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ABSTRACT

In pervasive (ubiquitous) computing an increasing amount of devices are embedded and interconnected in the user’s envi-
ronment, e.g., a smart house. The system needs to adapt to the user’s varying contexts and goals. The aim is to provide
transparent services, reacting to input from the users and to the state of the environment. As user’s requirements increase and
new devices are inserted, new services need to be dynamically created. We present a technique that allows the user to express
planning programs (i.e., procedures allowing to go through different states of the environment) and to have it realized through

automatic service composition techniques.
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1. Introduction

Embedded devices are specialized computers used in large
systems to control equipments, such as automobiles or
home appliances. Such a pervasiveness is particularly evi-
dent in ubiquitous realities, i.e., scenarios where embedded
systems collaborate with human users by providing infor-
mation and reacting to service requests. Examples of such
scenarios are digital libraries, eTourism, automotive, next
generation buildings, eHealth and domotics.

Human-service collaboration poses new challenges to cur-
rent technologies. Indeed, devices such as sensors, appli-
ances and actuators, offering services, are no longer com-
bined statically, as in classical networks, (e.g., for environ-
mental monitoring and management or surveillance), but
need to be dynamic, as the overall distributed system is re-
quired to adapt to different contexts, user habits, wishes,
etc. Moreover, the number of resources required to really
immerse the user in the system is large, at least an order of
magnitude more than in the current systems. For instance,
current best-in-class smart houses count up to one hundred
resources, while next generation’s are expected to involve
several hundreds.

This paper comes from the experience of SM4ALL: a
project aimed at studying and developing a platform for
collaboration between human- and software-based services
in immersive, person-centric, environments. ! In particu-
lar, this is carried on in the scenario of private homes and
buildings, in presence of users with different abilities and
needs (e.g., young, elderly or disabled people), where three
major goals are pursued: (i) person-centric awareness, i.e.,
humans are at the heart of ubiquitous environments; (ii)
global distribution and service-centric functionalities, i.e.,
middleware and infrastructure services (e.g., storage and
retrieval of service descriptions, communication) should be
managed in a widely distributed manner to guarantee dy-
namism, scalability and dependability; (iii) openness and
maximum-reuse, i.e., a generic embedded middleware cap-
turing all common aspects of pervasive scenarios is needed
to obtain scalability, reusability and extensibility.

ttp://www.smdall-project.eu/
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Fig. 1: The SM4ALL architecture

Figure 1 shows the SM4ALL architecture. Devices (i.e., ac-
tuators and sensors) available in the house constitute the
basis of the system: actuators drive the home hardware, in-
cluding doors, lights, media or security appliances; while
sensors measure physical quantities, and can range from
simple thermometers to self-calibrating, satellite-carried,
radiometers. Sensors and actuators can closely interact: a
device opening a window blinds can change the luminosity
value sensed by a sensor.

Both sensors and actuators make their functionalities avail-
able according to the service-oriented paradigm [2]. In or-
der to be dynamically configurable and composable, em-
bedded services need to expose semantically rich service
descriptions, comprising (i) interface specifications, (ii)
specifications of the externally visible behaviors, (iii) of-
fered QoS and (iv) security requirements. Moreover, hu-
man actors in the environment can be abstracted as ser-
vices, and actually “wrapped” by a semantic description
(e.g., a nurse offering medical services). This allows them
to be involved service compositions and to collaborate with
devices, to reach certain goals.
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Embedded devices are inter-connected in a wireless ad-hoc
fashion, and a specific middleware needs to be available
to enable service collaboration. The collaboration of ser-
vices is carried out by the orchestration engine. When the
user expresses a high-level goal (e.g., in form of a state of
the house she would like to have realized), the composition
engine automatically synthesizes the right orchestration of
services able to satisfy the goals. Users can interact with
the house through different kinds of interfaces, either cen-
tralized (e.g., in a home control station) or distributed, and
embedded in specific interface devices. Brain Computer
Interfaces (BCIs) allow also people with disabilities to in-
teract with the system. Using such interfaces, users issue
specific goals to the system, which is, in turn, expected to
react and satisfy the request.

In this context, the present paper considers two prominent
challenges, namely: (i) the issue of describing the environ-
ment and the devices that users, respectively, live in and
interact with; and (ii) the problem of automatically react-
ing to user requests, by orchestrating the devices so as to
fulfill user desires.

In the last years, several works appeared which address the
above problems from different viewpoints. Largely, the ba-
sic interoperability problems for service composition have
been resolved (e.g., standards such as WS-BPEL and WS-
CDL exist and are widely supported in order to compose
services), and designing programs, known as orchestrators,
able to execute compositions by coordinating available ser-
vices according to the description they expose, has become
the bread and butter of the service programmer. The avail-
ability of abstract descriptions of services has been instru-
mental to devising automatic techniques for synthesizing
service compositions and orchestrators.

In the literature, we find works focused on data-oriented
services, which bind service composition to the work on
data integration [9]. Others have looked at process-oriented
services, in which operations executed by services affect, in
general, the environment that such services act in. Among
these approaches, several consider stateless, or atomic ser-
vices, where the operations offered clients do not depend
on the past history, as services do not retain any informa-
tion about past interactions. Much of this work relies on
the literature on Planning in AI [16].

On the other hand, we have approaches that consider state-
ful services, which impose constraints on the possible se-
quences of interactions (a.k.a., conversations) that a client
can engage with the service. Stateful service composi-
tion raises additional challenges, as the composite service
should be correct w.r.t. the possible conversations allowed
by the component ones. This is exactly the approach of
this work: we focus on composition of process-oriented
stateful services, in particular extending the framework for
service composition adopted in [4], often referred to as Ro-
man Model, where services are abstracted as transition sys-
tems and the composition objective is to obtain a composite
service that preserves a desired interaction, expressed as a
(virtual) target service. Here, we consider a model exten-
sion where planning programs [6] are used, instead of tar-
get services, to specify user goals. Such programs can be
thought of as routines built from high-level goals, which

allow users to specify some desired tasks to be carried out,
by possibly requiring user decisions, at particular points of
choice.

The rest of the paper is organized as follows. Sections 2
and 3 introduce, respectively, the concepts of smart home
environment and planning programs. Section 4 presents
the notion of smart services, provides a formal definition
of the problem we deal with, and shows the main complex-
ity results. Section 5 presents a complete example. Section
6 outlines a possible way of concretely realizing the idea,
whereas Section 7 concludes the paper and highlights fu-
ture developments.

2. Smart Home Environment

A Smart Home is a domotic environment, equipped with
smart devices, distributed all over the house as embedded
systems. Such devices can be divided into actuators (e.g.,
shutter controllers, refrigerators. .. ), able to actually mod-
ify the home status, and sensors (e.g., barometers, ther-
mometers. . . ), that can access the current state of the home
and measure some properties. Hence, the former class con-
tains those devices that can have a side-effect on the home,
whereas the latter contains devices able to monitor the envi-
ronment status. Data expressed by sensors may be raw, and
need to be collected, filtered, refined, analyzed and exposed
so that a reasoning core, as an environment controller, can
actually use them to build an abstract knowledge base of
the world it acts in. Actuators have different levels of ca-
pability (from simple, e.g., a fan, to complex, e.g., a DVD
recorder) and are typically dedicated to restricted specific
tasks. Hence the reasoning core, as a domotic manage-
ment system, has to properly instruct such a vast commu-
nity, in order to possibly achieve an overall result able to
cover more complex and even structured tasks.

It is important to separately consider the environment from
the system: indeed, the environment can evolve not only
because of system interventions (e.g., the shutter might be
lifted up because of a human actor pulling down the me-
chanical cord, even without involving the shutter controller
activation), nevertheless the Smart Home must be aware of
such a change in the status.

Formalization We formalize the notion of home environ-
ment as a (possibly nondeterministic) dynamic domain D,
which provides a symbolic abstraction of the world that
the user acts in (as usually done in planning and reason-
ing about actions [8, 13]).

Definition 1 (Dynamic Domain). A dynamic domain, or
environment, is a tuple D = (P, A, Sy, p), where:

e P = {p1,...,pn} is a finite set of domain proposi-
tions. A state is a subset of 2°;

o A={ay,...,a,} is the finite set of domain actions;
o Sy € 27 is the initial state;

o p C 2P x A x 2F is the transition relation. We freely
interchange notations (S, a,S’) € pand S —*+ S’ in
D. |
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Intuitively, a dynamic domain models the evolution of a dy-
namic system (i.e., the home environment), whose state is
described by a set of boolean propositions. For instance,
the state of a room can be defined by the light being on
or off (proposition on) and the door being open or close
(open). We adopt the convention that if a proposition is
in the current state of D, then it evaluates to T (true), oth-
erwise it is L (false). So, the state of the room when the
light is off and the door is open can be represented by state
{open}, while () captures the situation where the light is
off and the door is closed. As for state changes, relation
p captures the (possibly nondeterministic) state transitions
an action yields. Finally Sy is the single domain initial
state. A propositional formula ¢ over P holds in a D state
S € 2P if p evaluates to T when all of its propositions are
replaced by T iff they occur in S.

3. Planning Programs

When in use, a Smart Home can assist the user to achieve
her everyday life tasks at home: she may describe the de-
sired goals to be fulfilled through a given formalism. Ex-
pressions of such a formalism are evaluated over the envi-
ronment (i.e., over the status variables that define the envi-
ronment), and it is up to the Smart Home system to coher-
ently produce strategies that achieve the desired condition.

Goals may have several forms, and different goals require,
in general, different solution approaches. A very natural
form of goal is reachability: a condition the user desires to
be achieved, e.g., window W is open or room R is warm.
Also, we have maintenance goals, when a user desires a
condition to be maintained from a given point on, e.g.,
maintain room R warm. Notice that in the former case
nothing is said about what should happen after the con-
dition has been fulfilled. Of course, above forms can be
combined, obtaining goals like: achieve room A is warm
while maintaining window W is open.

Here, we refer to a more general form of goals, referred
to as planning programs [6], capturing high-level routines,
where the user can request, in a step-by-step fashion, one
among some reachability goals, plus a maintenance prop-
erty 1, constraining the system to compute only solutions
satisfying 1. Planning programs capture routine-task, pos-
sibly allowing the user to make some decisions.

Formalization A planning program 7 is a transition sys-
tem, whose states represent choice points, and whose tran-
sitions specify pairs of maintenance and achievement goals
that the user can request at each step.

Definition 2 (Planning Program). A planning program
for a dynamic domain D is a tuple 7 = (T,G,to,9),
where:

o T = {ty,...,t,} is the finite set of program states;

e G is a finite set of goals of the form achieve ¢ while
maintaining 1, denoted by pairs g = (1, ¢), where )
and ¢ are propositional formulae over P;

e to € T is the program initial state;

e § C T x G x T is the transition relation. We freely

interchange notations (¢,g,t') € & and t —5 ' in
T. [ ]

A planning program 7 combines achievement and mainte-
nance goals so that they can be requested (and hence ful-
filled) according to a specific temporal arrangement. An
instance of such programs is depicted in Figure 5.

In order to understand planning programs’ semantics, i.e.,
how they are realized, the notion of plan over a domain
D is required. A plan 7 over a domain D is essentially
a program (recursively) built by using instructions of the
form if ¢ then do a, where ¢ is a propositional formula
over P and a € A is an action on D. When plans are
executed on a domain, they result in a domain evolution,
namely one state is traversed after each action is executed.
We say that a plan 7 achieves a goal ¢ if it guarantees that
a D state where ¢ holds is reached after the execution of
last  action. Similarly, we say that 7 maintains a property
1 if it guarantees 1 to hold in all the states D traverses
during 7 execution. Then, a plan 7 achieves a goal ¢ while
maintaining a property 1 if, when executed, a state where
¢ holds is eventually reached by D and, at the same time,
1) holds in all the states D traversed. Formal details about
plans, their executions, and goal achievement/maintenance
can be found in [6].

Now, we can describe planning program realization. When
a planning program is realized, a typical execution is as
follows: at any point in time, the planning program is in a
state ¢ and the environment in a state S € 2 (initially, g

and Sy, respectively); the user requests a transition ¢ <M>>

' in T; then, a plan 7 is executed from .S which eventually
leads the environment to a state that satisfies achievement
goal ¢, while only traversing states satisfying maintenance
goal ¥; upon plan completion, the planning program moves
to ¢’ and the user can request a new transition among those

outgoing from ¢/, i.e., t/ @B 4 in T, and so on. Notice
that, at any point in time, all possible choices available in
the planning program must be guaranteed by the system—
every legal request needs to be satisfied.

We provide here an intuitive notion of planning program
realization, referring the reader to [6] for formal details.
Given a planning program 7 for D, a T -realization can
be thought of as a function f that, given the set of states
traversed by D up to the current point (i.e., a D-history),

and a current transition ¢ <M>> t’ requested by the user,

returns a plan 7 that: (i) achieves ¢ while maintaining 1),
when executed from current D state; and (ii) leads D to a
new state such that all the 7 transitions outgoing from ¢’,
can be served by a new plan 7/, returned by f itself, based
on the history traversed and the new transition.

4. Smart Home Services

So far, we implicitly assumed that all actions are made
available by D, that is, any of the actions executable in the
current state of D can be potentially performed. However,
this assumption might not be fulfilled. In the smart home
context, actions are provided by several devices, each hav-
ing its own internal logic. Thus, action executability, be-
sides depending on D’s current state, also depends device
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logics. For instance, a device might require to be switched
on before exporting its actions, a fact that is not captured
by D alone. Of course, when an action is allowed by some
device, in order to be actually executed, it needs to be ex-
ecutable in D, as well. In this section, we introduce the
formal notions needed to capture such devices.

The devices installed in a smart home can be either sen-
sors or actuators. As we said, in general, they have their
internal logic, actually implemented using particular tech-
nologies, and act as action providers, in the sense that of-
fer the possibility of executing actions —that can affect the
state of the home. Here, we abstract from low-level im-
plementation details, and, adopting a service-oriented per-
spective (see, e.g., [2]), look at them simply as (embedded)
services [1, 3], focussing on their “conversational” capa-
bilities. This allows the Smart Home system to effectively
reason about device behaviors.

Considering the Smart Home as a service community en-
ables known service composition techniques (see, e.g.,
[4,7,5, 14, 10]) to be used for automatically fulfilling user
requests (cf., 2).

In practice, several standards are adopted to realize the
service-oriented approach. A popular implementation is
SunSPOT?, i.e., Java-programmable hardware interfaces
built to be integrated as embedded devices in domestic en-
vironments, and to communicate through radio signals with
a central processing unit: through this technology, devices
may act as services, distributed all over the house. We re-
mark here that such an abstraction overcomes the differ-
ence between sensors and actuators, as to any device. At
the extreme, even human actors could be modeled as ser-
vices.

Formalization We abstract devices as finite-state ser-
vices. For instance, an air conditioner is a service required
to be turned on before cooling the air. That is, action
cool Air can be executed only if the service state is on, but
is not allowed in state of f. Observe there can be actions,
such as switchOn not affecting the domain’s state.

Definition 3. A service over a dynamic domain D is a tu-
ple B = (B, 0,bg, o), where: (i) B is the finite set of
service states; (ii) O is the finite set of service actions s.t.
O N A # 0 (iii) bp € B is the service initial state; (iv)
o0 € B x O x B is the service transition relation. We freely
interchange notations (b, a,b’) € pandb —= ' in 5. N

The idea, as depicted in Figures 3 and 4, is that, in each
state, a service offers a set of possible actions from O. The
system can interact with the environment D only by means
of available devices, i.e., services. When a service is in-
structed to perform an action, it is executed and both the
device in question and the domain evolve, synchronously
and possibly nondeterministically, to their successor states,
according to their respective transition relations. So, for an
action to be carried out, it needs to be both compatible with
the domain and (currently) available in some service.

2Sun Small Programmable Object Technology
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4.1. The Problem

Next, we combine the notions introduced so far to define
the problem of interest. We model the smart home as a tu-
ple S = (D, B,...,B,), where D is a dynamic domain,
abstracting the smart home environment, and By, ..., B,
are the set of services over D, corresponding to the smart
home devices that the environment accommodates and
which allow actions to be actually executed. Assuming a
user issues a request to the system, in the form of a plan-
ning program 7, the problem of concern is: can T be re-
alized in S, through a realization that delegates actions to
available services?

Such a question can be automatically answered and, in de-
tail, the problem is proven EXPTIME-complete [6]. Sec-
tion 6 provides some details about the solution approach
actually adopted.

5. Case Study

In the following, we provide a running example showing
some details of our approach at work. Figure 2 shows
the smart home where Bob and Alice live. Bob needs a
wheelchair to move around. The home is provided with
some devices, that help Bob and Alice in their everyday
life. As already said, devices are abstracted as transition
systems. Precisely:

e all doors, D1,... D7 and windows W1, ... W4 can
be open or closed by an actuator, whose abstraction is
depicted in fig. 3(a);

o the house is provided with a central heating system for
all the rooms (fig. 3(b));

o the toilet is provided with a device manager that con-
trols its air temperature (fig. 3(b));

e the bathroom is controlled by a device manager able
to change the air temperature and the water level of
the bathtub (fig. 4(a)) as to avoiding the bathtub to be
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filled if the cold air is switched on, in order to preserve
user’s health;

e the kitchen is provided with a ventilation system (fig.
4(b)).

All this devices can be remotely controlled by a user in-
terface, e.g., a touchscreen. Even if some devices behave
in the same way — for instance the toilet device manager
and the central heating system. It is important to notice
that their actions can produce different effects: a device’s
transition system basically describes which actions can be
performed from the service current state, but how actions
affect the world is described in the Dynamic domain. Let us
illustrate our home domain. For the sake of readability, we
consider the set P of the dynamic domain D as a set of state
variables instead of boolean proposition, recalling that we
can easily ground the domain of a variable, i.e., represent it
using boolean propositional variables only, provided that,
as in our case, the domain is finite. Bob and Alice have a
guest, Trudy, who lives in the guest room. Trudy is sleepy-
head, so she would not be disturbed during early morning.
To the contrary, Alice and Bob are in the habit of waking
up at eight o’clock, washing themselves and taking their
breakfast. The set P of (interesting) variables that describe
the house includes:

e a set of state variables temp_room =
{cold, warm, hot}, one for each room;

e the boolean proposition guest_disturbed that is true
if Trudy has been disturbed for some reason;

e the boolean proposition kitchen_smell that is true if
there is smell in the kitchen, typically after cooking;

e the boolean
break fast_ready.

self-explanatory proposition

Moreover, we can check for devices’ status, i.e. every de-
vice has a state variable device_status = {set of states}.
In this example we model Bob as a service that can perform
only the action cook. The result of actions, is not only a
change in the service status, but also in the domain’s:

e opening a windows decreases the temperature of the
respective room to cold;

e opening or closing guest room’s doors (D1 and D5)
or windows cause the guest to be disturbed;

e turning on the central heating system cause all rooms’
temperature to become to hot;

Y1 = (temp_bedroom = warm A 1y = (temp_bedroom = warm A
temp_livingroom arm A\ temp_livingroom = warm A\
temp_kitchen = warm A temp_kitchen = warm A
temp_guestroom = warm) temp_guestroom = warm

temp_toilet = warm)
= ((temp_toilet = hot A
temp_bathroom = warm) & = (temp_bathroom = hot N
‘ (temp_bathroom = hot A bath.state = bathtub_filled)
temp_toilet = warm
to P ) /t_l\

dOd

s = (temp_kitchen = warm) 5 = (nguest_disturbed)

Y
¢5 = (—kitchen_smell)

¢4 = (break fast_ready)

Fig. 5: Morning planning program.

e turning on the hot (resp. cold) air in the bath or in the
toilet causes the bath’s or toilet’s temperature to rise
up (lower down) to hot (cold);

e cooking causes the breakfast to be ready and the
kitchen to smell;

e switching on the kitchen’s ventilation causes the smell
to go out.

Alice and Bob would not to change their morning’s habits,
but they also would not to disturb Alice. A planning pro-
gram for the morning can be formalized as in figure 5. In
the initial program state ¢(, the home is in a (starting) state
so where the temperature of all rooms is warm, Trudy is
blissfully sleeping in the guest room (—guest_disturbed),
Alice and Bob are supposed to be in their bed room, there
is not smell in the kitchen (—kitchen_smell) and all de-
vices are in their initial state, so all doors and windows
are closed, the ventilation system is switched off, the air in
the toilet and the central heating system are turned off, and
finally the air in the bathroom is turned off and the bath-
tub is empty. The two outgoing edges from ¢; represent
our incomplete knowledge about the users’ will: Bob (or
Alice) can either decide if he want to go to the bathroom

to <w1—’¢>1> to and then in the kitchen ¢o <MB> t3, or go to

the bathroom 7 fgy) t1 and have a bath ¢, Wa.) 2. We

thus don’t know what will be the next user’s choice, and
this situation force us to take into account every possible
evolutions. When Bob goes to the bathroom, he wants hot
temperature within one among the bathroom or the toilet.
This is expressed through formula ¢;, where the symbol &
stands for the logical XOR. Contemporaneously he would
maintain a warm temperature within all other room, as ex-
pressed by the /1 formula. If Bob will resolve also to have
a bath, the house has to reach a state where the bathroom
is hot and the bathtub is filled (¢2), while maintaining all
other room warm (). This two maintenance formulae
force the system to choose the bathroom or toilet device
manager in order to rise the temperature, otherwise, i.e.,
switching on the central heating system, will falsify them.
As aforementioned, planning a sequence of action for
reaching ¢; is not trivial: we actually have to take into ac-
count that the next request would be to reach ¢, maintain-
ing 5. This means, roughly speaking, that the sequence
of actions needed to reach ¢, will never switch on the toi-
let hot air, because this will avoid to satisfy 1) that could
be asked by the user as second request. In fact, if the plan
organizes to switch on the toilet hot air, in ¢; the proposi-
tion temp_toilet will be hot, which is explicitly forbidden
by 2. The next goal ¢35 = way_clear_bedroom_kitchen
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is a shortcut to denote that, since Bob’s will is to get to
the kitchen, the doors in the path from his bedroom to the
kitchen have to be open: way_clear_bedroom_kitchen =
(D4.state = open A Db.state = open A D6.state =
open) V (D3.state = open A\ D6.state = open). More-
over, recall that Bob, while going to the kitchen, does not
want to disturb Trudy, e.g. by passing through the guest
room (103). Then, the plan is supposed not to open D4 nor
D5. Afterwards, Bob presumably cooks some eggs with
bacon (¢4) and then wants to ventilate the kitchen (¢s),
while maintaining the temperature constant (¢5), so he ex-
pects that the system will switch on the ventilation system
instead of opening the window.

6. Implementation

In this Section, we sketch out the solution approach
adopted to compute a realization of a planning problem,
given a smart home environment and a set of available de-
vices. Full details are available in [6].

The solution approach is based on reducing the problem to
the synthesis of a Linear-time Temporal Logic (LTL) for-
mulae (see [12]) by Model Checking over Game Structures.
LTL is a well-known logic used to specify temporal proper-
ties of programs (see, e.g., [15]), whose formulas are built
from a set P of atomic propositions and are closed under
boolean and temporal operators, i.e., () (next), ¢ (eventu-
ally), O (always), U (until).

Our problem is encoded as a Game Structure, that is a
mathematical representation of a game played by two op-
ponents, namely Environment and System. Both players
control some game variables in P. The Environment con-
trols, i.e., assigns values to, the set X € P, while the Sys-
tem controls ) = P\ X. Morover, an LTL goal formula
over P abstracts the game’s purpose: the aim of the En-
vironment is falsifying the goal, whereas the objective of
the System is verifying it. At each turn, the Environment
and the System choose a move according to their respective
transition relations, consisting in the assignment of truth
values to their variables. The System wins if the game is
infinite and the LTL formula goal (over P) holds, other-
wise the game is winning for the Environment. In other
words the problem can be stated as: can the system always
control the values of ) so that for all possible values the
environment can assign to X, the LTL goal is satisfied?
We are looking for a strategy (if any), that, by acting only
on ), makes the formula goal true, regardless of the envi-
ronment choices. The synthesis task consists in computing
such a function, which turns out to be an actual realiza-
tion of the program. As for computational considerations,
even though the synthesis is 2EXPTIME-complete for arbi-
trary LTL specifications [12], a well-behaved class, namely
GR(1) [11], here suffices, for which the synthesis task is
proven to be EXPTIME-complete.

7. Conclusions

In this paper we have presented the concept of planning
programs as a technical solution for modeling smart houses
and being able to perform automatic service composition in
such scenarios. The implementation of a prototype realiz-
ing the techniques presented in Section 6 is currently ongo-
ing, and is expected to be ready by Summer 2011; in that

occasion, the case study will be effectively demonstrated
by running the prototype in a real smart house, that in the
context of the SM4ALL project is currently under deploy-
ment at some partner’s premises.

Acknowledgements. This work has been partially
funded by the IST Programme of the Commission of the
European Communities as project number FP7-224332
“SM4All”. The authors would also like to acknowledge
Giuseppe De Giacomo for his important suggestions and
technical support.

REFERENCES

[1] M. Aiello and S. Dustdar. Are our homes ready for services? a
domotic infrastructure based on the web service stack. Pervasive
and Mobile Computing, 4(4):506-525, 2008.

[2] G. Alonso, F. Casati, H. Kuno, and V. Machiraju. Web Services.
Concepts, Architectures and Applications. Springer, 2004.

[3] D. Berardi, D. Calvanese, G. De Giacomo, M. Lenzerini, and
M. Mecella. Automatic Composition of e-Services that Export their
Behavior. In Proc. of ICSOC 2003, pages 43-58, 2003.

[4] D. Berardi, D. Calvanese, G. De Giacomo, M. Lenzerini, and
M. Mecella. Automatic service composition based on behavioural
descriptions. International Journal of Cooperative Information Sys-
tems, 14(4):333-376, 2005.

[5] D. Berardi, F. Cheikh, G. De Giacomo, and F. Patrizi. Automatic
service composition via simulation. International Journal of Foun-
dations of Computer Science, 19(2):429-451, 2008.

[6] G. De Giacomo, F. Patrizi, and S. Sardifia. Agent Programming via
Planning Programs. In Proc. of AAMAS’10, 2010. To appear.

[7]1 G. De Giacomo and S. Sardifia. Automatic synthesis of new behav-
iors from a library of available behaviors. In Proc. of IJCAI 2007,
pages 1866—1871, 2007.

[8] M. Ghallab, D. Nau, and P. Traverso. Automated Planning: Theory
and Practice. Morgan Kaufmann, 2004.
[9] M. Michalowski, J. L. Ambite, C. A. Knoblock, S. Minton,

S. Thakkar, and R. Tuchinda. Retrieving and semantically integrat-
ing heterogeneous data from the web. I[EEE Intelligent Systems,
19(3):72-79, 2004.

[10] F Patrizi. Simulation-based Techniques for Automated Service Com-
position. PhD thesis, SAPIENZA — Universita di Roma, 2009.

[11] N. Piterman, A. Pnueli, and Y. Sa’ar. Synthesis of reactive(l) de-
signs. In VMCAI, pages 364-380, 2006.

[12] A. Pnueli and R. Rosner. On the Synthesis of a Reactive Module. In
Proc. of POPL, pages 179-190, 1989.

[13] R.Reiter. Knowledge in Action: Logical Foundations for Specifying
and Implementing Dynamical Systems. MIT Press, September 2001.

[14] S. Sardifia, G. De Giacomo, and F. Patrizi. Behavior Composition
in the Presence of Failure. In Proc. of KR’08, 2008.

[15] M. Y. Vardi. An automata-theoretic approach to linear temporal
logic. In Logics for Concurrency: Structure versus Automata, vol-
ume 1043 of LNCS, pages 238-266, 1996.

[16] D. Wu, B. Parsia, E. Sirin, J. A. Hendler, and D. S. Nau. Automating
DAML-S Web Services Composition Using SHOP2. In Proceedings
of The Semantic Web - ISWC 2003, Second International Semantic
Web Conference, 2003.

Pre-print copy of the manuscript published by IEEE (available at ieeexplore.ieee.org)
identified by poOI: 10.1109/ICSSSM.2010.5530212


http://ieeexplore.ieee.org/
https://doi.org/10.1109/ICSSSM.2010.5530212

This document is a pre-print copy of the manuscript
(De Masellis et al. 2010)
published by IEEE (available at ieeexplore.ieee.org).

The final version of the paper is identified by DOI: 10.1109/ICSSSM.2010.5530212

References

De Masellis, Riccardo, Claudio Di Ciccio, Massimo Mecella, and Fabio Patrizi (2010). “Smart Home
Planning Programs”. In: ICSSSM. Ed. by Jian Chen. IEEE, pp. 377-382. DOI: 10.1109/ICSSSM.
2010.5530212.

BibTeX
@InProceedings{ DeMasellis.etal/ICSSSM2010:SmartHomePlanning,
author = {De Masellis, Riccardo and Di Ciccio, Claudio and Mecella,
Massimo and Patrizi, Fabio},
title = {Smart Home Planning Programs},
booktitle = {ICSSsM},
year = {2010},
pages = {377-382},
publisher = {IEEE},
crossref = {ICSSSM2010},
doi = {10.1109/ICSSSM.2010.5530212},
keywords = {embedded services, automatic service composition, planning
programs, smart homes}
}
@Proceedingsq{ ICSSsM2010,
title = {7th International Conference on Service Systems and
Service Management, ICSSSM 2010, Tokyo, Japan, June 28-30,
2010},
year = {2010},
editor = {Chen, Jian},
publisher = {IEEE}

}


http://ieeexplore.ieee.org/
https://doi.org/10.1109/ICSSSM.2010.5530212
https://doi.org/10.1109/ICSSSM.2010.5530212
https://doi.org/10.1109/ICSSSM.2010.5530212

