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Multi-Language Software Development (MLSD)

use of multiple languages to develop one software system

Multi-Language Software Application (MLSA)

GPLs
DSLs



<form action = "sayHelloServlet">
Your name : <input type ="text" name = "userName" />
<input type="submit" value ="sayHello"/>

</form >

String name = request.getParameter("userName");
PrintWriter out = response.getWriter();
out.println("Hello " + name);
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Cross-Language Links (XLLs)
via Cross-Language Identifiers (XLIs)

…established by frameworks, libraries, and runtimes

HTML

Java
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Importance of XLLs - from a developer perspective

Important for system 
behavior

Hinder program 
understanding

Complicate 
maintenance efforts



Empirical Evidence 
(incidence, developer opinions, taxonomy)

Tool Support
(MLSD IDE, other options)
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Part I: Empirical Data
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MLSA Incidence

* Philip Mayer and Alexander Bauer. An Empirical Analysis of the Utilization of Multiple Programming Languages in Open Source Projects. In Proceedings of the 19th 
International Conference on Evaluation and Assessment in Software Engineering (EASE), pages 1-10, Nanjing, China. April 27-29, 2015.

Study* via data mining of 1150 GitHub projects selected for diversity

mean number of languages:5
size and commits

…are correlated to language count

age and committers
…are not

web languages
…use 2-3 languages more than the reference (Java, 4 languages)

http://www.pst.ifi.lmu.de/~mayer/papers/2015-04-27_Multiple_Language_Utilization.pdf
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* Philip Mayer and Alexander Bauer. An Empirical Analysis of the Utilization of Multiple Programming Languages in Open Source Projects. In Proceedings of the 19th 
International Conference on Evaluation and Assessment in Software Engineering (EASE), pages 1-10, Nanjing, China. April 27-29, 2015.

language associations

http://www.pst.ifi.lmu.de/~mayer/papers/2015-04-27_Multiple_Language_Utilization.pdf
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Professional Developers Survey

Study* via survey of 139 professional software developers

* Philip Mayer, Michael Kirsch, and Minh Anh Le On multi-language software development, cross-language links and accompanying tools: a survey of professional software 
developers. In Journal of Software Engineering Research and Development (2017), doi:10.1186/s40411-017-0035-z, published online 19 April 2017.

benefits for 
- developer motivation
- translation of requirements

problems in
- understandability
- changeability

mean number of languages: 7
92%
over

have reported XLL-related problems 

tool support
is requested

- in particular error detection

of participants
link pairs per project; 152 total distinct pairs
- Java -> XML/SQL/HTML/.properties
- JavaScript->HTML

3

http://link.springer.com/article/10.1186/s40411-017-0035-z?wt_mc=Internal.Event.1.SEM.ArticleAuthorIncrementalIssue
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Taxonomy of linking mechanisms

Study* via taxonomy development of 22 OSS frameworks which use XLLs

* Philip Mayer. A taxonomy of cross-language linking mechanisms in open source frameworks. In Computing (2017), July 2017, Volume 99, Issue 7, pp 701-724, 
doi:10.1007/s00607-016-0528-3, published online 20 December, 2016

http://www.pst.ifi.lmu.de/Personen/team/mayer/papers/2016-12-20_A_taxonomy_of_cross_language_linking_mechanisms_in_open_source_frameworks.pdf
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Summary Empirical Evidence

MLSD is common in both OSS and industrial projects
- 5 to 7 languages reported

Problems exist as reported by professional developers
- program understanding
- changeability

The design space is large; many different options exist
- taxonomy allows better categorization
- …but choice of frameworks matters



Part II: Tool Support
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Tool Support

Features, Prototype, and Evaluation1,2 for an MLSD-aware IDE

1 Philip Mayer and Andreas Schroeder. Automated Multi-Language Artifact Binding and Rename Refactoring between Java and DSLs used by Java Frameworks. In 
Proceedings of the European Conference on Object-Oriented Programming (ECOOP), July 28-August 1, 2014, Uppsala, Sweden. R. Jones (Ed.): ECOOP 2014, LNCS 8586, 
pages 437-462. Springer, Heidelberg (2014)

2 Philip Mayer and Andreas Schroeder: Towards Automated Cross-Language Refactorings between Java and DSLs used by Java Frameworks. In Proceedings of the 6th ACM 
Workshop on Refactoring Tools (WRT), 2013 ACM SIGPLAN conference on Systems, Programming, Languages, and Applications: Software for Humanity (SPLASH), pages 5-8, 
October 26-31 2013, Indianapolis, USA.

Features Prototype Evaluation

http://www.pst.ifi.lmu.de/~mayer/papers/2014-07-28_Automated_Multi-Language_Artifact_Binding-ECOOP-14.pdf
http://www.pst.ifi.lmu.de/~mayer/papers/2013-10-26_wrt02-mayerA.pdf
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Features

of linked identifiersHighlighting

between linked identifiersNavigation

Error marking of problematic identifiers

Refactoring across language borders
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Per-Language 
Code

Per-Language 
Code

…
Per-Language 

Code

Link Resolver

Per-Language 
Code

Per-Language 
Tooling

Artifact
Discoverer

Models Links2 Models

Tooling support

Lang Model XLLs

Forwarding

Refactoring

Per-Language 
Tooling

Per-Language 
Tooling

Per-Language 
Tooling

Cross-Language Layer

…

Base IDE (Eclipse)

Prototype (1/3)
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Prototype (2/3)

Links between 5 languages
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Prototype (3/3)

Open Source Software, www.xllsrc.net

http://www.xllsrc.net/
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languages implemented6
frameworks
- Spring (Java + sXML)
- Hibernate (Java + hXML + HQL)
- Wicket (Java + W/API + HTML)

3

rename refactorings

for

between all languages

Implementation of highlighting, navigation, error marking, and

tested on 7 open source projects

Evaluation (1/2)
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Refactoring evaluation

Evaluation (2/2)

Run Unit Tests

Run Unit Tests

Run Unit Tests

rename XLI in one language

rename XLI in all languages

foreach XLI

…across all 7 case studies:

for unresolved artifacts:



Problems Finding Identifiers

• Leads to:
• Unresolved artifacts – artifacts without a name

• Orphaned artifacts – artifacts without context

Add warning!
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Other tool options?

1 Estelle Perez: A Heuristic Approach to Detecting Cross-Language Links. Bachelor‘s Thesis, Ludwig-Maximilians-Universität München, Supervised by Philip Mayer and 
Martin Wirsing, April 2014, Munich, Germany.

2 Philip Mayer, Andreas Schroeder. Cross-Language Program Analysis and Refactoring. In Proceedings of 12th IEEE International Working Conference on Source Code 
Analysis and Manipulation (SCAM) 2012, pp 94-103, Riva del Garda, Italy, September 23-24, 2012.

3 Philip Mayer, Andreas Schroeder: Patterns of Cross-Language Links in Java Frameworks. In 21st IEEE International Conference on Program Comprehension (ICPC), pages
113-122, May 20-21 2013, San Francisco, USA.

4 Philip Mayer, Anna Biebl, Andreas Schroeder, and Joschka Rinke. History-Based Detection and Tracking of Cross-Language Identifiers. Technical Report LMU-20160600, 
Institute for Informatics, Ludwig-Maximilians-Universität München, Oettingenstr 67, 80538 München, Germany, June 2016.

Regex1 Model Transformation 
Languages2,3

History-Based4

http://www.pst.ifi.lmu.de/~mayer/papers/2012_09_23_SCAM2012_CrossLanguage.pdf
http://www.pst.ifi.lmu.de/~mayer/papers/2013-04-26_ICPC2013_CrossLanguage_Patterns.pdf


Summary & Next Steps
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Summary

27.03.2018 Multi-Language Software: Incidence and Support 23

Empirical Evidence 
(incidence, developer opinions, taxonomy)

Tool Support
(MLSD IDE, other options)

Part I

Part II



Next Steps?
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Let’s talk MLSD to students
raise awareness for XLLs and MLSD-related issues

More empirical data!
analyze industrial software; talk to OSS devs; identify good/bad language interactivity; …

Lang/Lib/Tool Devs
get people to think about interoperability as soon as possible



Dr. Philip Mayer

CREST Open Workshop on Multi-Language Software Analysis

London, 26 March 2018

Thank You!


