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Abstract. A home care plan defines all the services provided for a given
patient at his/her own home and permits the coordination of the involved
health care professionals. In this paper, we present a DSL (Domain spe-
cific language) based approach tailored to express home care plans using
high level and user-oriented abstractions. Then we describe how home
care plans, formalized as timed automata, can be automatically gener-
ated from these abstractions. We finally show how verification and moni-
toring of the resulting care plan can be handled using existing techniques
and tools.
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1 Introduction

A general trend that can be observed these recent years is to enable as much as
possible patients to stay at their own homes instead of having long-term stays
at hospitals or health establishments. This trend is motivated by obvious social
and economic reasons. Several types of care may be provided at a patient’s home
including health services, specialized care such as parenteral nutrition or activities
related to daily living such as bathing, dressing, toilet, etc. All the medical and
social activities delivered for a given patient according to certain frequencies
are scheduled in a so-called care plan. Hence, the notion of a care plan is a key
concept in home care area. As part of the project Plas’O’Soins1, we are interested
by the problems underlying the design and management of home care plans.

The design of a care plan is however a difficult task. Indeed, process modeling
in the medical field is not trivial because it requires complex coordination and
interdisciplinary cooperation due to involvement of actors from various health
care institutions [7]. Furthermore, care plans are essentially unstructured pro-
cesses in the sense that each patient must have his/her own specific care plan.
Therefore, it is simply not possible to design a unique process capturing in ad-
vance the care plans of all the patients. Another important feature of care plans
lies in their associated complex temporal constraints. Indeed, the design of a
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care plan requires the specification of the frequencies of the delivered home care
activities. Such specifications are expressed by healthcare professionals in nat-
ural language, using usually a compact form: Every day morning, each Monday
morning, etc. The home care activities are generally repetitive but may have ir-
regularities or exceptions. Given the crucial role played by temporal constraints
in home care plans, it appears clearly that such specifications could take benefit
from existing theory and tools in the area of timed systems [3]. In this paper,
we use timed automata [1], one of the most used modeling formalism to deal
with timing constraints, as a basis to develop a formal framework to analyze
care plans.

Solving the above problem and supporting design, analysis and verification,
execution and monitoring of home care plan require tackling a number of chal-
lenges. The first challenge consists in the design and modeling of care plans.
Due to the aforementioned features of care plans, it is not feasible to ask home
care professionals to describe directly a care plan using a formal language such
as, for example, timed automata. To cope with this difficulty, we first propose
a DSL (Domain Specific Language) and a user centered specification language
tailored to express home care plans using high level abstractions. We then define
an automatic transformation of user specifications into timed automata. The
resulting automaton is used to support automatic verification and monitoring of
home care plans.

The paper is organized as follows. Section 2 describes the DSL based approach
in which we mainly identify elementary temporal expressions. The general mod-
eling process is presented at section 3 together with the construction of the
proposed automata, i.e., pattern automata, activity automata and care plan au-
tomata. Section 4 presents some verification and monitoring issues. We discuss
the result of this work at section 5.

2 A DSL-Based Approach for Specifying Home Care Plans

The design of a care plan is a complex collaborative process, managed by a pri-
mary medical coordinator and carried out by an interdisciplinary team. In order
to understand such a design process and also to understand how a medical coor-
dinator approaches the problem, we conducted in the context of the Plas’O’Soins
project a thorough on-sites analysis of current practices in the field of home care.

This study showed the central role played by care plans as primary compo-
nents of effective care coordination at patient’s home. It appears therefore appro-
priate to provide tools to assist as much as possible the medical coordinator in
the design of individual care plans as well as automated support for verification
of the plan and monitoring of their executions. This is why in the Plas’O’Soins
project, we propose a DSL based approach, tailored to express home care plans
using high level abstractions.

A domain specific language (DSL) is a language designed to express a solution
to a problem within a specific domain [10]. The proposed DSL provides high
level abstractions that can be used by a medical coordinator to design a care
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plan for a given patient. The main building block in a care plan is the notion of
activity. Our DSL includes several predefined activities identified by our analysis
of the application domain. Each activity of the care plan is associated with
a set of elementary temporal specifications. These specifications provide the
information about the time when the activity should be performed, expressed
as a quadruplet (Days, Time ranges, Period, Duration). In [6], we proposed a
language that enables to express regular or irregular repetitions of an activity
within some period in a condensed form, similar to that used by doctors. Figure 1

Fig. 1. Specification of activities Toilet and Dress

shows a simple example of a specification using this language. Each row of the
table corresponds to an elementary temporal specification. In the quadruplet
(Days, Time ranges, Period, Duration), Days and Time ranges fields can take
different forms (patterns) to reflect the various possibilities encountered in the
medical world [6]. Combination of elementary specifications permits to express
superposition of different repetitions. Exceptions are introduced via the keyword
except. Roughly speaking, the notion of a legal schedule of a care plan activity is
defined as a sequence of allowed instances of this activity which satisfies the set of
temporal specifications. An appropriate external representation of the care plan
is crucial to facilitate the work of the coordinator. Figure 1 shows the current
GUI (Graphical User Interface) developed to support a coordinator in designing
a care plan using the proposed DSL.

3 General Modeling Process with Timed Automata

As said previously, we used formalism of timed automata (see for details [1])
to model home care plans. We consider in our work timed automata with ε-
transitions (i.e., silent transitions) and invariants (i.e., guards on the states).
The activities of care plans are not instantaneous but have a duration. This
is why we need to capture the notion of duration of an activity in our
timed automaton. This is achieved by considering three kinds of states: the
start states, the waiting states and the execution states. More formally, a
timed automaton used to model home care plans is defined as follows: A =
(S, s0, Σ,X, Inv, T, F,W,E, St) where: S is a finite set of locations or states of
the automaton with s0 the initial state, F ⊆ S is the set of final states, W ⊆ S
is the set of waiting states, E ⊆ S is the set of execution states, and St ⊆ S is
the set of start states. Σ is a finite set of transition labels including {ε}. X is a
finite set of clocks. Inv: S → φ(X) associates an invariant to each state of the
automaton and T ⊆ S ×Σ × φ(X)× 2X × S is a set of transitions.
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As an example, Figure 2 shows the timed automaton corresponding to an
activity A having a duration d. At the beginning the automaton is at the state
s0 ∈ St then it starts the execution of the activity A when it enters the state
s1 ∈ E. The automaton stays at this state for the whole duration d of the activity
A then it moves to the state s2 ∈ W . The automaton uses the clocks {xd, xt},
invariants and transitions guards to control the execution of the activityA.

Fig. 2. Example of a timed automaton for a task A

We recall that our main objective is to build a care plan automaton for a
given patient. To achieve this objective, we propose a three-steps approach which
consists in: (i) mapping each elementary temporal specification into a pattern
automaton, (ii) combination of pattern automaton to build an Activity automaton,
and (iii) construction of global care plan automaton by composition of activity
automata. These different steps are described below.

3.1 From Elementary Temporal Specifications to Pattern Automata

An elementary temporal specification is based on a temporal pattern chosen
among several ones. We focus in this section on the case of the relative days
pattern (the other patterns are described in [8]). Relative days pattern is used
to express a regular repetition of the activity of the care plan. An example of
relative days pattern can be found in the line 1 of the Figure 1. For each row of
temporality defined for an activity a of the care plan, the corresponding timed
automaton pattern ARD= (S, s0, Σ,X, Inv, T, F,W,E, St) is defined as follows:

– S is a finite set of states, with s0 the initial state. The total number of
states is: NbStates = 3+(NbTimeRanges - 1) ∗ 2 ∗ NbDays+ NbDays where
NbTimeRanges is the number of times ranges and NbDays is the number of
specified Days;

– F is the set of final states. We always have one final state;
– Σ = {Activity name} ∪ {ε} is the set of transition labels;
– X = {xd, xt, xp, xw} is the set of clocks, where xd is used to control the

execution of the activity within a day, xt is used to control the activity
duration, xw is used to control the execution of the activity in a day of the
week and xp is used to control the execution of the activity in a day of the
period. W.l.o.g., we assume that the time unit is the minute;

– Inv ={∀s ∈ S, Inv(s) = (xd ≤ EndT imerange − d) and s ∈ St, Inv(s) =
(xd ≤ 24) and s ∈ W, Inv(s) = (xt ≤ d) and s ∈ E};

– T ⊆ S × Σ ∪ {ε} × φ(X)× 2X × S is the set of transitions. Each transition
corresponds to a day of the week. The number of transitions is: NbTransitions
= 3+(7−NbDays)+NbDays*2+NbTimeRanges-1 ∗ 2 ∗NbDays
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3.2 Activity Automata

This section gives the principles to construct an activity automaton by com-
bining its associated patterns automata. This construction is illustrated on the
example of the activity Toilet given at Table 1. Given a set of elementary tem-
poral specifications of a given activity (expressed as rows of a table T ), the
corresponding activity automaton is built in the following steps:

Table 1. Elementary temporal specifications

Activity Days Time ranges Period Duration

Toilet Monday Thursday Morning 01/01/14-12/31/14 30
Sunday Evening 01/01/14-12/31/14

Table 2. A modified table after step 1

Activity Days Time ranges Period Duration

Toilet Monday Thursday Morning 01/01/14-12/31/14 30
Sunday Evening 01/01/14-12/31/14
Everyday except(Monday None 01/01/14-12/31/14
Thursday Sunday )

– Step 1: Add the following elementary temporal specification to T : Everyday
except(specified Days) this specification is used to scan all days of the period.

– Step 2: Build pattern automaton for each elementary temporal specification
except the last one (i.e., the one added in the previous step).

– Step 3: Build for each pattern automaton A, the corresponding special timed
automaton Â. Informally, Â recognizes timed words that encompass a timed
word of A in sequences where the considered activity can also be executed
anytime between two occurrences of this activity on the word of A.

– Step 4: Build for the added elementary temporal specification the correspond-
ing special timed automaton C̃. C̃ recognizes timed words which enable the
execution of the considered activity at anytime within the exception Days.

– Step 5: Build the intersection of special timed automata constructed at steps
3 and 4. The intersection is achieved following the classical construction de-
fined in [2]. Figure 3 depicts the intersection automaton which encompasses
all the possible schedules of the activity Toilet specified in Table 1.

3.3 Care Plan Automata

A care plan can be also described by means of a timed automaton which is
obtained by composition of activity automata. For this purpose, we define a
specific composition operator which mixes the asynchronous product (or shuf-
fle) on some states and a specific synchronous product on other states (waiting
states) in addition to blocking actions (in the execution states). Blocking is used
to prevent the interleaving of activities in a care plan while synchronization is
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Fig. 3. Activity timed automaton (intersection of pattern automata)

needed when the activity automata are at waiting states in order to synchronize
the reset of the day and week clocks (respectively, the variables xd and xw).
In particular we propose to synchronize on ε -transitions (with reset) [5] when
their origin states are waiting ones. We will see in what follows a more formal
definition.

Definition 1. (Composition of timed automata) Let A1 = (S1, s10, Σ1,
X1, Inv1, T1, W1, E1, St1) and A2 = (S2, s

2
0, Σ2, X2, Inv2, T2,W2, E2, St2) be

two timed automata. The composition of A1 and A2, denoted A1 × A2, is the
timed automata (S1 ×S2, s

0
1 × s02, Σ1 ∪Σ2, Xs1 ∪X2, Inv, T ), where Inv (S1, S2)

= Inv (S1) ∧ Inv (S2) and the transitions T is the union of the following sets:

1. {((s1, s2), ε, φ, λ, (s′1, s′2)) : (s1, ε, φ1,λ1,s
′
1)∈ T1 and (s2,a,φ2, λ2,s

′
2) ∈ T2,

s1 and s2 are both ∈ W }.
2. {((s1, s2), a, φ, λ, (s′1, s′2)): ((s1,a,φ1,λ1,s

′
1) ∈ T1, s2=s′2) or ((s2, a, φ2, λ2,

s′2 )∈ T2, s1=s′1), s1 and s2 are both ∈ St }.
3. {((s1, s2), a, φ, λ, (s′1, s′2)): ((s1, a, φ1, λ1, s

′
1)∈ T1, s2=s′2, s2 ∈ W/St, s1 ∈

E) or ((s2, a, φ2, λ2, s
′
2)∈ T2,s1=s′1,s1 ∈ W/St, s2 ∈ E)}.

4. {((s1, s2), a, φ, λ, (s′1, s′2)): ((s1, a, φ1,λ1,s
′
1)∈ T1, s2=s′2, s2 ∈ W, s1 ∈ St)

or ((s2, a, φ2, λ2, s
′
2)∈ T2, s1=s′1, s1 ∈ W, s2 ∈ St)}.

Fig. 4. Care plan timed automaton

Figure 4 shows the result of composition of the Toilet and Injection automata.
The resulting automaton encompasses all the possible schedules of the activities
Toilet and Injection.
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4 Formal Analysis of Care Plans Using Timed Automata

With a formal model describing the behavior of care plans at hand, it becomes
now possible to handle automatic verification and monitoring of care plans. We
discuss below how to use the proposed framework to verify and monitor the
home care plans using UPPAAL model checker [4].

Realizability of home care plans. It is important to check the realizability of a
care plan, i.e., to check whether or not the activities included in the plan can
be effectively scheduled and performed according to the constraints specified
in the plan. In other words, a care plan is realizable when each activity can
be performed without interruption in the imposed time range in any specified
period. Checking realizability of a care plan can be reduced to the emptiness
problem of the corresponding timed automaton.

Monitoring of home care plans. Note that most of the activities of a care plan
are manual. In current state of affairs, the activities that have been performed
are often recorded manually on paper. Our goal is to enable electronic recording
of executed activities in order to keep track of the execution traces of care plans.
Such information can then be used to monitor care plans. For example, com-
pliance of executions traces w.r.t. a care plan may be checked by reducing this
problem to the membership problem in the timed automata framework. Also,
the monitoring system may be used to detect executions that deviate from the
specification. More generally, a monitoring system can be enhanced with rules
that enable to trigger alerts when particular deviations are detected.

Grouping activities into interventions. Grouping together activities that can be
performed by a same type of actor (nurse, ...etc) and which occur in the same
time range is called Intervention. The concept of intervention is really important
in the sense that, it allows to reduce the waiting time between each activity in
order to avoid multiple movings at the patient’s home. The analysis of activities
to specify interventions is a complex task since it requires to ensure compatibil-
ity of time ranges by taking into account the duration of each activity (multiple
configurations are possible). It is also necessary to ensure that the grouped ac-
tivities can be made by a same type of actor. The composition operator can
be modified in order to incorporate the interventions in the computed car plan
automaton (the obtained automaton is called interventions automaton). This is
achieved by modifying the activity automaton in order to take into account the
Intervention state. In addition, a specific clock variable, denoted Tmax, is added
to control the idle time between the activities within the same intervention. In
fact, the value of Tmax can be used as a parameter that can be defined by the
coordinator and given as input to the composition operator to compute an inter-
ventions automaton. It is necessary to add an additional rule in the definition of
the composition operator to take into account the new state intervention state.
The rule is defined as follows: {((s1, s2), a, φ, λ, (s′1, s′2)): ((s1, a, φ1, λ1, s

′
1)∈ T1,

s2=s′2, s2 ∈ W/E, s1 ∈ Int) or ((s2, a, φ2, λ2, s
′
2) ∈ T2, s1=s′1,s1 ∈ W/St, s2

∈ Int }.
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5 Discussion

We described in this paper, an approach to generate formal specifications of
home care plans, expressed as timed automata, from a set of high level and user-
oriented abstractions. We briefly discussed then how verification and monitoring
of the resulting care plan can be handled using existing techniques and tools. The
paper focuses on specific pattern (i.e., the relative days pattern). An extension
of this work to the other patterns is described in [8].

Our specification language can easily be extended in order to increase its ex-
pressivity and usability. Extensions are performed by introducing other patterns
for defining elementary temporal expressions. For example, patterns such as n
times per day or per week, would be useful in a medical context.

In this study we considered only the activities of a single care plan relative
to one patient. We intend to combine care plan automata to allow the planifica-
tion of the interventions of several patients. It is necessary to take into account
movements between patient homes and availability of human resources. Some
works [9,11] have already highlighted the interest of automata for the activities
planification. But in these works automata are directly designed by experts. In
our approach, automata would result from high-level specifications produced by
the administrator users.
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