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Summary 

This paper reports on a research aimed at developing a design support system that allows 
the simple exploration of design alternatives in buildings’ conception phase and the 
execution of building analysis in terms of effective energetic performance. The system’s 
core consists in Bayesian probabilistic models which manage a case-based database. Cases 
express design parameters and energetic performance knowledge and are derived from 
common simulation software. A prototype Bayesian model has been developed for 
evaluating the effectiveness of the support system hypothesized in common schematic 
design scenarios. 
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1 Introduction 

The schematic phase, in design process, has a crucial role in relation to the thermal 
performance of buildings. The majority of building features (orientation, glazing surfaces, 
shape, volumes…) affecting energetic behavior are, in fact, defined in the schematic phase. 
Nevertheless, it is not clear which are the key variables in each situation and nor how they 
interrelate. Hence, estimating the role that each factor assumes in alternative design 
configurations proves to be quite difficult in schematic design. 

Only simulation software programs based on an analytic approach are available, to 
date, for thermal performance investigation, and they only allow energetic checking. In 
fact, an analytic approach to energetic issues requires a completely defined model, that is, 
one where all design features and details are chosen.  

Thus, using common simulation software in schematic design phase is, first of all, 
incorrect, given the fact that the all values must be indicated and, if they are not, the system 
inputs default values that can lead to noteworthy miscalculations [1]. Furthermore, such 
software programs are cognitively inadequate for the conception design phase, which 
exploit the effects of alternative solutions in an ill-structured design context [2]. 

In order to integrate energetic perspective in this phase, designers need support 
systems that allow scenario analysis, as to clearly identifying the parameters involved, their 
relevance and reciprocal dependencies, as to estimate building energetic performance. This 
paper proposes a methodology for the definition of a synthetic model for the problem, 
capable of being the basis for the development of an energetic design support system.  
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2 Methodology 

A model usually arises from a relevance analysis of the properties of real phenomena, in 
the perspective of a definite cognitive and operative purpose. The essence of qualitative 
modeling can be summed up in two moments: 

▪ Variables domain structuring, in order to point out the threshold values bounding 
possible behaviours typologies; 

▪ Explicit representation, in a tab or a diagram, of the relations among the model’s 
variables. 

In a methodological perspective, the critical point is the definition of the relations among 
variables, because –due to the analytical approach’s ineffectiveness in schematic phase- it 
is impossible to use the well known formalism describing built environment thermal 
performance. In this study, an innovative integration of two firm approaches, case-based 
and probabilistic, is proposed. As known [3][4], the case-based approach leads to the 
identification of design problem solutions through the acquisition of relevant characters 
and their correlations in precedent design cases. As in this case, both problem and variables 
involved entail a high complexity level as deducing correlations among variables is quite 
difficult. Therefore, the idea was to resort to probabilistic correlation. In this way, 
knowledge and experience derived from precedent cases is selected in relation to its 
relevance and closeness to the actual design problem space. Hence, the estimation of 
situations, as they are delineated, and their performance, is made available to designers 
through a probabilistic distribution (in terms of mean value and variance) of the quantities 
implicated.   

3 Case-based Knowledge 

In an operating perspective, the model is built starting from a case-based database, each 
case consists in the energetic performance of a building thermal zone, obtained from 
commons energetic simulations and represented through meaningful parameters. In terms 
of the analysis level adopted, the thermal zone is chosen; analyzing the entire building 
should level the behavior of single zones. Singling-out specific situations is impossible 
thus, neither witting design choices nor optimization are fostered. In any case, each zone 
record also reports design and performance information related to the building containing 
the zone while maintaining a reference to the whole. 

The definition of the parameter set suitable for representing knowledge relative to the 
cases involved is guided by scenario analysis. These show that in order to support 
designers in the quick evaluation of design alternatives, the support system should manage 
parameters which: 

▪ Provide required information for describing configuration alternatives (e.g. 
geometrical, formal, technological, usage related, climatic parameters…); 

▪ Express the overall performance of each thermal zone and/or building in terms of 
energetic consumption (e.g. energy needs for cooling and heating); 

▪ Support designers in the comprehension of actual thermal phenomenon, enabling the 
identification of the factors and elements that entail a greater impact on final thermal 
performance (e.g. energetic contribution of each component). 
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These three parameter typologies have been detailed for the various building elements, 
design factors and performance contributions, defining the framework for the case 
knowledge storage. 

4 Probabilistic Modeling 

Once the variables domain is structured, the relations among them can be modelled. The 
system adopted for this study is based on a Bayesian probabilistic model. Belief Bayesian 
Networks (BBNs) are an exceptional computational tool for building qualitative 
probabilistic models. These kinds of models can furnish valid decisional support for many 
types of problems where decision taking occurs under uncertainty conditions, because they 
can lead deductive and inductive inferences, for developing scenario analysis, diagnostic 
evaluations and sensitivity analysis [5]. 

4.1 Prototype Model Definition 

In order to evaluate the methodology hypothesized, a prototype Bayesian network has been 
implemented, focusing on energy consumption for cooling, considering a reduced case-set. 
Nevertheless, the formulation of the network structure can also be considered valid for 
wider system versions. For the prototype network database, 70 thermal zones deriving 
from 5 residential buildings were chosen. Thermal performance data was derived from 
common simulations performed with EnergyPlus software and processed thus obtaining 
the monthly energetic behavior of 1106 cases, as database for the prototype network. 

 
Fig. 1 Prototype Bayesian Network 

4.2 Model Structure Development 

The method used for network building is partially direct synthesis, that is, the network 
nodes and conditional independence relation framework were directly implemented, while 
the quantification of the conditional dependence relations were achieved via statistic 
learning algorithm (EM Learning), deriving probabilistic distribution through historical 
data series analysis [5]. 
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In order to limit the onerous nature of the calculations, the network was structured in 
a two level hierarchy, having two root nodes: a counter node ‘Z-case’, representing all the 
alternative thermal zone cases (70 cases in the prototype), and a node ‘period’, identifying 
the reference month for the thermal analysis.  

Furthermore, the leaf parameters are grouped in sub-networks in relation to the 
information types: zone configuration data, building configuration data, main types of 
energetic contributions (Fig.1) in order to clarify the network structure and guide the 
system’s compilation.  

5 Towards user interfaces 

In order to ensure a positive exploitation of the system for users/designers, the preliminary 
requirements were identified through further usage scenarios. The requirements then 
guided the definition of a preliminary version of the system’s interface model (Fig. 2).  

 
Fig. 2 System Interface Prototype  
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