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Abstract: Aspect mining of code is one of the most helpful current research domains for the modularization, reusability, 
maintainability and extensibility of software. The scattered code appearing due to the absence of object-oriented design 
complicates the problem of crosscutting concerns identification. In this paper we focus on the utility of various static 
techniques available for aspect mining. The static and dynamic analysis of aspect mining that compares or combines two to 
three methods has already been discussed in literatures. But negligible work has been done on static techniques of aspects 
mining. In static technique code analysis refers to analyzing source code without executing it. Static analysis is generally 
used to find bugs and ensure conformance to coding guidelines. In Aspect Mining, Static analysis techniques are basically 
the search of patterns representing possible crosscutting concerns throughout the code source. As crosscutting concerns are 
believed to negatively affect advancement, maintainability and transparency of code. 
 
The first section of the paper covers a review of various proposed static techniques. The second section consists of its 
limitations and suitability in certain condition. The Third section proposes the hybrid method using cloning for a static 
analysis. This paper gives best clue for an organized start of research on Aspect mining techniques and help to make decision 
in choosing the best suitable technique among the available software tools and technique. 
 
 
I. INTRODUCTION 
 
Object Oriented technology although organizes 
software into set of individual classes and objects, 
there are possibilities of some methods that can be 
found occurring in several classes; those are known 
as crosscutting concerns. Crosscutting concern is a 
concern whose entities is not captured into a single 
localized abstraction, but are scattered over many 
different locations and tangled with other concerns. 
For example, in the code for exception handling, 
session tracing etc., that causes code less reliable, 
reduces modularity and create difficulty to maintain. 
To investigate and identify such crosscutting 
concerns in the source code is not an easy task, as it is 
mixed and confused with other code in different 
classes we call it scattered and tangled code. This 
process of identification of the crosscutting concern 
starts from different components such as an interface, 
program statements, methods or functions known as 
seed or candidate aspects in the code and is called 
Aspect Mining. In software engineering, such 
identification is also called separation of concerns 
(SOC), is one of the essential features to enhance the 
modularity and reusability of any software. 
 
Static analysis is a tremendous help when trying to 
find faults in complex software. Writing 
multithreaded pro- grams is difficult, because the 
thread scheduling increases the program state space 
exponentially, and an incorrect thread 
synchronization produces faults that are hard to find. 
Program checkers have become sophisticated enough 
to find faults in real, largescale software. 
 
Aspect mining techniques help in identification of the 
concern thereafter the feasibility of its modification is 

tested, keeping modularity and comprehensibility of 
code in view. The design pattern for the same is 
decided to make the process more simple, reusable 
and maintainable without affecting the desired output 
of the software program. This process utilizes various 
tools and techniques at various levels of software 
development. In this paper we discuss about some of 
those available static techniques. 
 
II. ASPECT MINING WITH STATIC 

TECHNIQUES: 
 
Aspect mining techniques automate identification of 
scattered code in software systems by producing a list 
of crosscutting concern candidates. These can be 
identifiers and redundant lines of code, clones of code 
or duplicates, metrics, etc. Crosscutting concerns 
negatively affect advancement, maintainability and 
transparency. A change to a crosscutting concern is 
likely to affect many different places in the source 
code. An aspect is a language construct that allows us 
to localize a concern's implementation. In order to use 
aspects on existing legacy software systems we need 
techniques of Aspect Mining to identify where the 
crosscutting concerns are in the source code to 
discover the full extent for each of the discovered 
concerns and Aspect Extraction Encapsulate each 
crosscutting concern in an aspect of the new system 
for reengineering. 
 
Mapping is required to know the belongingness of the 
crosscutting from a particular source code. The code 
may belong from transaction handling, design 
patterns or design decisions, thus different static and 
dynamic techniques are used for aspect mining. Our 
paper will focus on the static tools and techniques. 
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Aspect mining thereby aims to identify crosscutting 
concerns in existing systems, improving the system’s 
comprehensibility and enabling migration of existing 
(object-oriented) programs to aspect-oriented ones. 
The sheer size and complexity of many existing 
systems, combined with the lack of documentation 
and knowledge of such systems render it practically 
infeasible to manually transform their crosscutting 
concerns into aspects. 
Static code analysis refers to analyzing source code 
without executing it. Mostly it is used to find bugs or 
ensure conformance to coding rules. The typical 
example is a compiler which finds lexical, syntax 
related and semantic defects. In Aspect Mining, Static 
techniques are basically the search of patterns 
representing possible crosscutting concerns 
throughout the source code. Obtaining aspects using 
type-based and text based analysis has been already 
proposed by some authors. Text based analysis 
searches for patterns in the names of methods and 
variables that work better when strict naming 
conventions have been applied while writing the 
code. Type-based analysis has been proposed as a 
counterpart to that technique that tries to find possible 
hidden concerns by studying the usage of types. If 
aspects are managed early in requirement stage it 
helps to improve modularity in requirements and 
architectural design. In the legacy systems, where 
requirements and architecture documents are usually 
outdated or not available in such cases early aspect 
discovery techniques cannot be applied and tactics 
that focus on source code are thus potentially more 
favorable. 
 
Static Aspect mining techniques automate the process 
of aspect discovery and propose their user one or 
more aspect candidates organizing the source code of 
the system or data that is acquired before executing or 
manipulating the code. Previous techniques have 
commonly search for symptoms of cross-cutting 
concerns, using either techniques static or dynamic 
from code mining and analysis like formal concept 
analysis and cluster analysis, or more classic code 
analysis techniques like program slicing, hyper 
slicing software metrics, clones discovery, empirical, 
trace identification and pattern matching techniques. 
 
Marin et al. have proposed a static analysis approach 
of an aspect mining technique that uses the Fan-in 
metric. It searches for crosscutting concerns among 
the methods that have the value of the Fan-in metric 
greater than a given verge. It is determined by the 
methods that are called from many different 
parameters or arguments (Known to have a high Fan-
in) to identify candidate aspects. E.g. logging, method 

is called from different places; hence Fan-in value 
depends on the number of different methods bodies 
that use it due to polymorphism. 
 
It thus finds methods that belong to the 
implementation of a crosscutting concern. The 
recurring execution relations are obtained from the 
control flow graph of the program before execution 
and thus organised manually accordingly. 
 
Clustering- Several works on aspect mining relies on 
the use of clustering algorithms it groups elements 
into clusters based on a distance function each cluster 
maximizes the similarity between elements of the 
same cluster and minimizes the similarity among 
elements of different clusters. Shepherd and Pollock 
proposed the use of clustering for grouping methods 
that share similar names Hierarchical Clustering, leaf 
nodes are labelled with the name of the method they 
represent, non-leaf nodes are labelled with the 
common substring of their children Leaf nodes 
method names from the application Non-leaf nodes 
labelled with the common substring. Moldovan and 
Serban reported the application of three different 
clustering algorithms for aspect mining. Computation 
of the set of methods in the selected source code and, 
for each method in the set, computation of the 
attributes set values. Filtering: Grouping (K-means; 
HAC; Fuzzy Cmeans) analyses were done by the 
developer. In this approach, the methods to be 
clustered are represented as a L-dimensional vector: 
mi = {m i1 ,m i2 ..., m iL } The author considered 
two vectorspace models M1: {FV, CC}, where FV is 
the Fan-in value and CC is the number of calling 
classes M2: { FV, B1 , B2 , ..., BL−1 }, where FV is 
the Fan-in value, and the value of Bi is 1, if the 
method M is called from a method belonging to Ci , 0 
otherwise Authors considered that while the Fan-in 
value of a method is important also is the number of 
calling classes. Thus these methods help in proper 
code organisation from the obtained values. Natural 
language Processing (NLP) Analysis: 
Sampaio et al have proposed another static aspect 
mining technique to discover aspect candidates early 
in the development lifecycle.  
 
They use natural language processing techniques on 
different documents (requirements, interviews, etc.) 
to discover words that are used in many sentences. 
The words that have a high frequency and its 
synonyms in all the sentences are considered aspect 
candidates. Shepherd et al tried to identify 
crosscutting concerns in existing source code by 
exploiting the natural language clues that the 
developers left behind. Use of lexical chaining to 
identify groups of semantically related source code 
entities, and evaluate whether those groups represent 
crosscutting concerns. The assumption behind this 
technique is that crosscutting concerns are reflected 
in source code through naming conventions. 
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Formal Concept Analysis (FCA) :Towré and Mens 
with others proposed to apply FCA algorithms in 
order to group elements of the source code that shares 
common attributes. The goal of the paper is to study 
the “static” aspect mining technique, to mutually 
compare the Individual techniques and assess their 
major strengths and weaknesses. Additionally, by 
identifying where the techniques overlap and where 
they are complementary, the study allows us to 
propose interesting combinations and to apply these 
combinations on the same benchmark to verify 
whether they actually perform better. Formal concept 
analysis (FCA), Tonella et al is a branch of lattice 
theory that can be used to identify meaningful 
groupings of elements that have common properties. 
It is a method of data analysis that provides a way of 
identifying maximal groupings of objects that have 
common attributes. They propose obtaining a concept 
lattice from the traces, where objects are the traces 
associated with several use cases and the executed 
functions in each trace are the attributes. A concept is 
the object plus its attributes. Applying concept 
analysis allows us to obtain the maximal grouping of 
methods (attributes) associated with certain scenarios 
or use cases (objects). Aspect candidates are obtained 
when different functions from a same module are 
executed for more than one concept or when a 
concept has functions from different modules, the 
latter not being sufficient to identify a crosscutting 
concern. Scattered code can be found if for more than 
one of the traces we analyze we find calls to the same 
functions. 
 
Random walks: The technique proposed by Zhang-
Jacobsen, to search crosscutting concerns through 
random walks. This technique is basically the 
application of a page rank algorithm to identify 
possible concerns by determining which elements are 
more popular and significant. Popularity is the 
number of times an element is visited from different 
elements. Significance is the number of distinct 
elements an element visits. These ranks help us 
obtain potential crosscutting concerns in two ways: 
Homogeneous crosscutting: popularity is higher than 
significance by a certain threshold. We will focus on 
these. Heterogeneous crosscutting: elements with 
much higher significance than popularity. By 
applying this technique we find the functions that are 
called most by different functions throughout the 
program execution, but which themselves don’t call 
many functions. High popularity of a function may 
hint at scattering in the code, low significance tells us 
that the function is probably not complex. This 
technique will also help us find those functions that 
are more complex and call many other functions; they 
are more likely to be core elements of the program. 
Since all functions are called by the same function 
every time, then they are not very popular. E.g. 
Function ‘X’ is the most significant because it calls 
more functions. Our candidates would be functions L, 

M and N, which are the most popular and least 
significant.  
 
Dedicated browsers: A second class of approaches is 
the advanced special-purpose code browsers that aid 
a developer in manually navigating the source code of 
a system to explore cross-cutting concerns. The 
primary goal of such approaches is to document and 
localize crosscutting concerns in order to maintain 
and evolve a system. The dedicated browsers can be 
used to identify aspects in a system as well but not 
actually for aspect mining. Typically, a user of such a 
browsing approach starts out with a ‘seed’ of a 
concern, a starting point in the code, and uses the 
browser to further explore this concern. To do so the 
browser may propose other hotspots in the code 
which are related to the concern or provide the user 
with a query language to manually traverse the 
concerns. 
 
Reachability analysis is an important and wellknown 
static analysis tool for the pre-runtime verification of 
critical properties in concurrent programs, such as 
freedom from deadlock. The control-flow graphs of 
individual processes are modified to highlight the 
synchronization structure, abstracting away other 
details. 
Subsequently, the complete state-transition graph of 
the execution, known as the reachability graph, is 
constructed, thereby modelling the concurrent 
program as the set of all possible execution 
sequences. The error to be checked is decomposed 
into a number of sub properties, which are checked in 
the appropriate reachability graphs. Different choices 
for the classification of analysis points provide the 
flexibility to have many algorithms that are safe and 
efficient for different subclasses of programs. 
Reachability analysis avoids the problems associated 
with dynamic (runtime) analysis of concurrent 
program execution and facilitates analysis of all 
possible partial orderings of program execution. For 
properties of the synchronization structure in 
concurrent programs, reachability analysis provides 
the same level of assurance as formal verification. 
 
isolating code affecting the value of certain variable 
only. It is still an interesting research questions how 
slicing can be best put to use for the isolation 
candidate aspects from the rest of the code. One issue 
to address concerns the nature of the slicing 
techniques needed for aspect isolation. Another 
question that needs to be addressed is how 
information obtained by traditional slicing techniques 
can be used for the purpose of aspect identification. 
The new unit of decomposition is the Hyperslice. 
A Hyper-slice is a set of conventional modules, 
written in any programming language (e.g. in Java). 
The modules within a Hyper-slice contain all, and 
only, those parts that pertain to, or address, a given 
concern. For example the persistence hyper-slice 
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contains all those pieces of code coming from 
different classes that deal with writing and retrieving 
the class data to/from a persistent storage. Joining all 
the slices into a single whole is not a fully automatic 
process, because of the presence of overlapping and 
connecting parts. In such cases developers have to 
solve mismatches in order to produce the final result. 
 
Clone Detection Techniques: Code cloning as defined 
by Ryssel and Demeyer is the act of copying code 
fragments and making minor non-functional 
modifications. The presence of duplicated code can 
be linked to the presence of Bad (code) smells 
Crosscutting concerns and are generally considered 
obstacles to software maintenance because a change 
in one clone region often necessitate consistent 
changes to all other clone regions in the clone group. 
Fowler and Beck consider code duplication as 
number one culprit. In this case, the duplicated code 
is fixed by applying Extract method or Extract class 
object oriented refactoring. Developers may use 
particular coding conventions and idioms to 
implements superimposed functionality E.g.: tracing, 
logging, transactions, etc. As a consequence, clone 
detection techniques might be suitable for identifying 
some kinds of crosscutting concern code. Bruntink et 
al. evaluated the suitability of clone detection 
techniques for automatically identifying crosscutting 
concern code. 
 
III. LIMITATIONS IN THE STATIC 

TECHNIQUES: 
 
It is found that Fan–In analysis is suitable when codes 
are in proper format in the methods the crosscutting 
concerns are highly scattered, else the result is not 
accurate hence not much successful in case of small 
sized program code. In case of the Clone Detection 
technique it is required to be performed in a defined 
way, here larger number of classes is required for the 
desired result and it cannot work for a single instance 
of the observer pattern. It has been found that the 
results are far better when Fan-in analysis and Clone 
Detection techniques or other techniques are 
combined. 
 
We proposed the CloneFetcher plug-in provides 
support for programmer to observe cloned groups, 
and to be notified through the Eclipse IDE when a 
future modification task intersects with the 
documented model. Once notified, CloneFetcher can 
point the developer to the other clone regions that 
require consistent modification and provide support 
for simultaneously modifying two clone regions. 
CloneFetcher also provides support for sharing a 
clone model with project collaborators, and for 
updating the clone model after a development 
session. Clone detection is memory intensive. More 
memory may be required for larger code bases. 
Machine requires having greater than 1GB of RAM 

to ensure successful detection of clones. The clone 
groups identified in the project are displayed under 
the "Clone-Fetcher" node once clone detection is 
completed. Thus it helps to iidentify the presence of 
crosscutting cluster in a code base that can be 
refactored and provides graphical and navigation 
support of the targeted cluster code using Rand index 
formula:  

 
TP is total true positives; TN is total true negatives, 
FP is total false positives and FN total false 
negatives. 
 
In case when false positives and false negatives are 
equally weighted causing undesirable characteristic 
for some clustering applications. The F-measure can 
be used to balance the contribution of false negatives 
by weighting recall through a parameter β≥0. Here 
precision and recall be derived as follows:  
P = TP/(TP +FP) and R = TP/(TP+FN) where P is the 
precision rate and R is the recall rate. We can 
calculate the F-measure by using the following 
formula: Fβ = [(β2 +1).P.R] /( β2 .P +R) 
 
We notice that when β=0, F0 = P. here recall has no 
impact on the F-measure, and increasing β allocates 
an increasing amount of weight to recall in the final 
F-measure.  
 
It automatically assess if the concern could be 
extracted based on various metrics. It helps to 
perform the code transformation that extracts the 
crosscutting clusters into standalone methods with a 
unified method name and parameters. 
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CONCLUSIONS 
 
In this paper, we have introduced a new hybrid static 
technique for aspect mining which is a hybrid as it 
uses internally the combination of cloning, slicing of 
program and clustering techniques, which helps to re-
connect the scattered and redundant actions 
throughout a program. Static trace graphs cover all 
possible executions and are derived directly from 
intermediate language. In our project these graphs 
have many applications and are important input to 
further analyses, e.g. protocol recovery and validation 
and recovery of information about component 
interaction. Static trace graphs are extracted with 
respect to an object that may be located on stack 
or heap and contain all operations that might affect 
the object, including accesses, modifications and 
subroutine calls. In general, the static trace graphs are 
projections of the inter-procedural control flow graph 
and must cover all dynamic traces. In the case studies 
performed with our CloneFetcher we found that the 
extraction of trace graphs is feasible for programs 
with more than 200k LOC. This technology is 
sufficiently robust to automatically construct the 
graph for a given program to support the construction 
of useful software engineering tools and help with 
common programming tasks that are otherwise time 
consuming in a modern programming environment. It 
can assist developers in feature location, working set 
recovery/discovery, and general program navigation. 
This paper focused on the static analysis and tools 
that utilize it. We believe that additional benefits can 
be derived by integrating such analysis with methods 
being used currently for these applications. For 
instance, it should be straightforward to extend our 
tools to obtain the functionality of full lexical search. 
Further, we believe that there is considerable scope to 
integrate such analysis with both dynamic and static 
program analysis and that such integration will lead 
to tools that add to the capabilities derived from the 
individual components. 
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