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Abstract—One of the challenges of evolving Healthcare
Information Systems used in healthcare domain is their in-
teroperability. Interoperability not only permits healthcare
institutes to take advantage of using heterogeneous solutions
from different vendors but it also offers the basis for creating
a larger range of services at the edge of medicine/healthcare
and information technology. New services can be created in
a consistent way based on common approaches of structuring
and representing healthcare data. This paper presents a test
framework for testing interoperability of eHealth systems. As a
major result, the test framework is designed for test automation
and extendability with respect to test configurations and test
cases.
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I. INTRODUCTION

Quality assurance of today’s medical information systems
is motivated by the rapid increasing complexity of products
and processes, heterogeneous architectures and limited bud-
gets. Little attention has been given to a common method-
ology for assuring the quality of Healthcare Information
Systems (HIS) systems by means of testing. Unifying test
procedures and realising an intelligent test design adaptable
to different configurations and to various equipments, are
real challenges along the testing process of HIS systems. We
address these challenges by developing a test methodology
including a test framework based on the standardised test
language TTCN-3 [1] to automate the testing process in the
healthcare area.

The development of Electronic Medical Record (EMR)
solutions represents the base of the information systems
in the medical industry. Many vendors provide solutions
which are rather provider centred approaches (i.e. propri-
etary protocols and message formats), interoperability not
being concerned. Obviously, automated test systems can help
vendors of medical devices and EMR software to validate
the specification conformance and verify their functionality.

The major problem of EMR solutions, as stated in [14], is
the lack of product interoperability. Many medical informa-
tion systems today store clinical information about patients
in proprietary formats. The adoption of standards such as
Health Level 7 (HL7) [3] used for data representation, or as
Integrating Healthcare Enterprises (IHE) [6] for describing

interactions between actors, is an important step in enabling
interoperable healthcare systems.

The problem we are trying to solve is how to design a test
system capable of simulating the interacting parties when
one or a set of particular components need to be tested.
The challenge of this approach is to automatically configure
the test platform to simulate an interoperability scenario
by instantiating test components programmed in advance to
simulate the behaviour of particular actors. In our approach,
we test the system under test (SUT) against a reference test
system in order to check if it satisfy the interoperability
requirements. It has though the big advantage that it can be
used in the lab with no need for real components to interact
with.

The approach and the results presented in this paper
represent the outcome of the research project Test Automa-
tion for the Next Generation of Medical Systems (Test-
NGMed) [10]. The concepts presented in this paper regard
the contribution of the authors to the project. The general
target of TestNGMed was to develop a TTCN-3 based
testing methodology for HL7 based medical systems and
their components. The intended result is a test framework
providing prefabricated test configurations, test data and test
procedures which will enable an easy, flexible, reusable and
scalable testing of HL7-based medical systems.

The rest of the paper is structured as follows. The next
section provides an overview of the related work to interop-
erability of HL7 based healthcare applications. Section III
introduces the Patient Care Device (PCD) IHE profile,
which is the case study we selected to demonstrate our
approach. In Section IV, we introduce the TTCN-3 based
test framework. Section V briefly describes the mapping
of HL7 data structure to TTCN-3 data types. Details about
the generation of test configurations and test behaviours are
given in Sections VI and VII. Section VIII presents some
details about the adapter layer. The last section finalises the
paper with our conclusions.

II. RELATED WORK

The interoperability of HIS was not very often concerned
until now. The existent testing solutions are rather in-house
test tools instead of neutral, certified tools. To address the

2010 Second International Conference on eHealth, Telemedicine, and Social Medicine

978-0-7695-3950-8/10 $26.00 © 2010 IEEE

DOI 10.1109/eTELEMED.2010.26

134

2010 Second International Conference on eHealth, Telemedicine, and Social Medicine

978-0-7695-3950-8/10 $26.00 © 2010 IEEE

DOI 10.1109/eTELEMED.2010.26

134



interoperability testing in a scientific way, the evaluation
and selection of interoperability scenarios are necessary
[15]. There is a wide range of standards concerning the
integration and interoperability of medical applications to fa-
cilitate document exchange. HL7 standard defines a common
message structuring scheme for all messages used in medical
systems. IHE introduces profiles enabling laboratories within
healthcare institutions as well as standalone laboratories to
share their patient data. These standards are the basis for the
interoperability testing.

Test solutions for interoperability are currently under
research or development. The solution provided in [16]
is designed to verify the input and output of EHR data
against the standards and criteria identified by the Certifi-
cation Commission for Healthcare Information Technology
(CCHIT). A similar approach is proposed in [17]. However,
we consider these approaches difficult to apply in the early
stages of testing as they require complex setups and, espe-
cially, the presence of all interacting parties. Compared with
these approaches, in our methodology we propose a different
technique in which the test systems simulate the components
that the system under test (SUT) needs to interact with. This
way, the interoperability is always tested against a reference
implementation.

In order to have a full interoperability check, the methods
proposed in [16] or [17] still have to be applied. Therefore,
our approach should not be considered an alternative in-
teroperability approach but rather an initial interoperability
check. The development of our approach is based on the
standardised Testing and Test Control Notation version 3
(TTCN-3) [1] test technology and it is the first attempt to
employ this test technology to testing HIS systems. The
TTCN-3 testing language is a text-based language, which,
for testers, is easy to learn and to use. It has been specifically
designed for testing and inherits the most important typical
programming language artifacts, but also includes important
features required for the specification of tests.

III. IHE PCD CASE STUDY

Integrating Healthcare Enterprise (IHE) [6] standardised
a set of profiles organised by domains such as cardiology,
laboratory, radiology, patient care devices, etc. These inter-
action profiles can be seen as an agreement between industry
partners by means of eliminating the potential ambiguities
that the HL7 standard allows for implementation. They offer
developers a clear implementation path for communication
standards supported by industry partners.

A profile consists of actors, which are abstract represen-
tations of the involved units, and a set of transactions which
define the communication between the actors.

The design concepts and the implementation of our test
system (TS) have been applied to the Patient Care Device
(PCD) [7] case study. IHE Patient Care Device (PCD) [7]
area addresses the integration of medical devices in the

healthcare enterprises, which could lead to significant im-
provements in patient safety and quality of care. PCD
profiles standardise the communication scenarios and flows
between medical devices directly connected to a monitored
care unit, for instance ventilators, blood pressure sensors,
etc., and all other units from the medical environment like
medical clinics, doctors, etc., interested and involved in
receiving data from those medical devices.

Figure 1. IHE PCD Profile

A. PCD Actors

Figure 1 presents the PCD actors and the sequence of
possible interactions between them. The Device Observation
Reporter (DOR) has the role of monitoring all medical
devices from which data needs to be included into the system
(ventilator, blood pressure sensor, etc.), and the role of
converting that data into digital format, if necessary, acting
as a data provider for the other actors of the PCD profile. The
Device Observation Filter (DOF) is the entity responsible
for handling a connection between a Device Observation
Consumer (DOC) of the medical data (laboratory, medical
clinic, etc.) and the DOR, in charge of providing that data.
The DOF manages subscriptions and offers to the DOCs
subscribers the possibility to receive a subset of the data
stream, according to their needs and subscription predicates.

An instance of this diagram may involve an arbitrary
number of actors. Multiple DORs can be involved at the
same time, while many DOC consumers may receive data
in parallel. The DOF is responsible for handling all sub-
scriptions and ensures that the DOCs receive the required
data.

B. PCD Transactions

There is a limited number of possible interactions, named
transactions, between the actors. PCD profile standardises
two transaction types which define the message structure
and the message exchange flows based on the HL7 stan-
dard. However, PCD transactions impose a set of message
restrictions that are clearly defined in the IHE PCD Profile.

Transaction PCD-02: Subscribe to PCD data. This trans-
action is used by a DOC to subscribe to a DOF for PCD data.
The role of the DOC is to make a subscribe request to the
DOF, containing a so-called predicate which consists of a list
of attributes, which the consumer is interested in. The role
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of the DOF is to receive the subscribe requests, and to set
up adequate filters, such that only those messages from the
DOR which satisfy the filter predicates are communicated to
the DOC. Each DOF is capable of supporting one or more
subscribe requests from a DOC and also more than one DOC
at a time.

Transaction PCD-01: Communicate PCD data. The
PCD-01 message type is used to communicate PCD data
from a DOR to a DOC. The role of the DOR is to transmit
all the data it receives from medical devices to the DOF. The
role of the DOF is to further transmit the data it receives
from the DOR to the DOCs that had previously successfully
subscribed to the filter. The role of the DOC is to receive
the data from DOF.

As Figure 1 shows, the PCD-01 transaction type is used
for the communication between DOR and DOF actors, as
well as between DOF and DOC actors. A DOC can run
multiple parallel transactions requesting different data sets.
The duration of a PCD-01 transaction can hold from several
seconds up to days or weeks according to the DOC request.

C. Interoperability Test Objectives

Starting with the interaction diagram in Figure 1, the
following interoperability test objectives can be considered:

• consumer subscription: validate a subscription transac-
tion with valid/invalid consumer ID

• consumer receives data: validate that after the sub-
scription, the consumer receives data from the filter
according to the subscription predicate; the filter should
forward data received from the reporter

• consumer unsubscription: validate a unsubscription
transaction with valid/invalid consumer ID

• reporter data sending frequency: validate that the re-
porter sends data to the filter with the correct frequency

These interactions can be combined in more complex
sequences. Figure 2 shows such a test scenario which is used
in the following sections to explain the test harness. A con-
sumer with a valid ID subscribes to the filter with a predicate
then waits for some data from the filter that matched that
predicate; next the consumer unsubscribes. This test scenario
may uncover flaws in the filter implementation with respect
to consumers’ subscription.

Additionaly, security test objectives can be taken into
consideration. However, they were not considered so far
in our setup. Testing if the consumer authenticates to an
authentication agent before it subscribes to the filter, is an
example of a security test.

IV. THE TTCN-3 TEST FRAMEWORK

The TTCN-3 [1] standardised testing language is a textual
language, which has the look and feel of a programming
language but has been designed for testing including artifacts
required for testing.

Figure 2. DOC Subscription-Receive Data-Unsubscription Testcase

A TTCN-3 based test specification is called Abstract Test
Specification (ATS). It usually consists of various TTCN-3
modules. A module is the top level element of the TTCN-3
language which is used to structure the test definitions of:

• test data: the structure of test data is defined as types
of messages, and the concrete test data is represented
by instances of these types called templates

• test configurations: ports and test components are used
to define the active entities of the test system and the
interfaces to the SUT

• test behaviour: functions, altsteps, and testcases which
implement the interactions between the test components
and the SUT

• control: the global behaviour of the test system to
control the flow of test case execution

In order to get an executable test system based on
TTCN-3, in addition to the abstract test specification, an
adaptation component [2] called Adapter and an encod-
ing/decoding component called CoDec need to be provided.
These components are used by the execution environment
(we used TTworkbench [11]), in order to adapt the data and
the requests to the SUT and its interfaces.

For the selected PCD case study, the SUT consists of
DOF and DOR actors, while the test system emulates the
DOC actor. The SUT is the Polibench tool [12], a medical
software for electro-physiology, enhanced during the project
with the DOF and DOR capabilities. For writing, compiling
and executing the TTCN-3 test scripts, TTworkbench [11]
IDE was used.

V. HL7 TO TTCN-3 DATA TYPE MAPPING

An TTCN-3 Abstract Test Specification (ATS) requires a
type system that corresponds to the input and output data
types of the SUT interface. Given the different versions
of HL7 standard (e.g., 2.x, 3.x), the mapping of HL7 to
TTCN-3 becomes more difficult to use and to adapt. The
HL7 versioning problem and interoperability issues do not
exist anymore in the case of SUTs compliant with IHE
profiles thanks to the introduction of a set of constraints
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at the HL7 data structure level. These constrains propose
a unified usage of HL7 data structure independent of HL7
versions. Therefore, we address only the mapping of HL7
messages defined by IHE profiles. Our work on the concep-
tual mapping and its realization has been presented in detail
in [18].

The mapping rules from HL7 types to TTCN-3 data types
follow closely the structure of the HL7 message format.
A HL7 message has a tree-like structure as shown in the
Figure 3 and it maps to a tree-like structure represented
in the TTCN-3 syntax by means of record, record of, etc.,
types. The TTCN-3 also supports attributes and constraints
such as optionality of leaves, length, cardinality of segments,
etc.

Figure 3. HL7 General Message Structure (left) and PCD-02 Message
Structure (right)

In the case of the PCD profile [7], the PCD-02 HL7
data type, used for describing a subscription message, cor-
responds to the HL7 message type described in the standard
as QSBˆZ02ˆQSB Q16 and has the structure depicted in
Figure 3. The PCD profile imposes various restrictions to
the generic QSBˆZ02ˆQSB Q16 HL7 message type, such as,
for instance, the second segment [{STF}], which is optional
and can infinitely repeat, will never be present in a PCD-02
message instance.

An example of PCD-02 data representation in TTCN-3
language is represented in Listing 1. In contrast to the
mandatory segments, the optional segments are marked with
the keyword optional. We mapped the cardinality concept
from HL7 by using the array type (record of ) whose length
is restricted by the cardinality order given by the PCD
profile.

As long as the test specification contains thousands of def-
initions spread over 10.000 TTCN-3 LOC only for covering
the PCD profile, it is extremely important to be consistent in
writing TTCN-3 test definitions and in maintaining a clear
test suite and module structure. To keep the test specifica-
tions consistent, readable, reusable and well structured, we
developed and applied a set of guidelines for writing and
structuring the TTCN-3 specifications. A general approach
for defining guidelines for TTCN-3 test specifications has
been proposed in [19].

Listing 1. TTCN-3 and PCD-02 Message Structure
1 /∗QSB ˆ Z02 ˆQSBˆ Q16∗ /
2 type record PCD 02 Message Type {
3 MSH Segment Type MSH Segment ,
4 QPD Segment Type QPD Segment ,
5 RCP Segment Type RCP Segment ,
6 DSC Segment Type DSC Segment o p t i o n a l } ;
7 type record QPD Segment Type {
8 CE HL70471 Message Query Name ,
9 ST32 Query Tag o p t i o n a l ,

10 CX 20Group Type MRN o p t i o n a l ,
11 Pharmacy Order Types Table Act ion Code o p t i o n a l ,
12 PL 20Group Type P a t i e n t L o c a t i o n o p t i o n a l ,
13 CE 6Group Type D e v i c e C l a s s o p t i o n a l ,
14 CE 6Group Type P a r a m e t e r C l a s s o p t i o n a l ,
15 TS S t a r t D a t e T i m e o p t i o n a l ,
16 TS End Date Time o p t i o n a l ,
17 CQ I n t e r v a l o p t i o n a l } ;
18 type record l e n g t h ( 1 . . 2 0 ) of CX CX 20Group Type ;

VI. GENERATION OF TTCN-3 TEST CONFIGURATIONS

The test configurations (ports, components and their pa-
rameters) have been generated out of test scenarios designed
in UML.

Multiple scenarios may correspond to the same IHE pro-
file. For example, the following scenario can be considered
for the PCD profile: a consumer (DOC) successfully sub-
scribes to the filter (DOF) and after 10 minutes of receiving
patient data it unsubscribes. Another scenario may involve
two consumers (DOCs) subscribing for data to the filter
(DOF) in parallel and after some time both unsubscribe.
Consequently, an IHE profile specification translates into
many test scenarios. In order to have the TTCN-3 test scripts
generated, the existence of the test scenarios is a prerequisite.

The solution that has been adopted within the project [10]
is based on generating test scenarios expressed in UML Se-
quence Diagrams (UML-SD) out of UML Activity Diagrams
(UML-AD) corresponding to an IHE profile. The TTCN-3
test scripts are next generated out of test scenarios. The
technical realisation of the generation algorithms proposed in
the project has been achieved within the .getmore tool [13].

A. Generation of Configuration Parameters

An IHE profile implementation encapsulates configuration
parameters such as the IP address and the port where the
PCD actors are running on. Therefore, the test scenarios
need to be annotated with such information. In TTCN-3
such parameters are represented as module parameters.
Their values change according to the concrete configuration.
Listing 2 shows which module parameters are required for
testing the DOF actor. The test system needs only for the
SUT actors a complete address (line 2). The DOC actors
that are simulated by the test system can run at any location
of choice where the test system is started.

The naming convention of module parameter identifiers
plays an important role in the test configuration design. For
example, the identifier portPTC Consumer PRESSURE will
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always be associated to one DOC actor that the test system
wants to simulate.

Listing 2. TTCN-3 Module Parameters
1 modulepar {
2 c h a r s t r i n g a d d S U T F i l t e r : = ” 1 2 7 . 0 . 0 . 1 : 1 0 0 0 0 ” ;
3 c h a r s t r i n g portPTC Consumer PRESSURE : = ” 1 5 0 0 1 ” ;
4 c h a r s t r i n g portPTC Consumer VOLUME : = ” 1 5 0 0 2 ” ;
5 }

B. Generation of Test Components

Figure 4. Test Scenario mapping to TTCN-3 Test Configurations

The test configuration design impacts the overall test
system by means of performance, flexibility, extendability
or self-adaptation to new test scenarios. Figure 4 illustrates
the generation of TTCN-3 elements (TTCN-3 Design) out
of test scenario elements (UML Design). In the following
we explain these mapping rules.

A TTCN-3 test case runs on top of a main test compo-
nent (MTC) that can create other parallel test components
(PTCs). The test system interface (TSI) is a special type of
component and it represents an abstraction of the SUT at
TTCN-3 specification level. We distinguish between tested
actors (SUT1, SUT2, . . . , SUTm) and actors simulated
by test system (TS1, . . . TSj, . . . TSn). In the generation
algorithm we defined the following mapping rules. Each
TS actor in the test scenario translates into a TTCN-3 test
component type. The instances are called PTCs. The SUT
actors will be mapped into only one TTCN-3 component
type whose instance is used as TSI. Additionally, an empty-
body MTC component type is generated. This component
is used to start the test case and create the other PTCs.

An example of a generated test configuration is shown in
Listing 3.

Listing 3. TTCN-3 Test Configuration - Component Types
1 type component Consumer PRESSURE Comp Type {
2 port HL7Port Type pt data HL7 SuT ;
3 } type component TSI {
4 port HL7Port Type pt data HL7 Consumer PRESSURE ;
5 } type component MTC { }

The differentiation between various SUT entities within
a test behaviour is made by using the construct send to
address, where address is substituted by the value of the
TTCN-3 module parameter corresponding to the appropriate
SUT entity.

C. Generation of Communication Ports

The IHE profile specification regarding how actors in-
teract one with each other is essential in deriving test
behaviours. In the following, we present the generation rules
we applied.

1) TTCN-3 Port Instances on Component Types: We
differentiate between the situations where the component
type containing the port definition will be used as a) PTC
or as b) TSI component.

a) We associated one TTCN-3 component type to each
actor defined in the test scenario. For clarification, we
analyse the PTCj component in Figure 4. This component
type contains one port instance for each non SUT actor
(PTC1, . . . , PTCn). These ports are used for the commu-
nication between the actors. For the interaction with SUT
actors (SUT1, SUT2, . . . , SUTm), only one port instance
port to SUT is defined on the PTCj component. In this view,
the SUT is seen as only one unit composed by SUT actors.
The different SUT actors are addressed by using the send to
address construct provided by TTCN-3, which requires the
address of the SUT actor (e.g. IP:port).

b) The TSI component type defines one port instance for
each non SUT actor (mapped as PTC) interacting with at
least one SUT actor. In Figure 4, the TSI component has
one port to each PTC called port to TC.

Listing 4. TTCN-3 Test Configuration - Port Type
1 type port MLLPPort Type message {
2 i n o u t a l l
3 } ;

2) Generation of the TTCN-3 Port Types: The IHE pro-
files specify if the interactions between its actors occur
over only one transport protocol, such as MLLP [5], or
over more protocols, e.g. MLLP, DICOM [4], SOAP, etc.
This information has to be encapsulated also in the test
scenario, for instance, by annotating the interactions in
the UML-SD with the corresponding transport protocol. In
order to enable a multi-adaptation in our design, we define
a TTCN-3 port type for each transport protocol that the
IHE profile specifies. This port is instantiated by any PTC
interacting with the SUT. The PCD IHE profile specifies

138138



only one transport protocol for transporting HL7 data, hence
the TTCN-3 test configuration will contain only one port
definition (Listing 4).

VII. GENERATION OF TTCN-3 BEHAVIOUR

The behaviour of one actor is determined by the sequence
of interactions it has with the other actors within the IHE
profile. A UML test scenario is mapped to a TTCN-3 test
behaviour and to a test configuration (see Section VI). On the
test system side, this involves parallel behaviours of many
(SUT and TS) actors. In Figure 4, the MTC component in-
stantiates the PTC components. The instructions to create the
PTCs are also generated from the UML test scenario. Each
PTC is next started with a test behaviour which instructs that
PTC to act as the actor that it simulates. Listing 5 shows
an example of a TTCN-3 behaviour function corresponding
to a DOC actor. It sends a subscribe message (line 10) to
the DOF with a request for patient data (template defined at
lines 5-8). This template is created from another predefined
template by using the modifies construct. At line 13 a timer
is started. The alt construct starting at line 14 is used to
handle the possible reactions of the SUT. Line 15 describes
the alternative when the subscription succeeded and the
PCD received one PCD-01 message. The second alternative,
at line 18, describes the situation when the SUT sends
wrong data (unexpected), e.g., the receiving ID does not
correspond to the requested subscription. The last alternative
reflects the situation when the SUT does not forward any
data from the reporter. The wait duration is validated by
the replyTimer. The second and third alternatives stop the
test behaviour (i.e., mtc.stop) and set the verdict to fail.
The first alternative jumps to line 25 for unsubscription
request. The unsubscription template is defined by setting
the Action Code to value “D” (line 29).

Listing 5. TTCN-3 Behaviour Function Example
1 f u n c t i o n Consumer PRESSURE Behaviour ( )
2 runs on Consumer PRESSURE Comp Type {
3 t imer r e p l y T i m e r ;
4
5 t empla te PCD 02 Message Type m o d i f i e d T e m p l a t e 1
6 m o d i f i e s PCD 02 Send Template REG PRESSURE :={
7 MSH Segment :={ S e n d i n g A p p l i c a t i o n :={
8 U n i v e r s a l I D :=”0000010000000 C01 ”}}} ;
9

10 pt data HL7 SuT . send ( m o d i f i e d T e m p l a t e 1 )
11 to a d d r e s s F i l t e r ;
12
13 r e p l y T i m e r . s t a r t ( 2 0 . 0 ) ;
14 a l t {
15 [ ] pt data HL7 SuT .
16 r e c e i v e ( PCD 01 Receive Template DOF ){
17 r e p l y T i m e r . s top ;}
18 [ ] pt data HL7 SuT . r e c e i v e {
19 r e p l y T i m e r . s top ; s e t v e r d i c t ( f a i l ) ;
20 mtc . s top ; }
21 [ ] r e p l y T i m e r . t imeout{
22 s e t v e r d i c t ( f a i l ) ; mtc . s top ;}
23 }
24

25 t empla te PCD 02 Message Type m o d i f i e d T e m p l a t e 2
26 m o d i f i e s PCD 02 Send Template REG PRESSURE := {
27 MSH Segment :={ S e n d i n g A p p l i c a t i o n :={
28 U n i v e r s a l I D :=”0000010000000 C01 ”}} ,
29 QPD Segment :={Action Code : = ”D”} } ;
30
31 pt data HL7 SuT . send ( m o d i f i e d T e m p l a t e 2 )
32 to a d d r e s s F i l t e r ;
33 }

The example in Figure 2 is mapped to the testcase pre-
sented in Listing 6. The testcase creates a test configuration
with a consumer component and a system component. The
ports of the two components are connected using map
statement. The consumer component is started with Con-
sumer PRESSURE Behaviour.

Listing 6. TTCN-3 Testcase Example
1 t e s t c a s e t e s tSubRecDa taUnsub ( )
2 runs on MTC system TSI {
3 var Consumer PRESSURE Comp Type v Consumer :=
4 Consumer PRESSURE Comp Type . c r e a t e (
5 ”Consumer PRESSURE” & ” ” &
6 portPTC Consumer PRESSURE ) ;
7 map ( v Consumer : pt data HL7 SuT ,
8 system : pt data HL7 Consumer PRESSURE ) ;
9 v Consumer . s t a r t (

10 Consumer PRESSURE Behaviour ( ) ) ;
11 a l l component . done ;
12 }

VIII. IMPLEMENTATION OF THE ADAPTER AND CODEC

The setting we used in our project requires the usage
of the MLLP [5] transport protocol for exchanging HL7
data. The adapter implementation (see Section IV) needs
to support this transport layer.

For handling MLLP transactions between TS simulated
actors and the SUT actors, the adapter uses a Java free
implementation library for HL7 called HAPI [21].

Figure 4 illustrates how the TTCN-3 ports (TTCN-3
Design) relate to adapter components (Adapter Design). For
each actor simulated by the test system, the adapter defines a
pair of server and client components. The client component
becomes active whenever the test system stimulates the SUT
(e.g., a DOC subscription message) and has the additional
role of dispatching the message to the desired SUT actor
address. The server component is created and started for
each TTCN-3 PTC that has direct interaction with at least
one SUT actor. This component is responsible for handling
connections from SUT actors. The main advantage of this
design is that, whenever the test configuration changes,
i.e., the number of PTCs, number of SUT actors and their
interactions, the adapter does not need to be changed.

The problematic of how the design of the adapter influ-
ences and corresponds to specific needs of the test configu-
ration, has been investigated in the context of performance
testing in [20].

The role of the CoDec is to translate messages from
TTCN-3 format into SUT format and vice versa. The im-
plementation of the CoDec is also based on HL7 library
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[21] that acts as a parser for HL7 messages. We developed
a core library of functions that help to encode/decode HL7
basic types. These sub-types encoding/decoding functions
can be used in the composition of HL7 messages required
by other IHE profiles, hence increasing the extendability of
the CoDec.

IX. CONCLUSIONS

In this paper, we describe the design of a test platform
based on TTCN-3 standard for interoperability testing of
healthcare applications. The test message types, test config-
urations and test behaviours are automatically generated out
of HL7 and IHE standards. Our work is the first attempt for
building a test platform for HL7 and IHE profiles based on
a standardised test language. This should enable testers to
create reference tests which can be used for certification
or validation. We also increased the level of automation
by designing a flexible test configuration mechanism which
maps the IHE profile actors to TTCN-3 test components and
ports.

Moreover, the design of the adaptation layer allows for
more flexibility and generality. The adapter recognises the
dynamic changes of the test configuration and automatically
adapts to them. The adapter also detects automatically which
protocols should be used for communication (as required by
the IHE profile).

Currently, only PCD profile is supported; further de-
velopment plans include extensions to other profiles and
considerations of issues such as security and risk based
testing.
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