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Abstract—One of interesting issues in modern health care is after some time (needed to reach the patient) and the megulti
possibility of automating rudimentary tasks involving monitoring  time delay could prevent their actions from being succéssfu
patients’ state and providing them with an immediate help in gaparately, there exist tasks that should not waste medical

emergency situations. This note discusses how applicatiaf BDI- I's 1 d that d t actuall ire h
based software agents can automate some tasks as well as iy personnels ime an al do not actually require human

service received by the patient. An implemented system skabn  intervention. The most trivial example is setting the prope
which utilizes Jadex BDI agents is discussed. temperature (adjusted to the patient’s will and needs)ufit s

fices to use an air conditioning agent that would know patent
desired temperature, monitor the current temperature én th
With the constant increase of capabilities of sensing @svicroom and adjust it accordingly. Obviously, such a task could
there is a growing number of patients whose state should ameldone by a patient pressing a button, but there exist a mrumbe
can be permanently monitored. Here, there are at least tafoscenarios in which patients may be able to indicate their
general scenarios to be considered. First, when the statusmshes only through specific means of communication. In this
the monitored patient “changes slowly” and some “low-lévelcase the AC-controlling agent can remain unchanged, while
medication should be provided to respond to such changt®e agent-patient interface would need to be adjusted (and
For instance, a slow but persistent increase of heartbegt ntlais is one of the often mentioned advantages of utilization
be remedied by prescribing a small dose of a medication (fof software agents, see for instance [7]).
the purpose of this paper we namevilium). The second The aim of this note is to show how BDI agents can
scenario involves rapid change in patients condition, ok labe utilized to develop a system that supports patient status
of response to the already provided medication. For ingtanenonitoring and reacts to specific conditions. The reason for
lack of response to a stimulant (let us namedtenaline), utilizing the BDI model ([1], [2]) is that it matches very wel
or a sudden decrease in heartbeat rate may require injectiog needs of the above described scenarios. Furthermare, th
of a strong stimulant (here, namesliper-adrenaline) and BDI supporting Jadex framework [3] was recently introduced
very likely also notification of a nurse, a physician or afgnote that current release of this software is version 0s86,
emergency response team (the latter is the case of a patidetfirst complete release — version 1.0 —is not completed yet
living at home). Note also, that the first scenario is in lin€hus our goal was to assess its actual usability in designing
with the modern practice of adjusting dosage of the mediciaad implementing a system. This being the case our aim was
to the specific condition of the patient. This practice imot to build a realistic and complete representation of any
further supported by the fact that constant monitoring @fctual medical condition(s), but rather to develop a baokbo
patient’s status allows precise assessment of her condit@f the system with a few basic agents; provide them with a
(e.g. data mining techniques can be applied to distinguisbt of beliefs, desires and intentions and observe thembeh
between a heartbeat raising due to the waking up in then actually implemented (using Jadex) and run.
morning and heartbeat raising because of a heart condition)
Furthermore, utilization of sensing devices combined with
intelligent behaviors allows first, to move some patientsrfr ~ As specified above, the current design of the system is
hospitals to outpatient care, e.g. back home with theirlfami very simplistic and consists of the following agemér Con-
(which is highly desirable for their overall well-being)nd ditioning Agent, Assistant Agent, Heartbeat Measure Agent,
second, to provide better care for all patients; especiallgjection Agent, and Emergency Agent. In Figure 1 we depict
for the elderly (whose health should be monitored withotheir basic interactions.
them being restricted in their activities). Let us also abbee Let us now describe in more detail content of the use case
that life-threatening situations, require instant react{e.g. diagram. TheAir Conditioning Agent (ACA), has beliefs about
immediate personnel response). Thus, an agent monitorthg current room temperature (originating from a sensor),
patient’s state indicators (e.g. heartbeat and/or bloedgure) desired (target) temperature, as well as two temperatures:
can both inform the personnel and, in special circumstancéggh and low, defining a range within which the agent will
request action of an agent responsible for injecting lifergp  not undertake any action. For instance, if the current room
drug(s). The latter task would be performed by the personriemperature is 24, while the target is 23, and the high and

I. INTRODUCTION

Il. SYSTEM OVERVIEW
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Fig. 1. Use Case diagram of the system skeleton

low values are 25 and 23, respectively, then A@A will do  room_temperature defined in agent's belief base is higher
nothing. However, was the temperature in the room 27, tioe lower then defined constants, i.e. when the maintain
agent would attempt at decreasing it to 23. Hence,nthin condition is not satisfied. In such situation all possiblangl
goal of this agent is to keep the proper temperature (Jadesponsible for realizing this goal will be retriede(ry
maintain goal). Separately, to be able to act within the systeritag) until the room_temperatures reaches the defined
this, and other agents, have to be registered inQtrectory  target_temperature, i.e. the target condition becomes
Facilitator (DF) service (this is the only way for an agentsatisfied.

to be known to other agents in the system and thus to berThe Assistant Agent (AA) is responsible for assisting the
able to communicate with them). Therefore all agents haggtient (it could be viewed as an instance of a medically-
this as one of their Jadeachieve goals; and this goal has to skilled personal agent). Thus it possesses beliefs abeut th
be achieved once they are created. Furthermore, in the cagsired temperature and about the agent identifier of the
when any of the agents in the system is associated with a GdkrectAir Conditioning Agent (note that in a hospital there
interface (fOI’ instance to dISplay its current status artibas may exist SeparatACAs managing different rooms, or room-
undertaken in the past), updates of the interface consistaf c|ysters), so it can send to it messages specifying thertiyre
events of an agent. Similarly, events associated with egehta desired temperature. Thus one of the goals ofAds to find

are messages obtained from various sources; e.g. infamath the DF the identifier of theACA. Obtaining an identifier
about the desired temperature received from the patient. Joan agent is achieved by sending to 1hE a request that
complete the description of thaCA, let us depict the way specifies a certain registered service being searched fer. T
that the goal to maintain temperature is represented withjfhin event of theAA is associated with a message about
the Jadex in the Agent Definition File (ADF); heg&t; and the desired temperature sent to tAEA. Obviously, in a
&gt ; are named entities standing respectively for thand |arger-scale system, additional needs of the patient waisiol

the > characters in XML: be represented as beliefs and desires of Ake The same
<mi nt ai ngoal name="keep_t enper at ur " comment applies to other agents, as their extended roléd cou
exclude="never" retry="true"> be easily envisioned.
<mai nt ai ncondi ti on> . . .
$bel i ef base. room t enper at ur e The Emergency Agent (EA) is responsible for alarming
& 't; = $beliefbase.tenperature_high the personnel in a dangerous situation. Its plan of action is
&anp; &anp; triggered by an incoming message from tHeartbeat Mea-
$bel i ef base. room t enperature . ” ”
&gt: = $bel i ef base. t enperat ure_| ow sure Agent about the heartbeat going out of the “safe range.
</ mei nt ai ncondi ti on> Among its goals is to know at any time which emergency
<targetcondi tion> - personnel and in what way can be contacted (e.g. at 2:34 AM
$bel i ef base. room tenperature == . .
$bel i ef base. target _t enperat ure nurse Smith should be contacted by sending an SMS to her
</ target condi ti on> cell phone).

</ mai nt ai ngoal > The Heartbeat Measure Agent HMA has beliefs about the

In this statement we can see that the:p_temperature heartbeat, the high and low values that decide whether it is
maintain goal will come into process only when the currentithin normal, safe or dangerous range, and about iderstifier



of the Injection Agent and theEA. If the heartbeat goes out ofa certain time-limit has been reached (where the time-limit
normal range, thénjection Agent is informed; if the heartbeat is drug-dependent). The overdose prevention goal, when in
goes out of safe range both thgection Agent andEmergency process (this is also a technical term used in Jadex) ishibit
Agent are notified. the injection goal. So the overdose prevention goal blocks
The Injection Agent (1A) has a set of beliefs related to athe drug injection goal for a specific time after which the
collection of drugs that are in its disposal (in our case wagent decides (based on the current status of the patieat) wh
utilize four drugs nameslalium, super-valium, adrenalineand action to take at this stage, i.e. the drug injection goaldiec
super-adrenaline) and can be applied in various circumstancewhich, and if any, drug to apply. It has to be stressed that in
It also knows the interrelations between specific healttdeon this situation the overdose protection is “more importahén
tions and drugs that are to be used. Its main task is to analglteg injection. This is based on the fact that it takes some
the current patient’s condition and inject an appropriateadie time for a drug to take effect and applying it several times
of a drug. When théA receives a message about the patientshe dose after another does more harm than good. Thus, we
heartbeat, it checks the belief database using the Jadey guwve to allow previous doses some time to take effect and in
language (similar to the Object Query Language) in order toany cases the result will be that the state of the patiert wil
select the appropriate medication. For instance, uporiMiage improve without the need of injecting the blocked dose in the
information that the heartbeat is below the normal ranggst place. It is easy to envision how this approach can be
but still in safe range$heart_beat belief variable equals to utilized in multiple scenarios similar to the one describede.
"too_low") it would issue the following query (note that each
agent has a direct access to its knowledge base): Ill. RUNNING THE SYSTEM
sel ect one $heart beat drug_pair. get (1) Thg system’s aggnts are autonomous anq associatc_ad with
from Tupl e $heart_beat _drug_pair certain medical devices or persons responsible for taking a
in $beliefbase. heart_beat_drugs appropriate action. They react accordingly to a given tiina
mg;ﬁafzsg[]teg?figg{ ;Jg—pa' r-get(0). by deliberating goals, realizing appropriate plans andying
their belief databases. Let us see a simple scenario innactio

where heart_beat_drugs is a set of beliefs structured in the - .
following way (as a dictionary of possible symptoms anl) Figure 2 we present a screen-shot of the system that is

appropriate medications): running. We can see the Jadex console and Jadex Control
<bel i ef s> Center GUI. Furthermore, GUI interfaces of all agents ragni
<bel i ef set name="heart_beat _drugs" in the system are visible.
cl ass="Tupl e"> _ The patient’s heart beat has been simulated as sinusoéd-typ
<f aotnew )Tiflf zg:;oo—h' gh, function of time and based on the age of the patiéntnp
<fact >new Tupl e(" much_t oo_hi gh", way this simulation is claimed to be realigtic, it is used only
"super _val i unf') </ f act > to see the system running and to test it).
<fact >new Tupl e("too_l ow', In the top right corner we can see thssistant Agent, which
adrenal i ne") </fact> . . .
<fact >new Tupl e("nuch_too_| ow', receives data from the patient, and forwards her desirdseto t
"super _adrenal i ne") </ fact > Air Conditioning Agent. In response to these desires and to the

</ bel i ef set >

</ bel i ef o> changing room temperature t€A acts to adjust the room

temperature accordingly.

More precisely, in the considered case the query canNow, to see the “medical procedures” in action, let us use
be understood as follows: select a single medicatieis an example the moment when the screenshot in Figure 2
from a tuple (eart_beat_drug_pair) in the dictionary was taken. Here, one can observe the scenario triggered when
heart_beat_drugs, where a possible symptom pointed byhe patient's heartbeat was 121. Such a heartbeat stands out
the first element of this tuple matches the current value of the “allowed safe range” and thus thizartbeat Measure
heart_beat. Therefore the response to this query would resuligent createsHeartBeatMeasurePlan, which informs about it
in administeringadrenaline. the Injection Agent and theEmergency Agent — this happens
at 21:34:19. This can be seen on the GUI of tidA. After a
minimal delay, theEmergency Agent received this information

Let us note that the BDI approach to agent system designd notified the personnel (see the GUI of &) within
allows us to effectively utilize goal deliberation, i.e.ftling EmergencyPlan). Three seconds later, thinjection Agent,
situation with competitive goals. For this purpose Jadéaving received the information from thHeMA, decided to
utilizes the easy deliberation strategy [6] which we caimject super-valium (see the GUI of theA).
illustrate in the case of actions necessary when dealinlg wit
the problem of potential medicine overdose. Here, we have
two competing goals, one of them is to inject a given medicine The BDI model had been proposed by Bratman, as a
— based on patient’s current state (heartbeat in our cake). Philosophical approach to explaining human behavior [1].
second goal is to prevent overdosing the drug by keepihgter its utility has been observed in the context of infotiora
count of applied doses and to wait with the next one untibichnology (see for instance [4], [5]). Unfortunately, inoé

A. Application of goal deliberation

IV. CONCLUDING REMARKS



-} ;E'Jﬁ! Mredditiondig szt GU 9=E3
HeartBeatHeasure: Greated: WaitTillDoseDeclinesPlan(name=wait_till dose_dec 1ijpyil Time | Currentroom temp Targettemnp Action I
SEL E —— ————— " \[Eur Sep 08 213516 CEGT 200727 increasing -
AliConditioning: Tempetatute cot 5 Sun Sep 08 21:3515 GEST 2007 |26 27 increasing ‘
g: Temperature set tao: 26 Sun Sep 09 21:3514 CEST 2007 25 27 increasing T
sied eRidleartleat il aninanes Dl heont hedt 1200 Sun Sep 08 71:35/13 CEST 2007 |24 a7 increasing
eceived: infgmjea' eal:(lnuchgl:nniﬁli)gh) Sun Sep 08 21:35:04 CEST 2007 |23 23 increasing
i i 27 Sun Sep 09 21:35.03 CEST 2007 B 23 increasing
it oatin o bt Sun 560 092135102 CEST 20071 2 casig
: Created: WaitTillDoseDeclinesPlan(name=wai Sun Sep 08 21:34:39 CEST 2007 |20 20 decreasing
d: EmergencyPlan{name=emergen lanifl12> SunfepRBiladnces AOT 2 - decreas_!ng
e i e M L o TN Sun SER 7194 37 CEST 2007 127 2 dectesing
eived: inform_heart_beat(m highy Sun Sep 08 21:34:36 CEST 2007 |23 22 decreasing =
: Created: Wait DoseDec lan<name=wait_till dose_decli un Sen 08 21:34:34 CEST 200 4 decreasing ¥
ated: Temperature irePlan(name=temperature_I &
g: Created: ACSetTemperature{name-temperature
: Created: FixHeartBeatPlan<{name=fix heart_ beat#22> Tirne Fatient desires tempearature Action
n i Sun Sep 09 21:35.21 CEST 2007 27 inform AC agent -
27 inform AC agent
7 = [Sun Sep 08213511 CEST 2007 |27 inform AC agent
=2 4 [Sun Sep 08 21:35.06 CEST 2007 25 infarm AC agent =
File Model Help Sun Sep 08 21:35.01 CEST 2007 23 inforrm AC agent
” e . Sun Sep 09 21:34 56 CEST 2007 20 infortm AC agent
bl G2 ia Eeod .08 Jgdax| Sun Sep 08 71:34 51 CEST 3007 |18 inform AC agent E
Sun Sep 08 21:34:46 CEST 2007 18 inform AC agent
mt:q”zamn AR R A Bnkingey - | llBunsepnaziasat cEaT 2007 18 infarm AC agent
§ aridrzsiborowezyk Filename |fileCADocumsnts and Seffingsiug L" Sun Sep 0921 534 36 CEST 2007 20 infarm AC agent
o ';. neihaspitalizati | configuration ‘default |v‘ Sun Sep 09 21:34 31 CEST 2007 22 infarm AC agent =
4 A oneitioning, agenteml i [ - FSJ.JD_SEJ] 09 21:34:26 CEST 200 1 Infarm AC aoent
..5 Agsistant.agentxml Agent name EManager | [] Auto generate gm
1 s Saflenar |
<] Il | [¥ Time Hearl heat Action
e e | star ” Seinad H Seset H Holy | Sun Sep 08 7173519 CEST 3007 |much_ton_high Nofifying personnel -
-
_ » un Sep 5 rruch_too_hig otifying personne
-& ﬁi@:fif ::::ﬁsﬂgz 1 25 ﬂ 2 2g73 I; [ % manager | | Zun Sep 08 21:3448 CEST 2007 |much_toa_low Motifying personnel
o e e e e e (9N S 09 21:34:48 CEST 2007 ruch_too_low Mofifying persannel
‘ Sun Sep 09 21:34:41 CEST 2007 much_too_low Motifying personnel .
Sun Sep 09 21:34.19 CEST 2007 much_too_high Motifying personnel
0 sy SUn Sep 09 21:34115 CEST 2007 |much_too_high Motifying personnel
= a8 15un Sep 09 21:34.11 CEST 2007 rnuch_too_high rotifying personnel
Time |Current heart beat Action | \ Sun Sep 09 21:33.47 CEST 2007 rnuch_too_low Motifying personnel
Sun Sep 09 21:35.22 CEST 2007 (113 g ~| [Sun Sep 09 21:33.45 CEST 2007 |mush_too_low Mofifying personnel —
Sun Sep 08 21:35:19 CEST 2007 [121 nin gent + emergency agentaledt | | 1SunSep 0821:3342 CEST 2007 Imuch too o) Motifing nersonnel =
Sun Sep 08 21:35:15 CEST 2007 [125 informing the injection agent + emergency agent alert 7
Sun Sep 09 21:3511 CEST 2007 |121 infarming the injection agent + ermergency agent alert 3 =
Sun Sep 09 21:35:08 CEST 2007 [113 infarming the injection agent i Time | Received info that heart beat is Action
Sun Sep 08 31°3505 CEST 3007 [102 infarming the injection agant Sun Sep 00 21:35:32 CEST 2007 toa_high valium -
Sun Sep 08 21:35:03 CEST 2007 |83 daing nothing L |Sun Sep 09 21:3519 CEST 2007 rnuch_too_high super_valium
Sun Sep 08 21:35:01 GEST 2007 |84 doing nothing Sun Sep 09 21:3515 CEST 2007 rnuch_too_high super_valium
Sun Sep 08 21:34:59 CEST 2007 |75 doing nothing much_too_high super_valium =
Sun Sep 08 21:34:57 CEST 2007 |66 daing nothing too_high waliurm
Sun Sep 08 21:34:55 CEST 2007 |57 doing nathing too_high valium
Sun Sep 09 21:34:94 CEST 2007 (53 daing nothing too_low adrenaline |
\Sun Sep 09 21:34:51 CEST 2007 |43 njection agent Sun Sep 09 21:34:.48 CEST 2007 [much_tan_low super_adrenaling
] ep 09 21:34:48 CEST 2007 |37 niection agent + emergency agentalert | Sun Sep 04 31:34:45 CEST 2007 |much_tan_low super_adrenaling
5] ep 08 21:34:44 CEST 2007 |35 clion agent + emergency age | Sun Sep 06 31:34:41 CEST 2007 much_tao_low super_adranaline
|Sun Sep 09 21:34.41 CEST 2007 |38 rin njection agent + emergency agent alsr | |Bun Sep 09 21:34:38 CEST 2007 [too_low adrenaline =
\Sun Sep 08 21:34:38 CEST 2007 146 informind the iniection anent | |2un Sen 04 21:34:27 CEST 200 ton_high alilrm ol
Fig. 2. Running the system: Jadex console, Jadex Contrde€&UIl and GUIs’ of agents in the system.

the systems developed using the BDI approach were creastatus monitoring. We have also indicated how natural it
using their individual home-made agents. would be to extend the proposed system to make it more

Note that the advantage Of using BDI Software agents rigahStIC We haVe found that JadeX iS a Very Useful a.nd
natural. Actors in a system like the one described above &@mising tool for the development of BDI agents and plan
usually associated with some device (e.g. a sensor) ang tH@scontinue developing the proposed system with the goal of
have limited resources (e.g. belief base). They need batte sgmaking it more realistic and thus complex. This will allow
scope of autonomy and solutions for cooperations, e.g. o#@ 0 asses some aspects of scalability of Jadex.
of the agent’s proper functionality depends on some other
agent playing a role of a sensor. For instance, lthjection , _ o
Agent relies on the information being sent from tHeartbeat _[1] '\Ff'r‘egftg:;b:ﬁggf’?\;"AYPﬂfgﬂ;" iggfracuca' Reason.vafar University
Measure Agent. On the other hand this part of the system i@] m. E. Bratman, D. J. Isreal, and M. E. Pollack. Plans ansouece-

completely independent from thr Conditioning Part. Once bounded practical reasoning. Computational Intelligeri¢d), 1988
the role and scope of autonomy of each agent are defing%i Jadex website http://vsis-www.informatik.uni-hanmgpude/projects/jadex/
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