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Abstract—IHE speci�es Integration Pro�les describing selected
real-world use cases to facilitate the interoperability ofhealthcare
information resources. While realizing a complex real world
scenario, IHE Pro�les are combined by grouping the related
IHE actors. Grouping IHE Actors implies that the associated
business processes (IHE Pro�les) that the Actors are involved
must be combined, that is, the choreography of the resulting
collaborative business process must be determined by deciding
on the execution sequence of transactions coming from different
pro�les. There are many IHE pro�les and each user or vendor
may support a different set of IHE Pro�les that �ts to its busi ness
need. However, determining the precedence of all the involved
transaction manually for each possible combination of the pro�les
is a very tedious task.

In this paper, we describe how to obtain the overall business
process automatically when IHE Actors are grouped. For this
purpose, we represent the IHE Pro�les through a standard,
machine processable language, namely, OASIS ebXML Business
Process Speci�cation (ebBP) Language. We de�ne the precedence
rules among the transactions of the IHE Pro�les, again, in a
machine processable way. Then through a graphical tool, we
allow users to select the actors to be grouped and automatically
produce the overall business process in a machine processable
format.

Index Terms—Clinical and Health Care Information Systems,
Collaborative eHealth Processes, Integrating HealthcareEnter-
prise (IHE), Grouping IHE Actors

I. I NTRODUCTION

Standards are necessary both for integration and for inter-
operability. However, any actual implementation of a standard
requires some form of tailoring. Therefore, in developing prac-
tical and effective interoperability solutions, the industry relies
on integration pro�les which are business processes describing
selected real-world use-cases. An important industry initiative,
Integrating Healthcare Enterprise (IHE) [1], has taken this
pro�ling approach to achieve interoperability in the eHealth
domain.

IHE is a not-for-pro�t initiative founded by the Radiological
Society of North America (RSNA) [2] and the Healthcare
Information and Management Systems Society (HIMSS) [3]
and now supported by a wide range of healthcare professional
societies world-wide. Through the IHE Pro�les, the interac-
tions between the IT systems in healthcare are described and
the details of interfaces are �xed based on the standards. The
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approach taken in developing the integration pro�les is �rst
to de�ne the basic transactions describing the interactions
between the IT systems and then to de�ne the work�ows
describing the real life business processes by using these
transactions together with the standard interfaces.

Since IHE Pro�les describe the speci�c use cases, there is
a need to combine more than one IHE Pro�le to achieve the
required functionality in realizing a real world scenario.For
example, one pro�le speci�es how patient clinical data can
be shared among different healthcare enterprises. This pro�le
called, IHE Cross-Enterprise Document Sharing (IHE-XDS)
Pro�le [4], allows Electronic Healthcare Records (EHRs) to
be shared through a common ebXML Registry/Repository
architecture. Another pro�le speci�es how patient identi�ers
used in different healthcare institutes should be mapped
to each other. This pro�le, calledPatient Identi�er Cross-
referencing Integration (IHE-PIX) Pro�le[5], supports the
cross-referencing of patient identi�ers from multiple patient
identi�er domains. It is clear that to be able to share patient
data created by different applications through IHE-XDS, itis
also necessary to map the patient identi�ers used by these
applications to each other. Therefore, most of the time, it is
necessary to use the IHE-XDS Pro�le together with the IHE-
PIX Pro�le. IHE provides for this by grouping the relevant
actors of the involved pro�les.

When IHE Pro�les are combined by grouping the relevant
IHE Actors, the result is a collaborative healthcare business
process integrating the work�ows de�ned for each pro�le and
the sequence of the transactions coming from different pro�les
must be decided.

However, given the large number of IHE Pro�les (currently
over sixty pro�les), determining the precedence of all the
involved transaction manually for each possible combination
of the pro�les is a very a tedious task. Note that each user
or vendor may support a different set of IHE Pro�les as they
choose and hence the overall business process for each user or
vendor may be different. And secondly, the overall business
process must be described in a machine processable way to
be used by the collaborating applications.

In this paper, we describe how to obtain the overall ma-
chine processable multi party collaborative business process
automatically when IHE Actors are grouped. For this purpose,
we �rst describe IHE Pro�les in OASIS ebXML Business
Process Speci�cation Language (ebBP) [6]. Then we show that
by representing the IHE Pro�les through directed graphs and
by using the rules giving the precedence information among
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the IHE Transactions, it is possible to automatically orderthe
transactions in the overall business process when the Actors
are grouped. The graphical tool we provide based on this
mechanism produces the overall business process automati-
cally when a user selects the IHE Actors to be grouped.

The paper is organized as follows: In Section II, we brie�y
summarize the related standards. Section III describes how
IHE Pro�les can be represented through ebBP. In Section IV,
we present the details of how the overall business process can
be automatically obtained when IHE Pro�les are combined
by grouping IHE Actors. Section V gives the implementation
status of the tool developed. Section VI describes the related
work. Finally, Section VII concludes the paper and presents
the future work.

II. A N INTRODUCTION TO THERELATED STANDARDS

In this section, we present a brief introduction to the stan-
dards and frameworks used in this work, namely, the OASIS
ebXML Business Process Speci�cation Language (ebBP) and
the IHE Integration Pro�les.

A. OASIS ebXML Business Process Speci�cation Language:
ebBP

The eBusiness eXtensible Markup Language (ebXML)
Business Process Speci�cation Schema (ebBP) technical spec-
i�cation de�nes a standard, machine processable language by
which business systems can be con�gured [6].

A Business Collaborationconsists of a set of roles that
collaborate by exchangingBusiness Documents. The roles
and the documents they exchange are de�ned inBusiness
Transactions. The roles inBusiness Transactionsare always
generic and labelled asRequestingand Respondingroles.
When aBusiness Transactionde�nition is used for a speci�c
purpose in aBusiness Collaboration, it becomes aBusiness
Transaction Activity. The speci�c roles (e.g. DocumentSource,
DocumentConsumer) are speci�ed at theBusiness Transaction
Activity level. Similarly whenBusiness Collaborationsare
used for a speci�c purpose, they are termed asCollaboration
Activity. A Business Collaborationis de�ned as a choreogra-
phy of Business Transaction Activitiesand/or Collaboration
Activities. The purpose of aChoreographyis to specify which
Business Transaction Activityand/or Collaboration Activity
should happen. There are a number ofStatesthat facilitate the
choreographing ofBusiness Activities. These include a “Start”
state and a “Completion” state (which is either a “Success” or
a “Failure”) as well as a series of gateways: a “Fork gateway”,
a “Join gateway” and a “Decision gateway”. There are two
types of “Fork gateway”: “OR” and “XOR” [6].

The ebBP de�nes aBusiness Transactionas an abstract
entity and provides six concrete business patterns to be used
in real life business collaborations. Each of the concrete
business patterns describes whether a response document is
required and which business signals are required in a speci�c
interaction:

� Commercial Transaction (previously represented as Busi-
ness Transaction): This pattern de�nes a formal obliga-
tion between parties and requires a response, a request

receipt acknowledgement and a response receipt acknowl-
edgement or an exception.

� Noti�cation: The pattern is used for business noti�cations
such as aNoti�cation of Failure and it does not require
a response document.

� Information Distribution: The pattern represents an infor-
mal information exchange between parties.

� Query/Response: This pattern is used by a requester for an
information query of which the responding party already
has. In this pattern, on the receiver side there is no
backend processing; otherwise Request/Response pattern
should be used.

� Request/Response: This pattern is used when an initiat-
ing party requests information that a responding party
already has and when the request for business information
requires a complex interdependent set of results and
backend processing.

� Request/Con�rm: The pattern is used when an initiating
party requests con�rmation about its status with respect
to previous obligations or a responder's business rules.

B. IHE Integration Pro�les

IHE Integration Pro�les are business processes describing
selected real-world use-cases. Each IT system or application
involved in the use cases is called an “Actor”. The interac-
tions between IHE Actors are de�ned through “Transactions”.
More speci�cally, IHE Transactions de�ne how IT systems or
applications communicate by using existing standards suchas
HL7 [7] or DICOM [8] to accomplish a speci�c task. In this
way, IHE Integration Pro�les de�ne a collection of business
processes.

Currently there are about sixty IHE Pro�les addressing
different use cases in the healthcare IT domain including how
to share patient clinical information (IHE-XDS), how to map
patient identi�ers from one domain into another (IHE-PIX)
and how to provide authentication and audit trail (IHE-ATNA)
[9]. IHE continuously de�nes more pro�les to address the
remaining integration issues in the healthcare IT domain.

In the following section, IHE Cross-Enterprise Document
Sharing (XDS) Pro�le is brie�y summarized to provide an
insight to the IHE Pro�les.

C. IHE Cross-Enterprise Document Sharing (XDS) Pro�le

In the IHE XDS Pro�le, the repository is used for storing
the clinical documents and the related metadata stored at the
registry is used to facilitate the discovery of the documents.

In this pro�le, the group of healthcare enterprises that agree
to work together for clinical document sharing is called an
“XDS Af�nity Domain”. Such enterprises agree on a common
set of policies such as how the consent is obtained, the access
is controlled, and the common set of coding terms to represent
the metadata of the documents. The metadata de�ned is used
for searching the registry to locate the documents in the
repository. The IHE XDS Pro�le Actors and Transactions
are depicted in Figure 1:

1) “Patient Identity Source” Actor provides the patient
identi�er to the “Document Registry” Actor withPatient
Identity Feed (IHE-ITI-8)Transaction.
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Fig. 1. IHE XDS Pro�le

TABLE I
THE CORRESPONDANCE OFIHE XDS TRANSACTIONS TO EBBP

BUSINESSTRANSACTIONPATTERNS

IHE Concepts ebBP Concepts
IHE Actor ebBP Role
IHE Transaction (generic) ebBP Business Transaction
IHE Transaction (speci�c to a
Pro�le)

ebBP Business Collaboration

IHE Message, Document ebBP Business Document
IHE Sequence Diagram ebBP Choreography
IHE Pro�le ebBP Business Process

2) The “Document Source” Actor, by using theProvide and
Register Document Set (IHE-ITI 15)Transaction, sends
the documents to the “Document Repository” Actor.

3) The “Document Repository” Actor stores these docu-
ments at the persistent storage and sends the metadata
of these documents to appropriate “Document Registry”
Actor by using Register Document Set (IHE ITI-14)
Transaction.

4) The “Document Registry” Actor maintains metadata
about each registered document in a document entry.
This includes a link to the document in the Repository
where it is stored.

5) The “Document Consumer” Actor queries a “Docu-
ment Registry” Actor for documents meeting certain
criteria on metadata by usingQuery Registry (IHE-ITI
16) Transaction, and retrieves selected documents from
one or more “Document Repository” Actors through
Retrieve Document (IHE-ITI 17)Transaction.

III. R EPRESENTINGIHE PROFILES THROUGH EBBP

ebBP de�nes generic business transaction patterns and
speci�es how to organize them into business processes in
a standard and machine processable way. IHE Pro�les, on
the other hand, de�ne healthcare domain speci�c business
transactions and specify some of the business processes in
the healthcare domain. The main advantage of representing
IHE Pro�les through ebBP is that, in this way IHE Pro�les
become machine processable in a standard way and this in
turn introduces a new ability to combine various healthcare
processes automatically.

The correspondence between the ebBP concepts and the
IHE concepts are shown in Table I. IHE Actors correspond

TABLE II
CORRESPONDENCE OFIHE XDS TRANSACTIONS TO EBBP BUSINESS

TRANSACTIONPATTERNS

IHE Transaction ebBP
Pattern

Requesting
Role

Responding Role Business Docu-
ment

Provide/Register
Document Set

Business
Transaction

Document
Source

Document Repository Document,Doc-
ument Metadata

Query Registry Query/
Response

Document
Consumer

Document Registry XDS Query

Retrieve Document Request/ Re-
sponse

Document
Consumer

Document Repository URI

Register Document
Set

Request/
Con�rm

Document
Repository

Document Registry Document Meta-
data, Document
Metadata Ack.

Admit/Register
or Update Patient
(Patient Identity
Feed)

Information
Distribution

Patient Iden-
tity Source

Document Registry,
Patient Identity Cross-
reference Manager

HL7 ADT A01/
A04/ A05

to ebBP Roles. A “generic” IHE Transaction, that is, an
IHE Transaction that is not bound to an IHE Pro�le yet, is
represented through ebBP Business Transaction. When an IHE
Transaction is bound to an IHE Pro�le through a Business
Collaboration, the concrete “Requesting Role” and the “Re-
sponding Role” as well as the choreography of the transac-
tions are determined. The IHE messages and the documents
used in a Business Transaction correspond to ebBP Business
Documents. IHE Pro�le Sequence Diagrams determine the
choreography of the related Business Collaboration.

The following steps are involved in representing the IHE
Pro�les in ebBP:

� We map the IHE transactions to the ebBP transaction
patterns. ebBP de�nes six concrete business transaction
patterns with well de�ned semantics and we demonstrate
how to represent the IHE Transactions through the ebBP
Transaction patterns.

� Once IHE Transactions are de�ned through ebBP, we
show how to specialize them to IHE Business Collabo-
rations. When an IHE Transaction is bound to an IHE
Pro�le through a Business Collaboration, the concrete
“Requesting Role” and the “Responding Role” as well as
the choreography of the transactions are determined. For
example, the generic “Patient Identity Feed” Transaction
[IHE-ITI-2] between two generic roles such as “Patient
Identity Supplier” and “Patient Identity Receiver” can be
specialized to “Patient Identity Feed Transaction in IHE
XDS” or to “Patient Identity Feed Transaction in IHE
PIX” by setting the concrete roles accordingly, that is,
for the PIX Pro�le the “Patient Identity Receiver” is set
to the “PIX Manager Actor”; for the XDS Pro�le it is set
to the “Document Registry Actor”.

� The related Business Collaborations are combined to
make up the IHE Pro�le. At this step, it may be necessary
to introduce new business collaborations by using the
previously de�ned Business Collaborations to be able to
express further interactions among them as explained in
Section III-C.

A. De�ning IHE Transactions through ebBP Business Trans-
action Patterns

ebBP patterns describe certain generic semantics as de-
scribed in Section II-A. For example, the “Commercial Trans-
action” (also termed as the “Business Transaction”) de�nes
a formal obligation between parties and requires a response,
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a request receipt acknowledgement and a response receipt
acknowledgement or an exception. This pattern matches with
the “Provide/Register Document Set (IHE-ITI-15)” Transac-
tion semantics. As another example, the “IHE Query Registry
(IHE-ITI-16)” Transaction is a specialization of the “ebBP
Query/Response Transaction Pattern” since the “Document
Consumer” is in need of information that the Registry may
have. In Table II, the correspondences between IHE-XDS
Transactions and ebBP patterns are given.

In the following, we provide an example on how an IHE
Transaction can be represented through ebBP. The ebBP
de�nitions of other IHE Transactions are available from our
Web site [10]. “Patient Identity Feed Transaction (IHE-ITI-
8)” communicates patient information, including corroborating
demographic data, after a patients identity is established,
modi�ed or merged.

HL7^ADT-A01, A04, A05, A08
Admit/Register or Update Patient: 

Patient Identity
Supplier

Patient Identity
Receiver

Fig. 2. “Patient Identity Feed Transaction (IHE-ITI-8)” Sequence Diagram

The IHE Sequence Diagram for “Patient Identity Feed
Transaction (IHE-ITI-8)” is shown in Figure 2. In this �gure,
the “Patient Identity Supplier” Actor provides the patient
identi�er when one of the following events occur: creation,
update or merge. The messages used for this purpose are HL7
Admit Patient (ADT) messages such as A01 for admission
of an in-patient into a facility or A04 for registration of an
outpatient for a visit of the facility.

Figure 3 gives the code listing of the “IHE Patient Identity
Feed” transaction in ebBP. This transaction is a specialization
of ebBP Noti�cation pattern since it does not require a
response. It de�nes the generic “Requesting Role” and “Re-
sponding Role” as “PIDFeedBT-Initiator” and “PIDFeedBT-
Responder” respectively. The RequestingBusinessActivity de-
�nes the business document reference as “HL7-2.3.1-ADT-
Document”. Furthermore, the necessary signals for state align-
ment are de�ned.

B. De�ning IHE Business Collaborations through ebBP Busi-
ness Collaborations

An IHE Business Collaboration is obtained by specializing
a generic IHE Transaction to a speci�c IHE Pro�le that it
takes part. Furthermore, the choreography (the ordering and
transitions between Business Transactions) of the collaboration
is described through ebBP standard choreography constructs
such as “Start”, “Transition”, “ToLink” and “FromLink”.

For example, the IHE “Patient Identity Feed” Transaction is
specialized to the IHE PIX Pro�le by setting the “PIDFeedBT-
Initiator” role de�ned in “Patient Identity Feed” Transaction
(Figure 3) to “PIDSource” and the “PIDFeedBT-Responder”
role to “PIXManager” as shown in [11]. Furthermore, the

<Notification nameID="IHE-ITI-8" name="Patient Identit y
Feed Business Transaction"

isGuaranteedDeliveryRequired="true">
<RequestingRole nameID="PIDFeedBT-Initiator"
name="Initiator"/>
<RespondingRole nameID="PIDFeedBT-Responder"
name="Responder"/>
<RequestingBusinessActivity

nameID="PIDFeedBT-RBA"
name="Patient Identity Feed Requesting Business
Activity" isAuthorizationRequired="true"
isNonRepudiationRequired="true">
<DocumentEnvelope

nameID="HL7-v2.3.1-ADT"
businessDocumentRef="HL7-2.3.1-ADT-Document"
name="HL7 v2.3.1 ADT Message"
isAuthenticated="persistent"
isConfidential="persistent"/>

<ReceiptAcknowledgement name="ra2" nameID=
"PIDFeedBT-RBA-RA" signalDefinitionRef="ra2"/>
<ReceiptAcknowledgementException name="rae2" nameID=
"PIDFeedBT-RBA-RAE" signalDefinitionRef="rae2"/>
<AcceptanceAcknowledgement name="aa2" nameID=
"PIDFeedBT-RBA-AA" signalDefinitionRef="aa2"/>
<AcceptanceAcknowledgementException name="aae2"
nameID="PIDFeedBT-RBA-AAE" signalDefinitionRef=
"aae2"/>

</RequestingBusinessActivity>
<RespondingBusinessActivity nameID="PIDFeedBT-ResBA"

name="Patient Identity Feed Responding Business
Activity">

</RespondingBusinessActivity>
</Notification>

Fig. 3. The Code Segment De�ning IHE-ITI-8 through ebBP “Noti�cation”
Transaction Pattern

collaboration de�ned in [11] references the “Patient Identity
Feed” Transaction (IHE-ITI-8) de�ned in Figure 3 through
“businessTransactionRef” element. As already mentioned,the
choreography of the collaboration is described through ebBP
standard choreography constructs. For example, in [11], after
the start state, a link to the “PIDFeedBTA” activity is speci�ed
and the transitions from this state to the two possible states
(Success and Failure) are stated. Failure state is omitted from
the code listing for the sake of simplicity.

C. De�ning IHE Pro�les through ebBP Business Processes

In de�ning the IHE Pro�les through ebBP, previously de-
�ned collaborations are reused and new collaborations are
introduced as needed. For example, in IHE XDS there are
collaborations among the “Document Source”, the “Document
Repository” and the “Document Registry” Actors: when a
“Document Repository” Actor receives a “Document set” from
a “Document Source”, it stores this document set at the per-
sistent storage and sends its metadata to the appropriate “Doc-
ument Registry” by using the “IHE Register Document Set”
Transaction. In order to express this choreography between
three IHE Actors, it is necessary to introduce a new business
collaboration by using the previously de�ned Business Collab-
orations between two IHE Actors as shown in Figure 4. The
previously de�ned Business Collaborations between two IHE
Actors, that is “XDS-IHE-ITI-15” and “XDS-IHE-ITI-14” are
re-used by providing collaboration references to them and the
additional choreography is de�ned by stating the transitions,
�rst from “CA-IHE-ITI-15” to “CA-IHE-ITI-14”, and then
from “CA-IHE-ITI-14” to “ITI14-15-Success”. Failure state
is omitted from the code listing for the sake of simplicity.
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Fig. 5. The Sequence Diagram Showing the Ordering of Transactions after Combining IHE XDS and IHE ATNA Pro�les

<BusinessCollaboration name="Collaboration of IHE
ITI 14 and IHE ITI 15" nameID="IHE-ITI-14-15">

<Role name="Document Source" nameID=
"ITI14-15-XDSSource"/>
<Role name="Document Repository" nameID=
"ITI14-15-XDSRepository"/>
<Role name="Document Registry" nameID=
"ITI14-15-XDSRegistry"/>
<TimeToPerform/>
<Start>

<ToLink toBusinessStateRef="CA-IHE-ITI-15"/>
</Start>
<CollaborationActivity name="IHE ITI 15" nameID
="CA-IHE-ITI-15" collaborationRef="XDS-IHE-ITI-15">

<Performs currentRoleRef="ITI14-15-XDSSource"
performsRoleRef="PRDSXDSSource"/>
<Performs currentRoleRef="ITI14-15-XDSRepository"
performsRoleRef="PRDSXDSRepository"/>

</CollaborationActivity>
<Transition>

<FromLink fromBusinessStateRef="CA-IHE-ITI-15"/>
<ToLink toBusinessStateRef="CA-IHE-ITI-14"/>

</Transition>
<CollaborationActivity name="IHE ITI 14" nameID=
"CA-IHE-ITI-14" collaborationRef="XDS-IHE-ITI-14">

<Performs currentRoleRef="ITI14-15-XDSRepository"
performsRoleRef="RDSXDSRepository"/>
<Performs currentRoleRef="ITI14-15-XDSRegistry"
performsRoleRef="RDSXDSRegistry"/>

</CollaborationActivity>
<Transition>

<FromLink fromBusinessStateRef="CA-IHE-ITI-14"/>
<ToLink toBusinessStateRef="ITI14-15-Success"/>

</Transition>
<Success name="Success" nameID="ITI14-15-Success"/>

</BusinessCollaboration>

Fig. 4. The ebBP Code De�ning IHE-XDS Pro�le

The code listings of referenced Business Collaborations are
available at [10].

1. fh XDSDocumentSource, XDSDocumentRepository, XDS-ITI-15i precedes
hXDSDocumentRepository, XDSDocumentRegistry, XDS-ITI-14ig

2. fh XDSDocumentConsumer, XDSDocumentRegistry, XDS-ITI-16i precedes
hXDSDocumentConsumer, XDSDocumentRepository, XDS-ITI-17ig

Fig. 6. Some Example Pro�le Precedence Rules for Ordering IHE XDS
Transactions

IV. COLLABORATIVE IHE PROFILES BY GROUPING IHE
ACTORS

There is a need to automatically generate “custom” design
business processes, integrating any possible existing or forth-
coming IHE pro�les according to user needs.

We developed a software tool for ordering transactions
automatically for the grouped IHE Actors, called IHE Actor
Grouping Tool (IHE-AGT). The software is based on the
algorithm described in this section. The notations and the data
structures used in the algorithm are given in Table III and
Table IV, respectively.

TABLE III
NOTATIONS USED IN THEALGORITHM

Notation Description

A=f a1 , a2 , .. , an g List of actors in the pro�le
T=f t1 , t2 , .. , tm g List of transactions in the pro�le
G=f g1 , g2 , .. , gl g List of graphs in the pro�le
PR=f pr1 , pr2 , .. , prk g List of pro�le rules
GR=f gr1 , gr2 , .. , grj g List of grouping rules

The �rst requirement for automation is to have a machine
processable de�nition of IHE Pro�les which is described in
Section III by de�ning IHE Pro�les through ebBP. The next
step is to be able to decide on the execution sequence of
transactions coming from different pro�les.
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TABLE IV
DATA STRUCTURES USED IN THEALGORITHM

Structure Description

ti Each transaction is a quadraple
< name, initiator, responder, seqnum>
- nameis the name of the xAnct,
- initiator is the initiator actor,
- responderis the responder actor,
- seqnumshows the sequence number of the transaction in a collabo-
ration. It is initially set to 1.

gi Each graph is a two-dimensional NxN array (i.e. matrix) whose
elements point to a transaction list. The indices (i.e. vertices) of the
graph are actors. The entries in the graph are a list of transactions (i.e.
edges).

pri Each pro�le rule is a list of transactions. The sequence of the
transactions shows their expected order in the pro�le.

gri Each grouping rule is a tuple of the form
< left, right> .
- left: is a tuple of actors
- right: is a tuple of xAncts of the form< �rst precedes next> .
This means, if actors inleft are grouped, then�rst must precedenext.

To automate this process, we make use of the precedence
rules in the IHE Pro�les. There are two types of prece-
dence rules: �rst, there is a precedence among transactions
within an IHE Pro�le, which we call “Pro�le Precedence”
rules. For example, in IHE XDS, the transaction XDS-ITI-15
“XDSProvide/RegisterDocumentSet” must precede the trans-
action XDS-ITI-14 “XDSRegisterDocumentSet”. Secondly,
when two Actors from different pro�les are grouped, there isa
precedence among their transactions, which we call “Grouping
Precedence” rules. As an example, in IHE XDS, there is
a need for node authentication and audit trail to provide
patient information con�dentiality and user accountability.
To achieve this, IHE Audit Trail and Node Authentication
(ATNA) Integration Pro�le is used together with IHE XDS.
To make these two pro�les work together, ATNA Secure Node
Actor is grouped with each of the following IHE-XDS Actors:
XDS Document Source, XDS Document Repository, XDS
Document Registry and XDS Document Consumer.

When these Actors are grouped, the resulting sequence of
Transactions is depicted in Figure 5. For example, “Record
Audit Event” Transaction (IHE-ITI-20) of ATNA appears
between “Provide and Register Document Set” Transaction
(IHE-ITI-15) and “Register Document Set” (IHE-ITI-14) of
XDS in the �gure.

For expressing these rules, we have developed the following
notation:
< InitiatingActor1, RespondingActor1, “IHE-Transaction1”>
precedes
< InitiatingActor2, RespondingActor2, “IHE-Transaction2”>
which means that the “IHE-Transaction1” between Initiatin-
gActor1, and RespondingActor1 precedes “IHE-Transaction2”
between InitiatingActor2 and RespondingActor2.

In Figure 6, some example precedence rules among the
transactions within the IHE XDS Pro�le are given. Some
example rules for grouping Actors across IHE Pro�les are
given in Figure 7. To automate processing, these rules are
expressed in the Rule Markup Language (RuleML) [12].

The actor grouping algorithm is a graph based algorithm
where each pro�le is represented as a directed graph. In the

1. [hXDSDocumentSource, ATNASecureNodei ,
hhXDSDocumentSource, XDSDocumentRepository, ATNA-ITI-19i precedes
hXDSDocumentSource, XDSDocumentRepository, XDS-ITI-15ii ]

2. [hXDSDocumentRepository, ATNASecureNodei ,
hhXDSDocumentSource, XDSDocumentRepository, XDS-ITI-15i precedes
hXDSDocumentRepository, AuditRepository, ATNA-ITI-20ii ]

3. [hXDSDocumentRepository, ATNASecureNodei ,
hhXDSDocumentRepository, XDSDocumentRegistry, ATNA-ITI-19i precedes
hXDSDocumentRepository, XDSDocumentRegistry, XDS-ITI-14ii ]

4. [hXDSDocumentRegistry, ATNASecureNodei ,
hhXDSDocumentRepository, XDSDocumentRegistry, XDS-ITI-14i precedes
hXDSDocumentRegistry, AuditRepository, ATNA-ITI-20ii ]

5. [hXDSDocumentRegistry, ATNASecureNodei ,
hhXDSDocumentConsumer, XDSDocumentRegistry, XDS-ITI-16i precedes
hXDSDocumentRegistry, AuditRepository, ATNA-ITI-20ii ]

6. [hXDSDocumentConsumer, ATNASecureNodei ,
hhXDSDocumentConsumer, XDSDocumentRegistry, ATNA-ITI-19i precedes
hXDSDocumentConsumer, XDSDocumentRegistry, XDS-ITI-16ii ]

Fig. 7. Some Example Grouping Precedence Rules for GroupingActors
across IHE Pro�les

graph, the vertices are the IHE actors and the edges are the
IHE transactions. A directed edge between two vertices shows
a transaction whose initiator actor is the source vertex and
responder actor is target vertex. In the algorithm, the graphs are
represented with two-dimensional NxN arrays whose elements
point to a list of transactions. The vertices in the graph (actors)
are represented by the indices of the array and the edges
(transactions) are represented by the entries of the array.For
example, g[a1][a2] returns a transaction list (from actor a1 to
a2) which shows the edges from vertex a1 to vertex a2.

XDSDocument
Source

XDSDocument
Repository

XDSDocument
Registry

XDSDocument
Consumer

XDSDocument
Source

XDSDocument
Repository

XDSDocument
Registry

1:XDS-ITI-15

2:XDS-ITI-14

(B)

XDSDocument
Registry

XDSDocument
Repository

XDSDocument
Consumer

(C)

1:XDS-ITI-16 2:XDS-ITI-17

2:XDS-ITI-17

(A)

1:XDS-ITI-16

1:XDS-ITI-15

2:XDS-ITI-14

Fig. 8. A. Graph Representation of IHE-XDS, B. A subgrapgh ofIHE-XDS,
C. Another Subgraph of IHE-XDS

The algorithm gets three types of input: (1) the list of actors,
(2) the list of transactions and (3) the precedence rules in the
IHE Pro�les.

The algorithm has mainly three phases: Construction phase,
Partitioning phase and Merging Phase. In the Construction
phase, the transaction list is iterated and each transaction
is added to the graph by assigning its label indicating its
execution sequence (termed as “sequence number” in the
algorithm). For assigning the sequence numbers, the “Pro�le
Precedence” rules are used. At the end of this phase the overall
pro�le graph is produced. For example, considering the IHE
XDS Pro�le, the directed graph in Figure 8 A is the output of
the construction phase where XDS-ITI-15 has the sequence
number “1” and XDS-ITI-14 has the sequence number “2”
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1.forall g 2 G do begin
2. forall gr 2 GR do begin
3. �rstXanct = gr.right.�rst;
4. nextXanct = gr.right.next;
5. // if the graph contains the �rst transaction
6. if (g.contains(�rstXanct))do begin
7. // indexOf function returns the seqnum of the speci�ed transaction in the graph
8. index = g.indexOf(�rstXanct);
9. if (�rstXanct.initiator == nextXanct.initiatorand

�rstXanct.responder == nextXanct.responder)
10. do begin
11. edgeList = g[�rstXanct.initiator][�rstXanct.responder];
12. edgeList.add(nextXanct);
13. else
14. g.addColumn(nextXanct.responder);
15. g.addRow(nextXanct.responder);
16. g[nextXanct.initiator][nextXanct.responder].add(nextXanct);
17. end
18. // updateIndicesInGraph function increases the seqnum of all transactions
19. // whose seqnums are greater than or equal to second argumentby one
20. updateIndicesInGraph(g, index+1);
21. nextXanct.seqnum = index+1;
22. else
23. index = g.indexOf(nextXanct);
24. if (nextXanct.initiator == �rstXanct.initiatorand

nextXanct.responder == �rstXanct.responder)
25. do begin
26. edgeList = g[nextXanct.initiator][nextXanct.responder];
27. edgeList.add(�rstXanct);
28. else
29. // addColumn function adds a new column to the graph if there is not.
30. g.addColumn(�rstXanct.responder);
31. // addRow function adds a new row to the graph if there is not such a row.
32. g.addRow(�rstXanct.responder);
33. g[�rstXanct.initiator][�rstXanct.responder].add(�rstXanct);
34. end
35. updateIndicesInGraph(g, index);
36. �rstXanct.seqnum = index;
37. end
38. end
39.end

Fig. 9. The Merging Phase

indicating their execution sequence.
Once the pro�le graph is constructed, connected subcom-

ponents of the graph are formed in the partitioning phase. In
other words, the graph is split into subgraphs each of which
is a distinct business collaboration among IHE actors. The
logic behind this step is to �nd out the transactions whose
sequences depend on each other. For example, if you take
“XDSDocumentConsumer” as a starting node, you obtain the
graph shown in Figure 8 C. The pseudocodes of construction
and partitioning phases are available at [13].

XDSDocument
Source

XDSDocument
Repository

XDSDocument
Registry

ATNASecure
     Node

ATNASecure
     Node

1:ATNA-ITI-19

1:XDS-ITI-15

2:XDS-ITI-14

grouped

grouped

(A)

XDSDocumentRegistry

XDSDocumentRepository/
ATNASecureNode

XDSDocumentSource/
ATNASecureNode

(B)

2:  3:XDS-ITI-14

1:  2:XDS-ITI-15

1:ATNA-ITI-19

Fig. 10. A. An Example of Grouping IHE Actors, B. An Example ofIHE
Actor Merging Process

The partitioning phase outputs a set of subgraphs, calledG.

Fig. 11. IHE Actor Grouping Tool

In the last phase, the “Grouping Precedence” rules are applied
to each subgraph inG. The algorithm applied in the merging
phase is depicted in Figure 9. It incorporates the missing
transactions in the rules to the graph. For example, assume the
following rule exists inGR (Table III): < < a1, a2> precedes
< t1, t2> > , which means that if a1 is grouped with a2 then
in the process t1 should precede t2. Assume further that a1
already exists in the graph. Then, the algorithm adds a2 to the
graph and adjust the “sequence numbers” of the transactions
accordingly. The transaction existency check is performedat
Line 6 of the algorithm and the sequence numbers are adjusted
at Lines 20-21 and 35-36. Continuing with the previous
example, in Figure 10 A, “XDSDocumentSource” is grouped
with “ATNASecureNode” and “XDSDocumentRepository” is
grouped with “ATNASecureNode”. Figure 10 B shows the re-
sult of this grouping where “XDSDocumentSource” and “AT-
NASecureNode” are merged and “XDSDocumentRepository”
is merged with “ATNASecureNode”. From the rule: `When
“XDSDocumentSource” is grouped with “ATNASecureNode”,
< XDSDocumentSource, XDSDocumentRepository, “ATNA-
ITI-19”> precedes< XDSDocumentSource, XDSDocumen-
tRepository, “XDS-ITI-15“> '; it follows that ATNA-ITI-19
must precede XDS-ITI-15 and hence the label on the graph
are adjusted as shown in Figure 10 B.

V. I MPLEMENTATION STATUS

The IHE Actor Grouping Tool (IHE-AGT) is developed
using Java Programming Language (version 1.5.0) and the
installation of the tool is realized with Jakarta Ant [14] project
build tool.

Figure 11 shows a snapshot from the tool where IHE-XDS
Document Source, IHE-PIX Patient Identi�er Cross-reference
Consumer and IHE-ATNA Secure Node are grouped. As
shown in Figure 11, the user selects the actors to be grouped by
clicking the checkboxes. After pressing to the “Next” button,
the IHE transactions in the pro�les are displayed as shown in
Figure 12 and the user enters the URLs of the corresponding
ebBP Business Collaboration de�nitions. Note that the de�ni-
tions of most of the IHE Business Collaborations are available
from our Web site [10]. Finally, the user presses to the “Group”
button (Figure 12) in order to generate the overall business



8

Fig. 12. Speci�cation of the corresponding ebBP Business Collaborations

process de�nition. The business process de�nition generated
is given at [15].

The IHE-AGT tool has an extensible architecture by con-
sidering the fact that IHE pro�les are being speci�ed continu-
ously. As new pro�les emerge, they can be incorporated into
the tool easily by editing the con�guration �les. The IHE-AGT
keeps the following information in its con�guration �les:

� The names of the IHE Actors
� The names of the IHE Transactions along with the URL

references to the corresponding Business Collaboration
de�nitions in ebBP

� The rules for grouping Actors within an IHE Pro�le
� The rules for grouping Actors across IHE Pro�les

VI. RELATED WORK

In the healthcare domain, there is a wide array of shared care
delivery collaborative processes such as the placing and track-
ing of orders (e.g. drug prescriptions, radiology orders, etc.).
Parts of these processes are executed by work�ows running
in different departments of a healthcare institute. These intra-
departmental work�ows are usually implemented either by
proprietary applications or more recently by the composition
of medical e-services [17] through the use of Business Process
Execution Language (BPEL) [18]. For example, [17] addresses
how IHE Scheduled Work�ow actors and transactions are
de�ned as BPEL processes. In order to de�ne each depart-
mental work�ow in BPEL, �rst the UML activity diagrams
are used as a representation language of the overall process
among the participants. The authors further demonstrate the
use of Web service technology for modelling the medical
work�ows such as encoding HL7 and DICOM messages, data
and service identi�cation, coordination, transaction, security
and composition.

However, a BPEL process provides only the view point of
a single participant. For collaborative, inter-departmental or
inter-enterprise healthcare business processes, the choreogra-
phy of multi-party interactions is necessary. To express such
multi-party collaboration among departments in an enterprise
or between enterprises, a collaborative business process lan-
guage like ebXML Business Process Speci�cation Language
(ebBP) [6] is needed.

UN/CEFACT's modelling methodology (UMM) can also be
used to develop global choreographies of inter-organizational
business processes. In [19], how UMM models can be mapped

to the ebXML Registry information model is described. Fur-
thermore, various aspects of business process management are
addressed in [20], [21] and an in depth discussion of IHE
Pro�les is available in [22].

In [23], we present our initial ideas on how IHE Work�ow
Pro�les can be integrated to IHE XDS by using ebXML
Business Processes (ebBP) through an example scenario. The
work described in [23] is complemented in this paper by
describing the methodology to express IHE Pro�les through
ebBP Business Transaction Patterns and more importantly by
describing how to automate the overall collaborative process
through IHE Actor Grouping Tool.

Finally, in [24], we describe a normative speci�cation of
how IHE Pro�les should be represented through ebXML
Business Processes (ebBP). The work described in this paper
complements [24] by providing scienti�c and technical details
of this standard proposal.

VII. C ONCLUSIONS

IHE is an important initiative strongly supported by the
healthcare IT industry: more than 160 companies, including
most of the market leaders have developed IHE compliant
systems between 1999 and 2007 and participated in the cross-
vendor testing events organized by IHE. This means that
standards recommended by IHE have a high probability of
a quick uptake in the medical IT market.

IHE has de�ned a number of pro�les to provide interop-
erability among healthcare applications. In realizing a real
world scenario, there is a need to combine several pro�les
by “grouping” the related IHE Actors to achieve the required
functionality. Grouping IHE Actors involves determining the
multiparty collaboration choreography of the resulting busi-
ness process.

In this paper, we describe a graphical tool to de�ne collab-
orative business processes by combining IHE Pro�les through
ebBP. ebBP is designed to specify business processes in a
generic way and in this work we specialize it to the healthcare
IT domain by expressing IHE Pro�les in ebBP. In this way,
IHE de�ned business processes become machine processable.
Then, by using the graphical tool that we developed, entitled
“IHE Actor Grouping Tool”, it becomes possible to group IHE
Actors to generate the overall business process automatically.
Clearly this helps to automate the business processes in actual
healthcare settings as well as for “work�ow” testing in IHE
Connectathons.

As a future work, it is necessary to de�ne the capabilities of
the IHE Actors to be able to establish electronic relationship
among them automatically. OASIS ebXML Collaboration-
Protocol Pro�le (CPP) and Agreement (CPA) [25] can be used
for this purpose. Through a Collaboration-Protocol Pro�le
(CPP), it is possible to de�ne an Actor's message-exchange
capabilities and the Business Collaborations that it supports.
Then a Collaboration Protocol Agreement (CPA) can be es-
tablished between two IHE Actors describing the messaging
and the business process requirements that are agreed upon by
both of the Actors.
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Finally, although we have described this work based on
IHE Integration Pro�les, it is also applicable to HL7 to de�ne
national or local pro�les.
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