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Abstract
A multitude of methodologies is available for the modelling of complex systems. Small, specialised
systems have a large number of feasible solutions, but developing truly adaptive, and still understandable,
systems for highly complex systems require domain expertise and more compact approaches at the basic
level. Linguistic equation (LE) approach originating from fuzzy logic is an efficient technique for these
problems. The nonlinear scaling methodology based on advanced statistical analysis represents the variable
meanings in a compact way, which facilitates recursive parameter estimation approaches for the adaptive
scaling. Well-known linear methodologies are used for the steady state, dynamic and case-based modelling
in connection with the cascade and interactive structures in building complex large scale applications. To
achieve insight and robustness the parameters are defined separately for the scaling and the interactions.
The linguistic representation becomes increasingly important when the human interaction is essential.
Fuzzy set systems move gradually to higher levels, neural networks and evolutionary computing are used
for tuning. The overall system is reinforced with advanced statistical analysis, signal processing, feature
extraction, classification and mechanistic modelling and simulation.
Integrated modelling approaches produce smart adaptive models for forecasting and control design: the
smoothly operating LE models are combined with fuzzy set systems in many ways to enhance the
properties of the multivariate models. Fuzzy set systems or working point models facilitate smooth
transitions between LE-based submodels, which are developed for different process phases and operating
conditions. Linguistic Takagi-Sugeno models are special cases, where the modelling areas and the local
models use the same variables. The nonlinear local models reduce the hedges and valleys and the risks of
chattering. The system may contain phenomenological models whose parameter handling is based on
discrete membership functions. Dynamic LE models have been combined with fuzzy set systems to handle
special cases together with the smoothly operating LE model. Uncertainty of inputs and models is handled
with fuzzy calculus based on the extension principle and interval analysis. Type-2 fuzzy numbers can be
used for the centre point and the feasible area, i.e. the parameters are fuzzy. As the basic LE models are
flexible in representing nonlinear behaviour, the linguistic neural networks have not been used so far. The
LSOM is used for generating linguistic interpretation for SOM neurons. The recursive parameter estimation
is the key to the adaptation in these applications.

