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[bradycardia: (:Pulse :val ?x), lessThan(?x, 60) -> (:Bradycardia :val 
"true")] 
[tachycardia: (:Pulse :val ?x), greaterThan(?x, 100) -> (:Tachycardia 
:val "true")] 
[call112: (:BloodPressure :val ?x), greaterThan(?x 140), (:Tachycardia 
:val "true") -> (:Service112 :alert "true")] 
[call112_2: (:BloodPressure :val ?x), lessThan(?x 90), (:Bradycardia 
:val "true") -> (:Service112 :alert "true")] 
Tab. 2. The RDF rules – alert.rules file excerpt 
 

The first rule says "if the pulse is less than 60, then the 
patient has bradycardia" and the last rule "if the blood pressure 
is less than 90 and the patient has bradycardia, then you have 
to alert the emergency service 112".  

The agent permanently monitors the patient's condition, by 
receiving the parameters from the sensors connected to the 
patient's body. Each parameter is translated by the agent into a 
statement, e.g.: 
:Pulse :val 110 
:BloodPressure :val 145 
 

Having these two statements and the rules above, plus the 
ontological description of the symptoms in Table 1, the agent 
infers the statement Service112 :alert "true". This is how the 
agent autonomously determines that it should alert the 
emergency service when the patient's condition deteriorates. 

Note that we use the N3 notation (w3.org) to describe the 
ontology. N3 has the advantage that it is human-readable, so 
any human operator can easily update it. This makes it easy to 
install and configure the agents on users’ devices. Also, the N3 
format can be used to describe the ontologies that are 
referenced by the web service descriptions in their semantic 
annotations. This is how semantic web can be integrated into 
the framework described in this paper. 

In the example above (Table 1), we use a simple ontology 
for the sake of simplicity. In a real life scenario, a good 
candidate for a medical ontology is one based on HL7-RIM 
model (Orgun & Vu, 2005), (hl7.org). The great advantage is 
the worldwide adoption of this standard and thus the possibility 
to interoperate with medical institutions all over the world. 

The example in this section highlights the capabilities the 
agents can leverage with minimum knowledge and little 
computing power. These very characteristics, together with the 
autonomy, make software agents suitable for the scenario 
described at the beginning of this section. Namely, software 
agents are typically used in embedded/mobile systems, having 
thus limited resources and intermittent Internet connection with 
little bandwidth.  

The actions inferred by the agents can be much more 
complex than in this example. For instance, an agent may be 
interested in finding the diagnoses of all patients with similar 
symptoms as John (in the scenario above). For that, an agent 
needs a knowledge base and an inference engine. 
 
3. MULTI-AGENTS AND SEMANTIC WEB 
 

As suggested by the scenario in the previous section, 
software agents communicate seamlessly with other agents and 
with web services. Some services, like patient’s medical record 
retrieval might be exposed online for authorized clients, while 
others, like negotiating an appointment, can be only done via 
agent communication. 

The most important thing to notice in the scenario above is 
the use of ontologies. The patient's agent might be able to alert 
the emergency service, but what exactly does it communicate to 
this one? The intention is to communicate the patient's personal 
data (name, address, etc.), the symptoms, the medical history 
and the patient's location. Each of these aspects needs to be 
understood by parties working and communicating in a highly 
heterogeneous environment. The key is the usage of ontologies: 
the parties should either use the same ontology to express the 
concepts they want to communicate, or there should exist an 
ontology mapping between the ontologies used by the parties. 
An ontology mapping, as the name implies, would find 

concepts expressed in different ontologies either equivalent or 
'similar enough', or different (i.e. there is no mapping between 
them). 

 Since the entities (software agents, web services) presented 
in our scenario are loosely coupled, the aim is to 
semantically discover each other. In other words, we intend to 
find an operation, given the semantic concepts of the inputs and 
outputs. As pointed out by various researchers (Christesen et. 
al., 2006), (Verma et. al., 2005), SAWSDL (w3.org) can be 
used to semantically annotate web services and the annotations 
can be recorded in UDDI V3 (uddi.org) using tModels and 
categoryBags. Semantic web services can thus still be 
registered in UDDI, just like standard web services. The 
discovery of web services in a UDDI registry consists of 
matchmaking the given profile (description of the 
functionality we are looking for) with the service descriptions 
found in the registry. Note that we are interested in a semantic 
discovery process, which means matching the input and 
respectively the output parameters of the services by meaning, 
rather than by syntax. 
 
4. CONCLUSION AND FUTURE WORK 
 

Building an automated patient monitoring system is 
possible with the current technologies. The key aspect is to 
combine the right technologies in order to obtain powerful 
frameworks that have the potential to improve the medical act. 
Namely, multiagent systems are interesting here because of 
their autonomy, mobility, limited usage of resources and 
capacity to communicate in a loosely coupled architecture. 
Their communication acts are based on shared ontologies or on 
ontologies between which a mapping exists. Semantic web can 
be employed to leverage legacy services and to be used by 
agents, as if they were just other agents. This seamless 
integration is possible because semantic publishing and 
discovering is conceptually the same for web services and 
agents. Future work includes solutions for issues such as 
privacy, security (the patient’s medical record can only be seen 
by certain persons), performance, scalability (an ontology 
mapping service might become the bottleneck in such a 
system), reliability, availability and in general the non-
functional aspects.  
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