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A technology for enhanced reusability and maintainability 
based on Bassett's frames 

 

XVCL is a public domain technology for enhanced reusability and maintainability developed in the 

Software Engineering Lab at NUS.  

XVCL is a variation mechanism. It simplifies managing product variants, so-called software Product 

Lines (SPL). While product variants may differ in user requirements, design decisions, platforms on 

which they run, etc., still much similarity exists among them. XVCL helps us reuse what’s similar among 

them, without being overwhelmed by tedious tasks of dealing with differences.  

In SPL terminology, XVCL helps design reusable core assets for product variants forming an SPL, and 

automate customizations of assets during reuse-based development of product variants.  

Then, XVCL helps in follow up evolution of product variants, to meet needs of their respective 

customers. XVCL’s unique capability is that it can selectively propagate changes from core assets to 

product variants that need these changes, without affecting other product variants that do not need them. 

This allows us to keep evolving reusable core assets and all product variants in sync one with another. 

Product variants consist of code (that may be written in multiple programming languages), 

documentation, test cases, and many other artifacts. Being language- and application-domain-

independent, XVCL can manage variations, propagating changes across all the artifacts comprising your 

products. 

There are plenty of mundane, repetitive and error-prone changes we do to software. Especially, when 

dealing with product variants, the same enhancement in slightly different form must be propagated to 

product variants. We solve the same problems all over again; replicate code sections, files and designs. 

Sometimes, even within a single software product there is much repetition, e.g., a similar module may 

recur in many variant forms – a typical situation in web portals.  

XVCL eliminates the need to copy and paste, and repeat similar modifications all over again. XVCL 

Processor automates reuse: it propagates customizations to all the software product artifacts, configuring 

product components, modules, architecture and documentation, keeping all the product artifacts in sync 

one with another. XVCL is a simple yet effective mechanism for change that is missing in contemporary 

programming languages, platforms and tools. 

XVCL is not yet another programming language – you still use conventional programming languages 

and platforms (e.g., JEE or .NET) to develop program logic, user interfaces, etc. You apply XVCL to 

tackle problems related to repetitions and frequent changes. XVCL works in synergy with any 

programming technology, and does not impose any restrictions on how systems are implemented and 

deployed. 

The core concept behind XVCL is to represent each important recurring software structure in generic, 

adaptable form along with full details of its implementation.  

Typical migration path to systematic SPL reuse 
This scenario may be familiar to you: You developed a software product and product has been 

successful. New users appear but each of them has some preferences for changes, and requests for new 

features. That’s how product variants emerge, and at the same time problems in managing them. Initially, 

you try to speed up development of each new product variant by copying and modifying source files 

from already implemented products. You store versions of source files pertinent to different products 

under a Software Configuration Management (SCM) tool such as CVS or SVN. As the number of 

customers and relevant product variants increases, such ad hoc reuse shows its limits. The product size 

grows. Also with a growing customer base (good for your business!), increasing product variability 

becomes a challenge for ad hoc reuse. It becomes difficult to select the right file versions, customize to 
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meet needs of a new user, and integrate them. Errors show during testing and you repeat the cycle all 

over again or decide to re-implement certain files from scratch. At the same time, you need maintain all 

the released product variants, so you have more and more code to maintain.  

Usually, you start to feel the above problems as the number of product variants reaches 4-5. Adopting 

more systematic approach to reuse can help you sustain the business growth. The first thing you could do 

is to set up and stabilize component architecture (blueprint) to be shared by all product variants. Some 

variant features of products can be nicely mapped into product components. Handling such features 

becomes easy with plug-in components. A common architecture is a base for designing core assets (such 

as product components) to be reused in development of new product variants. 

However, in most application domains, plug-in component technique is not enough to sustain reuse. The 

impact of variant features cannot be contained at the component level, but spreads freely across many 

components, affecting their code at many variation points. To manage such “troublesome” variability, 

developers typically adopt variation mechanisms such as preprocessing, manually commenting out 

variant feature code, parameter configuration files, Ant (or make), annotations (Java/JEE), etc. Such 

variation mechanisms are simple and available for free. Most developers can understand them without 

training.  

Why developers often use many incompatible variation mechanisms rather than just one? The reason is 

that some variant features require customizations at the file level, others trigger many customizations in 

core asset code, yet others may involve a combination of file- and code-level customizations. Each of the 

common variation mechanisms is meant to handle only one type of variability situation. 

The above strategy to managing product variants is simple, cost-effective and works well, as long as the 

number of variant features differentiating products is below 50, and the product size is below 50 KLOC.  

Beyond that, it shows drawbacks: Features get complicated; One variant feature may be mapped to many 

variation points, in many components, and it is difficult to figure out to which ones and how; Features 

often are inter-dependent, and inclusion of one feature into a custom product must be properly 

coordinated with modifications of yet other features; Core reusable assets become heavily instrumented 

with variation points, and using multiple techniques to manage variability makes the core assets even 

more complex to work with.    

XVCL: one-stop solution to managing variability 
Variation mechanisms cater for product-specific features, help customize components for reuse. XVCL 

plays the same role as the above mentioned variation mechanisms. But instead of using many 

incompatible variation mechanisms, we use one. Unlike other variation mechanisms, XVCL was 

designed with managing variability in mind. It provides a uniform way of solving the variability 

problems, replacing the need for multiple, ad hoc variation mechanisms, and problems they trigger. 

XVCL exercises the total control over product variability, from architecture, to component configuration, 

to any detail of code (e.g., variations at the source statement, expression or keyword level). XVCL 

Processor streamlines and automates customizations involved in implementation of selected variant 

features into custom products, from component re-configuration, to detailed customizations of 

component code.  

The key concept of XVCL is to represent component configuration and customization/reuse knowledge 

in meta-data that is both human-readable and machine-executable. In particular, component 

configurations that recur across product variants in similar form are represented in XVCL as generic, 

highly parameterized, adaptable meta-structures. These meta-structures form core assets that are 

adaptively reused (instantiated) during product development.  

The principle of XVCL Processor operation is analogical to code expansion done by preprocessors.  

Unlike other variation mechanisms, XVCL is a one-stop solution to variability management at all levels 

of abstract, from architecture to code, and in all types of software assets, both code and documentation. 

XVCL complements conventional architecture-centric, component based design for reuse, and works 

with any conventional programming language and/or platform such as JEE, .NET, Ruby on Rails or 

PHP.  

XVCL technology includes a language that adds variant configuration capability to software, methods 

guiding project application of XVCL, and tools. XVCL Processor is an interpreter of the XVCL notation. 

The Processor automates derivation of custom, executable programs from their generic meta-level XVCL 
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representation. XVCL Workbench is an eclipse-based plug-in with additional tools such as a 

static/dynamic analyzer, debugger and meta-level visualizer. 

In the nutshell, XVCL offers these capabilities and benefits: 

(1) Organizing all the product assets (code, components, design, documents) for ease of adaptive reuse 

in development of product variants. In the processes of doing so, conventional programming 

languages (or any other notations) are used to write product code, and XVCL is used to instrument 

code components for change, and then to define product configurations at the component, 

architecture and system level.  

(2) Representing a complete knowledge of product configuration in human-readable and machine 

executable (by XVCL Processor) form. XVCL software representation shows a clear picture of 

similarities and differences among product variants at all abstraction and granularity levels.   

(3) Creating formal links among all the variation points in core assets that must be customized together, 

in consistent way during reuse. 

(4) Representing program code along with design information crucial for program understanding, 

maintenance and reuse, in fully integrated form.  

(5) Synergy with any other programming language, design technique or component platform. 

(6) Synergy with both formal and agile development processes.  

(7) Managing variability in all product assets including code components, test cases, end-user 

documentation, UML models [8], and formal specifications [17].    

(8) Incremental, lightweight adoption: low-cost start, quick results, refinement of a solution for increased 

productivity. Tools for similarity analysis in existing software products that help re-engineer legacy 

code into XVCL representation [3][4][6]. 

An Example 
In the ASP Web Portal (WP) Product Line project [9] ST Electronics (Info-Software Systems) Pte Ltd 

applied state-of-the-art design methods to maximize reusability of a Team Collaboration Portal (TCP) in 

other contexts. Still, a number of problem areas were observed that could be improved by applying 

XVCL. The benefits of a generic ASP/XVCL solution were the following: 

 Short time (less than 2 weeks) and small effort (2 persons) to transform the TCP into the first version 

of a “Generic TCP” in ASP/XVCL. 

 High productivity in building new portals from the Generic TCP. Based on the Generic TCP, ST 

Electronics could build new portal modules by writing as little as 10% of unique custom code, while 

the rest of the code could be reused. This code reduction translated into an estimated eight-fold 

reduction of effort required to build new portals. 

 Significant reduction of maintenance effort when enhancing individual portals. The overall managed 

code lines in Generic TCP  supporting nine portals were 22% less than the original single portal. 

 Wide range of portals differing in a large number of inter-dependent features supported by the 

Generic TCP. 

Current status of XVCL  
The XVCL Web site xvcl.comp.nus.edu.sg  contains XVCL specifications, the processor, case studies 

and other learning materials. We have implemented an XVCL Workbench with the following tools: 

Basic Workbench – supports developers in organizing XVCL project information, creating, maintaining 

and reusing XVCL representation. Basic Workbench includes Smart Editor that hides the XML syntax of 

XVCL commands, and allows developers to work in terms of XVCL structures rather than the text. 

Debugger – interprets XVCL representation in the interactive mode, allowing a developer to trace the 

processing sequences and states. The processing can be suspended at designated break points and a 

developer can examine/change the state of processing.  

Static/dynamic analyzer of XVCL representation – answers developer’s queries about the properties of 

XVCL representation and processing. 

Visualizer – shows graphical views of XVCL representation. 

http://fxvcl.sourceforge.net/


 4 

X-Profiler – computes XVCL metrics such as meta-component reuse statistics, the number of times 

variation points have been modified during customization, and other statistics that help in reusing and 

evolving XVCL representations. 

X-Profiler – computes XVCL metrics. 

Backward Propagation Tool (BPT) – allows a developer to propagate code fixes from the generated 

source code back to meta-structures, in a semi-automatic way.  
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