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Abstract—Industry-wide software is developed using multi-layer n-tier architecture. These tiers/layers are often created using
detached projects and services with millions and thousands of lines of functional object oriented code. Programmers often have
to troubleshoot, track and debug a function call from graphical user interface tier to the data controller layer while investigating
and troubleshooting an issue. They have to inspect and evaluate the source code based on queries, key words and search results
or use technical, api design documents to construct the call hierarchy tree. This process is intensive, time consuming and
laborious and depends on key word accuracy. The development environment programs are can analyze only the code in the
loaded solution and lack the program comprehension capability. This paper proposes call tree detection of the functions across
several tiers of the code residing in different code bases to help programmers better comprehend the software framework. The
structure of class, functions, and properties were evaluated and then matched against the templates of source code. A tree of
similar and connected functions was created. The recursive querying and matching halted when the processing reached data
layer. The method resulted in 78.26% accuracy when compared with human assisted search.

Keywords— Software program, understanding, comprehension, call graph, architecture, code metrics, code analysis.

I. INTRODUCTION
Typical enterprise level application contains millions of lines of code. When a programmer inspects the code, he has to rely on
search tools to analyze the relationship between various tiers of code. These results are based on the key words used by the
programmer. The process of finding the call graph initiated in the user interface layer and tracking it all the way to the data access
layer is a time consuming and laborious task. This paper examines the automation of call graph generation so that it is easier for
programmers to understand how data flows across various layers of the architecture. A study [1] implemented and evaluated the
performance of a program comprehension platform. It used code traversal technique to establish relation between various modules
in the software. Another study [2] implemented software analysis while code rewriting process inside the JAVA language
framework. Besides code traversal other strategies such as use of transforms to map code with various inter-linked models have
been examined in studies [3] to make the software scalable.
Another study [4] used concepts from relational databases and applied them on an object-oriented language to develop relational
programming. Researchers have developed utilities [5] and syntax for transforming programs to meaningful content. A study [6]
used data about the project and codebase (meta-data) to create plugins for the eclipse integrated development environment. Another
study [7] developed transformation rules and grammar to change the software code into human readable format. While most of these
tools and techniques are focused on transformation of code, some studies [8], [9], [10], [11], [12] have used query-based approach
for understanding the software architecture and code. There have been several studies [13] to [45] on text mining, emotion and
sentiment mining from audio-visual data, text and other types of data with large size.
These studies have also discussed implementation schemes, design patterns and software architectural approaches to support large
complex code bases and real time evaluation of continuous stream of large chunks of data. We believe the call graph generation
strategies also have application in these other research areas in terms of text mining, which is similar to code mining except for the
unstructured nature of the data. In this research we focus on c# based structured code on the back end and exclude the client side
scripting syntax or any view specific syntax such as cshtml, xaml, html and javascript.

Il. METHOD
Four open source software products were chosen for the study. All the code bases were written in C#NET and were web
applications. 3 applications were implemented using web forms in ASP.NET and 1 application was implemented using MVC
architecture. The automated call graph generation system consisted of 4 rules to match the class, method, property and layer
transition. The first rule consisted of <class qualifier> <class name> <class inheritance>. The automation system searched for all
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the classes that matched the search string using the first rule.

The second rule consisted of : <accessibility qualifier> <return type> <method name> <method parameters>. The search engine
looked for all matching functions with each class using second rule. The third rule was used for matching the properties in the class
and was defined as: <access qualifier> <return type> <property name>. Once the search tree was generated, the code for each class,
method, property was evaluated recursively to complete the call tree. Additionally the fourth rule to transition from one layer to the
lower layer (user interface to business layer or business layer to data layer) was used to search into the next project code base. This
rule was critical to provide a complete analysis of the call graph by crossing the project code-base boundary.

The automation process was evaluated on four solutions and compared with manual tracking of a functional call triggered from the
user interface layer. The results of the accuracy are shown in the next section. To test the call graph accuracy, a function name was
specified as the search criteria. The code analysis tool searched throught the code base folder for all matching files containing the
search key word. It then categorized the files in code behind c# files and non-code files such as xml, xslt, html, resx etc. Each code
file was displayed as the link. When the user clicked the link a complete call graph was generated to display the function calls
originating from the functions top-down to the database layer.

The internal workflow of the code analysis tool and the algorithm is explained as follows: The code analysis tool consisted of two
main components. The first component is responsible for maintaining an up to date linked dependency structure for all the objects,
namespaces, classes, functions in the code. It is a back end job, which runs asynchronously at a schedules time, sweeps the code
base, and regenerates the links. This was done to account for the constant code churn introduced by the maintenance and feature
release development cycle. The second module was responsible for searching the tree by key word and finding the matching links in
the tree and presenting the call graph to the user.

The first component responsible for structural mining of code consists of following modules discussed as follows:

A. Namespace Extraction

The code analyzer detected the namespaces used in the class file. These namespaces are specified at the top of c# files and each line
begins with keyword "using". The parser read each line and checked if it started with the word "using” and then tokenized the
remaining portion of the string until it reached a semi-colon, which indicates an end of an expression in c#. The first token was
always the "using" key word. The second token was the namespaces dependencies for the current class. Each of these tokens

contained a dot (".") to indicate a category or folder. This was split further using the "." as the de-limiting character.

B. Class Extraction

The class resolution module handled the next task of class resolution in the pipeline. This module relied on the knowledge that the
classes preceded with the keyword "class". This keyword was used to tokenize the line containing the class declaration and the word
following the keyword was extracted to derive the class name.

C. Inheritance Extraction

The inheritance analyzer looked for the lines that had the class declaration and used the fact that the parent classes or interfaces were
separated by the ":" (colon) as the keyword separator. The line was split into tokens containing the class declaration and the parent
class and interface list separated by comma. This list was further split into individual classes and the interfaces, which were marked
for traversal.

D. Composition Extraction

The composition resolution code inspected the code files for data members of custom class data type and excluded the default
language specific data types such as int, string, float etc. Once the lines were detected they were split into tokens using the space de-
limiter and marked for traversal.

E. Function Extraction

The function resolution component was the most important because it formed the links between various objects and entities in the
code and function to function call connectivity. To detect a function call the analyzer looked for a dot operator "." followed by the
token representing either the function name or a property name. If the token was followed by a "("" keyword then it was a function

call vs the property getter or setter.
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F. Web Service Call Extraction

The web service call resolution was similar to function call resolution except for the fact that the code was not entirely available for
navigation in the same project or class. The analyzer had to rely on the linking to navigate to the inner details of the web service
code. In the current execution context, it only had access to the proxy code file.

Inheritance/
Namespace ﬁ Class Extraction 4 Function Extraction 4 Composition
Extraction
Linked Object Graph e Inter-layer and b Third part',r_l'lhrarv P Wehb service call
Intra-layer call call Extraction Extraction

Extraction

Fig. 1 Processing workflow for object and link extraction from structured object oriented code.

G. Third Party Assembly Call Extraction

The third party call resolution could only detect the call to third pary library but was limited due to lack of access to the code files.
Since the strategy relied on source code analysis and not code disassembly, the third party call were the leaf nodes in the call graph
tree.

H. Intra-Layer Call Resolution

For the intra-layer call resolution the analyzer looked at the object.functioncall() expression and then checked the data type of the
object making the call. If the object had the same namespace then it was treated as intra-layer call which meant call within the same
layer such as business-business, Ul to Ul etc.

I. Inter-Layer Call Resolution

For the inter-layer call resolution the analyzer looked at the object.functioncall() expression and then checked the data type of the
object making the call. If the object had a different namespace and it belonged to a lower level layer call such as Ul to business or
business to data or Ul, business or data to web service then it was treated as inter-layer call which meant call within the same layer
such as business-business, Ul to Ul etc.

J. Static Class Resolution
The code to resolve the static class function calls used the same strategy of locating the object.functionCall() expression. The big
difference here was that the static calls were made directly using the class type instead of using an object instance of a custom class

type.

K. Anonymous Functions

The anonymous functions were localized in nature and could be detected using the token for lambda expressions denoted by "=>".
These functions formed the leaf nodes. Once the first module completed the batch processing and object linking, the second module
served as the call graph navigator when a search keyword was provided or a user interface level function was selected.

Il. RESULT
The call graph code structure analyzer component was executed daily as a scheduled job and the objects and functional links were
evaluated for all four projects.
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Fig 2. Daily code structural mining graph size by project.

The functional analyzer comparison for various projects per day is shown below. For all the projects the object linking identified
steady increase in function count as the development code was checked into the code base.
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Fig. 3. Daily functional analyzer output by project.

At times there was sharp spike in the count because of high number of files getting added to the code base. But the code structure
analyzer also detected dips in the function count, this was because of refactoring of code or removal of dead code or rollback of
incorrect code.
Depending on the size of the project code base the functions detected in the function extractor module changed. But the discovered
function count was consistent with the code base size and no anomalies were seen. The call graph generation process was evaluated
using the number of nodes (function calls) in the call graph chain. The count of functions detected using automated process was
compared with the manually discovered function calls.
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Fig. 4 Call graph node count manual vs automated.

The results indicated that the accuracy of the automated process in call graph node detection was 78.26%. The next metric used for

©IJRASET: All Rights are Reserved 157



Www.ijraset.com Volume 4 Issue 1X, September 2016
IC Value: 13.98 ISSN: 2321-9653

International Journal for Research in Applied Science & Engineering
Technology (IJRASET)

evaluating the feasibility of the automation process was the time taken between manual discovery and the automated call graph
generation.
60
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Fig. 5. Comparison of manual vs automated discovery time in minutes

The average discovery time taken by manual process was 49.5 minutes whereas the average time taken by automated call graph
discovery process was 2.5 minutes. This showed that the automated process was definitely useful to improve productivity.

IV. CONCLUSIONS

The code definition analysis and signature inspection method resulted in 78.26% accuracy when compared with actual call graphs
calculated by manual inspection. As a future scope analysis must be done on desktop applications and software products written in
languages other than C#. Additionally, this study only focused on server side language and there is an opportunity to evaluate the
call-graph generation method on client side scripting languages such as JavaScript and any other off shoots such as jquery and
knockout. In terms of processing speed the automatic call graph discovery process was significantly faster (2.5 min vs 49.5minutes)
than the manual process, thus indicating that focus should be given on improvement on the accuracy of the technique since the
performance in terms of speed was already high enough to be acceptable for practical use. The modules in the call graph analyzer
would have to be recoded to take into account different structure of client side code and support for method chaining which was not
included as part of the server side code implementation. The same workflow engine also has potential applications in text mining
frameworks and sentiment analysis.

REFERENCES

[1]  P. Anderson and M. Zarins. The CodeSurfer software understanding platform. In Proceedings of the 13th International Workshop on Program Comprehension
(IWPC'05),pages 147-148. IEEE, 2005.

[2] E. Balland, P. Brauner, R. Kopetz, P.-E. Moreau, and A. Reilles. Tom: Piggybacking rewriting on java. In Proceedings of the 18th Conference on Rewriting
Techniques and Applications (RTA'07), volume 4533 of Lecture Notes in Computer Science,pages 36-47. Springer-Verlag, 2007.

[3] |. Baxter, P. Pidgeon, and M. Mehlich. DMS®: Program transformations for practical scalable software evolution. In Proceedings of the International
Conference on Software Engineering (ICSE'04),pages 625-634. IEEE, 2004.

[4] D. Beyer. Relational programming with CrocoPat. In Proceedings of the 28th international conference on Software engineering (ICSE'06),pages 807-810,
New York, NY, USA, 2006. ACM.

[5] M. Bravenboer, K. T. Kalleberg, R. Vermaas, and E. Visser. Strate-go/XT 0.17. A language and toolset for program transformation. Science of Computer
Programming,72(1-2):52-70, June 2008. Special issue on experimental software and toolKkits.

[6] P.Charles, R. M. Fuhrer, and S. M. Sutton Jr. IMP: a meta-tooling platform for creating language-specific IDEs in eclipse. In R. E. K. Stirewalt, A. Egyed,
and B. Fischer, editors, Proceedings of the 22nd IEEE/ACM International Conference on Automated Software Engineering (ASE'07), pages 485-488. ACM,
2007.

[71  J.R. Cordy. The TXL source transformation language. Science of Computer Programming, 61(3):190-210, August 2006.

[8] O. de Moor, D. Sereni, M. Verbaere, E. Hajiyev, P. Avgustinov, T. Ek-man, N. Ongkingco, and J. Tibble. QL: Object-oriented queries made easy. In R.
Lammel, J. Visser, and J. Saraiva, editors, Generative and Transformational Techniques in Software Engineering Il, International Summer School, GTTSE
2007, Braga, Portugal, July 2-7, 2007. Revised Papers, volume 5235 of Lecture Notes in Computer Science, pages 78-133. Springer, 2008.

[9] R. M. Fuhrer, F. Tip, A. Kiezun, J. Dolby, and M. Keller. Efficiently refactoring Java applications to use generic libraries. In ECOOP 2005 - Object-Oriented
Programming, 19th European Conference, pages 71-96, Glasgow, Scotland, July 27-29, 2005.

[10] J. Heering, P. Hendriks, P. Klint, and J. Rekers. The syntax definition formalism SDF - reference manual. SIGPLAN Notices, 24(11):43-75, 1989.

[11] R.C. Holt. Grokking software architecture. In Proceedings of the 15th Working Conference on Reverse Engineering (WCRE'08), pages 5-14. IEEE, 2008.

©IJRASET: All Rights are Reserved 158



Www.ijraset.com Volume 4 Issue 1X, September 2016
IC Value: 13.98 ISSN: 2321-9653

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]
[34]

[35]
[36]

[37]
[38]

[39]

[40]
[41]

[42]
[43]
[44]
[45]
[46]

International Journal for Research in Applied Science & Engineering
Technology (IJRASET)

A. lgarashi, B. C. Pierce, and P. Wadler. Featherweight Java: a minimal core calculus for Java and GJ. ACM Trans. Program. Lang. Syst., 23(3):396-450,
2001.

P. Klint. Using Rscript for software analysis. In Working Session on Query Technologies and Applications for Program Comprehension (QTAPC 2008),
2008.

P.-E. Moreau. A choice-point library for backtrack programming. JICSLP'98 Post-Conference Workshop on Implementation Technologies for Programming
Languages based on Logic, 1998.

T. Parr. The Definitive ANTLR Reference: Building Domain-Specific Languages. Pragmatic Bookshelf, 2007.

M. van den Brand, H. de Jong, P. Klint, and P. Olivier. Efficient Annotated Terms. Software, Practice & Experience, 30:259-291, 2000.

M. van den Brand, P. Klint, and J. J. Vinju. Term rewriting with traversal functions. ACM Trans. Softw. Eng. Methodol., 12(2):152-190, 2003.

M. van den Brand, A. van Deursen, J. Heering, H. de Jong, M. de Jonge, T. Kuipers, P. Klint, L. Moonen, P. Olivier, J. Scheerder, J. Vinju, E. Visser, and J.
Visser. The ASF+SDF Meta-Environment: a Component-Based Language Development Environment. In R. Wilhelm, editor, Compiler Construction (CC '01),
volume 2027 of Lecture Notes in Computer Science, pages 365-370. SpringerVerlag, 2001.

J. J. Vinju and J. R. Cordy. How to make a bridge between transformation and analysis technologies? In Dagstuhl Seminar on Transformation Techniques in
Software Engineering, 2005. http://drops.dagstuhl.de/opus/volltexte/2006/ 426.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Drunken Abnormal Human Gait Detection using Sensors”,
Computer Science and Emerging Research Journal, vol 1, 2013.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Fear Detection with Background Subtraction from RGB-D
data”, Computer Science and Emerging Research Journal, vol 1, 2013.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Code Definition Analysis for Call Graph Generation”,
Computer Science and Emerging Research Journal, vol 1, 2013.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Multi-View Point Drowsiness and Fatigue Detection”,
Computer Science and Emerging Research Journal, vol 2, 2014.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Group Emotion Detection using Edge Detecttion Mesh
Analysis”, Computer Science and Emerging Research Journal, vol 2, 2014.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Polarity Analysis of Restaurant Review Comment Board”,
Computer Science and Emerging Research Journal, vol 2, 2014.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Sentiment Analysis in Code Review Comments”, Computer
Science and Emerging Research Journal, vol 3, 2015.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Temporal Analysis of News Feed Using Phrase Position”,
Computer Science and Emerging Research Journal, vol 3, 2015.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Decision Rule Driven Human Activity Recognition”,
Computer Science and Emerging Research Journal, vol 3, 2015.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Depression and Sadness Recognition in Closed Spaces”,
Computer Science and Emerging Research Journal, vol 4, 2016.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Dynamic Probabilistic Network Based Human Action
Recognition”, Computer Science and Emerging Research Journal, vol 4, 2016.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Fight and Aggression Recognition using Depth and Motion
Data”, Computer Science and Emerging Research Journal, vol 4, 2016.

Anne Veenendaal, Elliot Daly, Eddie Jones, Zhao Gang, Sumalini Vartak, Rahul S Patwardhan, “Sensor Tracked Points and HMM Based Classifier for
Human Action Recognition”, Computer Science and Emerging Research Journal, vol 5, 2016.

A. S. Patwardhan, 2016. “Structured Unit Testable Templated Code for Efficient Code Review Process”, PeerJ Computer Science (in review), 2016.

A. S. Patwardhan, and R. S. Patwardhan, “XML Entity Architecture for Efficient Software Integration”, International Journal for Research in Applied Science
and Engineering Technology (IJRASET), vol. 4, no. 6, June 2016.

A. S. Patwardhan and G. M. Knapp, “Affect Intensity Estimation Using Multiple Modalities,” Florida Artificial Intelligence Research Society Conference,
May. 2014.

A. S. Patwardhan, R. S. Patwardhan, and S. S. Vartak, “Self-Contained Cross-Cutting Pipeline Software Architecture,” International Research Journal of
Engineering and Technology (IRJET), vol. 3, no. 5, May. 2016.

A. S. Patwardhan, “An Architecture for Adaptive Real Time Communication with Embedded Devices,” LSU, 2006.

A. S. Patwardhan and G. M. Knapp, “Multimodal Affect Analysis for Product Feedback Assessment,” IIE Annual Conference. Proceedings. Institute of
Industrial Engineers-Publisher, 2013.

A. S. Patwardhan and G. M. Knapp, “Aggressive Action and Anger Detection from Multiple Modalities using Kinect”, submitted to ACM Transactions on
Intelligent Systems and Technology (ACM TIST) (in review).

A. S. Patwardhan and G. M. Knapp, “EmoFit: Affect Monitoring System for Sedentary Jobs,” preprint, arXiv.org, 2016.

A. S. Patwardhan, J. Kidd, T. Urena and A. Rajagopalan, “Embracing Agile methodology during DevOps Developer Internship Program”, IEEE Software (in
review), 2016.

A. S. Patwardhan, “Analysis of Software Delivery Process Shortcomings and Architectural Pitfalls”, PeerJ Computer Science (in review), 2016.

A. S. Patwardhan, “Multimodal Affect Recognition using Kinect”, ACM TIST (in review), 2016.

A. S. Patwardhan, “Augmenting Supervised Emotion Recognition with Rule-Based Decision Model”, IEEE TAC (in review), 2016.

A. S. Patwardhan, Jacob Badeaux, Siavash, G. M. Knapp, “Automated Prediction of Temporal Relations”, Technical Report. 2014.

A. S. Patwardhan, “Edge Based Grid Super-Imposition for Crowd Emotion Recognition”, International Research Journal of Engineering and Technology
(IRJET), May. 2010.

©IJRASET: All Rights are Reserved 159



Www.ijraset.com Volume 4 Issue 1X, September 2016
IC Value: 13.98 ISSN: 2321-9653

[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]
[55]
[56]
[57]

[58]

International Journal for Research in Applied Science & Engineering
Technology (IJRASET)

A. S. Patwardhan, “Human Activity Recognition Using Temporal Frame Decision Rule Extraction”, International Research Journal of Engineering and
Technology (IRJET), May. 2010.

A. S. Patwardhan, “Low Morale, Depressed and Sad State Recognition in Confined Spaces”, International Research Journal of Engineering and Technology
(IRJET), May. 2011.

A. S. Patwardhan, “View Independent Drowsy Behavior and Tiredness Detection”, International Journal for Research in Applied Science and Engineering
Technology (IJRASET), May. 2011.

A. S. Patwardhan, “Sensor Based Human Gait Recognition for Drunk State”, International Journal for Research in Applied Science and Engineering
Technology (IJRASET), May. 2012.

A. S. Patwardhan, “Background Removal Using RGB-D data for Fright Recognition”, International Journal for Research in Applied Science and Engineering
Technology (IJRASET), May. 2012.

A. S. Patwardhan, “Depth and Movement Data Analysis for Fight Detection”, International Research Journal of Engineering and Technology (IRJET), May.
2013.

A. S. Patwardhan, “Human Action Recognition Classification using HMM and Movement Tracking”, International Research Journal of Engineering and
Technology (IRJET), May. 2013.

A. S. Patwardhan, “Feedback and Emotion Polarity Extraction from Online Reviewer sites”, International Journal for Research in Applied Science and
Engineering Technology (IJRASET), May. 2014.

A. S. Patwardhan, “Call Tree Detection Using Source Code Syntax Analysis”, International Journal for Research in Applied Science and Engineering
Technology (IJRASET), May. 2014.

A. S. Patwardhan, “Walking, Lifting, Standing Activity Recognition using Probabilistic Networks”, International Research Journal of Engineering and
Technology (IRJET), May. 2015.

A. S. Patwardhan, “Online News Article Temporal Phrase Extraction for Causal Linking”, International Journal for Research in Applied Science and
Engineering Technology (IJRASET), May. 2015.

A. S. Patwardhan, “Online Comment Processing for Sentiment Extraction”, International Journal for Research in Applied Science and Engineering
Technology (IJRASET), May. 2016.

©IJRASET: All Rights are Reserved 160



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




