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Abstract

In this paper we describe the preliminary work
developed in the use of a multi-agent based environment
for the execution of guidelines protocols in the field of
healthcare. We have used the LAP (Life Assistance
Protocol) concept in order to extend the classical medical
guidelines. A LAP is the concrete and practical set of
guidelines, recommendations and prescriptions (actions)
for a specific need, such as pathologies (diabetes, heart
failure...), concerns (stopping smoking, following a
healthy lifestyle...) or special needs (pregnancy,
elderly...). Using a LAP as input, an executor will be
developed in order to improve the management of this
type of processes and facilitate these tasks to the
healthcare professional.

1. Introduction

The agent based paradigm has been used in a large
different sort of domains by using their characteristics:
autonomy, re-activity, pro-activity, and social ability. As
an agent is a social object, it can interact with other agents
in order to perform a task, and is then when we are
talking about a multi-agent system (MAS). In these
systems there are some different types of agents which
offer their services and consume the services provided by
others. Through time, different approaches have appeared
to implement the agent based paradigm, also standards
and platforms have appeared in which execute this
systems.

The healthcare domain has been one of the
frameworks where computer science research have
developed and applied new technologies in order to find
solutions to historical problems. Some examples of such
technologies could be, for instance, ontologies used to
represent medical language and concepts, reasoners and
knowledge systems in order to support the doctors’
decisions, standards to share medical data, etcetera...
There are also languages to specify medical guidelines

and environments which execute them, and also
approaches to a multi-agent based guideline executor.

The execution of medical guidelines and LAPs is a
distributed task, involving complex processes, some time
with long term results. The aim of these medical guides is
to provide to the healthcare professional an easy but
robust way to perform and follow up a specific patient
medical treatment. This is a scenario in which the use of a
multi-agent system has confirmed its efficiency.

The architecture developed to implement this
environment, is not only focused on the workflow
management, also covers information processing,
prediction and diagnostics to offer them to the healthcare
professional as data to support their decisions in order to
assert or correct the medical treatment of a specific
patient. The architecture uses an agent as the figure of
coordinator to check and evaluate each particular LAP; it
uses also specialized agents in order to perform the tasks
described in the LAP. Finally there is also a GUI agent
that shows and interacts directly with the patient and the
healthcare professional.

1.1.Basics

The classical approaches that we can find in the
literature related to the specification, representation and
execution of medical guidelines are based on different
models. They could be sorted as logic-based, rule-based,
Network-based, and Workflows as Petri Nets [10]. The
aim of these models is creating computer-interpretable
guidelines that facilitate decision support, and those
models cover both computable data and clinical
knowledge. There are also other models focused on the
clinical knowledge representation by using XML
guideline document models which in some cases can be
also computable by it.

Due to the nature of LAPs and other medical
guidelines, it is required a workflow mechanism which
allows parallel execution, and also allows the fulfilment
and following of the restrictions that are used.



Until now the approaches to modelling computable
languages for medical guidelines were based on
monolithic languages executed under a “unique” engine.
However, by using a language definition based on
workflows, and working in adapting the medical
guidelines to it, it can be used to write medical guidelines
which can be decomposed in smaller tasks which can be
easily executed under the figure of a coordinator. This
model is basically focused on the workflow’s flow of the
medical acts; the actions to be performed are not taken
into account at the beginning, only the workflow’s nodes
are important. Actions are used later to take the jumping
conditions and restrictions from a node to other node of
the workflow using their responses or results as indicators
to be applied in the transitions between nodes. To do that,
this workflow based model needs:

e A theoretical base under which executing
workflows.

e A LAP’s
oriented.

e A CASE and verification tool based on graphical
symbols to define the workflow.

e A compiler used in addition to the CASE tool to
generate workflow LAP templates.

e A tool used to merge both the LAP template and
the patient’s clinical record in order to make a
computable instance of the LAP.

In addition to the workflow model specification, the
execution model appears. It must support multiple LAPs
and their tasks concurrently executed, but support also
autonomy, flexibility and interaction with the users. The
election of the MAS was based on that. In this system,
there are agents under execution that represents a
workflow node from the LAP and computes its list of
actions.

The final LAP instance will have such amount of
(qualitative and quantitative) information that will be
easily computable. The chosen language used to write the
LAP templates and the instances is XML; it can be easily
used to describe the workflow, the nodes and its
transitions, and also to reflect the tasks and actions per
node, and the stages that can be extracted from the
workflow. This XML is filled using a set of ontologies in
order to provide support to write the correct target tasks,
the goals and the parameters of the actions. The actions
that are used during the LAP’s specification are a
reflection taken from the actions that the system can
perform.

In the following sections we are introducing the steps
and topics that we have used in the definition of what the
LAP is (its conceptual model), the workflow model
specification, and the execution model.

specification language workflow

2. Life Assistance Protocols (LAP)

One of the common issues that has come into vogue
in the recent years, in the domain of the e-Health
technologies for citizen centred health systems, is the way
to integrate disease prevention, control and treatment,
with the person daily life in a personalized and non-
invasive way. This is one of the seeds that has led to the
creation of the a new concept: the Personal Health or p-
Health.

The Life Assistance Protocol (LAP) is defined within
this framework, and it is going to be the starting point of
the architecture described in this paper. A LAP is a set of
guidelines, recommendations and prescriptions (actions)
for a concrete need of the user, including not only health
care actions but lifestyle.

The user’s needs can be divided into three different
categories: pathologies; such as diabetes, heart failure,
overweight...; special conditions; such as pregnancy,
elderly... and main concerns; such as stopping smoking,
following a healthy lifestyle, etcetera... The LAP defines,
then, a set of actions in order to achieve the goal that
should solve the need of the user. These actions represent
the cycle (workflow) of the life of a person, in which each
stage takes into consideration all the person dimensions:
motivation, clinical status, personal context, etc... These
dimensions are continuously re-evaluated to trigger
moves forward and backwards in the stages of the LAP.

After this brief introduction, the following definitions
set the boundaries of the conceptual model of the LAP,
which is placed in a formal framework based on
workflow execution models.

Definition 1. A LAP is a set of guidelines,
recommendations and prescriptions (actions) for a
concrete need of the user. It includes a general objective
and set of stages.

Definition 2. A STAGE is a set of active nodes in a
concrete moment of time. It includes a description and a
set of nodes. There are two special stages to be defined
here, the initial stage of the LAP and the set of objective
stages, which will be reached because whether the
general objective of the LAP has been achieved or the
patient is in a stage in which the LAP is not able to
continue (i.e. the person needs to go urgently to a
hospital).

Definition 3. A NODE is a set of atomic actions, which
are independent between them, transactionally
simultaneous, that will be executed over or by one or
several determined actors. Each node will be defined by a
description, a set of actions, a subset of the user relevant
data (Clinical Record), indicators and a reaction.
Definition 4. An INDICATOR is any actor’s feature that
is atomic, dynamic, measurable and discrete and is
relevant for the LAP. It is defined by a range of values, a



description and a formula to calculate the indicator value.
Time can also be an indicator, since the occurrence of a
certain event, after a period of time, can trigger the
transition from one node to another.

Definition 5. An ACTION is represented in the LAP as
any atomic interaction between the actors and the system
(or vice versa). It includes an origin (actor), an addressee
(actor), and a description. However, the LAP actions have
some semantics in their definition. This means

Definition 6. An ACTOR is considered to be any user of
the system.

Definition 7. A REACTION is any alteration of the
system’s status.

All these concepts will be used in order to create
templates, which will be filled by the domain experts and
instantiated by the system for a concrete person. This
instance needs to be internally represented in a formal
language that will be executed by the architecture
described in the following sections. In the Figure 1 these
layers are represented.
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Figure 1. LAP layers from abstract to concrete

3. LAP formal framework

After the introduction of the conceptual model of the
LAP, this section introduces the formal representation of
the model.

Definition 8. A Life Assistance Protocol is a tuple
LAP={0,E, N, 9,7, Z, A, 6, E,, P}, where:

o = {ay, @, a3... a,}, finite set of actors;

Y = {iy, iy, 13... 1.}, finite set of indicators;

P = {p1, p2, P3..., Pu}, finite set of processes;

A =P x ¢°, a, = origin, a, = addressee, set of actions

with one actor as origin and one as addressee;

N = {n;, ny, n3..., n,},V n;C A", finite set of nodes;

E={e, e, €s...,en}, V &, N, finite set of stages;
8: E x " D E, set of transitions between stages;
v: N x ' N, set of transitions between nodes;

E, € E, initial stage;

O C E, set of goal stages.

All the definitions can be easily identified in the
formalization. Only the reaction has been divided into
two total functions to represent all the transitions in the
workflow.

4. Workflow model

The theoretical model used in the computable
specification of our LAP workflow is taken from the
preliminary studies of Timed Parallel finite Automata
(TPA)[1] and this is also based on the Parallel finite
Automata (PFA). PFA is an improvement of the
Determinist Finite Automata (DFA) and presents an
automaton with capability to execute parallel activities. A
parallel automaton implies that more than one node are
active at the same time -like in Petri Nets- but they also
are supported by the concept of stages, that approximates
the PFA to the DFA by joining the parallel active nodes
into a different stage, and finally this based on stages
model is an abstraction that maps the PFA to a DFA
which is a well controlled framework. TPA is a formal
framework that appends timers to the PFA by adding the
concept of Clocks to the PFA’s definition and also using
the Clocks’ timers as indicators.

In the Figure 2 is shown a TPA’s workflow schema
which represents a (care plan) medical actuation for a
disease treatment.
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Figure 2. A TPA Exampﬂe extracted from [1]

In [1] is also explained how the TPA framework
covers a series of classical data workflow patterns, like
the lineal sequence pattern, the parallel split pattern, the
synchronization pattern, the multi-choice pattern, the
multi-merge pattern, the discriminate ending pattern, the
milestone pattern, the Interleaved Parallel Routing pattern
ete.

The TPA formal framework is defined by using these
concepts:



Definition 9. A Timed Parallel Automaton is a tuple
A={C,P,N,Q, T, }, %, v, o, qo, F} where:

C is a finite set of Clocks,

P is a finite set of Processes,

N c P x C" is a finite set of Nodes,

Q = N is a finite set of states,

T is a finite set of time labels that can be generated

by the Clock set C,

¢ is finite set of symbols,

TcTud UTxd" U {A is the finite input

alphabet,

v : N" x £ = N+ is the Node Transition function,

6 : Q x X - Q is the state transition function,

g0 € Q is the initial state,

F < N is the set of final states.

Finally we can say that LAPs are TPAs because the
LAP formalization is based on stages like TPAs, and also
uses temporized indicators and other parameters that are
used in the formal specification of TPAs. It is clear that
there are also differences between LAPs and TPAs but it
can be summarized saying that:

e The finite set of indicators used in the LAP’s
definition are equivalent to the finite input alphabet used
in the TPA’s definition, it est., X*; op = Z1pa. In the LAP’s
definition we assume that the Clock used in the TPA is a
process, and its temporized labels are directly used as
indicators.

e The set of actions of a LAP is equivalent to the
TPA'’s set of processes, A = P, but adding to the TPA’s
processes an addressee and an origin.

The differences between LAPs and TPAs are only in
components that are not implied in the regular
formulization of the LAPs, so we can still saying that
LAPs have a regular definition. Finally, in most of the
cases, LAP stages are composed by a single node, due to
the nature of the problems treated and range of guidelines
provided. However, the model supports more complex
health care protocols definitions.

5. Execution model

As we said in previous sections, the environment
under which the LAPs will be executed is a MAS in
which are used different types of agents that perform the
tasks in the system. The MAS is also used to divide and
distribute the tasks and processes of each running LAP’s
instance correctly by using the autonomy and knowledge
of the present agents. The situations and possible LAPs
that we took in mind don’t require a time strict execution
or response, and neither are critical actuations or
treatments, so the time response of the MAS will not
affect to the system. We said also that the final XML
instance of the LAP has a workflow inside that can be

easily extracted in order to compose the different nodes
present in the workflow, and as a less complex process, it
can be easily computed. The task to “extract” the
workflow from the LAP is done by the figure of the
LAP’s coordinator. In addition, the coordinator is who
follows the execution flow, annotates the active nodes
and also the active stage, and finally is who evaluates the
indicators in order to perform the transition between
stages. Stages are important because they provide us a
determinist execution. The Figure 3 shows an overview of
this execution model.
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Figure 3. LAP schema overview

When the coordinator has the LAP decomposed in
nodes, it takes the mission of creating and starting an
agent by node. These agents have all the information
related to a node: the tasks, the set of actions, and its
parameters and results to be passed to the coordinator to
be used as indicators for the conditions of each transition
between stages. The node agent inspects the actions to
perform, and like actions were fully specified since the
beginning of the template by using ontologies, the agent
knows that exist almost one specialized agent which
performs those actions. Then the node agent requests the
action to the specialized agent. The specialized agents
provide solutions, perform actions, make suggestions and
also check patient’s signals and health care parameters.
The actions and treatments could take time while
returning results or taking time to be finished, so both the
agent coordinator and the nodes hold a record with
information of each active stage and nodes per time



instant, the actions performed, the results, etc. so they can
easily recover their status if is need to “kill” or put in
“stand by”, and also can be easy to redraw the flow and
navigate through it to see all the previous steps and stages
that the patient has crossed.

Other Figures that appear in the system are the Main
Coordinator -also called “Coordinator of coordinators”-,
the agent monitoring the flow and processes per LAP, a
set of agents that interact with the actors used also as a
GUI, and a set of agents specialized on sending warnings
and alarms. The Main coordinator has the tasks of being
the entrance point of the LAP; it creates a LAP’s
coordinator per LAP and also is the starting point of
recovering from a stand by process.

We chose the JADE platform as the environment
under which create and execute our MAS system. This
well known platform provides a set of utilities and
services in order to communicate the agents between
them. Here a text extracted from the JADE’s official
page: “JADE simplifies the implementation of multi-agent
systems through a middle-ware that complies with the
FIPA specifications and through a set of graphical tools
that supports the debugging and deployment phases”.

6. Conclusions

This paper has given a view of a possible solution for
executing personalized life assistance sets of guidelines,
named here LAPs, with the purpose of solving people
needs, such as pathologies, life style concerns, etc...

In the paper, we propose the use of a multi agent
system, based on the formalization of the LAP model by
using the concept of the timed parallel automaton, as an
added value solution over the already existing workflow
engines in the market.

All the definitions in the conceptual model, as well as
the formalization obtained from this model, need to be
revised and validated, in order to consolidate the terms
this paper describes, and verify the feasibility of the
execution model.
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