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In the today’s constellation of globally operating enterprises, the workforce is locally
decentralized. Engineering tasks are increasingly divided up under several work groups
that are situated at different premises. Information technology is used to coordinate the
collaboration and to merge the results. Due to its versatility and adaptability, the
cooperation on the Internet becomes increasingly important. One key issue in this
development is the placement of applications in the Internet (cloud computing). Another
important issue is the centralized access of cooperative results. Such centralized
information may be stored in internet-based knowledge databases. With regard to the
above developments, it seems to make sense to have a modelling environment working
as a web application connected to a model database. Such a modelling environment
should be linked to a strong numeric library. Such a library should contain reliable and
very performing algorithms for solving ordinary differential equation (ODE) systems
and differential and algebraic equation (DAE) systems. It should also be able to
automatically recognize the sparsity and the structure of the Jacobians and to
automatically select the best set of algorithms to integrate the differential system. By the
help of these measures the computational time should be reduced significantly. In this
contribution the MOSAIC modelling environment and the BzzMath library are
presented and some main characteristics are described.

1. Introduction

Usually both the modelling software and the software to access company-wide shared
databases are installed on the local computer. In the modelling environment MOSAIC
(Kuntsche et al., 2009) both these software parts are integrated in one web application.
Web applications and cloud computing have several organizational and economic
advantages, cf. Linthicum (2009). With respect to modelling, the focus of MOSAIC lies
on the creation and shared (re)use of customized models for process systems
engineering. The modelling is done in the documentation level and code generation is
used to create program code that is suitable for the environment the modeller needs. A
considerable improvement of the workflow could be achieved by using the BzzMath
numeric library (Buzzi-Ferraris, 2010a) to solve the models on the server. The BzzMath
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Library is a comprehensive tool covering several fields of numerical analysis. For the
specific case of interest, it includes a set of algorithms to integrate differential and
differential-algebraic systems particularly efficient according to their stiffness,
dimension, sparsity, and Jacobian structure, if any.

1.1 Related work

Symbolic programming of computers has a long tradition, see e.g. Klerer and May
(1965). An interesting approach for documentation-level modelling in Microsoft Office
documents is presented by Alloula et al. (2010). Code generation from symbolic
expressions has been considered by e.g. Klerer (1992), see also Kajler and Soiffer
(1998). Several projects have been dedicated to modelling in the meta level in
combination with code generation. Bogusch et al. (2001) presented a non-internet
modelling environment that provided many modelling assistance features and allowed
code generation for the two tools gPROMS and Speedup. Westerweele and Laurens
(2008) presented a non-internet modelling tool that provides code generation into many
languages.

2. The MOSAIC modelling environment

2.1 The literature aspect of documentation-level modelling
One aspect of modelling in the documentation level is the orientation to the

representation of equations in papers or documents for reference and communication. In
such documents the equations are very often represented in two-dimensional symbolic
form and the variable names follow a certain systematic, e.g. a letter 'x' on the base line
might stand for molar fraction and the superscript letters 'L' and 'V' adjoined to a given
'x' specify if the variable is a liquid or a vapour molar fraction. This technique is widely
used in the documentation of models since it allows for short formulations and clearly
understandable variable names. Usually the meaning of the symbols is explained in a
separate section that can be called 'notation' or 'nomenclature'. This 'notation' section is
especially important since different naming conventions exist, e.g. with 'x' and 'y’ for
liquid and vapour molar fraction respectively. In MOSAIC the modelling is done in the
spirit of this situation by three peculiarities: First the equations are entered in two-
dimensional symbolic form. Second the variable names may contain superscripted and
subscripted symbols (countable subscripted symbols represent indices). Third the
‘notation’ is introduced as a mandatory model element that works as distinguishing
property during reuse. The first of the above items is well established (cf. Kajler and
Soiffer, 1998) especially but not only in algebra tools. The second item is rarely
provided and the third item is not at all considered in the current standards. The
definition of equation systems using the above documentation-based approaches has the
advantage that it is both computer-processable and human-readable with a very small
visual and conceptual offset between published and implemented model equations. This
does not only reduce the introduction of errors and the effort of error finding during the
implementation. It also allows the generation of documentation in no time, since all
necessary information is already contained in the model.
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2.2 Reuse aspects in MOSAIC

The beneficial effects of reusing model parts are well known and are discussed e.g. by
Eggersmann et al. (2004). Modelling in the documentation level as it is done in
MOSAIC has several reuse aspects. The first of these reuse aspects is that equations and
equation systems are created only once and then used to produce program code in
several languages. Thus, program code can be produced in the language that is needed
by the modeller. Creating the models in a meta level (such as the documentation level)
in combination with adaptable code generation allows the user to reuse equations, and
even large equation systems in different languages and for different purposes.

The second aspect of reuse is the modular and repeated use of the created model
elements (such as equations, equation systems and notations) in many different
contexts. The modelling concept in MOSAIC is based on creating modular model
elements that are individually stored in XML files. Thus, each equation is stored in a
separate XML file. An equation system is also stored in a separate XML file and
contains references to the files containing the equations that should be used. Another
class of such model elements is the notation. Both equations and equation systems must
reference the XML file of the notation that shall be used to explain the contained
symbols. Each equation or equation system can be (re)used in other equation systems,
as shown in figure 1. There are other model elements, which cannot be covered here. Of
course having to create every model element individually takes more time in the short
term. However, the resulting high modularity, which notably supports the reuse model
elements, has proven to speed up the modelling in the long term.

3. The BzzMath numeric library

The BzzMath numerical library is currently used in MOSAIC to solve non-linear
algebraic equation systems and differential algebraic equation systems. Comprehensible
output is generated that allows assessing the convergence quality and the reliability of
the results and the library has proven to be robust and to provide reliable results not
only on these topics. It provides algorithms and methods to tackle problems of different
nature.

Notation 1
Equation 1 P Equation System 1
Equation 2 Notation 3
Equation 3 - Equation System 2

Notation 2 Connector 1 Connector 2

Nota 2 -» Nota 3 Nota 1 -» Nota 3
Fig. 1: Modular modelling and reuse in MOSAIC.
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To do so, the library has a very performing kernel for linear algebra (Buzzi-Ferraris,
2010b) that “cannot be overstated in modern scientific computing” (Gill et al., 1991).
The library is not only predisposed to solve linear systems, but even to automatically
adopt the most performing algorithm in accordance with the type of system to be
solved. Being thought in an object-oriented way, objects belonging to BzzMath can
easily identify and, if possible, exploit matrix sparsity and structure of linear systems
and openMP directives for shared memory machines, which results in a considerable
gain of performance (Buzzi-Ferraris and Manenti, 2010a). The library includes specific
algorithms and criteria for parameter estimations, outlier detections, rival model
discriminations, and design of experiments based on very robust algorithms to solve
linear and nonlinear regression problems (Buzzi-Ferraris and Manenti, 2010b). The
same algorithms allow identifying with a certain accuracy the existence of common
problems in the regression field such as masking/swamping effects, heteroscedasticity,
multicollinearity, parameter correlations, gross errors, and influential observation.
Numerically robust and efficient algorithms are implemented to tackle nonlinear
systems and optimization problems. Optimizers are validated by the field in many
industrial applications such as the online plant optimization of an oil refinery sulphur
recovery unit (Signor et al., 2010) and the real-time dynamic optimization of a large-
scale polymer plant (Manenti and Rovaglio, 2008). In addition, certain ad hoc solvers to
tackle partially structured DAE systems, which are typical for process control and
process systems engineering, have been recently introduced in the library and their
superior performances have been validated on industrial cases (Manenti et al., 2009). In
this context and looking forward to future developments, we plan to extend MOSAIC so
that it is possible to describe optimization and parameter estimation problems. The
BzzMath library offers the corresponding numerical algorithms and is thus predestined
as standard background environment for calculations on the modelling server.

4. Example

The model of a distillation column has been created in MOSAIC. The equation system
that was assembled from single reusable equations is presented in the MOSAIC user
interface as shown in figure 2. The proximity to the presentation in the literature is
obvious. To further demonstrate the aspects of program code generation and
documentation output, the equation of the phase equilibrium (1) is included as an
equation object below. Usually MathType (www.dessci.com/mathtype) would have
been used to create the formula within the Microsoft Word document. However,
equation (1) has just been copied as a latex string out of MOSAIC and directly pasted

| | Equations = Functions |
|

I Connected Elements

Do
0=y, ~~F

hit Py

DLV
Xy

4 »
| RowHeight | |

Fig. 2: Equation as it is represented in MOSAIC
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into MathType, which resulted without further modifications into the expression
displayed here.

(M

The inverse process would also work. More precisely it would be possible to change the
formula in MathType, obtain a latex string and hand it over to MOSAIC. The formula
expression can be used directly if all contained symbols are described be the specified
notation and if the expression follows the MOSAIC convention for mathematic
expressions. Due to the indices ‘i’ and ‘j” contained in (1) the equation is translated into
many instances. The C++ code for the instance ‘i=1" and ‘j=1" is shown here:

f115]1=0.0-(e0_y j1_il-(e0_p LV o_jl_il)/(e0_P_jl)*e0 x_jl il); @)

The full generated code contains solver calls and file output specifications. It can be
executed on the server upon a button click in the MOSAIC user interface. The results
for non-linear algebraic system are presented in a table. The plot of the results obtained
by the BzzMath library for the above example is given in figure 3.

5. Conclusion

The tool MOSAIC including the concepts presented in this contribution is not just an
idea but an implemented software (www.mosaic-modeling.de), which has up to now
been used in about 30 modeling projects at the TU-Berlin. Currently, ODE, DAE and
AE systems are supported by MOSAIC. It is also possible to define functions. The
BzzMath Library is used as a solver for all types of problems supported by MOSAIC.
Code generation is used to create full C++ programs that include the BzzMath Library.
These programs are compiled and executed on the modeling server machine. The results
of these executed numeric programs are send back to the MOSAIC modeling
environment (running on the client computer) to be viewed or used as numerical starting
values for similar problems. The MOSAIC models can also be translated into other
languages.
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Fig. 3: Plot of results obtained by BzzMath Library with code generated by MOSAIC
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