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Abstract. Mathematical models play an increasingly important role in
science and engineering. In this paper, we present the WoM , a platform
for building up knowledge repositories for searching, exploring, combining, and sharing such models. In contrast to similar efforts, WoM
supports a well-defined semi-structured representation for mathematical models, which acts as a solid foundation for intelligent web-based
presentation, browsing, search, simulation/visualization, and Web community capabilities. We envision WoM to provide a foundation for future
design flows and engineering processes using standardized, composable,
and computer-supported models.
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Introduction

Mathematical models play an increasingly important role in science and engineering. Supported by the power of modern software and computer technology,
they allow for a better analysis, visualization, and comprehension of natural phenomena and designed artifacts. According to Pieter Eyckhoff [1], a mathematical
model is ”a representation of the essential aspects of an existing system (or a
system to be constructed) which presents knowledge of that system in usable
form”. Following this explanation, we distinguish three kinds of models:
– Descriptive models explain the essential aspects of existing systems such as
physical, sociological, or economical systems.
– Constructive models describe systems to be constructed as part of engineering tasks or processes.
– Abstract models are used for modeling a certain class of phenomena, but
are not (yet) applied to a specific system. Examples are special classes of
differential equations or labeled transition systems.
?
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The Web of mathematical models, WoM , is a platform to host such models on
the Web. The mission of WoM is to help improving the accessibility, usability,
precision, tool support, classification, and comparability of mathematical models.
Further goals are to improve interfacing with, composition of, and intelligent
search for models. To achieve these goals, we address two central questions: How
should mathematical models be represented? How should they be managed and
presented in an open model platform?
Model representation. In our approach, a model and its representation should
combine several aspects reflecting different requirements:
1. An informal description introduces the model and explains which phenomena or artifacts are modeled. It may be supported by graphical or video
visualizations of the model.
2. The mathematical description characterizes the model in terms of its mathematical properties. It explains the parameters of the model. In principle, it
should be expressible in a formal language.
3. Software support allows simulating the model with different parameter settings. The software should be realized in a component-based way such that
models can be composed.
4. Linking and metadata relate the model to other models and related documents, and provide support for classification and structured search.
To address these requirements, we developed a structured model representation
schema. Based on this schema, we started to build up a model repository and a
community. The community will be crucial for the process of refining, extending,
and strengthening the mathematical models as well as the underlying schema.
Model platform. The Model platform allows to store, relate, query, search, use,
and compose models. We have identified four central requirements for such a
platform:
1. Community support: Construction, collection, classification, and linking of
models is only possible with support from a user community. Accordingly,
the platform should encourage participation, and foster the development of
a self-sustainable community.
2. Model construction: The platform should support the schema-conform construction and modification of models. It should combine wiki functionality
with an offline editing possibility. In particular, models need a platform independent representation that can be down- and uploaded.
3. Web accessibility: Models and all their functionality should be accessible and
usable on the Web. In particular, simulations should be possible without
download and shareable between users.
4. Evolvability: To stepwise realize our vision, many changes of the schema for
model representation and ontologies for classifications have to be managed
in the future. In particular, the existing model representations have to evolve
together with the schema and ontologies in a consistent way. This is only
achievable with mechanical support by the platform.

Overview and vision. This paper describes the current state of development of
the WoM . At the heart of our approach is a semi-structured, schema-based representation of mathematical models, which is described in Section 2. An overview
of our WoM platform approach and its main components is provided in Section 3.
We specifically focus on the model repository, the model visualization and simulation component, and the Web access and community support. Related work
is discussed in Section 4.
Our goal is to make the notion of “mathematical models” more explicit and
precise and to build up knowledge repositories for searching, exploring, combining, and sharing such models. We envision WoM to provide a foundation for
future computer-guided design flows and an intelligent engineering support for
standardized, composable, and computer-processable models.
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A Schema for Models and their Relations

At the heart of our approach is a structured representation of models. After
a thorough discussion with our first user community, we started with a still
simple schema for models that addresses the requirements listed in Section 1.
Having an explicit, content-related schema distinguishes the WoM approach
from classical wiki platforms and enables stronger computer-support for model
use and management. We envision that the schema will be refined in the future
(see below).
A model in the WoM has to follow the XModel schema, which defines an
XML representation of a model. The components of an XModel are shown in
Fig. 1 and described in the following paragraphs.
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Fig. 1. The XModel schema
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An XModel – an instance of the XModel schema – has to have a title and
consists of an informal description as well as a formal description. While the
informal description is a textual representation of the model (optionally with
images), the formal description defines a model using mathematical expressions.
The formal description consists of a set of input parameters I, output parameters O, and miscellaneous parameters M . The latter may serve as constants
or other variables. Each parameter is defined by a name, a domain/type, and
optionally a short (informal) description. The central part of the formal model
description are the model formulas/equations that define the relationships between the parameters. All parameters should occur in the formulas or equations.
In addition to these mandatory components, a model may also contain visualizations and simulations. The visualizations can range from simple images
to complex videos. Simulations are provided by software packages that allow for
online experimentation with the model. Their parameters should correspond to
the parameters of the formal model; additional parameters to control particular
aspects of the simulations are possible. Different techniques for implementing
simulations are supported (see Section 3).
The XModel schema also includes metadata such as the model’s authors,
contributors, holders of rights, and editors. Other metadata are keywords, the
model’s status that can be stable, experimental or checked, and a bibliography,
whose structure is based on the BibTeX syntax. Using a classification, a model
can be related to standard classifications. Currently, WoM supports the AMS
1991 Mathematical Subject Classification and the WZ08 - Classification of Economic Activities. A model may also be related to other models in the WoM ,
which is a symmetric relation.
The XModel schema is designed in a way that allows to evolve the models
over time. For example, models may be classified according to a new classification
ontology or may be extended with new simulations and visualizations. Of course,
changes in other parts of the model are possible as well. Consequently, a model
may have different versions and provides access to its history.
The XModel schema is internally defined based on XML Schema. As LATEX
serves as the default input language (in particular for formulas), we also provide
LATEX support for the XModel schema.
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A Platform for the Web of Models

Addressing the platform requirements mentioned in the introduction, we developed a web-based platform3 for the WoM to view, store, edit, annotate, manage,
and explore models. This section describes its architecture and explains further
aspects of the model repository, the integration of visualization and simulation,
and the community support.
3

A snapshot of a development prototype is available here: http://angren.cs.
uni-kl.de/WoMstatic/. Use womguest as username and password to login.

WoM
Frontend with community features
(ALOE)

Model repository
(XModels)

Simulation programs
programs
Simulation
Simulation
programs
(Sage- or
or
(Sage(Sageor
Matlab-based)
Matlab-based)
Matlab-based)

Fig. 2. Architecture of the Web of Models

3.1

The Architecture of the Web of Models Platform

The architecture is depicted in Fig. 2. It is centered around a repository supporting storage, editing, and versioning of models and their relationships (see
Section 3.2). We expect the use of a schema to be crucial in order to support
evolvability, i.e., the evolution of the form of model representations and their relationships. Every evolution step of the schema has to be complemented with a
transformation that updates all models in the repository such that they conform
to the new schema.
The platform also provides an environment to execute model-specific simulation programs. The (underlying) gray rectangles denote possibly distributed
computation sites where these simulations are hosted (cf. Section 3.3).
Community features and Web accessibility are provided by a separate component (see Section 3.4). This component also manages further model annotations
that are added by end users outside the scope of the model representation.
3.2

Model Repository

The model repository stores the models and their different versions and integrates them into a linked web. This is done (1) by using the metadata in the
models and (2) by using the external classifications. The relationships between
models and their integration into the classifications support browsing and search
of related models.
The separation of model repository, user management, and storage of user
generated annotations facilitates the investigation of evolution aspects of models.
Furthermore, we work on the long-term goal of combining models and their
simulation programs in an automatic way. A well-defined data representation is
crucial for this.

3.3

Visualization and Simulation

Mathematical models are often quite complex. Therefore, the need to provide
tools for better understanding, easier application and simpler checking of applicability of a model arises naturally when creating or working with a descriptive
mathematical model. Consequently, an environment designed to store and publish such models should provide such capabilities. WoM supports these use cases
by allowing model representations to be enhanced by visualizations and simulation programs. Usually, the model author provides them together with the
model. Whereas visualizations in form of graphics or video are essentially an enhancement of the informal description, the simulation programs allow exploring
the model with different parameter sets and visualizing the results. The WoM
supports two kinds of simulation programs:
– pre-fabricated simulation programs
– open simulation programs
Pre-fabricated simulation programs are embedded into the Web user interface of
a model. They accept a set of parameters and produce results that are presented
to the user, e.g. as a picture or a movie. Open simulation programs are embedded
into an interactive environment. It allows the user to explore and to experiment
with the model in interactive sessions, in which the simulation and visualization
procedures can freely be called by the user. We have realized such an integration
by adapting the Sage framework [2]. It provides a web-based Python interpreter
and a very rich library of mathematical algorithms and data structures.
In the current implementation, the model repository and simulation environment run on the server infrastructure of the WoM . For the next version, we plan
to support the physical and organizational separation of the model repository
and simulation programs. This would allow model authors to keep their simulation programs private, e.g., for IP reasons. Or they are simply in a better position
to provide the necessary computational resources to execute a simulation program. Also, decoupling the simulation environment from the model repository
simplifies security and scaling issues, as well as adaptation to new languages,
libraries or other tools used in the implementation of simulation programs.
The fact that WoM provides the possibility to integrate simulation programs
enables authors to write remotely usable simulation programs without in-depth
knowledge of Web technologies. Since we anticipate authors to be mathematicians or engineers, but not Web developers, we expect that WoM simplifies the
publishing of models for them.
3.4

Community Support and Web Accessibility

Through the integration of the ALOE system into the WoM infrastructure, Web
accessibility is ensured, and a variety of social media technologies are provided.
ALOE4 is a web-based and generic social resource sharing platform developed
4

http://aloe-project.de

Fig. 3. Screenshot of the interactive classification browser and several facets (description, visualization, and classification) of a mathematical model within WoM

at the Knowledge Management group of DFKI. It allows for contributing, sharing, organizing, and accessing arbitrary types of digital resources such as text
documents, music, or video files. Users are able to either upload resources (using the system as a repository) or by referencing a URL (using the system as
a referatory). Furthermore, the platform offers common user management features and Web 2.0 interaction possibilities: users can tag, rate, and comment
on resources, they can maintain resource portfolios, join and initiate groups, get
reports about activities by means of feeds or information mails, etc. Moreover,
using groups that can be open or closed (i.e., joining requires the permission
of a group administrator), it is possible to defined fine-grained access rights for
resources and annotation facilities. Thus, model contributors can decide who is
able to see, annotate or enhance their models.

To allow the usage of ALOE in as many scenarios as possible, and to foster
the adoption of as many users as possible, ALOE was designed as a server-based
application where information is exchanged via HTTP. On the one hand, the system’s functionalities are offered via a graphical user interface that can be accessed
with any common Web browser that can connect to the ALOE server. On the
other hand, a Web Service API is offered that allows to access the ALOE functionalities. Therefore, SOAP was chosen as a standard and platform-independent
protocol5 . ALOE thus realizes a social backbone that allows to introduce social
media paradigms in existing (heterogeneous) infrastructures (see [3,4,5] for more
information about the system architecture and use cases).
For WoM , a specifically adapted instance of ALOE is being developed.
Among others, these adaptations concern the integration with the WoM model
repository, rights management issues, support for the visualization of mathematical models, and browsing facilities for the supported classifications (see Fig. 3).
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Related Work

There are several active and less active communities bringing math into the
Web. A proprietary platform based on Mathematica/WorlframAlpha is available under [6]. The main focus is on providing visual aids for mathematical
algorithms. Each (often interactive) demonstration is based on a CDF file (computable document format), which can only be processed by proprietary tools.
Some unstructured text comments are attached to them as well as some author information. Demonstrations may point to other “related” demonstrations,
but not necessarily vice versa. The platform is missing any community features,
model structuring, and alternative visualization capabilities.
Based on several freely available software projects, a number of math-related
wikis have emerged. Many of them heavily use the OMdoc [7] format6 and the
OpenMath and MathML standards [8]. However, this documentation format concentrates on the representation of mathematical equations, their transformation,
and referencing. Sample projects are [9] (outdated) and [10] – “The Encyclopedia Sponsored by Statistics and Probability Societies”. These platforms provide
AMS classifications, user communities, and LATEX-based integration of new content. However, “models” are still unstructured, i.e., plain LATEX documents and
visual aids are limited to simple images. Another prototype JOBAD (JavaScript
API for OMDoc-based Active Documents) [11] concentrates on the “Web” part
of this platform. The integration of other (ad-hoc called) Web Services linked
via keywords or explicit user input, on-the-fly conversion of units, or document
visualization style are the main goals of this server-client approach for math
documents. Unfortunately, there are no efforts to integrate interactive models or
to structure them in any way.
Similar to a math encyclopedia, PlanetMath [12] collects all kinds of mathrelated and LATEX-sourced documents and makes them available as HTML pages.
5
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see http://www.w3.org/TR/soap for more information
OMdoc is an inter lingua for mathematical communications.

Although the models can be downloaded in an intermediate XML format, there
is no clear structuring to support model linkage. Only keywords, which are automatically extracted from the text, are used for references – wiki style. Some
community features such as comments and history are supported, but with the
exception of images, no visual aids or interactive playgrounds are provided.
Platforms such as ActiveMath [13] may communicate with computer algebra
systems or formalize mathematical expressions in order to annotate or simply
present them in the Web. They may also provide learning platforms allowing
flash programs and applets to be embedded. Special platforms focus on proof
languages and proof checker capabilities for all math-related expression (see
e.g. [14]). But they do not support the notion of mathematical models and their
relationships, nor do they provide any community features.
Similar to WoM , the OKSIMO project (formerly known as Plath Earth Simulator [15]) wants to model day-to-day problems and make the partially interactive models available on the Web. However, a propriety Fcl input language, i.e.,
a visual programing language, is required to submit new models. The platform
does not provide a structured model repository like WoM .
In summary, the described approach have a different focus, but usually share
some technical aspects. For instance, JOBAD uses a similar model repository approach, namely TnTBase – a database assembled from Subversion and Berkeley
DB XML. Except platforms aiming at formalizing mathematical expressions, all
(web-oriented) platforms support LATEX-based inputs without any pre-defined
additional structure. A distinguishing feature of the WoM approach is that it
supports its models/entries by an explicit schema.
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Conclusions

We presented the Web of Models, a platform for storing, searching, exploring,
and sharing mathematical models. For exploration, the platform supports the
simulation and visualization of models. Models are represented as instances of the
so-called XModel schema. From a conceptual point of view, the schema is helpful
to define the scope of the WoM and to support the comparison and classification
of models. This is important for standardizing models, for intelligent search,
and for integrating models into computer-guided engineering processes. From
a technical point of view, it improves model consistency, enables to generate
documentation of the simulation procedures from the model description, and
forms the backbone for the automated transformation of the model repository
in the contexts of evolution steps.
Our next practical goals are to enlarge the user community and to increase
the model collection. In the future, we plan to investigate the refinement of the
schema in three ways:
– a deeper integration of models and simulations
– a further formalization of the models by expressing them in a formalized
language of set theory or higher-order logic

– the introduction of compositional models, i.e., models that are composed
from other models by linking input and output parameters or by combining
structural models with flow models.
Another area of future work is to transfer the structured wiki approach to other
areas, e.g., to software components.
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