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the maximum number of DICOM for an EHR item and the count of DICOM

that has been transferred successfully. The controllers of the whole subsystem

interact with each other through channels, including ehr, next, dicom, dicomout,
finish, askdicom, ehrout, and we define these channels as urgent channels which dis-

allow delay in the state transition. Thus our model system can be defined as follows:

int c;
const int max = 5;
system DecisionSupporter, EHRGenerator, Controller, DICOMDB;
urgent chan ehr, next, dicom, dicomout, finish, askdicom, ehrout;
clock x;

Then we obtain corresponding time automata models in Fig 11.

4.3 Analysis and Verification of DICOM Transfer

After modeling, the interactions between objects can be observed in the simulator

of UPPAAL. We give the random message sequences of communication and control

between these objects through channels in Fig 12. Based on the message sequences,

we can make a preliminary judgement whether the model conforms to system.

To make further verification of the properties of our model, we may enter query

language in the verifier of UPPAAL. For example, A[] not deadlock is to verify the

system is deadlock free, and A[] DICOMDB.dicomtransferred imply x <= 200 is

to verify that the time to transfer each DICOM to the EHRGenerator should not

exceed 200 ms, and DecisionSupporter.wait → EHRGenerator.ehrgot is to verify

that once the DecisionSupporter asks for a EHR item, the system is sure to send

the EHR item back. Other properties can be verified with similar expressions.

Fig. 12. a Random Message Sequence Chart

With the help of UPPAAL, the safety and correctness of the system can be

ensured by the verification of the properties such as safety and liveness.
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5 Conclusions and Discussion

Telemedicine is a new medical diagnosis and medical education mode to build the

connection between different medical institutions. But due to the differences in

computer systems and data recording rules, seamless sharing of data and developing

a trustable health care system become a grand challenge in the 21st century. In

this paper, we construct TMS that can be integrated to telemedicine systems based

on the technology of rCOS. On one hand, the system uses EHR system to store the

patient health record in a standard way and also can be linked to any other EHR

systems, which realizes the data sharing between different hospitals in different

countries. On the other hand, TMS analyzes the EHR information based on its

reliable scientific EBM and responds with reminders and guidelines, thus enables

the end-users to make correct and in-time decisions.

In practical software engineering, complexity of software system is handled by a

component-based and model-driven development (CB-MDD) process [7,16]. With

such an approach, the different aspects and views of the system are described in

a UML-like multi-view language [3,11], and separation of design and validation of

different concerns is supported by design patterns, object-oriented and component-

based design [2,4]. Rigorous specification, verification and validation of the models

produced in such a process require the application of formal methods. However,

most of the semantic frameworks in verification have ignored the impact of design

methods on feasibility of formal verification. The notion of program refinement

[1] has obvious links to the practical design of programs with the consideration of

abstraction and correctness, but the existing refinement calculi are shown to be

effective only for small imperative programs.

The main difference of rCOS is that it is a rather rich and mature formalism

that models static and dynamic features for component based systems. In rCOS,

the model of contracts is a multi-view model and it supports the specification of

component-based architecture. Also rCOS separates the protocol of the provided

interface methods from that of the required interface methods for components, which

allows better plug ability among component. On the other hand, it supports state-

based modeling with guards and pre-post conditions, which allows us to carry out

stepwise functionality refinement.
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