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Abstract. The latest technological advances have allowed the development of
smart home systems that establish a connection between humans and the devices
that surround them, living in homes and working in fully automated companies.
While these systems improve the quality of life of people in terms of comfort,
safety and energy savings, as they automate aspects such as lighting, temperature,
humidity, among others; they lack an organizational memory that manages the
knowledge of the preferences, customs and behavior patterns of the inhabitants
of the home or company they automate. The aforementioned lack shows an op-
portunity to improve these products, taking into account that the market trend in
domestic devices, is to maximize automation, making them increasingly intelli-
gent, to make decisions proactively, and to collaborate with each other and with
the human being for his better quality of life. In this paper we show that it is
possible to improve the management of the data stream captured by the devices,
providing them with interoperability through the use of ontologies and metadata,
so that "intelligent modules" process the acquired knowledge automatically, with
little intervention from the humans. Specifically, we will use the Processing Ar-
chitecture based on Measurement Metadata (PAbMM) and the Case based Rea-
soning (CBR) technology to intelligently establish the environmental conditions
of the home, in order to improve comfort and reduce energy consumption.

Keywords: Data Stream Processing, Big Data, Case based Reasoning Learning,
Domotic, Ontology.

1 Introduction

Home automation systems are systems capable of automating a home or building of

any kind, adding aspects of safety and welfare to its inhabitants. These systems are
composed of sensors that capture and send information of environment variables to a
central module, which, based on the captured data, stimulates the corresponding actua-
tors to provide comfort, safety, etc.

One way to take advantage of so much information captured by the sensors is the
development of the proposed software, which can be installed in domotic home centers,
to make better use of the information obtained [1].

Specifically, once the data from the sensors has been captured [2], it is convenient
to structure them in acknowledge memory (also named Organizational Memory), so
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that later they can be exploited and used for the recommendation in subsequent decision
making. For example, at the same time that the memory is recognizing the customs of
the inhabitants of the house, it can trigger alarms in cases of unusual situations, as it
would be if the person does not get up at the usual time, may have suffered an illness,
and warn to their relatives; or recommend the closing of windows if the temperature
drops below the usual, etc.

The organizational memory (OM) management represents a key asset to support de-
cision-making processes by different organizational stakeholders [3]. The main aim of
knowledge management systems is to manage, store and retrieve the organizational
knowledge, so that it can be used later to learn, share knowledge, solve problems, and
ultimately to support better decision-making processes. To ensure an efficient manage-
ment of organizational knowledge, it is necessary to have technological platforms that
support it. In the previous work, we proposed architecture based on data flow pro-
cessing, for this purpose. Specifically, the Processing Architecture based on Measure-
ment Metadata (PAbMM) [4, 5].

The PAbMM evolves the original strategy [4] incorporating support to the big data
repositories in contexts of distributed computation. This implies the necessity of gather
Big Data and Data Stream Processing technologies; which ensures powerful large data
volumes processing, allowing efficient management of knowledge in the Organiza-
tional Memory.

The Organizational Memory that integrates the Processing Architecture based on
Measurement Metadata serve as base for the organizational knowledge exchange and
to be used in recommender systems in decision making processes. Therefore by having
a well-developed organizational memory that supports the structuring, reusing and pro-
cessing of organizational knowledge is a primary decision (and likely a success factor)
to achieve such an effective management.

Nonaka and Takeuchi have said that an organization cannot create knowledge itself.
Conversely, the knowledge creation basis for an organization is the individual’s tacit
knowledge; and tacit knowledge is shared through interpersonal interactions [6].There-
fore, in order to reach and maintain the organizational effectiveness and competitive-
ness, an organization needs to learn from past and present experiences and lessons
learnt and to formalize organizational memories for enabling to make explicit the indi-
vidual’s tacit knowledge — and why not community’s tacit knowledge as well [7].

In this paper we show the design of smart software modules to support the develop-
ment of domotic systems with the added value of knowledge management software,
which provides additional intelligence (to the traditional simple response to sen-
sors).This software provide the system with a learning mechanism using an knowledge
memory and reasoning based on cases, which will result in a better use of domestic
resources, a higher level of comfort and security and, ultimately, better benefits for the
end user.

This article is organized in five sections. The Section 2 outlines the case based or-
ganizational memory. The Section 3 illustrates the application of the organizational
memory to a practical case: A smart house recommendation System. The Section 4
discusses related work and finally the Section 5 summarizes the conclusions.
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2 Case Based Organizational Memory

One of the main goals of an organizational knowledge management strategy is to try to
formalize the informal knowledge in order to allow machine-processable semantic in-
ferences. A way of alleviating this problem from the knowledge representation stand-
point is to store the knowledge in a more structured and formal way. We have followed
this approach by using the case-based organizational memory strategy. It combines or-
ganizational knowledge storage technology with case-based reasoning to represent each
item of informal knowledge.

In general, the organizational memories are intended to store the partial formal and
informal knowledge present in an organization with automatic processing capabilities.
In particular, by structuring an organizational memory in cases can also facilitate the
automatic capture, recovery, transfer and reuse of knowledge for problem solving.
Thus, data, information, and knowledge from heterogeneous and distributed sources
can be automatically and semantically processable by web-based applications, for in-
stance, an ‘intelligent’ recommendation system to support a more effective decision-
making process [8].

With the aim to manage and retrieve the organizational knowledge, in the last years
numerous proposals of models and tools for knowledge management and knowledge
representation have arisen. However, most of them store knowledge in a non-structured
or semi-structured way, hindering the semantic and automatic processing of this
knowledge. In this section we specify a case-based organizational memory, so that it
can be used to learn, reasoning, solve problems, and as support to better decision mak-
ing as well.

A way of alleviating this problem from the knowledge representation standpoint is
to store the knowledge in a more structured and formal way. We have followed this
approach by using the case-based organizational memory strategy. It combines organi-
zational knowledge storage technology with case-based reasoning to represent each
item of informal knowledge. In particular, by structuring an organizational memory in
cases can also facilitate the automatic capture, recovery, transfer and reuse of
knowledge for problem solving.

In order to reach this aim we have constructed a common conceptualization for case-
based organizational memory where concepts, attributes and their relationships should
be explicitly specified; such an explicit specification of a conceptualization is one of
the core steps for building ontology.

In the following sections we will describe case-based organizational memory ontol-
ogy and his application to the construction of a smart house recommendation system.

2.1 Case Based Organizational Memory Ontology Overview

The organizational memory ontology aims to be at a generic level from which other
representations for specific domain applications can be formulated (see Figure 1). On
the one hand, the case-based organizational memory ontology is defined at a generic
organizational memory level [8], and on the other hand, for characterizing the cases
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according to the specific knowledge domain [9] and its context [10], a domain and con-
text ontologies should also be provided.

—— —1

Context Ontology Smart House Domain Ontology

Domain Level

Case-Based OM Ontology

Generic OM Level

Fig. 1. The relationship between ontologies at the specific domain level and at the generic organ-
izational memory level.

The objective of our ontology is to serve as a foundation for the organizational
knowledge exchange with semantic power, which in turn facilitates the reuse, the in-
teroperability and the automatic processing by agents [11].

The main concepts of the ontology, which are illustrated in the UML diagram of the
Figure 2, are described in the following text, highlighted in italic.

An organizational memory is the way in which an organization stores and keeps
track of what it knows, i.e., about the past, present and future knowledge. An organiza-
tional memory can have one or more knowledge bases which are intended to achieve
different information needs of an organization —recalling that data, information and
knowledge are useful assets for decision making. In addition, an organizational memory
may be seen as a repository that stores and retrieves the whole specified, explicit, formal
and informal knowledge present in an organization. Thus, a knowledge base is an or-
ganized body of related knowledge; taking into account that knowledge is a body of
understanding and/or lessons learnt from skills and experiences that is constructed by
people.

A type of knowledge base is a case knowledge base which stores the acquired
knowledge in past experiences, good practices, learned lessons, heuristics, etc. to dif-
ferent domains; that is, it stores cases. A case is a contextualized knowledge item (i.e.,
an atomic piece of knowledge) representing an experience by means of a problem and
its solution. The representation of the knowledge through cases facilitates the reuse of
the knowledge acquired in past problems to be applied to a new problem in similar
situations [12].

A case can be seen as an ordered pair < P, S >, where P is the problem space, and S
is the solution space. There exists a general description of problems as P(x, xa, ... , Xa),
where each individual problem is an instance P(al, a2,..., an); also a general description
of solutions as S(y 1, y2, ... , ¥ n), and every individual solution S(b 1, bo, ..., b ) is an
instance of that general description. The x ; are variables that characterize the problem
(problem feature), and the yi are variables that characterize the solution (solution
feature), where both are features. A feature or attribute is a measurable physical or
abstract property of an entity category. Since the stored cases refer to a specific
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knowledge domain, the features that characterize the problems and solutions are
defined by a domain concept term; for example, the concepts coming from the Smart
House domain ontology (i.e. Ambient brightness, presence, alarm status,
Environmental Temperature, Environmental Pressure and so on, as we will illustrate in
Section 3).
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Fig. 2. The relationship between ontologies at the specific domain level and at the generic organ-
izational memory level components.
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The case-based reasoning process consists in assigning values to problem variables
and finding the adequate instances for solution variables. To find the appropriate values
for the instances of a solution, the similarity assessment of cases should be performed,
so that for each case knowledge base a similarity assessment model should be specified.
Greater detail of the functionality of the Organizational Memory can be found in [7].

2.2 Similarity Assessment Model Representation

Most of the case-based reasoning applications have been focused on problems of spe-
cific domains. However, in order to be useful to an organization, a case-based reasoning
system should be fitted in with the main knowledge sources that can stem from diverse
domains, and so the similarity functions appropriate to each case knowledge base.

As we can see in Figure 2, each case knowledge base has a similarity assessment
model that specifies it. On the one hand, the similarity assessment model class repre-
sents the general description of problems as P(x 1, X2 ... Xa), i.e. the problem structure,
by combining several similarity model elements -one per each problem feature x;.

On the other hand, it is a function with associated similarity elements that models
the similarity assessment of cases. In turn the similarity model element is a function
with associated similarity criterion that models the similarity assessment of a feature.
We propose a model to define the case structure indicating the features that characterize
it and the possible similarity models.

Usually, the similarity between a recovered case R and a new case C is defined as
the sum of the similarities among its constituent feature values multiplied by their
weights, i.e. the so-called Nearest Neighbor formula:

Similarity(R, O = Y wy * simy(fz, F) (1)

feF

Where wr is the weight of the feature f, and simis the similarity measurements func-
tion to the feature. Therefore, in order to provide an appropriate representation of the
similarity model, it is necessary to represent the weights that model the relative rele-
vance, and the similarity function type for each specific feature. The weights are repre-
sented as an attribute inside each similarity element, and the similarity type is restricted
to be one out of three general types, namely: Exact, Difference and Complex.

The inclusion of these three types of functions is based on the analysis of numerous
investigation works in the case-based reasoning area, as well as taking into account they
cover the similarity representation needs of most cases in the Software and Web Engi-
neering area. Particularly:

The Exact similarity function. Returns 1 if two feature values are the same and 0
otherwise.

The Difference similarity function. Is inversely proportional to the difference be-
tween the feature values. It can only be applied when it is possible to define the value
difference; for instance, between numerical values the difference similarity function
returns 1 if both features are equals, and return 1/|f-f, | in other case.
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The Complex similarity function. Solves the similarity for all those situations where
the two previous functions are not applicable; for example, the semantic difference be-
tween two synonymous terms that is neither completely the same nor completely dif-
ferent. If the number of a feature values is finite, it is feasible to have beforehand the
similarity measure values for all possible values’ pairs. In our model, these parameters
are represented in the Similarity Criterion class, which is defined as the assessment
pattern used to determine the semantic similarities between two feature values.
Ultimately, an exhaustive glossary of terms, attributes and relationships are shown
in [8], where the terminology for the case-based organizational memory ontology is
explicitly described.

3 A Smart House Recommendation System

We will elaborate and implement a case-based knowledge base and its similarity as-
sessment model for a specific domain: a smart house recommendation system.

This case base stores a body of related knowledge about the lighting status and en-
ergy consumption of a home, based on a variety of data, processed by the PAbMM
architecture and taking the domotic sensors as a data source.

So, and in terms of PAbMM, each sensor is a heterogeneous data source that pro-
duces and stores the data streams; in this way and from the processed data, you can
build knowledge management systems to support the decision making in the smart
house domain, based in the experience stored through the Organizational Memory.

3.1 Design of the Model for the light intensity knowledge base

To illustrate the knowledge base and for easier understanding, a simplified model of
the Case structure is shown. This case knowledge base characterizes the problem situ-
ation through various characteristics including Natural brightness of the environment,
(measured in lumens), usual task which is being carried out at that time, the day of the
week and if the device was operated manually or automatically (See Table 1). In addi-
tion, the context data of location and time is taken into account.

Analogously, the LightPercentage feature; which indicates the Percentage of light
level to be dimmed, will characterize the solution. For each feature that characterizes a
case, we should establish its weight and its similarity function type (see Table 1). These
design decisions could be made by an expert taking into account which features are
considered more relevant from the similarity point of view to evaluate in the end the
global similarity of two cases.
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Table 1. Example of similarity assessment model for the smart house case base.

Feature Description Type Wht
NaturalBrightness Natural brightness of the envi- | Difference | 0.40
ronment, (measured in lu-
mens)

DayMoment Indicates what usual task is Exact 0.25
being carried out at that time.
(Possible values are sleeping,
getting up, breakfast, work-
ing, lunch, dining, and going
to bed).

DayOfWeek Indicates the day of the week | Exact 0.15
(Possible values are Monday,
Tuesday, etc.)

Manual Indicates if the device was op- | Exact 0.20
erated manually or automati-
cally.

Once defined the case structure and its similarity assessment model, each case is
stored with all the feature values that characterize it and its solution accordingly. Two
case examples are shown in Figure 3.

CASE 1
NaturalBrightness 120
DayMoment Breakfast
PROBLEM: DayOfWeek Monday
Manual No
SOLUTION: LightPercentage: 60
CASE 2
NaturalBrightness 250
DayMoment Working
PROBLEM: DayOfWeek Tuesday
Manual No
SOLUTION: LightPercentage: 90

Figure 3. Example of representation of two stored past cases.

A new decision in Illumination managing can benefit from the case-based organiza-
tional memory by recovering the smart house information of the most similar brightness
conditions. Let us suppose that the case base stores the two cases shown in Figure 3,
among others, and a change is detected in the environmental context variables. In order
to reduce costs and improve comfort, we can take advantage of the recorded knowledge
by retrieving and reusing the most similar past experience. Therefore, the Table 2 shows
the similarity calculation of each feature of the new case compared to the previous past
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ones, i.e., “Case 1” and “Case 2”. Hence the global similarity calculations give as out-

comes:

Similarity(Case 1, New) = 0.4 * %) +025%1+015%0+02*1=0.582

Similarity(Case 2, New) = 0.4 *ﬁ) +025%0+015%0+ 0.2 *1=0.204

Table 2. Example of similarity assessment between the previous two past cases and the new.

Feature Case 1 Case 2 | New Case | Similarity | Similarity
Casel/New | Case2/New
NaturalBrightness 120 250 150 0.132 0.004
DayMoment Breakfast | Working Breakfast 0.25 0
DayOfWeek Monday | Tuesday Sunday 0 0
Manual No No No 0.2 0.2

Resulting “Case 1” as the most similar to the new case, and therefore the light will
be dimmed to 60 percent.

4 Related Work

In our specific work, we have illustrated the use of the case-based reasoning approach
to develop a case-based recommendation system for smart house control, using the ad-
vantage of having the PAbMM architecture, which manage large volumes of structured
data together with their metadata. The main goal is to exploit the knowledge that con
be extracted from organizational memory under a key-value structure (i.e. case-solution
structure) stored in the Big Data repository, allowing to incorporate more experience
for recommending the courses of actions to the decision-making process.

Firstly, from the organizational memory point of view, there are numerous proposals
in the knowledge management area, for example the ones documented in [13, 14]. Most
of them capture and store the knowledge in repositories of documents like manuals,
memos, and text files systems, etc. where structured or semi-structured storage strate-
gies are seldom used. These approaches usually do not employ powerful mechanisms
of semantic and automatic knowledge processing based on ontologies therefore causing
very often loss of time and high investment in human resources.

Secondly, from the stream processing architecture point of view, there are recent
works which make focus on the data stream processing from a syntactic point of view.
In this context, the data model of the stream is based in a key-value structure and in-
corporates techniques for the adaptive management of high-rate streams [15]. Our ar-
chitecture incorporates metadata based on an Ontology, facilitating consistent and com-
parable analysis from the statistical point of view, being able to fire alarms based in the
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interpretation of the decision criteria of the indicators whose value was got from the
data.

5 Conclusions

The case based knowledge management represents a key asset to support a more effec-
tive decision-making process by different stakeholders [8]. Also, cases are a type of
knowledge that facilitates capture, transfer, reasoning and reuse through automatic pro-
cessing. In this direction, we development an Case-based knowledge memory, which
can be installed in domotic home centers, to make better use of the so much information
captured by the sensors.

In the previous work [16, 17], we had specified a case-based organizational memory
for the stream processing architecture based on measurement metadata. In this paper
we deepen the former research and considerably expand the development of the pro-
posed technologies, applying them to home systems. As a result, we obtained a robust
and mature smart software modules to be installed in the home centrals.

This software provides the system with a learning mechanism using a knowledge
memory and reasoning based on cases, which will result in a better use of domestic
resources, a greater level of comfort and safety and, in short, better performance to-
wards the end user.

The aforementioned modules were installed in a FIBARO [18] smart home system.
Currently, the system is in the learning stage, memorizing cases through the processing
of data streams captured from the sensors. After six months of knowledge acquisition,
based on information obtained by different sensors, a recommendation system based
on this knowledge memory will be activated.

The recommendation system will shut down the electrical devices when they are not
needed, taking into account previous experiences acted upon by the users. Currently,
energy consumption is being measured, in order to calculate future energy savings.
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