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2

Summary

Software models are notoriously disconnected from source code. At the start of a software development project, the emphasis is on eliciting system requirements and defining domain and
architectural models. Once development commences, the original models become disconnected
from the code that they describe. It becomes increasingly difficult to reestablish traceability links
as crucial knowledge of design decisions and user features are implicit in the code.
This situation poses difficulties for developers who need to understand existing code before
adding new features or making changes. Furthermore, developers need to communicate with the
domain experts and stakeholders using a representation of the system that both parties can understand. The problem is particularly critical for today’s software applications which are constantly
evolving and being adapted to new requirements, platforms or services.
We propose to investigate four related research tracks that seek to bring models and code closer
together:
1. Coordinating models and code. Many techniques exist to recover models from various
software artifacts, but little has been done to capture implicit human knowledge and to make it
explicit in the code. Similarly, little effort has been invested in coordinating different models of
a software system and detecting patterns implicit in their interconnections. In this track we will
(i) explore ways to embed multiple models in code (e.g., by means of annotations) and navigate
between these multiple views, and (ii) apply various clustering techniques to mine higher-level
abstractions from code and models. The results of this work will yield useful techniques that are
directly applicable in the context of the subsequent three research tracks.
2. Embedding domain models in the code. A well-designed and maintainable software
system can be viewed as a set of configurations of software components at various levels of abstraction, each capturing different kinds of domain models. To make domain models explicit in the
code, we need to raise them to the level of Domain Specific Languages (DSLs) within the host programming language. We plan to (i) develop an adaptive model for a host language to accomodate
multiple DSLs, (ii) validate the model by showing how DSL-aware development tools (browser,
debuggers etc.) can then both support and exploit domain models to raise the developer’s level
of abstraction, and (iii) expose implicit domain models by refactoring the APIs towards domain
specific languages (DSLs).
3. Bringing dynamic models to the IDE. IDEs typically exploit the static software structure
while ignoring run-time structures. In this track we plan to (i) explore how the results of run-time
analyses can be brought to the IDE to provide a more effective and comprehensive development
environment. Run-time information, usage scenarios, and features are examples of the types
of information typically missing from an IDE. We will also (ii) carry out empirical studies to
validate the effectiveness of run-time analysis techniques for supporting typical development and
maintenance tasks.
4. Model-centric development. As a direct consequence of the preceding three research
tracks, we believe development of new software should benefit from the interplay between the various models that are produced on the way to producing the software itself. Unlike model-driven
and round-trip engineering approaches where models and code are seen as separate artifacts, we
propose to develop an experimental programming environment in which executable models themselves are the primary artifact produced. Software developed in such an environment should be
self-describing and self-aware — that is, all models are interconnected and are always available to
both development and run-time environments. Traceability between models (i.e., from requirements to design decisions) should be explicit in the software itself. As such a system will be
self-describing, it will be model-driven at run-time, and can, for example, generate its own user
interface and adapt it automatically.
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Research plan
State of Research in the Field

The role of models in the software development process has attracted enormous interest in both
research and industry in recent years. We briefly survey some of the most important developments
relevant to this proposal, and some limitations of current approaches.
1. Coordinating models and code. Over the past decade substantial research effort has been
invested in developing techniques for reverse engineering higher level information from software
systems. However few researchers have attempted to correlate multiple models of software. Even
less have explored the value of capturing and making human knowledge explicit, so as to reveal
further implicit patterns in multiple views of a software system. With this premise in mind we
review the literature most relevant to this topic that describes techniques for extracting high level
models of software and those that rely on human knowledge.
Techniques based on Formal Concept Analysis (FCA) has been applied by various researchers
to mine abstractions from code. Examples of these approaches detect structural design patterns
in the relationships between classes [TA99], to maintain, understand and detect inconsistencies
in the class hierarchies, [GMM+ 98, ST98, HDL00], and to select an effective order for reading
methods and reveal how the attributes of classes are used in methods [Dek03].
A variety of techniques focus detecting of crosscutting concerns in a program. Examples of
these include studying which parts of the program change at the same time [BZ06], applying code
clone detection techniques [BDET05], identifying commonalities in dynamic traces [BK04]. Marin
et al. presents a technique for identifying aspects by using a fan-in analysis [MDM07].
Feature identification is a technique to identify which parts of the source code are activated
when exercising a feature [WS95]. Eisenbarth et al. uses a semi-automatic technique based on a
combination of static analysis, dynamic analysis and formal concept analysis to detect features in
source code [EKS03]. The authors emphasize the need for the human input to refine the findings.
A complementary approach identifies features at a fine-grained level of statements rather than
methods [KQ05].
Čubranić et al. proposes a “group memory” in the form of a searchable database with artifacts
related to a software system [CM03]. Their approach defines a structured meta-model, which
relates bug reports, news messages, external documentation and source files. The goal of this
approach is to exploit the information in the model so as to propose the reverse engineer the most
relevant artifact for a specific task.
Latent Semantic Indexing (LSI) is an information retrieval technique to locate linguistic topics
in a set of documents. Maletic and Marcus pioneered its use in the context of software analysis
when they categorized the source code files of the Mosaic web browser [MM00]. LSI is employed in
several similar analyses: to detect high-level conceptual clones [MM01], to recover links between
external documentation and source code [MM03], to detect concepts in the code [MSRM04] and
to compute the cohesion of a class based on the semantic similarity of its methods [MP05].
While LSI is a powerful technique, it is still of limited use as the concepts it identifies lack
structure. Raţiu and Deissenboeck address this as their approach seeks to bridge the gap between
existing ontologies and source code [RD06b]. Their methodology is iterative and requires human
intervention to grow both the ontology and the mapping. Several analyses are built on top of this
approach like: detection of semantic defects such as conceptual duplications [RD06a] or mismatches
between described concepts and their implementation [RJ07].
Reflexion models are used for architecture recovery [MNS95, KS03]. With this approach, developer knowledge is encoded in a model and then manually mapped to the source code. Recently,
this approach was complemented with automated clustering to infer candidate components detected as belonging together [CKS05]. The reverse engineer can then take these candidates as
input and manually change them to fit the mental model.
Pinzger et al. proposes a lightweight approach to recover architectural elements by applying
a pattern matcher [PFGJ02]. With their approach, an expert of a system under study is required
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to encode the rules of interest in queries. Another query-based approach is proposed by Mens et
al. to recover links between source code and external information like architectural constraints
[MKPW06]. They refer to the queries as Intensional Views and they are expressed in a Prolog-like
engine by the expert.
2. Embedding domain models in the code. Unlike general-purpose programming languages, domain specific languages (DSLs) tend to be compact languages that provide appropriate
notations and abstractions for a particular problem domain. It was shown that DSLs increase
productivity and maintainability for specialized tasks [DK97]. DSLs are often categorized as being either homogenous (internal), where the host-language and the DSL are one and the same, or
heterogeneous (external), where the two languages are distinct [She01]. Techniques are proposed
to define language and semantics for new DSLs [KRV07]. The idea of designing languages that
embrace adding new DSLs has been a focus of research in the past [Ode07, WP07, Tra08]. However
integrating those languages into existing tools has been largely neglected.
Muller et al. [MSFB05] present a specific metamodel and associated DSL for the modeling of
dynamic web specific concerns. Web applications are represented as three related models (business,
hypertext and presentation). To specify constraints and behavior on the model, an action language
(based on OCL and Java) is used. Xactium [CESW04] and Kermeta [MFJ05] are executable metalanguages that define new languages similar to work with EMOF [Gro04]. Both provide a dedicated
language for specifying meta-level operations, however they lack appropriate tool support.
In the 1990s there was considerable interest in the development of architectural description languages (ADLs) [SG96] to capture and express architectural knowledge of a software system. ADLs
can be viewed as DSLs for describing the architecture of complex software systems. Many DSLs
formalize architecture in terms of components, connectors, and the rules governing their composition [SG96]. This idea is also implicitly contained in the notion of scripting languages, which can be
seen as DSLs for composing applications from components written in another, usually lower-level
programming language [Ous98]. Despite this, the interplay between conventional object-oriented
languages, ADLs, scripting languages and DSLs has not yet been thoroughly studied nor has it
been exploited in practice.
3. Bringing dynamic models to the IDE. There is a large body of research in the area of
dynamic analysis as well as in the area of development environments, but only a few publications
connect these two topics.
Dynamic analyses based on tracing mechanisms typically focus on capturing a call tree of
message sends. Many of these approaches do not focus on bridging the gap between dynamic
behavior and the static structure of a program [DRW00, HLBAL05, WH92]. IDEs traditionally
deal purely with static source artifacts. To achieve a seamless integration of dynamic information
into an IDE, we need to embed dynamic models of software in the static perspective of a program.
A tight integration of dynamic models in a developer’s environment renders them useful for more
efficient navigation of a software system or for gaining an understanding of how objects of various
classes collaborate with each other.
Reiss visualizes the dynamics of Java programs in real time, e.g., the number of message sends
received by a class [Rei03]. The visualizations and associated analysis techniques proposed are
not tightly integrated in an IDE, but are provided by a separate tool. Consequently, a developer
cannot directly exploit these analyses while working with source code.
While many IDEs such as Eclipse [Ecl03] or Squeak [Squ] include a debugger tool for analyzing
the runtime of a system, debuggers themselves are not intended for supporting the navigation of
the source space. Usually a developer initiates a debugging session to gain a detailed insight into
a specific run of the system, observing and analyzing a slice of the program often to discover
the cause for a specific defect [Wei81, Zel03]. However, such a restricted view does not reveal an
overall picture of the run-time behavior of the system.
Some IDEs support the navigation of large software systems using techniques other than program analysis. For instance, NavTracks [SES05], an extension for Eclipse [Ecl03], keeps track of
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the navigation history of software developers. Based on this history information, NavTracks forms
associations between related source files (e.g., class files) and can thus present related entities to
the developers. Mylar [KM05] monitors a programmer’s activity in the IDE to obtain a degreeof-interest model for program elements scattered across a large code base. By doing so, the IDE
can reveal code elements that are likely to be important for the task at hand [KM05].
In the future, the notion of integrating dynamic analyses and dynamic models in IDEs represents a promising research direction. In this context, several issues need to be addressed: (i)
complete coverage of a system is difficult to achieve with dynamic analysis [Bal99], (ii) the efficiency of dynamic analyses is often poor, and (iii) it is challenging to find suitable visualizations
for presenting the vast amount of information typically resulting from dynamic analysis.
Other ideas [KM05] aim at studying the working patterns of developers to eventually adapt
IDEs to the context of the task a developer is currently performing. If for example, a developer
is carrying out a maintenance task (such as correcting a defect), the IDE could present only the
information required for the task at hand or could even suggest possible corrections for the defect.
By mining the version history of a system, the IDE could for instance present what code developers
changed in the past when working on a similar task [ZWDZ04].
4. Model-centric development. There is a long history of reflective programming languages,
ranging from dynamic languages such as Lisp, Smalltalk, Scheme and CLOS, to static languages
like C++ and Java, which provide a more limited form of run-time introspection rather than full
intercession. All of these approaches are limited to models of the code base, and do not take
models of requirements, design decisions or architecture into consideration.
Over the years various approaches have attempted to keep high-level knowledge about software
in sync with the software itself. The earliest examples of these is probably Literate Programming
[Knu92], in which documentation and source code are freely interspersed and maintained together.
In some cases Architectural Description Language (ADL) specifications are considered to be
part of the running software system, rather than simply a higher-level description of it, as it is the
case with Darwin [MDEK95]. Although ADLs provide a high-level interface for specifying and
configuring components at an architectural level, there is not really any explicit representation of
a model that is developed in tandem with the rest of the software.
Generative programming approaches [CE00] produce software from higher-level descriptions
using such mechanisms as generic classes, templates, aspects and components. A general shortcoming of these approaches is that the transformation is uni-directional — there is no way to
go from the code back to higher-level descriptions. Round-trip engineering refers to approaches
in which transformations are bi-directional [AC06]. Models and code are still considered to be
separate artifacts, so models are not available at run-time for making adaptive decisions.
Case tools and 4GLs represent an attempt simplify the generation and adaption of an application. However the main focus of these approaches was to generate code and not to consider
models as executable artifacts of software development.
Model-driven engineering (MDE) [Sch06] [BG01] [MDA] refers to a more recent trend in which
application development is driven by the development of models at various levels of abstraction.
Platform-independent models are transformed to platform-specific models, and eventually to code
which runs on a specific platform. Generally these transformations are performed off-line, so the
models are not necessarily available to the run-time system, though some approaches support this
[HP05].
The Eclipse Modeling Framework (EMF) [BSM+ 03] provides facilities for manipulating models
and generating Java source code from these models. Here too the focus is on models of source
code, rather than on other views of a software system. The model and the code are still separate
entities.
Naked objects [Paw04] is an approach to software development in which domain objects and
software entities are unified. Business logic is encapsulated in the domain objects and the user interface is completely generated from these domain objects. In this approach the domain model and
the executing runtime are tightly coupled. Although naked objects address the earlier complaint
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against approaches which separate domain models from the source code or the running system,
they do not offer any help in integrating other views of the software as it is being developed (i.e.,
such as requirements models, architectural views, and so on).
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Research Fields

The Software Composition Group carries out research in programming languages and software
engineering methods to support the construction of flexible and open software systems. In recent
years the research has focussed on techniques and mechanisms to support software evolution. In
this section we review recent SCG publications that are especially relevant to this proposal.
All papers can be downloaded from: http://www.iam.unibe.ch/~scg/cgi-bin/scgpubs.cgi
1. Coordinating models and code. Over the past 11 years we have developed Moose1 , a
platform for reverse engineering that provides a flexible framework for building complementary
analyses [NDG05].
We have used Formal Concept Analysis to detect implicit collaborations between classes based
on source code structure [ABN04]. Another use for FCA was to identify co-change patterns
revealed by entities that change in the same time throughout history [GDK+ 07].
We have also used clustering techniques such as simulated annealing to detect implicit patterns
in source code to attempt to improve its structure [PN06].
We employed Latent Semantic Indexing to go beyond the structure of the code and to retrieve
implementation topics by analyzing the names of identifiers [KDG07]. We named the approach
Semantic Clustering and used it to identify groups of classes that share similar vocabulary. Based
on this information we were able to detect both concepts that are well encapsulated and those
that are crosscutting.
Dynamic analysis exposes the runtime behaviour of the system. Our approach was to relate the
runtime control flow with the code structure and thus to enrich the structure with collaboration
[RD02] and feature information (i.e., units of domain knowledge) [GD05]. Recently, we also
tracked how objects are passed through the system and inferred higher level knowledge about how
features depend on each other [LGN07].
To analyze the structure of software systems, we first need to parse the source code. However,
building a parser is a difficult endeavor. That is the reason why we have investigated the use of
examples to construct a parser automatically [NKG+ 07].
Duplicated code implies hidden dependencies between different parts of the system. We investigated a lightweight approach to detect code clones by means of string matching [DNR06].
We also correlated code cloning with author information and detected that cloning can lead to
inconsistencies when several authors are involved [BGM06].
2. Embedding domain models in the code. Piccola is an experimental language for expressing applications as compositions of software components [NA05, AN05]. The guiding principle of
Piccola is that components that support a particular domain should provide a high-level API that
allows these components to be “scripted” using high-level operators. As such, each API defines a
DSL as a set of operators. With Piccola, the resulting DSLs are separated from the host language.
No special support was provided in Piccola to develop or use these DSLs, aside from the ability
to overload syntactic operators.
Further research showed the advantages of using a dynamic, reflective language such as Smalltalk
as a host for embedding DSLs [DG06]. Over the past years, SCG has built and collaborated on
several systems that use a dedicated domain-specific language at its heart. Mondrian [MGL06]
is a visualization engine providing a scriptable DSL (embedded in Smalltalk) to express complex
visualizations. Many of our research projects use Mondrian to visualize our data.
Seaside [DLR07] is a dynamic web application framework. It implements different DSLs as part
of the core framework: for example XHTML markup and JavaScript code snippets are generated
programmatically, facilitating an almost declarative way to build user interfaces for the web.
Seaside2 is developed as an open-source project and used in many industrial scale projects.
1 http://moose.unibe.ch
2 http://www.seaside.st/
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Magritte [RDK07] provides a generic meta-description framework. Several interpreters have
been written that allow one to automatically generate user-interfaces or object-serialization mechanisms. Magritte offers a declarative DSL to dynamically describe classes and objects in the system.
Moreover it enables end-users to change these meta descriptions on the fly, through a visual user
interface that provides almost the same expressive power as the DSL to specify the meta-model.
Magritte is used widely in industrial settings to facilitate run-time adaptive behaviour.
3. Bringing dynamic models to the IDE. We have analyzed how objects flow over their
whole life cycle at runtime through the execution of a software system by taking into account
object aliasing [LDGN06]. This is complementary to trace-based approaches because the runtime
of a software is heavily dependent on the flow of objects, which is not visible in traces. We have
created visualizations highlighting the flow of objects at runtime.
Various visualizations can help to convey large amounts of information very compactly. Polymetric views [LD03] and class blueprints [LD01] have been used largely to convey static information, but they can also be used to express evolution over time, or dynamic information [DLB04].
With integrated feature-centric views [RGN07] we have made features explicit in the IDE. These
feature views give us insights in the dynamics of features and allow us to quickly navigate static
source artifacts constructing specific features. In the context of a maintenance task, we extended
the feature-centric views to highlight candidate classes or methods that might cause features to
be defective. We evaluated this work by means of an empirical study.
The backward-in-time debugger we have implemented enables us to navigate back in the history
of a system [HDD06]. While traditional debuggers just reason about one slice of a program’s
execution (i.e., the stack trace), the backward-in-time debugger remembers the whole history, i.e.,
all states of an application. This debugger is hence well-suited to locate causes for defects that
are hard to correct using a traditional debugger.
We have also identified other candidate enhancements to IDEs, e.g., information missing in
current development environments [SB04]. For instance, having readily available key information
about dynamic collaborations between classes in e.g., aggregation and delegation relationships
enhances program understanding and efficient navigation in the IDE. In the past, we implemented
dynamically computed virtual categories for the methods of a class, e.g., a method category holding
all methods that a class needs to implement to be able to handle all messages sent to instances of
it [SB04].
4. Model-centric development. Piccola [NA05, AN05] was designed to be a pure composition
language in which applications could be expressed purely as compositions of software components
bound together by high-level connectors. Although it is possible to demonstrate this ideal with the
implemented Piccola language, it is nevertheless non-trivial to develop the component interfaces
and the high-level connectors, as Piccola provides no special support for this. Notably, Piccola
itself provides no language mechanisms for components or connectors, but rather much lower-level
concepts (agents and channels) which have to be used to define a component composition style.
Context-Oriented Programming (COP) [HCN08] refers to programming language support for
developing applications whose behaviour depends on the run-time context. Present prototypes of
COP languages focus on mechanisms for adapting behaviour to context, but provide little support
for reasoning about context at the model level.
Changeboxes [DGL+ 07] provide a mechanism to control the scope of change in a running
system. Deployment and development versions of a running software system can co-exist without
interfering. Mechanisms for merging differences and resolving conflicts, however, must be handled
in ad hoc fashion, as no fully general approach exists for all usage scenarios. Changeboxes currently
operate at the level of source code changes. There is no notion of changes to higher-level models.
Sub-Method Reflection [DDLM07] is an approach we have developed in which a fully abstract
representation of source code is available at run-time to support dynamic adaptations. Source code
is adapted using a high-level reflective API (i.e., at the level of the abstract syntax tree (AST)),
and methods are dynamically recompiled on-demand. This approach has practical applications
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for dynamic analysis tools [RDT08]. We also believe that this offers a good starting point for the
run-time infrastructure of a model-centric development environment in which code and models
co-evolve.
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Stéphane Ducasse, Adrian Lienhard, and Lukas Renggli. Seaside: A flexible environment for
building dynamic web applications. IEEE Software, 24(5):56–63, 2007.

[DNR06]
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Michele Lanza and Stéphane Ducasse. A Categorization of Classes based on the Visualization of
their Internal Structure: the Class Blueprint. In Proceedings of 16th International Conference
on Object-Oriented Programming Systems, Languages and Applications (OOPSLA ’01), pages
300–311. ACM Press, 2001.

[LD03]
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Detailed Research Plan

We are proposing four research tracks that seek to bring models closer to code. The overall
objective is to strengthen the role of models in the development process by (i) integrating them
more closely with code, (ii) offering more opportunities to link models together, (iii) exploiting
these links during development and run-time, and (iv) even to shift the emphasis from code towards
models as the target artifact being produced.
In each track we build on our previous work, develop innovative prototypes to experiment
with new techniques and approaches, and carry out case studies to validate the ideas. Generally
speaking, we combine both fundamental and empirical approaches to ensure relevance of our
research.
1. Coordinating models and code. Most existing reverse engineering techniques focus on
extracting information from the code automatically and in the absence of external human knowledge. However, more often than not, external information is available (e.g., developer knowledge
or domain knowledge) and should be taken into account. We want to complement existing automatic techniques with annotations that encode different types of external knowledge, and provide
mechanisms to enable multiple models to be effectively exploited.
• Enriching code models with external knowledge. We envision a system in which the model of
the code is enriched with annotations. These annotations will not be just free text, but they
will be structured according to an extensible meta-model. The body of annotations can thus
grow and be refined as the reverse engineer learns about the system from various sources.
Even though developer knowledge is present, it is not always explicit, and thus it may be
difficult to encode it in annotations. We aim to investigate several techniques that can be
used to guide the reverse engineer in defining and maintaining such annotations.
To make external knowledge easily usable by reverse engineers, we intend to extend our
Moose platform with the notion of annotation and to provide editors for manipulating both
the actual annotations and their descriptions.
To make effective use of multiple models, we need ways to navigate between different views.
We will develop techniques to exploit the links between models so as to enable easy navigation
between different views, and to support queries that span multiple models.
• Mining higher-level views. Once multiple views of a complex software system are available,
and in particular source code models are augmented with human knowledge, it becomes
possible to identify higher-level patterns that would otherwise only be implicit in the code.
Clustering techniques can be used to identify parts that are similar based on a distance
metric. However, the resulted clusters often contain many false positives. We want to
develop an iterative approach that allows the reverse engineer to encode constraints while
inspecting the results, and then to take them into account in a further iteration of applying
the clustering. With this approach we can refine the clustering towards a more realistic state.
The challenge in this part is how to devise the clustering machine to take the annotations
into account.
Semantic clustering can be used to identify implementation concepts in the code and to infer
labels for describing these clusters. We want to use the labels to identify possible concepts
that can be used in annotations.
Feature location through dynamic analysis is a technique for recovering the mapping between
source code artifacts and features (i.e., behavioral units that encode domain knowledge).
Once the mapping is recovered we can propose annotations based on the corresponding
features.
Formal Concept Analysis can be used to obtain a lattice of concepts formed by elements
that have a set of properties in common. We want to use annotations to mark parts of
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the model, to then identify these parts in the lattice and then to use the lattice to discover
further parts that are related to the marked parts. For example, we can mark parts of a
known pattern (e.g., design pattern) and then identify the rest of the pattern by navigating
the lattice starting from the marked parts.
An ideal software system can be seen as a set of components that collaborate by means of
APIs defined by clear interfaces. In real life software systems the interfaces may not always
be clearly defined, and consequently, APIs are not easily detectable by automatic means.
However, the correct way to use APIs can be recognized by developers during code inspection.
We intend to allow reverse engineers to encode this information with annotations. At a later
stage, we want to mine recurring patterns in the design of APIs, and we intend to use this
knowledge as input for transforming these API into DSLs.
2. Embedding domain models in the code. Internal DSLs often lack expressiveness as they
are strictly bound to the host language. External DSLs require the user to learn a new language and
they miss sophisticated tools the host language should provide, such as native debuggers. Often
DSLs are written in an ad hoc fashion, they may be poorly documented, hard to understand and
impossible to debug as the necessary tools are missing.
We plan to provide an adaptive model for DSLs to be used by common tools such as the
compiler, code editor, debugger, inspector, refactoring tools, and eventually also by the Virtual
Machine (VM). Such a model should facilitate building DSLs by incrementally changing the model
of the underlying language. Several language models should be executable and interoperable in
parallel. We identify the following steps to reach this goal:
• Seamless integration of DSLs in the IDE. IDEs needs to provide additional tools to leverage
the use of the DSL. For instance, when working in the context of a DSL, the IDE should
enable dedicated syntax highlighting or code completion mechanisms. Switching between
different DSLs should be possible on any level, even within a single method.
• IDEs need to provide mechanisms for migrating code to use a specific DSL. The system could
suggest where and how the developer should refactor existing code, or automatically perform
these refactorings based on a set of rules.
• Advanced transformations for DSL code optimization. DSLs provide a high level of abstraction, but often come at the cost of high performance and memory penalty. Therefore most
DSLs involve some sort of code transformation, for example to avoid the creation of intermediate objects. We would like to integrate advanced transformations in our model, so that
DSL code can be easily optimized without having its designers having to concern themselves
with speed and performance issues. It is crucial that this transformation happen transparently, so that developers do not have to deal with transformed code but only with source
actually visible in the code editor.
• Development tool integration.As a next step we plan to integrate other development tools
with our model. Initially we will focus on the debugger. The lack of dedicated tools to find
and fix bugs in a DSL is one of the major drawbacks when designing and using a DSL. The
debugger should facilitate stepping through the code, inspecting and changing intermediate
values, as well as modifying the code on the fly. Most important the debugger should work
in the context of the underlying language, no matter if this is the host language or a custom
DSL. Code transformations should not be visible, or only if the user explicitly wants to see
them.
• Validation. In parallel to the above points, we plan to apply our approach to existing and
new DSLs. We plan to analyze the transition of the Seaside web application framework
from version 2.6 to 2.8, where the XHTML generator changed from a traditional API to
a powerful DSL. As we are actively involved in the Seaside and several other open-source
communities, we would like to implement their DSLs with our model. Subsequently we
would like to release our model, so that we can collect feedback from industrial users.
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3. Bringing dynamic models to the IDE. Current IDEs focus on providing the developer
only with a static view of the source code, and this deprives the developer of information about
how the code is actually executed at runtime, about why a bug occurred, about whether there are
performance issues or memory consumption problems. Furthermore, valuable information which
could help the developer to navigate the source code to those artifacts that are relevant to the
task at hand (such as which components support a given feature) is simply missing.
Thus, we want to focus on bridging the static and dynamic views of the system by bringing
the dynamic information to the IDE:
• Make dynamic communication between classes and methods explicit. Dynamic communication between objects occurring in a software system is often only implicitly visible when
browsing the static source code. Due to polymorphism and late binding in object-oriented
languages, a developer is unable to detect from the code to what objects messages are sent
at runtime, or what type of objects are stored in variables. We want to make explicit in the
IDE how classes and their objects dynamically collaborate with each other, e.g., to which
objects another object delegates.
• Enrich the source code with the result of dynamic analysis ( e.g., exact types of variables).
The developers need the runtime information readily available where and when they actually
work with the system. Nowadays, developing software predominantly means working with
a textual representation or model of a system, i.e., source code. Thus, we propose to enrich
this source code with information gained by means of dynamic analysis. For example, we
depict variables written in source code with the type of objects those variables get at runtime.
• Support for understanding by presenting the dynamic information to the developer through the
means of visualizations. Visualization such as polymetric views can convey much information
to the developer that is otherwise hard to grasp. But these visualization are either not
integrated in the IDE or are not taking runtime information into account. We thus plan to
first integrate useful visualizations such as class blueprints in the IDE, second to extend those
visualizations with dynamic information and to finally invent new visualizations supporting
the developer in understanding, maintaining and evolving software systems.
• Automatic execution of software systems. Most current approaches to dynamic analysis rely
on the human to execute the system explicitly. Continuous integration goes a step forward
providing an automatic process of running the system. However, none of these approaches
bring the resulting data in the IDE. We intend to build an IDE that runs the system in
the background and presents the information resulting from these runs. During these runs,
the IDE checks for instance all specified pre- and post-conditions. All failing conditions are
immediately reported to the developer working with such an IDE.
• Covering the entire system with dynamic analysis. A well-known issue of dynamic analysis
is that it normally does not cover the entire system, but only those parts that have been
explicitly triggered manually by the user or by recorded scripts such as test cases. We hence
intend to work on an IDE capable to cover all aspects or features of a software system. The
long-term goal is to let the IDE automatically cover all parts of a system that have to be
covered for the current task the developer is working on.
As an IDE is a complex tool used by human beings, the effect of extensions or applied improvements to this tool need to be assessed with humans actually working with it. Upfront it is
unclear what tools, mechanisms or enhancements actually contribute to a more efficient use of the
IDE or to a better understanding for a software. It is hence crucial to perform elaborated empirical experiments with real users to gather qualitative and quantitative feedback on the effects of
enhancements to the IDE. We plan to conduct several empirical studies with developers from both
academia and industry to collect valuable and informative data validating the resulting impacts
of all the extensions to the IDE we are going to implement.
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In particular, we want to assess the effect of our work in the IDE on program comprehension,
software maintenance and software evolution. We want to gather qualitative feedback from the
studies subjects (e.g., how the personally assess the effect of an implemented enhancements) and
quantitative data (by e.g., measuring the time to perform a certain task) to get a reliable measure
for the effect of a specific enhancement.
4. Model-centric development. There is increasing pressure in many application domains
(e.g., financial instruments, health insurance, e-commerce) to quickly adapt software to changing
business concerns. The required turnaround may be in the order of days or even hours. The
adaptiveness of applications is hampered by the fact that the only reliable view is its source
code. Developers need to efficiently transform new and changing requirements of stakeholders.
Adapting views of the application that are easily understood by both developer and stakeholder
would promote shorter development cycles.
With the preceding three activities we have focussed on how to bring models closer to source
code for software that already exists. In a very real sense, many of the problems we have in keeping
models and code synchronized arise from the fact that we tend to view “code” as the final product
of the software development lifecycle. Since code is typically manifested as source files which are
technically divorced from the models that drove their development, we arrive at a situation where
disconnected artifacts slowly drift way from each other, and implicit knowledge is gradually lost
over time.
In this activity we propose to explore a fundamentally different approach to developing software in which executable models, rather than code, are the end product. Rather than being
“model-driven” and merely generating code from models, we propose a model-centric approach in
which models themselves are the key software artifacts. As with the other activities, models offer
multiple, coordinated views of a complex software system. Here, however, rather than producing
source code in the end, we propose to produce executable models as the run-time artifact, which
will represent just one model amongst many coordinated models. Our coordinated models provide
a sound basis for program comprehension, thus easing the adaptive capabilities of the system.
We propose the following tasks to build an experimental model-centric development environment supporting our proposal of model-centric development.
• Demonstrator use cases. We will identify a number of plausible usage scenarios to demonstrate model-centric development. The use cases should emphasize very different kinds of
models, and should range from easy to more difficult applications. For example, statetransition modeling of web applications should be a natural domain that lends itself well to
generation of executable models. Modeling of pre- and post-conditions or safety and liveness
conditions for concurrent applications would be far more ambitious. The demonstrators will
serve (i) to establish requirements, (ii) as case studies for validation of the research.
• Run-time for executable models. We will develop a run-time system to support executable
models. We propose to take our Reflectivity framework [DDLM07] as a starting point, since
it already supports a higher level view of source code than the pure textural perspective
by providing support for annotations and fine-grained structural reflection. At present Reflectivity models methods as abstract syntax trees, and compiles methods on-the-fly when
reflective adaptations are performed. To achieve our vision of model-centric development, we
would need to extend the framework to support models at a higher level of abstraction than
ASTs, and at arbitrary granularities (i.e., not just at the method level, but also that the
level of user features, requirements and architecture). Furthermore we would need to introduce more advanced mechanisms for synchronization and merging of reflective adaptations,
to avoid inconsistencies that can arise when adapting models that are currently executing.
We plan to extend our previous work on first-class contexts to control the scope of changes.
Models will need to be self-describing so that tools can manipulate them. Reflectivity currently supports the use of objects as annotations. We plan to exploit this feature to enable
models to be fully self-describing.
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• Model-aware tools. Model-aware tools should offer the user the means to interact with
and manipulate models. Transformations performed on these models should then be reflected back into the run-time environment where these models reside. Initially we will
develop proof-of-concept tools driven by the demonstrator applications. For example, a
simple state-transition editor could be used as a front-end to manipulate models whose behaviour is expressed as a state machine. We expect to leverage the results of tasks 2 and 3
as well. Specifically, we would use specialized editors for DSLs to manipulate models that
are expressed in a textual language. By the same token, rather than developing a new IDE,
we would leverage the work being done in bringing dynamic models to the IDE to not only
display those models, but to manipulate them and reflect changes back into the system.
Not all models are executable. A part of the work will address the expression of models at
the level of requirements, domain knowledge, architectural constraints and design knowledge.
These models should be linked into the executable models so that they are available at
run-time for tools that can use this knowledge (e.g., to generate suitable user interaction
dialogues), and available to the developer, as described in the third activity above. Since
essentially all models can be represented as graphs, we envision a generic environment to
manipulate self-describing models as graphs. Building such an environment would be beyond
the scope of this activity, but we expect to make some steps in this direction through the
development of a series of simple prototypes.
• Transformation engine. Actions performed with model-aware tools will need to be reflected
back to the run-time. For the first simple prototypes, these transformations will necessarily
be ad hoc. In the long-term, a general environment to support model-centric development
should provide generic support for propagating action on models back to the run-time. A
general transformation engine would also be needed to translate between models, to navigate
and query them, and to translate between representations, such as graphical and textual
views). Existing refactoring engines represemt a plausible starting point for this work. We
plan to start with concrete demonstrator applications, and explore the development of a more
generic transformation engine based on our initial experiences with the concrete examples.
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Timetable

Mr. Lukas Renggli started his PhD in August 2006, and will continue to work on the topic of
Embedding domain models in the code. Mr. David Roethlisberger started his PhD work in October
2006, and will continue to work on the topic of Bringing dynamic models to the IDE. Two new PhD
students will be engaged to start work on the remaining topics. (We are currently interviewing
candidates.)
We expect to obtain the following results over the two years of the project. We expect a rough
correspondence between bullet items below and publishable units.
Year 1
Coordinating models
and code
Embedding domain
models in the code

–
–

Model-centric
development

–
–
–
–
–
–
–
–
–
–

Year 2
Coordinating models
and code

–
–

Bringing dynamic
models to the IDE

Embedding domain
models in the code
Bringing dynamic
models to the IDE

–
–
–
–
–
–

Model-centric
development

–
–

Extending Moose to support multi-model annotations.
Applying clustering techniques to extract higher-level abstractions
from multiple models.
Case studies: analyze the relationship between APIs and DSLs.
Develop a model for specifying DSLs in host language.
Develop (adapt) debugger to work with this model.
Demonstrations applied to Mondrian and Seaside.
Make dynamic communication between classes and methods
explicit in the IDE.
Enrich source code with dynamic information.
Develop and embed visualizations in the IDE.
Extend Reflectivity framework to different classes of models.
Develop prototype model-aware tools for demonstrator applications.
Inferring domain models from API usage.
Combining user annotations and pattern recognition techniques
to identify idiomatic API usages.
DSL transformation to host language, for optimization.
Refactoring APIs towards DSLs.
Develop techniques to execute software systems automatically
in the IDE.
Covering the entire system with dynamic analysis and integrate
the results in the IDE.
Conduct empirical experiments validating the implemented techniques with users in the field.
Develop context mechanism to control scope of change.
Develop transformation engine to support arbitrary models.
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Significance of the Research

Software is becoming longer-lived due to improvements in processes, languages and tools. As
a consequence, the proportion of the software lifecycle devoted to “maintenance” (i.e., further
development after initial deployment) has increased to anywhere from 50% to 70% of overall effort.
Technological advances are constantly leading to new business models and hence to increasing
demands to adapt existing software to meet these new requirements. As a consequence there
is increasing pressure for new techniques to shorten the length of time from change request to
deployment of new features.
Further advances in this area are only possible by lessening the gap between models and code.
Model-driven techniques are a step in this direction, but they are still mired in the focus on
code as the primary artifact to be produced. Fundamental research is needed on many tracks to
develop the next generation of model-centric programming languages, tools and environments. We
estimate that the research tracks presented in this research proposal will have a positive impact
on technology in the next 5-10 years. (By analogy model-driven approaches have taken about that
length of time to mature and achieve some level of industrial adoption.)
As this proposal consists of foundational research, we focus on the traditional means to disseminate results, namely publications in high-impact, peer-reviewed, international venues, participation in key workshops, internet presence and establishing industrial contacts through tutorials,
presentations and eventual collaboration on case studies.

