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Abstract. Conflicting rules and rules with exceptions are very common in natural language specification employed to describe
the behaviour of devices operating in a real-world context. This is common exactly because those specifications are processed by
humans, and humans apply common sense and strategic reasoning about those rules to resolve the conflicts. In this paper, we deal
with the challenge of providing, step by step, a model of energy saving rule specification and processing methods that are used
to reduce the consumptions of a system of devices, by preventing energy waste. We argue that a very promising non-monotonic
approach to such a problem can lie upon Defeasible Logic, following therefore an approach that has shown success in the current
literature about usage of this logic for conflict rule resolution and for human-computer interaction in complex systems. Starting
with rules specified at an abstract level, but compatibly with the natural aspects of such a specification (including temporal
and power absorption constraints), we provide a formalism that generates the extension of a basic Defeasible Logic, which
corresponds to turned on or off devices.
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1. Introduction

Energy consumption refers to the amount of energy
used by an individual or organisation. Energy con-
sumed in buildings, both for residential and commer-
cial end users, accounts for one-fifth of the total de-
livered energy consumed worldwide and is expected
to increase at a rate of 1.5% per year until 2040 [38].
This energy request is increasing also in those areas of
the world where other energy requests have been con-
trolled more wisely in the recent past, and it is there-
fore a demanding problem.

Energy consumption in buildings is a completely
different scenario when compared to an industrial en-
vironment. While the latter has generally few big
power draining devices that can be controlled individ-

ually, in buildings we have a huge amount and variety
of devices each of which bears a small contribution to
the overall consumption but whose control is almost
always neglected.

This lack of control leads to a huge energy waste,
as can be better understood using this simple rule of
thumb, as shown in Fig. 1: if we roughly divide the
week in half days, we have five working active half
days, or time intervals of twelve hours each, while
we have nine of these intervals which can be defined
“inactive” such as first mornings, nights and week-
ends. During these time intervals a good number of de-
vices such as printers, vending machines, lights shall
be turned off nevertheless it is common experience that
they are left on. This is often neglected despite the fact
that these time intervals sum up to almost two thirds of
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the overall time ( 9
14 ∼

2
3 ), while the time at which they

are probably correctly in operation is only one third
( 5
14 ∼

1
3 ) of the week.
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Fig. 1. Weekly energy time intervals

The problem of saving energy in buildings is strictly
connected to the problem of measuring and control-
ling all these devices in an efficient way. The measure-
ment and control should take into account every sin-
gle state and power level, as well as the interconnec-
tion between several devices. For instance, if nobody
is present in the office and it is already late evening,
the vending machine in the cafeteria is wasting energy
if it is still switched on, likely as much as the air con-
ditioning in the office which should definitely be in the
off state.

The above example shows how to achieve a cor-
rect energy saving. For doing that we need the help
of several sensors and actuators and their intercon-
nected data. The latter are the input for an algorithm
that solves the decision problem that has as goal the
energy saving as well as the various user preferences.
The algorithm used during the decision process, in our
opinion, needs to be fed by concepts given from a user
interface. An interesting application aspect of energy
saving technologies is that users often desire to regu-
late the behaviour of devices by means of usage rules.
A usage rule is essentially a rule of the form:

IF condition THEN action

where a condition can be an instant of time, an inter-
val of time, an absorption level, one or more devices in
given specific states. On the other hand, an action cor-
responds to turning a device on or off, or, more gener-
ally, to execute a command of a command-based sys-
tem. In this work, we do not consider devices that may
have states different from on and off, as happens in real
scenarios, with states like ready or stand-by. For the
purpose of this paper those situations are not consid-
ered, and left to further work. In other terms, we anal-
yse only two-phase devices, and do not consider mul-
tiphase ones.

Let us recall that the purpose of having any automa-
tion support to energy saving, in a complex device net-
work, is to reduce the power absorbed by the system
itself in any temporal instant, in order to reduce the
total amount of energy consumed in any given inter-
val. Typically, we imagine to have a general interval
(that is considered uniquely), like a single year, pos-
sibly divided into sub-periods (months, weeks, days,
hours and minutes), where conditions and actions are
repeated.

The difficulties that emerge when dealing with prob-
lems of energy saving, with respect to the specifica-
tion of usage rules for energy absorbing devices are not
trivial. The usage rules can have contradictory actions
for similar conditions, that consist in one of their main
difficulties. These rules can naturally be represented as
rules with exceptions.

For instance, consider an office where an user spec-
ifies RULE 1: Turn the lights off at 8pm. This rule
should hold in general, but it is very natural to imagine
an exception, like RULE 2: Do not execute RULE 1, if
someone is in the office.

Another possible situation is when two rules are in
conflict, possibly with an expressed priority. For in-
stance, consider the configuration mentioned above. A
user specifies RULE 3: Turn the coffee machine off,
when it is 6pm, and RULE 4: Turn the coffee machine
on, when someone is in the office. In this case, in par-
ticular, we can have the functionality preserving prin-
ciple that brings up the priority of RULE 4 with respect
to RULE 3; on the contrary, we can have the saving
principle, that brings up the priority of RULE 3 with
respect to RULE 4.

Rules as specified above are triggered by temporal
instants (on a repeated basis) and temporal intervals
e.g., in rules that are to be used only in a specific in-
terval, especially those regarding heating and air con-
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ditioning. Moreover, we are interested in two kinds of
power constraints: power limits, and power minimum
constraints. The former are those constraints that gov-
ern the execution of rules within a given limit (RULE
5: Turn the lights on only if the power absorption is
under 2.7 kW). The latter instead correspond to rules
that prevent undesired turnoffs, as in RULE 6: Turn the
printer on, if the absorbed power of the system is less
than 100 W.

The typical rules specified by users for energy sav-
ing are non-monotonic. Natural ways of expressing
these types of rules can be Defeasible Logic. In par-
ticular, the types of rules defined above correspond to
defeasible rules (the actual usage rules), defeaters (the
exceptions) and a superiority relation (priority rela-
tions between conflicting rules). There are two evident
differences in terms of representation needs between
basic defeasible logic and the rules we specified above:
temporal constraints and power constraints. In order
to manage these differences, we have two possible ap-
proaches. The first consists in enriching the defeasible
logic to an extent that allows the above mentioned rule
forms; the second introduces a translation method that
starts from rules of a new formalism into basic defea-
sible logic.

To better understand the differences, we need, at
first, to consider the extension of a defeasible theory,
and evaluate it as a means for obtaining some sort
of energy saving. In fact, an energy saving solution
should answer to the following need: turn off the max-
imum possible number of devices (or reduce their ab-
sorption) at a single time, while preserving in a com-
plete way the functionality of the system. Therefore,
for our purpose, a solution can be a list of devices that
have to be turned off, and another set of devices that
have to be turned on.

Basically, a possible approach would consist in
specifying a temporal Defeasible Logic, where rules
are associated to constraints about energy consump-
tions, and modifying the deduction system to take into
account the above mentioned aspects. This approach
seems complete and promising, but it contains one
very important drawback. A system with these modi-
fications requires a completely different inferential ap-
paratus, and this leads to an autonomous theoretical
definition of the notions of derivation, conclusion and
extension. Although this method might work appro-
priately for the case we are studying, it is rather cum-
bersome and uselessly complicated to provide such a
method if the intended meaning of an extension is the

above mentioned one, namely the lists of devices that
should be turned on or off.

The other approach makes use of the well-known in-
ferential apparatus of standard Defeasible Logic. This
approach allows the user to specify the rules, with time
and power constraints in an abstract way (we will call
them“metarules”), which are translated into basic de-
feasible theories at given instants. It uses the concept
of synchronisation, that is in fact a label elimination al-
gorithm, able to discover which basic defeasible rules
can be applied at that instant.

It is important to emphasise that the basic inferen-
tial apparatus of Defeasible Logic acts in linear time.
Assume that we are able to translate the metarules into
a set of defeasible rules that is limited in size with
respect to the metarules number. This brings a posi-
tive impact to the system synchronization that can now
be performed frequently, without serious risks for the
functionality and performance of the system of devices
connected to the application.

The rest of the paper is organised as follows. In Sec-
tion 2, we introduce related work with respect to the
energy saving problem in an ambient intelligent con-
text. We propose in Section 3, an innovative real sys-
tem where our approach can be applied. In Section 4,
we present the general picture of the system and pro-
vide a visual language: after introducing the defeasible
logic formalism. We also define the visual language
corresponding to the metarules and the method for the
translation process. In Section 5, we provide a refer-
ence implementation that concretely makes use of the
approach. Finally, Section 6 takes conclusions and ex-
plores future investigations.

2. Related Work

In this paper we propose an architecture that deals
with conflictual rules, used for improving the electric
consumptions of a generic system composed by differ-
ent devices.

The problem of energy saving is a widely investi-
gated topic [9,24,33,31]. The communication technol-
ogy industry has made relevant effort on this prob-
lem [7,36], by proposing new energy saving technolo-
gies, e.g., optical IP networks [6,37], efficient digital
signature schemes in cryptography [34], and data cen-
tre architecture and design [20].

Ambient Intelligence (AmI) technologies put a spe-
cial attention on increasing the efficiency during the
execution of the tasks, which can also be used for
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energy saving. One important way of executing the
task with these technologies is by using planning tech-
niques, e.g., the authors in [1] use the planning for the
execution of tasks based on the hierarchical task net-
work. The authors of [14] use planning with also the
improving and learning phases, for increasing the en-
ergy efficiency in an existing technology.

Another important technique used by AmI is schedul-
ing. Scheduling can be of different types, like static
and dynamic scheduling used in [21], where the au-
thors represent the case of a student dormitory that
uses embedded agents to create an AmI environ-
ment, and that is controlled by these embedded agents
according to user preferences. The static/dynamic
scheduling is an optimization technique, as well as the
one introduced in [12] where the authors introduced
an optimized schedule mechanism that makes use of
machine learning techniques.

In [15], the authors propose an improved schedul-
ing algorithm that deals with diverse constraints for en-
ergy consumption. In this case, there is no analysis of
conflictual constraints, as priority values are assigned
by the user to the different constraints. In [5,4] the au-
thors use the ISES/ESA algorithm [11] for the schedul-
ing and planning in the architecture of RoboCare. This
scheduling technique is also optimized by the use of
monitoring of the user’s behaviour.

Another approach used for improving the energy
consumption is based on sociological studies. In [39],
the authors describe an investigation where for de-
creasing energy consumption, users are involved in a
learning process about energy wastes and damages to
the environment are pointe out.

The analyses of energy consumption information
can lead to the gathering of business-relevant data, as
shown for instance in [19] through a statistical ap-
proach. The authors show the existence of a linear cor-
relation between the income of a person/family with
the consumption of electricity, and prove that a system-
atic governance of the wastes can effectively provide
higher income availability.

The different scheduling and planning solutions for
energy efficiency, encounter the problem of conflictual
rules. The idea of using the Defeasible Logic mecha-
nism to handle exceptions and conflictual rules in real
life scenarios is not new. Defeasible Logic has been
used during the simulation of an UAVs navigation sys-
tem in urban environment [26], for solving conflict-
ual predicates. Dealing with conflicts and exceptions
is an important issue also in business processes, where
modal variants of defeasible Logic [30] propose regu-

lation systems. On the same topic there are many fur-
ther investigations that have been carried out, that have
been considered for the definition of the formalism
here, incuding [22,23].

Rule-based approaches have already been employed
in different areas of research where they have shown
to be useful. In particular, Daniele et al. have in-
vestigated the applicability of rule-based systems for
context-aware applications, an area that also comprises
many real-life applications, including smart environ-
ments and Internet of Things.

A very general investigation on Rule-Based sys-
tems, and in particular on those based on Jess or Drools
engines can be found in [18].

Another interesting approach has been developed
in [35] by Bikakis et al., for energy saving in an
ambient intelligent environment is the usage of rule-
based techniques. In this work it is suggested to use an
agent, either reactive or deliberative, which enforces
several energy-saving policies. With the use of Defea-
sible Logic the authors are able to incorporate also an
effective and intuitive policy management.

In [8] the authors propose four strategies for solv-
ing conflicts between rules that are context dependent,
in different ambient intelligence scenarios. Their solu-
tion is based on the Multi-Context Systems paradigm,
where the local knowledge of the agents is represented
through context. A preference ordering is used for ex-
pressing the confidence that an agent has on knowl-
edge imported from another agent through the infor-
mation flow between agents.

In this paper we go much further than has been done
in [35,8] as we provide a general method for rule pro-
cessing as applied to human interfaces to smart envi-
ronments, in the specific case of energy saving.

Another completely different approach, based on
conflict adaptation, namely on the attempt of provid-
ing some space for context-based reasoning, has been
adopted by Preuveneers in [32].

3. A real system our approach can be applied

In this section we introduce an existing technol-
ogy, Elettra, a real life system where our approach can
be applied to achieve the benefits we believe can be
achieved using a non classical reasoning technique.
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3.1. The basic system: Elettra

Elettra1 is an intelligent system designed to obtain
efficient power consumption and to have the instant
confirmation of the results, managing “de facto” how
the electricity is used in a company.

Elettra is an evocative name chosen to identify a
smart system where arbitrary rules can be set to au-
tomatically reduce the waste and control the usage of
electricity in one or more buildings, allowing the adop-
tion of efficiency policies and action plans objectively
measurable thanks to the presence of a monitoring sys-
tem that highlights the situation before and after.

These rules do not only manage the simple on/off
status of the equipments, but they can also trigger
alarms and send related messages via electronic mail
or text messages. These rules, set by the user, adopt
criteria based on time and specific conditions based
on data coming from measures of physical quantities
(e.g., a peak in energy consumption or other events)2.

Elettra is able to control all related equipments, pro-
vide tools for analyzing energy consumption in detail,
provide forecasts and it is easily programmable by any
user. Moreover, it provides the knowledge and the cer-
tainty of electricity use in order to identify trends and
their consumption profiles.

Thanks to wireless technology, no modifications
on existing structure is required: an installation can
be made without touching the walls of the buildings
where the system is to be installed.

Fig. 2. Operative Concept of Elettra

Fig. 2 describes the components of the system:

1Product description can be found at http://www.
risparmiarecorrente.it/?lang=en

2Reader can find an online demo at http://demoelettra.
realt.it

– The miniserver Elettra is small and dedicated to
Elettra, is pre-configured, does not occupy space
and requires only a standard Internet connection;

– A radio signal collector that should be positioned
next to the miniserver, also this equipment is pre-
configured;

– various radioplugs that can be connected by any
user, in fact just put it between the wall plug and
the plug equipment you want to control (printer,
monitor, lamp, refrigerator, etc..) and the same
will provide to communicate each other wire-
lessly.

For its versatility and simplicity it is used by a wide
range of people: energy managers, purchasing man-
ager, chief executive officers of small-medium entities,
and in general people in companies interested in en-
ergy saving policies.

After authentication, the user faces a dashboard (see
top side of Fig. 3) in which the system summarizes
daily consumptions, which sensors are active and last
actions performed by the system.

There are three main menu choices: Automation,
Structure and Measures. Through Automation the user
can set up rules of switching on/off of equipment based
not only on the operations chronology (like: night -
day) but also on consumption, Actions (switch on,
switch off, notice) and Scenarios which are set of ac-
tions to be performed when a certain rule is fired. A
rule is “fired” when certain conditions, specified in
Rules, are matched.

Through Structure, the user can tell the system how
the plant is made, so Buildings and Rooms can be de-
fined as well as Sensors and Devices.

From Sensors and Measures, a list is displayed from
which physical devices can be manually switched on
and off remotely (see bottom side of Fig. 3). Through
Measures the user can obtain reports on the actual en-
ergy consumption which allows quick and correct de-
cisions.

Real time data are reproduced as well as historical
and forecasting data of every single device of the struc-
ture and of the various elements, such as the overall
consumption of all equipments in a room or even of an
entire building.

The Elettra system is made of several components,
both hardware and software, among these there should
be mentioned:

ELETTRA_UI provides the basic web structure of
the system;

http://www.risparmiarecorrente.it/?lang=en
http://www.risparmiarecorrente.it/?lang=en
http://demoelettra.realt.it
http://demoelettra.realt.it
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ELETTRA_CORE is an enterprise level system
for measurement and control of electric consumption,
from multiple building to single plug level;

ELETTRA_APP is a multi-platform “app” for mo-
bile management of some of the features.

The overall logical architecture, as shown in Fig. 4,
realises the integration between these systems and al-
lows future evolution of single component without af-
fecting the global system.

There is also a sub-system responsible for the com-
munication with all devices which is modular, meaning
that has a common framework and several specialised
components able to deal with manufacturer specific

(a) Dashboard

(b) Measures

Fig. 3. Screenshots of Elettra

protocols. With this sub-system, new hardware such as
smart plugs or industrial measurers can be integrated
to the global system effortlessly. Elettra relies on the

Fig. 4. Logical Model
user and his experience to achieve efficiency in energy
consumption. The user is asked to define which device
is attached to each sensor and is also asked to set up
rules that are effective for energy saving.

This is sometimes a task for very skilled techni-
cal people and is always time consuming, especially
in complex environments. Nevertheless, overall sys-
tem performances rely mainly on the correct formu-
lation and application of efficient rules, which may
differ from place to place. Therefore, a way to im-
prove the whole system is to find a possible automation
where the system recognizes different devices, their
consumption and how rules can be derived and ap-
plied.

4. An architecture for energy saving based upon
non-monotonic logic

In this section, we introduce an approach to imple-
ment a method for energy saving. Such an approach
uses non-monotonic reasoning about rules that spec-
ify to turn on or off a particular device. The basic idea
is to represent these rules on a twofold basis: as rules
specified by the user (called metarules), and as con-
crete defeasible rules for an actuator. The idea behind
this model is that the user specifies a behavioural rule,
namely she describes a condition which triggers an ac-
tion, to be considered in order to prevent excessive en-
ergy consumption. We then show that the metarules
can be synchronized in linear time: we translate the
metarules into defeasible rules, and then pass them to
an actuator.

The entire architecture is specified below. First of
all, we introduce the intended meaning of the elements
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of the language. This architecture is specified in details
in Section 4.6.

The logic we specify in this section is two-layered.
The first layer is provided in forms of metarules. Con-
sider a usage rule specified as If a light in the corridor
turns on, then turn on the lights in the whole corridor,
only between 9am and 8pm, that aims at reducing the
need for lights during daylight time period. Clearly, the
rule is applied (is valid) during the interval between
9am and 8pm, and it is inactive during the rest of the
day. If we synchronise the rule with a clock, we have
that the rule is transformed into a basic defeasible rule,
without time and energy constraints, only when the in-
stant of synchronisation occurs within the interval 9pm
to 6am.

We now introduce the formalism. Letters represent
the concept of a certain value of physical dimension
such as power level being absorbed in an electric load
or a light sensor reaching the level of normal light-
ning or again the power consumption of a fridge going
above the zero threshold meaning that it is ON. Literals
represent the concept that this certain value of physical
dimension has taken place, meaning, for instance, with
power consumption that the power level indicated has
been absorbed, or the light level has been measured.
Then, we have a set of “metarules” that will be rewrit-
ten as rules adhering to a defeasible theory thanks to a
synchronisation and decision algorithm.

4.1. Metarules

Metarules will be written with two constraints: time
and measure. In this context, measures are going to be
power absorption. We have rules which are based only
on time, and rules which depend on a certain measure
to cross a threshold upward or downward. These rules
are written in form of defeasible rules, extended with
a label [t1, t2] to be put before the letters and crite-
ria based on measures are labels in the form p+ or p-
above the derivation operation sign.
The syntax is defined as follows. Well-formed formu-
lae are

¬ r, [t1, t2] : a1, . . . , an ⇒ b, n ≥ 0

 r, [t1, t2] : a1, . . . , an
p+

=⇒ b, n > 0

® r, [t1, t2] : a1, . . . , an
p−

=⇒ b, n > 0
¯ r1 � r2

with the following meanings, given that a positive lit-
eral a will always mean that the corresponding device
is ON while ¬a would mean that the device is OFF

¬ r, [t1, t2] : a1, . . . , an ⇒ b is a rule and means
that at time between t1 and t2 if a1, . . . , an are ON
then b is ON.

 r, [t1, t2] : a1, . . . , an
p+

=⇒ b is a rule and means
that at time between t1 and t2 if a1, . . . , an are over
p then b is ON.

® r, [t1, t2] : a1, . . . , an
p−

=⇒ b is a rule and means
that at time between t1 and t2 if a1, . . . , an are un-
der p then b is ON

¯ r1 � r2 mean that rule r1 prevails over rule r2.

Note that when n = 0 we have a rule with no an-
tecedents, that forces a device to be turned on or off.

For instance, we can write:

z [08 : 00, 18 : 00] : fridge meaning that at time
between 08 and 18 the fridge is ON, while

z [08 : 00, 18 : 00] : ¬fridge means that at time
between 08 and 18 the fridge is OFF.

z [08 : 00, 18 : 00] : fridge 700+
===⇒ ¬oven means

that at time between 08 and 18 if the fridge is over
700 Watt than the oven should be OFF.

We can then express simple such statements such as
“after 8pm switch off the coffee machine”

z [20:00, 24:00] : ⇒ ¬coffemachine

and also powerful rules such “after 8pm switch off the
coffee machine unless the computer is working” which
we rewrite as “after 8pm if the computer is using less
than 10 (Watt) then switch off the coffee machine”:

z [20:00, 24:00] : computer 10−
==⇒ ¬coffemachine.

More precisely, we have two types of rules. Those
expressing states of devices (e.g., at a given time, or in
a given interval, the fridge should be turned on), and
those that provide conditions (on or off devices), valid-
ity intervals (not mandatorily both, with intervals that
can be substituted by single instants) and power con-
straints (minimum and maximum), deriving desirable
states of one device.

Generally speaking, the system we are devising
here, is a clausal machinery. In clausal machineries, no
logical disjunctions are provided, as the conjunction of
clauses with the same consequence are logically equiv-
alent to clauses with disjunction of the antecedents and
consequence the common one. In the view of improv-
ing the user experience, it would, however be benefi-
cial to provide such a mechanism. We then define a
way of expressing a group of metarules with the mean-
ing of disjunction among the antecedents, and we use
the + sign to separate elements in the antecedent:
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z r, [t1, t2] : a1 + · · ·+ an
p−

=⇒ b, n > 0

which is only a compact way of writing a set of rules
and therefore has the meaning of the below:

z r1, [t1, t2] : a1
p−

=⇒ b
z . . .
z . . .
z rn, [t1, t2] : an

p−
=⇒ b.

This method is a convenient one for expressing rules in
a compact way. Before describing the rewriting rules,
we make the reader familiar with few standard concept
of Defeasible Logic.

4.2. Defeasible Logic

The aim of this section is to give some basic notions
of the Defeasible Logic apparatus (DL) [28,3]. DL is
typically sceptical, meaning that it allows rules for op-
posite conclusions. In the situation where rules for op-
posite literals are activated (may fire), the logic does
not produce any inconsistency but it simply does not
draw any conclusion unless a preference (or superior-
ity) relation states that one rule prevails over the other.
A defeasible theory D is defined as a structure (F,R,�
), where (i) F is a set denoting simple pieces of infor-
mation that are considered to be always true (e.g., a
fact is that “the stove is ON”, formally stove_ON), (ii)
R contains two finite sets of rules: defeasible rules and
defeaters, (iii) > ⊆ R×R is a binary relation. A rule is
an expression r : A(r) ↪→ C(r), and consists of: (i) a
unique name r, (ii) the antecedent A(r) which is a finite
set of (modal) literals, (iii) an arrow ↪→ ∈ {⇒,;}
denoting, respectively, defeasible rules and defeaters,
and (iv) its consequent C(r) which is a single literal
(or a chain of modal literals, see below). A defeasible
rule can be defeated by contrary evidence; for exam-
ple the rule “working_hours ⇒ coffeeMachine_ON”,
means that during the working hours, the coffee ma-
chine is typically on, unless there is evidence proving
otherwise. Defeaters are special rules whose only pur-
pose is to defeat defeasible rules by producing contrary
evidence. Our framework does not use strict rules or
defeaters, but only defeasible rules.

The superiority relation � is used to define when
one rule may override the conclusion of another one,
e.g., given the rules

“r : John_working⇒ coffeeMachine_ON” and
“s : S unday ⇒ ¬coffeeMachine_ON”, if we state

that “s � r”, then, unfairly, even if John is working
on Sunday, he cannot use the coffee machine since it

is turned off. (The infix notation s � r means that
(s, r) ∈�.)

Since the authors use superiority relation there is
no need for defeaters because it has been shown that
the latter can be effectively substituted with the use of
superiority relation.

Like in [3], the authors consider only a version of
this logic that can be reduced to a propositional the-
ory. In particular they do not take into account func-
tion symbols and quantifiers. Expressions with vari-
ables represent the finite set of variable-free instances.
Moreover, in the same work, authors proved that it is
always possible to remove defeaters from the theory.

A defeasible conclusion is a tagged literal and can
have one of the following form:

– +∆q, which means that there is a definite proof
for q in D; such a proof uses strict rules and facts
only.

– −∆q which means that q is not definitely prov-
able in D.

– +∂q which means that q is defeasibly provable in
D.

– −∂q which means that q is refuted, or not defea-
sibly provable in D.

Literal q is definitely provable if either (1) is a fact,
or (2) there is a strict rule for q, whose antecedents
have all been definitely proved.

Positive and negative proof tags are related by the
principle of strong negation. This is closely related to
the function that simplifies a formula by moving all
negations to an inner most position in the resulting for-
mula, and replaces the positive tags with the respective
negative tags, and the other way around [2]. Hence, we
does not show the negative proof tags.

The following statements define notions of being
applicable and discarded. In the proof condition for
±∂, a rule r ∈ Rsd is (i) Applicable iff ∀a ∈ A(r),
+∂a ∈ P(1..n); (ii) Discarded iff ∃a ∈ A(r) such that
−∂a ∈ P(1..n).

We now introduce proof tags for the defeasible prov-
ability.

+∂: If P(n + 1) = +∂q then
(1)+∆q ∈ P(1..n) or
(2) (2.1) −∆∼q ∈ P(1..n) and

(2.2) ∃r ∈ R[q] s.t. r is applicable, and
(2.3) ∀s ∈ R[∼q]. either s is discarded, or

(2.3.1) ∃t ∈ R[q] s.t. t is applicable and t � s.
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The idea of +∂ derivation being that a given literal q
is defeasibly provable if either it is definitely provable,
or we argue by using the defeasible part of the theory.
In the latter case, ∼q must be not definitely provable,
and there must exist an applicable strict or defeasible
rule for q. Finally, every attack on such a rule is either
discarded, or defeated by a stronger rule supporting q.

4.3. Rewriting the rules

Our system works on a synchronisation basis. A
clock counts discretely time ever since, and a synchro-
niser checks rules for eligibility of rewriting at every
clock increase.

The process of rewriting is twofold. On one hand,
when the defeasible rules derived from the metarules
prove a given literal, which is independent of the states
of the devices in the system: the intended meaning is
that the device should be in the state expressed in the
literal (on or off). Conversely, the rules also apply to
the state of the devices, since certain rules can only be
used when the devices are in a given state. Therefore,
we should consider the former as a revision request,
whilst the latter is a deductive closure request. We as-
sume that the reasoner computes the above described
cycle of computation (closure, revision by merge, clo-
sure).

We introduce a rewriting algorithm (Algorithm 1:
SincroCut) that takes as input the metarules and the
states of the devices, and transforms them onto a de-
feasible theory by checking the power and temporal
constraints as described below. The result of the Al-
gorithm SincroCut is a defeasible theory. As widely
analysed in the literature of defeasible logic, a defea-
sible theory derives four sets of literals, called, respec-
tively positive strict extension, negative strict exten-
sion, positive defeasible extension and negative defea-
sible extension. Once we have provided the translation
of the metarules into defeasible rules, a technique for
computing extensions applies that gives out the fours
sets aforementioned. As illustrated in Section 4.6 we
have implemented this part with standard defeasible
processing techniques.

The algorithm recurs on the function decideAc-
tiveDevice that takes as input a measure on a given de-
vice and returns a literal (positive or negative) assert-
ing the state of the corresponding device. The first cy-
cle of the algorithm computes the facts in the theory.
The second cycle of the synchroniser, which we will
also call transformer reads metarules and priorities and
puts them in the sets of the theory.

Every metarule is described as r, the temporal labels
by r.t1 and r.t2, the antecedents by A(r) and the con-
sequent by C(r), the power constraint value is r.p, and
the flag r. f lag, true for less than or equal constraints,
false otherwise. The procedure eval is used to com-
pose the values of the antecedents in terms of current
power absorption. It takes a set of literals and checks
the power absorption of them in the environment at the
current moment. The rules in the set of defeasible rules
are simply represented by records with antecedents
and consequent. The procedure createNewRule creates
a new empty rule.

In the implementation of the system, we are employ-
ing a desription of rules in a very simple data structure.
In other terms, when passed to the algorithm, rules and
superiority relations are typed. When they are superi-
ority relations the function type returns priority, other-
wise it is a defeasible rule. Priorities are just added as
they are, since they indeed coincide syntactically with
the superiority relations of defeasible logic.

A certain rule is a candidate for rewriting, only if
the synchroniser acknowledged that its clock time falls
within the validity interval of the rule (if the rule has
a validity interval) or at the exact instant of the rule if
the rule is simply instantaneous.
We now show how the algorithm works with the fol-
lowing example.

[08 : 00, 18 : 00] : fridge 700+
===⇒ ¬oven is a “meta

rule” which will be rewritten as fridge⇒ ¬oven which
is a common defeasible rule.

4.4. Resulting rules

Once the method of the algorithm provided in Sub-
section 4.3 is applied, the rules resulting by the rewrit-
ing are basic defeasible rules, and can be treated as
shown in Section 4.2. Below, we provide an example
of the rewriting process.

z +∂fridge deduces that the fridge at time t should
be in state ON hence that the controller, activated
by the reasoner, will send the command to switch
the fridge on.

z +∂¬fridge deduces that the fridge at time t
should be in state OFF thus that the controller,
activated by the reasoner, will send the command
to switch the fridge off.

z −∂fridge deduces that the fridge at time t can-
not be said if it shall be ON or OFF, hence the
controller will remain inactive.
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Algorithm 1. SincroCut:
Given an ordered set of Metarules, a set of measures and
actual time, returns a defeasible theory

1: Input: an ordered set of Metarules Θ, current time
τ and a set of measures of the devices in the envi-
ronment Ψ;

2: Output: a defeasible theory T = 〈F,R, P〉 (facts,
rules, priorities);

3: Ψ′ ← Ψ
4: repeat
5: m← pop(Ψ′); l← decideActiveDevice(m);
6: F ← push(l, F);
7: until Ψ′ = ∅ ;
8: repeat
9: r ← pop(Θ);

10: if type(r) = priority then
11: P← push(r, P)
12: else
13: if r.t1 ≤ τ ≤ r.t2 then
14: η← eval(A(r),Ψ);
15: if (r. f lag and η ≤ r.p) or (¬r. f lag and η >

r.p) then
16: r′ ← createNewRule();
17: A(r′)← A(r); C(r′)← C(r);
18: R← push(r′,R);
19: end if
20: end if
21: end if
22: until Θ = ∅ ;
23: return T ;

4.5. Visual Language

In this section we define a visual language so that the
user interface can be used with little technical knowl-
edge.

Investigations have already been carried out so far
that aim at providing models for visual representation
of rules. In particular Nute et al. [29] have deeply in-
vestigated the notion of defeasible logic logic graphs
a visual tool to represent defeasible logic. Further on,
in [25] the idea of rules as tools for managing reason-
ing in a visual fashion has been investigated. The FU-
JABA tool suite, as studied in [10] gives a general en-
vironment to deploy defaults, and potentially default
reasoning and defeasible logic.

The limit of those tools that have brought us to the
idea of developing a novel model lies entirely in the
simplicity of the adopted strategy, that aims at provid-
ing an interface that allows to provide specifications
without the limits of the previously introduced ones,

that are quite oriented to the generality of the frame-
work and also very focussed on the precision of the
formalism. The idea is instead to provide a framework
that, above its simplicity, also results sufficiently spe-
cific to limit itself in some elementary functions, pre-
venting the risk of a visual language that is too com-
plex to be used by unspecialised users.

Our language will have only a few symbols, defined
in Fig. 5. We will have symbols for

Element, with attributes such as object_name,
time, physical_quantity to represent a literal in
our metarule.

Condition, with attributes such as value, phys-
ical_quantity, sign where a + sign represents that
the condition is matched when the value of the as-
sumptions goes “above” the value while a − sign
represents that the condition is matched when the
value of the assumptions goes “below” it.

along with junction lines and filled circle to represent
the joining of elements.

t1, t2
Name

Value +

Value -

r

Element: physical quantity at interval time t1, t2

Condition: matched over a given Value

Condition: matched under a given Value

connection between an Element and a junction

junction between elements

Label for the rule

disjunction between elements

priority between rules

Fig. 5. Visual Language for metarules.

As junctions are used for conjunction, a disjunction
sign has the meaning of OR and will be translated in
a metarule with the + sign between elements, whereas
the junction will lead to a comma separated list of el-
ements. The disjunction sign can be used only in the
left part of the visual rule, equivalent to the antecedent
of the corresponding metarule.

The time constraint of an Element can be repre-
sented with only one value t1, assuming that this means
that t2 is midnight or 12pm (24:00). Thus, a visual rep-



11

resentation of a rule might be simple to draw and to
read, as shown in Fig. 6.

t
computer

t
printer

10 + ¬coffemachine
r

Fig. 6. Visual Example of a Metarule: at time t, if computer and
printer are above 10 Watt then the coffee machine shall be off.

Rules can have also a priority, namely can be related
by superiority relations, which is rendered with an ar-
row connecting the label of rule r1 and rule r2, with the
direction of the arrow expressing which rule has prior-
ity over the other, so that r1 � r2 will be rendered as
r1 r2 .

computer

printer

t:r

Fig. 7. Visual Example of a Metarule with common assumptions: at
time t, computer and printer shall be on.

Rules with common assumptions can be combined
in a single visual representation in which there will
be a single assumption and several conclusions joined
with the junction lines and circle, as shown in Fig. 7.

A special meaning is associated with a “NULL”
value for the name_of_the_object, meaning that the el-
ement represents a certain moment in time regardless
of anything else. Analogously, a “NULL” value for the
time, means that the element represents a certain value
of a physical dimension, in our case, absorbed power,
regardless of time. Finally, a “NULL” value is bound
for a condition, meaning that the condition is always
matched.

4.6. Architecture

Our reference architecture is made of several mod-
ules, each one with a single responsibility; the logic
model of which is reported in Fig. 8.

DeviceDevice

Actuator

Reasoner

Transformer

User Interface

DILP

Meta rules

Defeasible rules

Configuration

Commands

Data

Reports

Fig. 8. Logic model of reference architecture

Every module is related to at least one other:

User Interface: allows the user to input “meta
rules” and provides visualization of all data com-
ing from the DILP module;

Transformer: takes as input a set of “meta
rules” and gives as output a set of defeasible rules
to be used by the Reasoner, according with time
given by its internal clock mechanism and an
evaluation algorithm;

Reasoner: uses the rules and determines the
“should be” configuration of the system, meaning
which device shall be active and at which level;

Actuator: is responsible for the delivery to the
devices of all commands which are compliant
with the desired configuration;

Device: deals with real devices, delivering
commands and collecting data;

DILP: gathers data and makes analysis deliv-
ering summaries and possible rules to be dis-
played by the User Interface (future extension).

The output of the User Interface is an ordered set of
“Meta rules” which are one of the input of the Trans-
former which runs continuously and at given times
uses Algorithm 1 to produce a set of defeasible rules.

These rules are to be given to the Reasoner whose
output is the using +∂ conclusion given the set of rules
coming from the Transformer a set of devices with
their “should be” state which is called a configuration
to be put in place at that time. The defeasible logic rule



12

engine we used is an engine, Spindle [27], which has
the benefit, among others, of effortless integration with
the system Elettra being both based on a Java language
program.

At different times different configurations are possi-
ble, due to the work of the Transformer.

The configuration is then the input for the Actuator
whose output is a set of commands specific for each
Device which in turn executes these commands deliv-
ering the physical command to the physical device. A
device whose state has not been derived by the +∂ con-
clusion of the Reasoner will be left in their previous
state.

As explained in Section 6, data are gathered and
interpreted to extract possible rules to be delivered
as “hints” to the user. This is the responsibility of
the DILP which act as feedback generator for the
whole system, enabling the possibility for the system
to achieve continuous enhancement of performances.

5. Reference Implementation

We would like to use an example from everyday ex-
perience to better show how our model can fit a real
life scenario.

We consider an ambient like a small office as a
stereotype of environment in which energy consump-
tion occurs and we limit our investigation to electri-
cal energy for the sake of simplicity, knowing that the
same reasoning can be applied easily to other types of
energy such as heating.

We consider a small office, as shown in Fig. 9. We
decided to work with a small office because a bigger
one, from the energy consumption point of view, can
be modeled as the composition of a number of small
offices. The representation in Fig. 9 is actually com-
ing from the real word, being the headquarter of the
company in Verona, Italy, which is the producer of the
Elettra system (see Section 3).

Technological plants in industrial production need
a more complex modeling, but with a higher level of
abstraction can be viewed as environments in which
several different devices operates together, such as in a
small office. Nevertheless, a small office can represent
also a good approximation of a flat in which a family
lives.

A typical configuration in an office usually com-
prises:

– A few Computers;

Computers

Printers

Lamps

Coffee Machine

Fig. 9. A real world office layout

– One or more Printers;
– At least one Coffee Machine;
– A few Lamps;
– Ceiling lightning.

Within this office, to achieve a saving in electric
energy consumption, the power consumption level of
these devices shall be monitored, rules should be de-
fined and actions based on the rules should be per-
formed. Simple rules that can be put in action are, for
instance, the ones which are in use in the office of this
company:

¬ At 10 am switch off the lamps: there is proba-
bly no need because of ambient light is more than
enough to work comfortably;

 At 8 pm switch off the printers: because after 8
o’clock nobody is probably working, so printers
are unnecessary;

® At 8 pm do not switch off the printers if at least
one computer is on: because after 8 o’clock no-
body is probably working, thus printers are un-
necessary, unless there is a computer working in
which case probably someone is there working
and maybe the printer can be needed;

¯ At 10 pm switch off the coffee machine if print-
ers are off but do not do it if at least one com-
puter is on: because after 10 o’clock nobody
is probably working and the printers are all off,
hence coffee machine is not to be used, unless
there is a computer working, in which case proba-
bly someone is there working and maybe the cof-
fee machine can be used;

° At 7 am switch on the coffee machine and the
printers: because in a while the office will be in
full operational and everything shall be on and
running.
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To implement these rules, only a few conceptual
steps are to be done. Devices shall be named as
{c1, c2, c3, c4} for computers, {l1, l2, l3} for lamps,
{p1, p2} for printers, and {v1} for the Coffee Machine.
The threshold should be defined so that we can design
visual rules similar to the one show in Fig. 10 for rule
number one.

¬ l1

¬ l2

¬ l3

10am
1 r1

Fig. 10. Visual rule for rule one of the reference implementation.

The visual representation of rule two is similar to vi-
sual rule one as that of rule five, with the only differ-
ence of the sign meaning “ON” or “OFF”, so that they
will not be given here for the sake of space.

We can write also the visual representation of rule
number three as show in Fig. 11, taking into account
the elements of our language. “at least one computer is
on” means that the consumption of at least one com-
puter is above zero. When reading the rules as they are

8pm

c1

8pm

c2

8pm

c3

8pm

c4

0+

p2

p1

r33

Fig. 11. Visual rule for rule three of the reference implementation.

expressed in natural language, a priority between rule
number three and rule number two can be easily de-
duced, so that in the visual representation these rules
are to be connected with an arrow, as shown in Fig. 12.

8pm

c1

8pm

c2

8pm

c3

8pm

c4

0+

p2

p1

r3

8pm

¬p2

¬p1

r2

Fig. 12. Visual priority between rules

10pm

c1

10pm

c2

10pm

c3

10pm

c4

0+ v1
r42

10pm

p1

10pm

p2

1− ¬ v1
r41

4

Fig. 13. Visual rule for rule four of the reference implementation.

We can write also the visual representation of rule
number four, as show in Fig. 13.

For the sake of readability it is strongly suggested to
place the rule which prevails visually above the other,
as shown in Fig. 13 where rule r42 that has a priority is
over rule r41.

Given this visual representation of aforementioned
behavioural rules {1, 2, 3, 4, 5}, the corresponding
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“meta rules” to these visual rules will be expressed as
follows:

¬ r11 [10am, 12pm] :⇒ ¬l1
r12 [10am, 12pm] :⇒ ¬l2
r13 [10am, 12pm] :⇒ ¬l3

 r21 [8pm, 12pm] :⇒ ¬p1
r22 [8pm, 12pm] :⇒ ¬p2

® r31 [8pm, 12pm] : c1 + c2 + c3 + c4
0+
=⇒ p1

r32 [8pm, 12pm] : c1 + c2 + c3 + c4
0+
=⇒ p2

Because it has been visually specified r3 � r2
this will lead to a prioritisation when the rewriting
algorithm is applied, so that it will be r3 � r2.

¯ r41 [10pm, 12pm] : p1, p2
1−
=⇒ ¬v1

r42 [10pm, 12pm] : c1 + c2 + c3 + c4
0+
=⇒ v1.

Because it has been visually specified r42 � r41
this will lead to a prioritisation when the rewriting
algorithm is applied, so that it will be r42 � r41.

° r51 [7am, 12pm] :⇒ v1
r52 [7am, 12pm] :⇒ p1

r53 [7am, 12pm] :⇒ p2

We can then consider for this office a measure vector
at time τ as
pτ = {mc1 ,mc2 ,mc3 ,mc4 ,ml1 ,ml2 ,ml3 ,mp1 ,mp2 ,mv1}
in which the elements are power consumptions of the
corresponding device, expressed in Watt.

So if for instance at 11pm the measure vector is
p11pm = {100, 0, 0, 0, 0, 0, 0, 0, 0, 0}, after the Transla-
tor has done its elaboration we can have:

z c1t0,∼ c2t0,∼c3t0,∼c4t0,∼l1t0,∼l2t0,∼l3t0,
∼p1t0,∼p2t0,∼v1t0

z
r11 : ⇒ ¬l1 r12 : ⇒ ¬l2

r13 : ⇒ ¬l3
r21 : ⇒ ¬p1 r22 : ⇒ ¬p2
r311 : c1t0 ⇒ p1 r321 : c1t0 ⇒ p2
r312 : c2t0 ⇒ p1 r322 : c2t0 ⇒ p2
r313 : c3t0 ⇒ p1 r323 : c3t0 ⇒ p2
r314 : c4t0 ⇒ p1 r324 : c4t0 ⇒ p2
r41 : p1, p2 ⇒ ¬v1 r421 : c1t0 ⇒ v1

r422 : c2t0 ⇒ v1
r423 : c3t0 ⇒ v1
r424 : c4t0 ⇒ v1

r51 : ⇒ v1 r52 : ⇒ p1
r53 : ⇒ p2

r311 � r21 r321 � r22
r312 � r21 r322 � r22
r313 � r21 r323 � r22
r314 � r21 r324 � r22
r421 � r41 r422 � r41
r423 � r41 r424 � r41

Given that theory, the Reasoner concludes +∂ ¬l1,
+∂ ¬l2, +∂ ¬l3, +∂ p1, +∂ p2, +∂ v1 as shown in Fig.
14.

*******************************************
* SPINdle (version 2.2.4)

* Copyright (C) 2009-2013 NICTA Ltd.

......

* java -jar spindle-<version>.jar --app.license

****************************************************
=========================
== application start!! ==
=========================
Initialize application context - start

.....

===================
C1t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
C2t0(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_NOT_PROVABLE]
-C2t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
C3t0(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_NOT_PROVABLE]
-C3t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
C4t0(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_NOT_PROVABLE]
-C4t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
-L1(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_PROVABLE]
-L1t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
-L2(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_PROVABLE]
-L2t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
-L3(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_PROVABLE]
-L3t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
P1(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_PROVABLE]
-P1(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_NOT_PROVABLE]
-P1t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
P2(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_PROVABLE]
-P2(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_NOT_PROVABLE]
-P2t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]
V1(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_PROVABLE]
-V1(X):[DEFINITE_NOT_PROVABLE, DEFEASIBLY_NOT_PROVABLE]
-V1t0(X):[DEFINITE_PROVABLE, DEFEASIBLY_PROVABLE]

Calling the shutdown routine...
Terminate application context - start
Terminate application context - end
=======================================
=== Application shutdown completed! ===
=======================================

Fig. 14. Spindle conclusions for rules of the reference implementa-
tion above

Using these conclusions and acknowledging that no
changes are to be made on c1, c2, c3, c4 the following
will be the desired configuration
{c1,∼c2,∼c3,∼c4,∼l1,∼l2,∼l3, p1, p2, v1}
therefore the Actuator leave the lights switched off

but will switch on the printers and the coffee machine.

6. Conclusions and future work

The efficiency of energy consumption is a press-
ing and complex problem. One of its main issues is
dealing with conflictual rules, that describes the be-
haviour of devices. The process of specifying rules
for energy saving based upon an architecture inspired
by non-monotonic reasoning is presented, and studied
from the viewpoint of implementation issues. In par-
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ticular, we specify a methodology for translation of
rules with temporal and power constraints into defea-
sible rules. We also provide an architecture proposal
for such methodology that implements the mentioned
translation method, and actuate the commands as ob-
tained in the translation process.

In the model we have developed, users will specify
behavioural rules, which in turn rely on user knowl-
edge and will. Unfortunately, users knowing about en-
ergy management and users eager to define rules are
quite rare. We therefore can have great benefits if
we could somehow suggest a set of behavioural rules
which leads to an optimal configuration, a set which
can be called “best practices”, that can be defined as
the problem of extracting the rules of correct behaviour
by observing the installation than behaves in the most
efficient way, so we have two different sub-problems.

On a general basis, as we have discussed in [16], it
is possible to figure out a general method for devising
best practice search and comparison. This idea has not
yet been implemented in the system fully. The follow-
ing is a sketch of the further work practices that we are
planning out.

First of all we have to find the plant that behaves best
among all the ones that are under observation. Unfor-
tunately not all installations are the same: in one home
we can have one fridge and forty lamps and one oven,
such in a normal flat, while in one other we can have
two fridges and two ovens and twenty lamps, such in a
house with a garden. Moreover, while in an office we
can find several printers and a few coffee machines,
in another we can find several coffee machines, a few
printers and a lot of table lamps, even though both of-
fices have the same number of computers.

We hence cannot have only one “best” situation, but
we will define several “template” plant which will be
taken as examples for all similar installations, so we
have to define a procedure to define when a plant is
similar to another so that they can be considered as
belonging to a common group. Which is to say, we
have to define a clustering for these installations.

We aim at implementing in a real-life scenario the
proposed architecture. Other further developments re-
gard mainly usability issues. In particular, the con-
struction of methods for the specification in visual lan-
guage of the rules and the creation of a technology for
the synthesis of rules from best practices.

Another important step to take is the analysis of a
technology that includes rules to govern devices with
more that just ON/OFF conditions, namely devices

that can have other states (the simplest example is the
stand-by state).
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