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Abstract—In recent engineering practice, the complexity of the
systems is increasing. This complexity will keep on increasing if
new components are added into the system or system configuration is changed. Numerous configurations of these components
are repeated or their relationship is recognizable. On the other
hand, simulation tools are commonly used to track the behavior
of the modeled systems over time because of their advantages
against experimental setups which are the abstraction of reality.
However, the ability to integrate different components at different
levels of the designed model along with the different techniques
used for their inter-relationships based on users requirement is
a challenge. The main contribution of this paper is to give an
example of how to apply composability to handle this issue. One
tangible example is to study the behavior of heating, ventilation,
and air-conditioning systems in large buildings. Therefore, finding
a solution to model this kind of complex system in a highly
composable and scalable view is promising. Composability is a
system design challenge that describes how different components
can be selected and combined in different configurations and
different levels to satisfy users requirement with a highly reduced
development cost and time in the simulation, as its advantages.
Finally, the practical steps for design and implementation of a
composable demand-controlled ventilation and heating system
as a useful and energy-efficient smart building’s technology in
MATLAB/Simulink (besides its constraints) is provided.
Index Terms—Composability, Composable Model, Modeling
and Simulation, HVAC, Simulink

I. I NTRODUCTION
The main goal of building’s heating, ventilation, and air
conditioning system (HVAC) is to provide the people with
more comfort and also reduce energy consumption. Recent
research in this domain shows that advanced Building Energy
Management Systems (BEMS) such as demand-controlled
ventilation system can reduce the consumption of energy up
to 30% [1].
In order to optimize the building automation system, it is
important to understand the overall behavior of the system
in detail. The behavior of these systems can be studied in
detail by analyzing the system model that has been used
to create such a system. Lapusan et al. have designed a
multi-room automation system using Simscape library from
Matlab/Simulink. This system is based on 3R-2C network (3
resistors and 2 capacitors) [2]. Behravan et al. created a model
of thermal dynamic that simulates a heating system for a multizone office building which is equipped with demand-controlled
ventilation (DCV) in MATLAB/Simulink [3]. In that study,
which is used as the main reference of this study, a model
including all the thermodynamics and heat transfers between

different rooms in both directions of horizontal and vertical
was simulated.
The vision behind of this study is to create a composable
model of the building equipped with DCV and heating system
which has the capability of extension in vertical and horizontal
directions to test a generic fault detection and diagnosis
method that works for this kind of building’s extension.
Composability is the ability to select and assemble components in various combinations (in an order) so that specific
user requirements can be fulfilled [4]. It is a vital quality
of the Modeling and Simulation discipline which is difficult
to achieve [5], [6]. The overall process is difficult because
the characteristics of individual components are different from
the behavior of components in the combined form. In order
to implement flexibility during the design of system design,
composability is studied as a configuration problem by authors
in [7]. The quality of the underlying system is completely
dependent on the composition of its subsystems and their
quality. In order to fulfill the objective of fast application and
adequate development of simulation model resources on the
platform of cloud simulation, a framework based on hierarchical modeling is proposed by authors in [8]. The correctness
of the proposed hierarchical simulation model is verified
by simple examples. Different case studies in this context
show that the key technologies of composable modeling can
productively enhance the resource modeling simulation over
the platform of cloud simulation.
The objective of this work is to give an example of how to
apply composability to handle the issue of the ability to combine and recombine different components in different model
levels and in different ways considering inter-relationships
based on the user requirement. This study focuses on the
method in MATLAB/Simulink to generate a composable version of that DCV and heating system model of a smart building
with six number of rooms and one corridor in one floor which
as the reference [3]. In other words, the goal is to create a
novel method for automatic generation of an extended building
model with N number of rooms and K number of floors
(instead of only 6 number of rooms and 1 floor) from the
original one available in this reference. Also, the constraints
of the developed model are discussed. The novelty of this
work resides in the programming a new .m (MATLAB) file
which connects different Simulink system blocks together
based on the user requirement for desired architecture by a new
graphical user interface and the result will be automatically

