
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Big Data in Software Engineering: Challenges and Opportunities

Taghi Khoshgoftaar
Florida Atlantic University, USA
(Panelist)

are engineering has changed drastically in the past 20 years. Although traditional

proaches such as unit tests and change tracking remain essential tools, these

approaches ca®bgeasily overwhelmed by the sheer volume of modules, bugs, programmers, and

g @ rge software development firms. To deal with this “Big Data,” a new class of
ngoglhs are needed: those from the fields of data mining and machine learning.

By employing tec rﬁpeciﬁcally designed to sift through enormous datasets and identify

the elements in need of huma

valuable human resources

the use of data mining to 1f¥a

metric selection, data balance is§ues

ion, data mining tools permit software practitioners to focus

are needed most. [ will discuss a number of topics concerning

Data in the context of software engineering, including software
quality of data.

Knowledge Engineering,\Operational Research and Al:
t i 0 Meet

Er g Qi

Université d

Although they share many paradigms, the Operational Reseag€h an
have often evolved separately. This last decade, both domain e

insights in constraint solving and SAT-related technologies, allo
long considered out of reach. This opens new perspectives for Knowlgfge Engingering as well.

Computational Issues in Social Netw

Swapna S. Gokhale
University of Connecticut, USA
(Panelist)

Online social networks (OSNs) have had an enormous impact on the way people commufff€ate and
share information. Today, the population of Facebook exceeds that of the United States and Lady
Gaga has more Twitter followers than the entire population of Australia! OSNs not only provide
social channels for communication, but they also offer critical marketing and customer profiling
tools for businesses. This revolution has precipitated a deep desire to understand the structure of
OSN:ss, identify the latent patterns that may exist within these networks, and leverage these struc-
tures and patterns to build novel applications and services. While sociologists have researched such
social networks for decades, never before has such a vast quantity of structured social network data
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been available for analysis. Social network analysis is thus a rapidly emerging field that combines
algorithmic, graph theoretical, and data mining techniques to map, measure, and find patterns in the
relationships and communication flows in massive OSN datasets. This talk will summarize the re-
cent, state-of-the-art research in OSN analysis on topics such as topology characterization, informa-
tion and influence diffusion, community detection, inferring relationship strength, microblog analy-
sis, friend and link prediction, data anonymity, workload characterization, and security and privacy,
and outline es for further exploration.

Web Intelligence:
Represo and Processing of Knowledge with Uncertainty
/ Marek Reformat
iversity of Alberta, Canada
(Panelist)

Uncertainty is an integral compon formation and knowledge. Many concepts we deal with
are without precise definitions, or n facts, missing or inaccurate data. Such a situation
is also present on the Internet where magy Sguiiges of information could be corrupted, or partially

and temporally inaccessible. Our depen 0 nternet is growing with every day. We relay on
it doing research, learning new things, and fi at is happening in the world and in our neigh-
borhood. But, how much imprecision and am ity is®mg there? How many sources of data are
trustworthy? How much we can relay on the web t r new things? Additionally, uncertainty
1s not only associated with data and information sto t b — the users also bring ambiguity
and imprecision. In many cases, the users’ behavior an 1s1 pend on current circumstances,

users’ judgments, their understanding of situations, and their
are “‘equipped” with ambiguity. In order to make the web a u
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Verifying Aspect-Oriented Activity Diagrams Against
Crosscutting Properties with Petri Net Analyzer

Zhanqi Cui, Linzhang Wang, Xi Liu, Lei Bu, Jianhua Zhao, Xuandong Li

State Key Laboratory of Novel Software Technology
Department of Computer Science and Technology
Nanjing University, Nanjing, 210046, China
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pproaches are
concerns at
late desired
e introduced

Abstract—Aspect-oriented ~ model-driveg
proposed to model and integrate c

properties of the software system*might
during the process. Verification technique
ability to assure the correctness of model

Petri nets. Then, the Petri nets are checked against fo
crosscutting requirements to detect potential
Furthermore, we implement a tool named Jasmine-AOV
support the verification process. Case studies are conducted t
evaluate the effectiveness of our approach.

Keywords: aspect-oriented modeling; verification; model
checking; activity diagram; Petri net

L INTRODUCTION

Dealing with crosscutting concerns has been a criti cal
problem during software development life cycles. In our
previous work [1], we proposed an aspect-oriented model-
driven approach based on UML activity diagrams. The
approach shifts aspect-oriented techniques [2] from a code-
centric to a model-centric, which is employed to handle the
crosscutting concerns during design phases. Thus, it
alleviates software complexity in a more abstract level. The
primary functional concerns are modeled with activity
diagrams, and crosscutting concerns are modeled with
aspectual activity diagrams, respectively. Then the o verall
system design model, which is also an activity diagram, is
integrated by weaving aspect models into primary models.

Design models are widely used as a basis of subsequent
implementation [3][4] and testing [S][6][7] processes. It is
costly if defects in design models are discovered at later
implementation  and testing stages. Aspect-orient ed
modeling techniques cannot guarantee the correctness of
produced design models. For instance, wrong weaving
sequences may cause the integrated models violate system
crosscutting  requirements.  Therefore, assuring the
correctness of the aspect -oriented design models is vitally
important. So far, the applicable approach is manual review.
It is time consuming and dependent on reviewers’ expertise.
However, existing automatic verification tools cannot deal
with UML diagrams directly.

As an ongoing work, in this paper, in order to ensure
crosscutting concerns are correctly modeled, we propose a
rigorous approach to automatically verify aspect-oriented
models (activity diagrams) by using Petri net based
verification techniques. Firstly, thein tegrated activity
diagram is translated into a Petri net. Then, cr osscutting
concerns in system requirements are refined to properties in
the form of CTL formulas. Finally, the Petri net is verified
against the formalized properties.

The rest of this paper is organized as follows. Section 2
presents backgrounds of activity diagrams, Petri nets, and a
ruaning example. Section 3 discusses the verification of

spe@t-oriented activity diagrams. Section 4 presents 2 case

and evaluations of our approach. Section 5 reviews

ela; ork. Finally, section 6 concludes the paper and
cugées future work.

BACKGROUND

In t sectio
diagrams a
employed to

e b riefly introduce UML activity
nd a running example that will be
our approach in following sections.

A. Activity Diagrdms and Petgi

control flow based program
abstraction. Designers coni

as follows.

Definition 1. (Activity Diagram). An act ivj
AD is a 4-tuple (N, E, F), where:
e N = {ng Ny ..., ni} is a finite set of nodes, which
contains action, i nitial/final, decision/merge and

fork/join nodes, n; € N is the initial activity state,
Ne < Nis a set of final activity states;

o E={ej e, ..,e¢} is afinite set of edges;

e F C (NxE) U (E xN)is the flow relation between
nodes and edges.

Due to the nature of UML is semi-formal and UML
diagrams are design-oriented models, translating activity
diagrams into formal verification-oriented models is



necessary before verification. In this approach, we translate
activity diagrams into Petri nets, because in UML 2, the
semantics of activity diagrams is explained in terms of Petri
net notations [9], like tokens, flows etc. Petri net is a formal
specification language that is widely used to model software
behaviors. A Petri net consists of places, transitions, and
Like UMLact ivity diagrams, Petri nets offer a

execution semantics,
theory for process
as follows.

Definition 2. (Pe
{P, T, A, Mg}, where

e P is a finite set of places ag
transitions, and P and T arg

a well-developed mathematical
Petri net is formally defined

net [8] is a 4-tuple PN =

finite set of
e Ais a finite set of arcs connect
transitions, where A< (P xT

e My is the initial marking, Mo(p) den@tes
of tokens at place p under initial mark 0.

Places, transitions and arcs in A are drawn a§icir
boxes and arrows, respectively. We do not consider Wgi
of arcs in this paper for simplification.

B. Running Example

We adapt the order processing scenario from [9] as a
running example to demonstrate our approach. There are 4
crosscutting concerns related to this scenario: authentication,
validation, logging, and informing.

Figure 1is the primary model of the order processing
scenario, which consists of 3 main steps: fill order, ship
order, and close order.

@ >{ Fillorcer }>{ shiporder ]—9{ Close Order ]9@

Figure 1.

The primary model of the order processing scenario

Based ono ur previous aspect-oriented modeling
approach [1], the crosscutti ng concerns of the running
example are modeled in Figure 2.

Pointcut Model Advice Model Pointcut Model Advice Model

<<Advice>>
{type:=Before}

Input_Pin

<<Pointcut>>
{achice:=Advice1}

<<Joinpoint>>
Fill_Order
(2) Pointcut and adhice model of authentication

I$|

<<Pointcut>>
{advice:=Advice2}

<<Advice>>
{type:=After}

B|

Receive_
Cheque

Validate_Cheque

<<Joinpoint>>

(b) Pointcut and advice model of check payment
Pointcut Model

<<Exit>> <<Exit>>

Pointcut Model Advice Model

<<Advice>> o~
{type:=After}

Advice Model

<<Pointcut>>

{adhice:=Advice3}

<<Joinpoint>>
Close_Order

() Pointcut and acvice model of logging

<<Advice>>
{type:=Before}

<<Pointcut>>
{advice:=Adviced}

Ship_Order

<Jonpoint>>

Send_Email

(d) Pointcut and advice model of infrorming

Figure 2. Pointcut and advice models of the order processing scenario
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In order to understand how crosscutting concerns wil 1
affect primary functionalities, aspect models are integrated
with primary models to generate an overall system design
model. Different weaving sequences would produce
different integrated models. For example, we add an
authorization aspecti n the running example, which
describes the logged-in user need to be checked whether
she/he has the permission to fill orders. If the authorization
aspect is woven before authentication, then the result of
integration is shown in Figure 3 (a). Otherwise, if the
authentication aspect is wo ven before authentication, then
the result of integration is shown in Figure 3 (b). As we
know, the leg al user has tobelo gged-in before being
checked whether the corresponding permission is granted or
not. As a result, the authentication aspect should be woven
firstly, and Figure 3 (b) is the corr ect integration result we
expected. Extensive explanations about the integration
process can be also found in [1].

@->{ Authorization |>{ Authentication |=>{ Fill Orcer Close Order ®
Ship Order
Validation Informing

() Weaving authorization before authentication

@ Authentication |>{ Authorization }{_Fill Orcer -Close Order -Loggmg ®
ShipOrder
Validation Informing

(b) Weaving authentication before authorization

Figure 3. Two different integrated models of the order processing
scenario

III.  VERIFYING ASPECT-ORIENTED MODELS
ougprevious work, aspect-oriented models, including
aj Is, aspect models, as well as integrated models,
1d d with UML activity diagrams. Since the
correctneg§’of th@integgation process cannot be guaranteed,
how to fensure “thed€onsistence between the integrated
activity osscutting requirements becomes a

. In UML 2, the semantics of
ained in terms of Petri net. There
matic toolsgie., LOLA (a Low Level
Petri Net Analyzer) [10], Petrin ets against
specified properties. As a 168 an translate activity

erify the act ivity
ing Petri net models
first discuss

critical resear

for specific properties. In th
transformation from activity diagra

We adapt the mapping semantics of contr
UML 2 acti vities in [9] to ¢ onvert activi j
Petri nets. Basically, action nodes and for
translated to net transitions, control nodes (initial, final,
decision, and merge nodes) become net places, and edges
are transformed to net arcs. Auxiliary transitions or places
are added when the ends of an arc both are transitions or
both are places. For simplification, we restrict an activity
diagram only consists o f action nodes, control nodes, a nd
control flows in this approach. The transformation of more
complex activity diagrams (containing data flows,
exceptions, and expansions etc.) is straightforward based on
transformation rules in [11].



Based on the mapping rules in [12], we construct an
algorithm to transform activity diagrams to Petri nets and
implement in our ver ification tool to provide automatic
transformation support. The algorithm is described in List 1.
With the algorithm, the act ivity diagram of the r unning
example in Figure 3 (b) is converted to the Petri net in
Figure 4. The trangformed Petri net is a bi-simulation of the
activity diagra means they are semantically equal.
ification of the activity diagram by

verifying
properties.

List 1. Con

Input: AD := an activity diagr:
Output: PN{P, T, A, My} :=a
for each node N in AD

if N is an initial node, final node, dg

tri net

© N WN
Q
I}
=
]
2
8
a
®
o
3
51

for each edge E in AD

9 N, := source node of E in AD

N, := target node of E in AD

M, := corresponding place or transition of N; in\@N.P

M, := corresponding place or transition of N, in

if both N, and N, €

(initial nodes U final node U decision node U me

Generate an auxiliary transition T; in PN.T
Generate an arc start from M, to T; in PN.A
Generate an arc start from T, to M, in PN.A

else if both N, and N, € (action node U fork node U join node)
Generate an auxiliary place P, in PN.P
Generate an arc start from M, to P; in PN.A
Generate an arc start from P, to M, in PN.A

nods

else
Generate an arc start from M, to M, in PN.A
for each place without an incoming arc
Generate an initial token for that place in PN.M,
return PN

Authentication
Authorization
Fill Order

Ship Order
Close Order

Validation
Informing

Figure 4. The Petri net transformed from the order processing scenario

B. Verifying Petri Nets

Crosscutting concerns describe the r unning sequences
between advices and primary behaviors in all paths of
integrated models. These properties can be described in the
form of Computation Tree Logic (CTL) formulas [13]
naturally. CTL for mulas cannot be generated from aspect
models by synthesizing conditions o f join points specified
by pointcut models and checking the corresponding advice
models appears at right places. This is because th at the
context specified by a pointcut model would be changed
after integration, and the join points matched by the pointcut
model could no longer exist. In this approach, the properties
to be checked are directly refined from crosscutting
requirements.

1) Properties specified from the requirement
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Based on the Petri net generated, we can easily analysis
reachability, safety, liveness, and fairness properties [8]. In
this approach, we only focus on checking properties that are
closely related to crosscutting concerns. We cat egorize
crosscutting concerns from two facets. Firstly, according to
the execution sequence between action in advice models and
join points, a crosscutting concern can be eit her executing
before or after join points. Secondly, the execution of a
crosscutting concern is either sequential or parallel with the
primary behaviors. Sequential crosscutting concerns are
synchronous features that their running positions are
restricted by the join points. Parallel crosscutting concerns
are asynchronous features that are running concurrently with
primary actions and they are finished or started by the join
points.

a) Before-crosscutting concerns

A Dbefore-crosscutting concern specifies some extra
behaviors must be performed before matched join points.
Actions specified by a s equential before aspect model are
executed between the join point node and the p redecessor
node of the join point in the primary model. The key word
of sequential before-crosscutting concerns in require ments
level is“ before”. A parallel before aspectspeci fies
crosscutting actions that must be finished by the join point
edge. The key word of parallel before-crosscutting concerns
in requirements is “be finished by”. In the integrated model,
the actions of the crosscutting concern are running
rrently with the pri mary behaviors, and then

ctured activity node that represents
equirement of a before aspect can be

ifies some actions
points. An after-

parallel aspect with respect to
Actions specified by a sequential aft
actions executed between the jof
successor node of the join point in the
key word of sequen tial after-crosscutti
requirements level is “after”. A para
specifies crosscutting actions must be started
point edge. The ke y word of parallel rosscutting
concerns in requirements is “be started by”. In the integrated
model, the actions of the crosscutting concern are enabled
by the fork node, which replaced the join point edge, and
then running concurrently with primary behaviors.

In corresponding Petri nets, assume jp ist he net
transition transformed from the join point, ad isthe net
transition transformed from the structured activity node that
represents the advice model. The requi rement of a
sequential after aspect can be represented in the form of the



CTL formula as: AGH(jpAEX(HpA—ad))v(—Hp r—ad) AEX
ad)).

2) Conflicts of Multiple Crosscutting Concerns
The CTL formula need to be adjusted if more than one
crosscutting concerns (which are all “before” aspects or are
all “after” aspectg§y match a same join point. Because t he

be affected
which m:
running example,
concerns are confld
crosscutting aspec

gcause they bot h are be fore-
ey have same join point, the
“Fill_Order” action? i quence of authentication
aspect and “Fill_Order ation will be changed from
“Authentication->Fill Or@€r” to X Authentication-
>Authorization->Fill Order”  after i
authorization aspect.

a) Conflicts between two before-crog

For a before-crosscutting concern cC
ad, and join point jp;, if any other befor hi ch
matches the same join point jp; and weavesiafte
some extra actions are performed after ad,
Assume it’s a before-crosscutting concern CC, wi
ad, weaves after cc;, then jp, should be replaced

the CTL formula of cc; as: AG—((ad, A EX(—ad, A —a

b) Conflicts between two after-crosscutting concerns

For an after-crosscutting concern cc; with advice ad; and
join point jpy, if any other after aspect , which matches the
same join p oint jp;and weaves after cc;, then some extra
actions are performed after jp; and before ad;. Assume it’s
an after-crosscutting concern cC, with advice ad, weaves
after ccy, then jp; should be replaced by by ad, in the CTL

formula of cc; as: AG—((ad, AEX(—ad, A —ad))v
((—ad, A —ad ) A EXad))).

3) Verification

After the system crosscutting properties are refined as a
set of CTL formulas. We can veri fy the Petri net against
specified CTL formulas generated. If the verification is
passed, it means the model satisfies the corresponding
crosscutting requirements. Otherwise, the model violates the
corresponding crosscutting requirements to some extent,
which means further revision about the model is needed.

In the running example, the integrated model in Figure 1
(a) and (b) are both verified against the crosscutting
requirements of authentication, authorization, validation,
logging, and informing. First, the integrated models are
transformed to Petrin ets. Then the 5 crosscutting
requirements are refined to 5 CTL formulas. Finally, Petri
net analyzer LoLA is employed to verify the two Petri nets
against the formalized crosscutting requirements,
respectively.

The Petri net transformed from the model in Figure 3 (b)
passes the verification process and output “result: true” for

all the 5 CTL formulas. While the Petri net transformed
from the model in Figure 3 (a) fails when verifying against
the 2 CTL formulas generated from authentication and
authorization requirements, and passes the verif  ication
against the other 3 CTL formulas. This verification result
shows that the crosscutting requirements of authentication
and authorization do not hold in this aspect-oriented model.
After correcting the weaving preference fault and
integrating the aspect model again, the new integrated
model passes the verification process.

C. Tool Implementation

We implemented a tool named Jasmine-AOV' based on
Topcased” and LoLA®. As Figure 5 shows, this tool is
composed of 4 main parts: Model Transformer, Crosscutting
Concern Manager, CTL Generator, and Model Checker. The
Model Transformer converts an activity diagram to a Petri
net automatically. The inputs of Model Transformer are
UML diagrams designed by Topcased in the form of XML
file and the outputs of the tool are Petri net files which are
readable for LoLA to perform verification tasks. The
Crosscutting Concern Manager is used to manage mapping
relations between crosscutting concerns in requirements and
elements in corresponding activity diagrams. It provides an
assistant for mapping textual crosscutting requirements to
design activity diagrams. The CT L Generator can
automatically generate CTL f ormulas from crosscutting
requirements that are mapped to d esign models. The CTL

ator also supports users to input CTL formulas
lly. Model Checker is implemented by di rectly
e existing checker, LoLA. It can ver ify the Petri

a rosscutting properties in the format of CTL

port the result.

Crosscutting

N Crosscutti
Requirements

Concern
Design Mod

“New Crosscutting Concern” dialog provides
for mapping textual crosscutting requir
activity diagrams. The “Petri net” area displays the Petri net
transformed from the corresponding activity diagram. The
“CTL Formulas” arealistst he formulas refined from
crosscutting concerns in the “Crosscutting concerns” area
automatically or wrote by users manually. The “Verification
Results” area outputs the results of verifying the Petri net in

! Jasmine-AQV, http://seg.nju.edu.cn/~zqcui/Jasmine-AOV
? Topcased, http://www.topcased.org/
®LoLA, http://www.informatik.uni-rostock.de/tpp/lola/
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the “Petri net” area against the CTL formulas in the “CTL
Formulas” area by LoLA.

Writing complex CTL formulas is not easy for a
software engineer without proper training about formal
methods. To tackle this problem, we implemented the CTL
Generator to assist generating CTL formulas automatically.
As Figure 6 s the user only need to select actions
which isthe

e join points, based on the textual
crosscutting concern. After this
TL Generator generates a CTL
g concern and adjusts CTL
p one aspe ct of the same

formula for the
formulas if there

Crosscutting concems
PRL | Crosscstting Conceni Advice Betoreiatter | SequentialPamil. join Pg

samhergication Authentivation Befor Sequential

1
2 muthorizaton Authorization Belore Sequential
] Validstion Validation Defore Panalied
4 logng Logorg Alter Sequential
5 Infoming Weoming After Paallet

Peti Net

e
mitisindel,
ActovityFinalhedel

Infeaming,
VRlidation.=Jainkosst,
pointioel- 25, Onder.

Fomula with
20 subiommues
and 5 temporal cperators.

v T

Figure 6. The screenshot of Jasmine-AOV

IV. EVALUATION AND CASE SUITES

To evaluate the effectiveness of our approach, we have
applied our approach to the design models adapted from the
Ship Order example in [9] and the Telecom System®. The
Ship Order ex ample contains 5 crosscutting concerns and
the Telecom System contains 6 crosscutting concerns. For
both of the 2 case studies, we transformed the integrated
models to Petri nets, and mapped crosscutting requirements
to the design models with the he Ip of the tool. Then,
corresponding CTL formulas of verification tasks are
generated automatically. Finally, the Petri nets are checked
against the CTL formulas generated.

The faults of aspect-oriented models, which can be
caused by design defects or incorrect integration processes,
are categorized as follows:

1. Aspect model faults
a) Incorrect weaving preference. The priorities of
aspect models are incorrectly assigned. This kind of
fault will lead to match join pints faults or running

* AJDT toolkit: http://www.eclipse.org/ajdt

sequence changed unexpected.
b) Incorrect binding between pointcut model and
advice model. The pointcut model is incorrectly
mapped to an unrelated advice model. This kind of fault
will result in i mproper advice models apply at so me
join points.

2. Pointcut model faults
a) Overmatch/Mismatch join points. The pointcut
model matches extra join points or miss some join
points should be matched. The consequence of this kind
of faults is that extraad vices are performed at
unexpected join points or desired advices are not going
to be performed at join points.
b) Incorrect position of join points. The e lement
which serves as a join point in the pointcut model is
incorrectly appointed. The phenomenon of this kind of
faults is that advices are applied at incorrect points of
the primary model.

3. Advice model faults
a) Incorrect type of advice models. The type of the
advice model is declared incorrectly. This kind of fault
will cause the running sequence b etween the advice
model and the primary model change unexpectedly.

To further evaluate the ability of our approach to detect
the faults of aspect-oriented models, mutated models are
created based on preceding category of aspect model faults.

nd 28 model mutants are con structed for the 2 case
tudi@s, respectively. Table 1 classifies all these model
s by their fault types. All of them are killed because

Vi the crosscutting requirements from various
these violations are detected by the verification
i It illustrates the ability of our ap proach to

quality

Ship Telecom
Order System

Aspect model
faults

Incorrectifinding
Overmatch jOiiapoints
Mismatch join po

Pointcut model

faults Incorrect position of
join point
Advice model In correct type of advice
faults models

Number of model mutants in total

Mutants killed

V. RELATED WORK

There are many research projects on bringing aspect-
oriented ideas to sof tware requirement engineering from
different perspectives. Whittle and Araujo [14] f ocus on
scenario-based requirements and composing them with
aspects to generate a set of state machines that represent the
composed behaviors from both aspectual and non-aspectual
scenarios. In contrast, our approach is carried out at the
design level instead of requirement level. However, our
approach can be enhanced with the aspect mining tool at



requirements level, like EA-Miner [15], by inputting
crosscutting concerns detected by these tools to our
Jasmine-AOV tool for verification.

There is also a large body of research on aspect-oriented
modeling. But most of them do not concern about the
correctness of the integrated model and provides verification
to support asp ect-oriented modeling
oach also formally checks whether

state machines, and
cheeked by LTSA
requirements [16].
activity diagrams and%

ansformed to FSP processes and
checker against all system
approach is carried out on
n checking crosscutting

concerns.  Furthermore, ecat egorize 4k inds of
crosscutting concerns and genera TL formulas
automatically from crosscutting ccifications,
which bridges the gaps between g quirements
and aspect-oriented design modCls. 80 provide a
solution for the conflicts between crosscufting S.
Several model checking techniques havefbe ented
for aspect-oriented programs. Denaro et al. fjrst
preliminary experience on verifying deadlock donof

concurrent aspect [17]. They first derived PR

process templates from aspect-oriented units, a
analysis the aspect-oriented program with SPIN. Ubayas
and Tamai [18] proposed toapp ly model checki
techniques to verify whether the result of weaving classes
and aspects contained unexpected behaviors like deadlocks.
The approach in this paper is different from these methods,
because our approach is carried out at the model level other
than the program level. In comparison, our approach can
identify system faults at an earlier stage, and save costs to
revise programs when detecting design faults at
implementation or maintenance phase.

VL

This paper presents af ramework to verify aspect-
oriented UML activity diagrams by using Petri net based
verification techniques. For verification purpose, we
transform the integrated activity diagrams into Petri nets.
Then, crosscutting properties of the system are refined as a
set of CTL formulas. Last, the Petri netis verified against
the refined CTL formulas. The v erification result shows
whether the Petri net satisfy the requirements or not. We can
reason whether the integ rated activity diagram meets the
requirement since they are equivalent. In other words, we
can claim that the aspect-oriented modeling is correct with
respect to speci fied crosscutting requirements. Two case
studies have been carried out to demonstrate the feasibility
and effectiveness of our approach. Concerning the future
work, we wil 1 focus on testing system implementations
against aspect-oriented models have been verified.

CONCLUSIONS AND FUTURE WORK

ACKNOWLEDGMENT

We would like toth ank Professor Karsten Wolf at
University Bamberg, who is the author of LoLA, for his
help in dealing with problems encountered when integrating
LoLA into our tool Jasmine-AOV. This work is supported

374

by the National Natural Science Foundation o f China
(No0.61021062, No. 61170066), the Nat ional 863 High-
Tech Program of China (No.20 12AA011205), and the
National Grand Fundamental Research 973 Program of
China (No. 2009CB320702).

REFERENCES

[1] Z. Cui, L. Wang, X. Li, and D. Xu. Modeling and integrating aspects
with UML activity diagrams. In Proceedings of the ACM Symposium
on Applied Computing, Honolulu, Hawaii, ACM, New York, NY,
2009, pp. 430-437.

[2] G. Kiczales, J. Lamping, A. Mendhekar, C. Maeda, C. V. Lopes, J.-M.
Loingtier, and J. Irwin. Aspect-Oriented Programming. In the annual
European Conference on Obj ect-Oriented Programming, 1997, pp.
220-242.

[3] X. Li, Z. Liu, J. He, and Q. Long.Ge nerating a Prototy pe From a
UML Models of System Requirements. Distributed Computing and
Internet Technology. Lecture Notes in Computer Science 3347, Berlin,
Heidelberg: Springer, 2005, pp. 135-154.

[4] A. Fischer. Mapping UML designs to Java. In Proceedings of the 15th
ACM SIGPLAN conference on O bject-oriented programming,
systems, languages, and applications, 2000, pp. 178-187.

[5] L.Wang,J. Yuan, X. Yu, J. Hu, X. Li, and G. Zheng. Generating Test
Cases from UML Activity Diagram based on Gray-Box Method. In
Proceedings of the 11th Asi a-Pacific Software Engineering
Conference, 2004, pp. 284-291.

[6] C. Nebut, F. Fleurey, Y. L. Traon, and J. Jezequel. Automatic Test

Generation: a Use Case Driven Approach. IEEE Transactions on

Software Engineering, Vol.32, No.3, 2006, pp. 140-155.

M. Chen, X. Qiu, W. Xu, L. Wang, J. Zhao, and X. Li. UML Activity

iagram Based Automatic Test Case Generation for Java Programs.

The Computer Journal, Vol.52, No.5, Oxford Press, 2009, pp. 545-

Petri nets: Properties, analysis and applications,

Petri Nets, 2000, pp. 465-474.

des in UML 2.0 activities. Nordic J. of

[11] H. Storrle,

Computing,
[12]

Human Centric Computing,

[13] E. M. Clarke, E. A. Emerso

[14]

[15]
Towards Automation in Aspect-Oriented Rq
Transactions on Aspect-Oriented Software Devi
Notes In Computer Science, Vol. 4620. Springer-
Heidelberg, pp. 4-39.

D. Xu, O. E. Ariss, W. Xu, and L. Wang, Aspect*Otiented Modeling
and Verification with Finite State Machines, Journal of Computer
Science and Technology, 24(5), Sept. 2009, pp. 949-961.

G. Denaro, and M. Monga. An experience on verification of aspect
properties. In Proceedings of the 4th international Works hop on
Principles of Software Evolution, ACM, New York, NY, 2001, pp.
186-189.

N. Ubayashi, and T. Tamai. Aspect-oriented programming with
model checking. In Proceedings of the Ist international Conference
on Aspect-Oriented Software Development, ACM, New York, NY,
2002, pp. 148-154.

[16]

[17]

[18]



