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The system presented in this paper is designecitge medical services at the
Center for Rehabilitation and Cosmetology operaginthe University of Computer
Science and Skills in Lodz. The Center providesbdhation services and medical
cosmetology. The purpose of the system is to craate modify the schedule of
services provided by the Centre, including the labdity of the resources, the
preferences provided by the patient and the canditiresulting from the specific
nature of these services. The system consists effdhowing components: a
repository of resources, the databases describmgurrent schedule, the language
of description of the relationships between th@uweses, a query language, with the
editor supporting the query creation, and the tppliaations, the first generates a
sequence of services required by the patient aadséitond modifies the current
schedule to take account of the requested services.
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1. Introduction

There are many papers dealing with the topic of pmsition independent
services based on semantic descriptions thesecesr\Rarticularly noteworthy are
the works [1-3]. The paper [4] provides an overvigiwhe methodology of solving
such problems. Some of these works consider sipficoaches, where flows are
given as a part of the input, while the others aa#t dynamically created flows.



One of the most active research areas is a groupetiiods referred to as Al
Planning [5]. Several approaches use Planning Doreaifinition Language [6].
The most complete specifications of an automaticnpmusition system was
described in [7]. The author proposed a solutiosedaon a multi-phased
composition using a uniform semantic descriptiorsefvices. Our approach uses
similar methods. For service description was adbfgaguage presented in papers
[8-9]. The solution have been moved from the aréanaeiwork services and
implemented in a component-based business system.

2. System description

The system is designed to manage medical servitethea Center for
Rehabilitation and Cosmetology operating at theveksiity of Computer Science
and Skills in Lodz. The Center provides rehabilitatservices in the form of
medical visits, rehabilitation treatments and labory tests. This activity is not
confined to individual patients, the majority ofedatments are carried out to
independent users of both individuals and instingj the Center is also a service
integrator for the external entities (branch officendependent companies which
want their services to be offered by the Centréie Ppurpose of the system is to
create and modify the schedule of services provigethe Centre, including the
availability of the resources, the preferences igley by the patient and the
conditions resulting from the specific nature okgb services. The planning
involves searching for and allocation of the researthat meet the required needs.
Designed for Center planning system should havéolleving characteristics:

» Users should be able to easily use the applicaiomided by the Centre, have
the ability to easily formulate their needs in agaage close to natural (or by a
simple graphical interface.)

* Resource allocation should be easily modified byplegees without
qualifications in the field of computer science.

* The system should be able to implement medicatatdins given as the result
which is to be achieved (eg. a specific seriesebfbilitation treatments of a
particular type) rather than as a precise plarcattig where and by whom this
goal should be pursued. Identifing the steps tdeaehthe goal should be
automated by the system.

< Individual steps forming a plan can be implemeritgé variety of the "service
providers" (CIRK Center, cooperating entities et€he provided services may
have the same functionality, but can vary accordonghe quality indicators
(such as location, time, cost of the service). Skstem should allow to assess
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the resulting plan and make adjustments by theadpe(the resulting plan may
be considered as a starting point for further mhadgustments that may be
necessary during its implementation).

3. System architecture

The system consists of the following componentguyfé 1.): a repository of
resources, the database containing information talpaiients, doctors and
physiotherapists and storing the current and pasice reservations, the language
of description of the relationships between theuweses, the query language (with
the editor supporting the query creation), and tive applications, the first
generates a sequence of services required by tlemtpand the second modifies
the current schedule to take account of the reqdessrvices.

Patients information
Service definitions

Services
Local database

SiSiS

Services

Remote databases Admimstrator

workstation

Figure 1. System architecture

A repository of the services for the system careitieer a local database or
the services obtained through the interface adgghe network services of the
external providers. The repository allows you teemyua list of the available
treatments that meet the specified constraints, retutns the proposals of the
service. The communication allows to reserve aisgnin addition it is also
possible to cancel a service (a patient gave ogadanient).

The language created for the application allows tpodefine the relationship
between the objects available in the system (sucla gatient, a treatment, a
laboratory test, a physical therapist, a physicianyl the services (a patient’s
registration, a medical examination, a laboratest,ta specified type treatment). It
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also allows you to define the preconditions thastie fulfilled for the service to
be performed, indicates how the objects partiangatin the service will be
modified by the service and it also allows you &dirte the sequence in which the
individual services will be performed.

The system contains also a query language thatvallthe patient to
determine the required services and the conditibas they have to meet (eg. a
location, the time of the service, a request forspecific doctor or a
physiotherapist). Since the questions are to bestogeted by the user, in the
system there is available the query generator, lwhicough a simple graphical
interface allows the user to express his requdsteirsystem language.

After entering the user's query the applicatioruis and generates a sequence
of (or a set of the sequences) services that rheehe¢eds of the patient and fill
described by the language relationships betweenfteeed services. Then there is
verified their availability in the repository whetlee relevant services are reserved
or we get the information that posed requests cdrba processed. If the request
can be made, based on the received plan, the twehadule of the tasks to be
implemented by the Centre is modified.

4. System services

The application is designed to allow the end uses patient) to schedule a
visit to the Centre offering a wide range of metasxvices. It may be a visit to a
general practitioner, a specific type of speciatiettor, execution of a single
medical test or a group of tests, and finally plagnone or more rehabilitation
treatments.

List of available medical specialties, types ofdemd types of treatments and
their characteristics are defined by the servicavider in the database. In the
system we have objects, such Ratient, Doctor, Physictherapist, Test and the
services provided to the patient. These services diwided into types as a
registering in the CentreRégistration), a medical examinationvisitDoctor), a
laboratory testTherapy) and a rehabilitation treatmeriiréatment). Each of these
services has some properties specified on thers@gheeservice definitions). Each
may have some preconditions for running and caseahanges in the system by
creating new or changing the existing objects. 3¢ices may also leave during
runtime some dynamic information about their ubeage of service) allowing to
save the information about the number of positiwitBin a service sequence, time
of the service execution, its cost, and other ptggee In addition, this makes it
possible to impose a particular sequence of sesvice the patient by the
administrator.
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An ObjectPatient represents the patient and has the following ptimse

Patient := {id : int, name : l|ast_nane : string, first_nane :
string, date_of_birth : date, pesel : string, phone : string,
sns : Boolean, diagnosis : string, synptons : string }

It is created at the time of starting the use tlgstesn by the patient (via
Registration service) and is a carrier of information about ffsient and the
history of its treatment.

ObjectsDaoctor and Physiotherapist represent CIRK employees. Besides the
basic information (personal information) they camtine data needed for planning
the Center’s work (such as an availability, a tgp&eatments carried out, etc.).

Objects Test and Therapy are similar in a structure and store information
about tests performed in the Centre. They are @dday the system administrator,
if necessary - when the Centre plans to offer a semwice - a test or a treatment.
They have the following characteristics:

id Doint

name : string
result : string
conment :  string

The services offered in the system are adminisgafRegistration), or
medical services (sucVisitDoctor, Test, Treatment, etc..). ARegistration service
has no prerequisites and creates a new patierthjat Patient). It also sets the
data of the patient’'s properties. It is a servita heeds to be done once for each
patient, before any other services. If the patiexd already been created then this
service will no longer be called by his subsequesits to the clinic.

In the language of the system it can be describddllaws:

Regi strati on:

I'N : nul |

aut : p: Pati ent

PRECONDI TI ON : nul |

POSTCONDI TI ON: isSet(p.id) and isSet(p.nanme) and

isSet(p.last_nane)and isSet(p.first_nane)
and isSet (p. pesel)and isSet(p.phone)and
i sSet (p. sms)
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The other services offered by the system correspmmdedical services. The
objects of VisitDoctor type are services lik€éeneralPhysician, Laryngologist,
Cardiologigt, etc., representing a visit to a doctor of a patér specialty. Calling
these services it requires the existence ®athent object and sets the property
diagnosis of this object.

The objects of.aboratory type are all kinds of laboratory tests (blooditest
DNA testing, etc.), andTreatment type are the treatments offered by the Centre
(Rehabilitation, Physiotherapy, Cytology etc.).

TheVisitDoctor andTreatment servicesave the following definitions:

IN : p: Pati ent

out : p: Patient and tr: Treatnment Trace
PRECONDI TI ON : isSet(p.id)

POSTCONDI TI ON : isSet(p.id) and

i sSet (p. recomendati on) and
isSet(tr.start) and isSet(tr.stop)
and isSet(tr.location)and
isSet(tr.servicenane) and
isSet(tr.servicetype)

and they differed only by the values for the fielos the servicetype and
servicename. The system assumes that the addition of a newcalesgpecialty,
new type of medical test or a new type of rehatibin treatment requires the
definition of the new services in the databaseharserver.

Planning a visit to the patient in the Centre wdfuire the formulation of
conditions of this visit in the system languagee (tfuery language), that determine
the information held on the input (a requirementiad relevant objects and their
properties) and the requirements to be met atiie e

I nput :
Li st of objects:
Precondi tion:

Qut put :
Li st of objects:
Post condi ti on:

An example scenario of a planned visit when théepaituses the system for the
first time and would like to arrange a medical wvigi order to determine the
necessary treatments will look as follows:
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I nput :

Li st of objects: nul |

Precondi tion: nul |

Qut put :

Li st of objects: p : Patient

Post condi ti on: isSet(p.id) and isSet(p.nane) and

isSet(p.last_nane)and isSet(p.first_nane)
and isSet (p. pesel) and isSet(p.phone) and
i sSet (p.snms)andisSet (p.recomrendati on)

In this case, we do not require any object on thmut, and we want to be
created a new object representing the patient pritiperties that describe it and
recommend further procedure. In more complex cdéisesquery can be more
complicated such as when a patient Kowalski (hadlgady an account in the
system and being assigned an identifier, has td&ed a diagnosis) want to visit a
dermatologist and perform blood test (the ordethef sequence is important), in
Lodz in the first week of January 2012. The querthis case looks as follows:

I nput :

Li st of objects: JKowalski:Patient, T_GP:Trace

Precondition: T_GP.service = "General_physician”) and
isSet( JKowalski.diagnosis)

Cut put :

Li st of objects: JKowalski:Patient, T_GP: Trace; T_D1:
Trace, T_D2:Trace;

Post condi ti on: (T_D1.servicename = "Dermatologist”) and

(T_D2.servicename="BloodTest") and
T_D1.level<T_D2.level and
month(T_D1.start)="January” and
month(T_D2.start="January” and
T_D.location="Lodz"

In this example, we also apply the aforementiongdat Trace, which allows
you to control which services were developed eadied for example determine
the order of the services implementing the plan.

Writing queries in the system can be quite comptidafor the person
administering it (we assume that he is not a coarpatientist). For this reason, in
the system was created the query generator, whickigh a simple graphical user
interface (Figure 2.) allows the user to expresgénuest.
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|/ MC Query Generator

File Help
[¥] Are you a registered patient?
D 56050404032
Personal data | JanMowak

from  |2011-01-10

untl  |2011-01-10

— =i | (e ]
[Taberatory 1] bocor 2 |

dass of service Docter

speciality / type / kind | Surgeon

name smith

lacation

from |2011-01-10 | until|2011-01-10 after | [Laboratory. 1

Global limits

Figure 2. Query generator

The queries based on the service definitions wglhegate an initial plan
which is a sequence of services implementing thieemiess request. Then, for the
resulting sequence must be associated with spesgfidces (after checking their
availability). For this purpose we need a repogitifrthese services.

5. Repository of services

The services provided locally use the register dlatabase maintained on the
server, but it is also possible for the patientthef Center to use the services from
external sources which are provided by the webicesvA record whether local or
remote must allow for an inquiry (enables queryimgavailable services without
making commitments), a booking (filling in the mati for a specific treatment,
carried out by a specific physiotherapist, in aegivtime and place) and
cancellation (cancellation of a recording and redethe associated resources).

A local database used in the Center has the steushown in Figure Figure 3 and
consists of tables such as Patients, Physiotesadsictors describing patients of
the Center (the identity of the patient and conthathils, symptoms and medical

advice) and working in the Center doctors and hiisrapist (eg. personal data,
represented specialties)
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] Reserved_Doctorvisits ¥ ] Dostors v ] Doctors Avallabllity v

Id_reservation INT ‘ Last_name VARCHAR(45) 1d_Dx s Availabifity INT
1o Doctor INT | o TMES TAMP

ToTIMESTAMP.
19_Doctor VARCHAR(#S)

7] Doctor Types v
" Reserved_Treatments ¥ IaDoctor_ Types INT
= \ ‘ Name VARCHAR(45)

Reserved BOOLEAN

1a_resenvaton INT
Last_name VARCHAR(45) q

First_name VARCHAR(45) ‘

H ol
Posal VARCHAR(11)
From TIMESTAMP
City VARCHAR(45)
To TIMESTAMP.
Stroet VARCHAR(45)
10 Treatment VARCHAR(45)
SMS BINARY
Phone VARCHAR(45) g Dj hyatwepaa Y
1d_P ationt VARCHAR(45) |

[ 10 prysiotragst T
LIy Lo Last name VARCHAR(sS)
18 Tosorts WT |

First_name VARCHAR(45) |
Name VARCHAR(45)

Length INT
Type INT

19_patient INT

Treatment type INT

] Reserved Tests ¥
\d_resenaton INT

T Tests v

1d_patent INT [ Frressner ‘
FomTMESTAMD [0 & Name VARGHAR(45)

Length INT
Typo INT

) Physiotherapists_Availability v
d_Physiotherapists_Availabiity INT
1. Physitheragist INT
From TIMESTAMP.
ToTMESTAMP
| > Reseves BOOLEAN

To TIMESTAMP.
1d_Tost VARCHAR(45)

Figure 3. Database structure

The tableslreatments, Tests define the types of treatments and tests offered i
the Center. Other tables are responsible for goiimformation about the
availability of services and a staff, and are medifduring creating a schedule of
tasks. Additionally, the application, which genesata schedule based on these
tables, selects the available services that meietnpa demand.

6. Plan generator

After defining a user's query the applications,alihére a part of the system,
create a plan that satisfies the conditions resuftiom the query. The operations
of generating the plan have two phases. In the firs make a sequence of types of
services that match the query, created on the etkfttependencies between the
services (eg preconditions services require thetexce of objects created by other
services) or defined directly by the user (throtigh references to objectsace).
For some more general questions we may have naltipkect sequences and then
the user of the system is responsible for choosimgof them. In the second phase
for the existing sequence the specific servicesl@sking for in the repository
(requests for a quotation mode), which is usedhiegysystem. They have already
defined the properties such as a place of exegutigrerson responsible for their
performance, the time in which they are availalmd the cost assigned to them .
Including these characteristics and their comp#tibwith the query arises the
actual plan of the services that can be offeratdéqatient. As in the first phase, if
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there are several correct plans (correspondingdajtiery) the user is responsible
for the selection. The selected services are maakedserved in the repository and
included in the schedule of tasks to be implemehtethe Centre.

7. Final remarks

The system is a specialized implementation of tbecept, which can be
applied to various domains, enabling to build aegdnation system for distributed
services of a common characteristic. More generallysimilar system can be
implemented in every domain in which we have tonpln access to some
resources. The system is based on concept of FBaj9ll; which was adapted to
medical services modelling and scheduling.

A further contribution of the system is in an exted language of queries,
enabling to express more requirements occurripgastice.
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