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Abstract. Business process collaboration is one of the most significant
factors driving today’s global business development. Researches and ap-
plications such as business process modeling, workflow interoperability,
web service and ambient intelligence have been involved in this area.
However, a holistic understanding is missing. To clarify the requirements
and build a research foundation for business process collaboration, a con-
ceptual model is provided in this paper. Then the state of the art and
the future trend of business process modeling and process interoperabil-
ity are reviewed based on this model. Furthermore, inspired by the novel
semantic web technologies, a semantic agent based framework to facili-
tate business process collaboration is given.

1 Introduction

Today’s enterprises have to establish cooperating partnerships to meet the chal-
lenges of changing market and high competition, which leads to inter-organization
business process collaboration. In literature, research enhancing the efficiency and
effectivity of process collaboration is usually divided into three aspects:

— Information-based interoperability, which is usually discussed from a view
point of communication or interaction standards, such as TCP/IP, XML
and SOAP etc.,

— Resource-based coordination, which focuses on the controlling and scheduling
of the sharing resources such as employees, machines and inventory etc.,

— Business rules-based collaboration, which focuses on the mechanisms of pro-
cess coordination, such as partnership trust and conformance assessment.

As a basis for discussion, a conceptual model for business process collabo-
ration is developed in Section 2 to illustrate a general motivating scenario and
to find out the underlying problems, which lead to conclusion that both pro-
cess description model and performance model should be developed to meet the
requirement of process collaboration.
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Since business process modeling plays a fundamental role in process man-
agement, a brief review of business process modeling methods will be given in
Section 3. So far, there has been no universally accepted process modeling stan-
dard that can satisfy all collaboration requirements, now the research trend is to
reconstruct current process modeling methods by using an ontology that stan-
dardizes a shared vocabulary for communication and makes the semantics in the
collaboration explicit.

Those approaches to facilitate business process collaboration, such as workflow
interoperability, web service choreography and ambient intelligence, all involve
semantic interoperability as a key factor. In section 4, we focus on the concept
of interoperability and discuss the related research issues.

Currently, the semantic web technologies have become the most promising
direction for integration and collaboration. Based on the above review and anal-
ysis, we believe semantic web technologies could help to enhance the efficiency
and effectivity of process collaboration. So a framework of process interoper-
ability based on semantic agent is given in Section 5. Key technologies such as
process ontology and agent coordination rules are also discussed.

In a word, the aim of this paper is two-fold. On the one hand, it is to give an
overview of recent research efforts and future trends related to business process
collaboration; on the other hand, it is to propose our idea of using the semantic
agent to facilitate business process collaboration in both application centric and
human centric process environment.

2 Business Process Collaboration

Over the past ten years, under the huge competition pressure on cost, quality,
service and time, the value of process management has been recognized by most
enterprises. Many ideas, such as BPR (Business Process Reengineering), CPI
(Continuous Process Improvement) or TQM (Total Quality Management) are
discussed to show that process management can play a crucial role in creating
sustainable competitive advantage.

The rapid development of the Internet and web infrastructures in the last few
years has brought fundamental changes and enormous opportunities in the way
business patterns are made available to both individuals and organizations. With
the trend toward increasing globalization of manufacturing and outsourcing of
functions to external partners, the challenge for the next years will be mov-
ing from intra-organization process management to inter-organizational process
interaction, coordination and collaboration in the global supply chains.

2.1 A Conceptual Model of Business Process Collaboration

To describe the general situation of business process collaboration among differ-
ent stakeholders, a basic conceptual model was created as Fig. 1.

Sets A and B represent two different processes: A = {a1,a2,---,a,},B =
{b1,b2, -+, by}, where a; or b; is an activity. We use different modeling forms
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Fig. 1. Conceptual Model of Business Process Collaboration

to illustrate different processes because in industrial practice, various process
modeling methods could be adopted by different modeling developers or users.

For the reason such as resource sharing or product assembling, process A and
process B need to coordinate across manual or automated activities to achieve a
common business goal. In this scenario, the running status of process B needs to
be controlled or adjusted dynamically according to the running status of process
A. Hence we must choose some key activities of process A, the information
occurred by these activities would be treated as key performance indicators
to control process B in a collaboration environment, which was called Process
Collaboration Information, represented by set I, I = {iy, 42, -,%;}. By capturing
and “translating” this information through specialized interface, process B could
adjust its status of running automatically: For instance, trigger a set of activities
G, to meet the collaboration requirement of both parties.

This conceptual model describes a most common situation of business process
collaboration. It is specially pointed out that the concept of Process Collaboration
Information is used to represent a general situation. In different collaboration
environment (e.g. the degree of task automation, different process structures),
collaboration information can be just one simple message about a single process
entity, or can be composed by complex statistical performance indicates about
the whole activity chain. Hence the main challenge for business process collabo-
ration is How to describe the process and How to construct Process Collaboration
Information.

2.2 Approaches to Business Process Collaboration

In the last decades, there has been a lot of research on business process modeling,
software, architectures and standards to address business process integration in
both academic and industrial areas. Thus interoperability among various pro-
cess representation methods and heterogeneous process management systems has
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been an emerging need. From a modeling point of view, efforts can be carried
out from two aspects as the conceptual model pointed out:

— Process Description Model. In essence, process description is a form of busi-
ness knowledge that facilitates the understanding and communication of in-
dustrial users. There has been a lot of business process modeling techniques
and tools (Section 3) which emphasize different perspectives for their own
purposes. Hence in a collaboration environment, there must be a common
business process description method and its schema language for distributed
stakeholders to understand and communicate in a standard way/[I].

— Process Performance Model. Given the complexity of business process, the
process performance model is to represent the process performance indica-
tors and their relationships, and more importantly, to provide the necessary
information which helps collaboration and communication among different
processes. In industrial practice, each process, especially in inter-organization
environment, could be seen as separate profit and decision center, the con-
flict of single process goal and the whole collaboration goal should be solved
on business level.

Furthermore, from a technical point of view, there must exist a standard de-
scription format and access protocols for both collaboration parties to publish
their ability through a uniform interface, which is usually called workflow inter-
operability or web service choreography, so that process tasks can automatically
be executed among potential partners with the help of functions provided by
web service.

A number of initiatives is presently carried out worldwide by several academic
and industrial research groups in some related areas to support business process
collaboration for both human and automated tasks. One such trend is process in-
tegration by Web Service as a universal computing platform. In this area, process
management is usually used together with another concept as workflow technol-
ogy, of which the aim is “automation of a business process” [2]. The new research
area merged into with workflow and web services merged, called workflow inter-
operability or web services choreography [3], aims at providing dynamic trading
service (e.g., electronic purchase order) to business collaboration partners with
universal description language and protocols.

On the other hand, not all process tasks are high structured and can be ex-
ecuted automatically by machine (e.g., human decision). Another research area
is Ambient Intelligence (Aml), which is a human centered technology that is
intuitive to the needs and requirements of the human actors. They are non-
intrusive systems that are adaptive and responsive to the needs and wants of
different individuals. Aml is a new paradigm in the area of information commu-
nication technology (ICT), context and context-awareness are central issues to
Aml. There are many existing systems applying Aml/context aware technolo-
gies in the office, shopping store, house, hostel, museum, etc., but still very few
systems exist at the moment to support the manufacturing collaboration en-
vironment. One of such systems is iShopFloor [4], which is an Internet-enabled
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agent-based intelligent system that provides an open architecture for distributed
intelligent manufacturing process planning, scheduling, sensing, and control of
the shop floor.

3 Business Process Modeling

Business process is defined [B] as “a structured, measured set of activities de-
signed to produce a specified output for a particular customer or market”, and
may be defined based on three dimensions as below: entities, objects and ac-
tivities. Process models, which aim at a common understanding and analysis of
business processes, play a crucial role in the implementation of any process im-
provement projects such as business process reengineering (BPR) or continuous
process improvement (CPI). Literature review shows that process models should
provide functions mainly covering two fields:

— Description. In essence, process representation is a form of business knowl-
edge, to facilitate the understanding and communication of industrial users.

— Analysis. For the purpose of increasing process efficiency, not only repre-
sentation is needed, models should also provide proper methods to analyze
process and support process design/re-design, which are the core and most
difficult task of BPR and CPI projects.

As process is usually defined as “a set of activities arranged in a specific
order”, most current process modeling techniques describe processes in the form
of activities and other process variables, such as entities, resources and objects,
and their relationships, such as time series, logic and hypotaxis. These models,
usually created by graphical modeling tools, including Petri Net[6], RAD[7],
EPC[g], UML[9] and IDEF3[10] etc., have significant advantages on simplicity
and descriptive ability. However, they fall short in analyzing capability to assist
enterprise users with process designing and execution, mainly because of the
following reasons:

— Graphical representation based on informal notation lacks mathematical ac-
curacy and formal semantics, which makes it difficult to take effective analy-
sis of process models, and difficult to communicate, share and reuse as well.

— Besides time series and logical relationship of activities, the underlying non-
linear cause-and-effect relationship between process variables is seldom taken
into consideration, which is important for disclosing the interrelationship be-
tween these controllable variables and performance improvement of process.

To meet the requirement of process collaboration among different stakehold-
ers, process modeling methods should provide a common meta model and its
associated schema language. The Process Specification Language (PSL) [T1] has
made significant effort to solve the problem. The goal of PSL is to create a
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process representation that is common to all manufacturing applications, such
as scheduling, process modeling, process planning, production planning, simula-
tion, project management, work flow, and business process reengineering. Based
on the PSL ontology, different stakeholders can describe their business processes
by using shareable terminology.

Motivated by those early efforts to standardize process description by ontol-
ogy such as PSL, researchers try to extend it with domain knowledge added to
enable a more widely collaboration integration, for instance, the project M3PH3
developed a process ontology (m3po)[12] to incorporate and unify the different
existing workflow meta models and workflow reference models. This project is
still under developing and its next step is ontology mappings and validations
from different existing workflow systems.

4 Process Interoperability

4.1 Definitions of Interoperability

Interoperability is a concept addressed very early during the design, develop-
ment and enhancement of distributed systems. However, it is difficult to find a
precise and general definition of interoperability. There exist different definitions
of interoperability from different points of view.

— “Generally, the word ‘inter-operate’ implies that one system performs an
operation on behalf of another.” [13]

— “The ability to communicate with peer systems and access the functionality
of the peer systems.” [14]

— From the software engineering point of view, interoperability means: two
cooperating software systems can easily work together without a particular
interfacing effort.

— “The ability of two or more software components to cooperate despite dif-
ferences in language, interface, and execution platform.” [15]

— “The ability to integrate data, functionality and processes with respect to
their semantics.” [16] And “interoperable” is identified as a high degree of
compatibility.

4.2 Semantic Interoperability

[13] defines a simplified interoperability framework to describe the interaction
between two enterprises, as shown in Fig. 2.

— Business layer: includes business environment, business processes;

— Knowledge layer: includes organizational roles, skills and competencies of
employees, knowledge assets;

— ICT layer: includes applications, data and communication components.

3 http://m3pe.org
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Fig. 2. Interoperability on all layers of an enterprise[13]

In the paper [I7], a historical perspective and an overview of the interoperabil-
ity is discussed as Fig. 3 shows. The Remote Procedure Call (RPC) and CORBA’s
Interface Definition Language (IDL) represent the early interoperability evolu-
tion. In the 90’s, research has been focused on signature level, protocol level and
semantic level. In an increasing order of complexity and difficulty, interoperabil-
ity can be classified into four levels, which are physical, data, specification and
semantic levels.

Service Interoperability
Signature Protocol .
C Level > C Level > Gemantlc Lev9
Programming Language Interoperability
(IDL)
Platform Interoperability
(RPC)

Fig. 3. Classic Levels of Interoperability [17]

According to [I8], previous research in semantic interoperability can be cate-
gorized into three areas.

Local Schema '.:’l Federal Schema }‘:,1 Local Schema

Mapping-based Approach

perable

Domain Ontology ‘Application — Query a‘\p\plication
System Application system
Application syslem Application
System system
Intermediary-based Approach Query-oriented Approach

Fig. 4. Research Approach in Semantic Interoperability
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— Mapping-based: construct mappings between different systems. The draw-
back of this method is that the mapping relationship is not designed to be
independent of particular schemas and applications.

— Intermediary-based: use an ontology to share standardized vocabulary or
protocols to communicate with each other. Its knowledge is domain-specific,
but independent of particular schemas and applications.

— Query-oriented: based on interoperable languages, most of which are declar-
ative logic-based language.

4.3 Workflow Interoperability Standards

Both standards for electronic data interchange and development of workflow
systems have a longer history dating back to the 1970s , and process interoper-
ability has been studied since the middle of the 1990. The latest research surge
is emerging workflow management and web service into business integration sce-
nario, which is called workflow choreography interface (or behavioural interface,
abstract process, collaboration protocol profile, etc.)

A web service is a “software application identified by a URI, whose interfaces
and bindings are capable of being defined, described and discovered by XML ar-
tifacts, and which supports direct interactions with other software applications
using XML based messages via internet-based protocols.” [I9] Recent research in
this area developed a lot of workflow interoperability and web services choreogra-
phy standards, such as WSDL (Web Services Description Language)[20], SOAP
(Simple Object Access Protocol)[2I], UDDI (Universal Description, Discovery
and Integration ) [22], WSFL (Web Services Flow Language)[23], BPEL4WS
(Business Process Execution Language for Web Services). [24] and [25] have
given a historical perspective of these standards.

5 A Process Collaboration Framework with Semantic
Agent

With the emerging and rapid development of the semantic web, it is possible to
adopt the novel semantic web technologies to help to enhance the efficiency and
effectivity of process collaboration.

5.1 Semantic Web Technologies

The semantic web can be envisioned as an extension of the current web, which
aims to make the web more understandable to computer programs, and allows
data to be shared and reused across applications, enterprises, and community
boundaries, easily.

There are two backbone technologies for the semantic web: RDF and OWL|26].
They, as web standards, provide a framework for asset management, enterprise
integration, and sharing and reusing data on the web. These standard formats for

* http://www.uddi.org/
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data sharing span different applications, enterprises, and community boundaries.
All users - both human and machine - can share and understand the information
available on the semantic web. The foundation of RDF[27] is built on a very simple
model, but the basic logic can support large-scale information management and
processing in a variety of different contexts. The assertions in different RDF files
can be combined, providing far more information together than what they contain
separately. RDF supports flexible and powerful query structures, and developers
have created a wide variety of tools for working with RDF. OWL[28] provides a
language for defining structured, web based ontologies. This delivers richer data
integration and interoperability among descriptive communities. Many semantic
web based information systems have been createcﬁ, and have been successfully
used in some industrial applications.

5.2 Application Scenario

The framework is developed to meet the requirement of project AMI-4-SMHY in
two main application scenarios: machine maintenance and shop floor control.

Machine Maintenance. Maintenance management is all about managing as-
set. It is defined as “the coordination, control, planning execution and monitoring
of the right equipment maintenance activities of manufacturing operations”[29].
Maintenance is looked at from two perspectives, the first is providing the main-
tenance personnel with accurate and relevant realtime information on their ma-
chines in order to enable them to introduce and implement the appropriate
strategies. The second perspective helps the staff carry out all necessary main-
tenance, both scheduled and unscheduled, in order to get the machines up and
running in as quick a time as possible.

Combining the information coming in from the product tags with the machine
sensors provides a vast amount of invaluable data. Detailed figures on machine
utilization, mean time between failures, mean time between maintenance, equip-
ment downtime, maintenance staff efficiency, overall equipment efficiency, and
comparison of various maintenance strategies, to name but a few, can all be
inferred from the collected realtime data. On the other hand, the maintenance
technician, with the help of PDA, can get the information on the current state of
the machine such as temperature, action that caused the failure, operator name
etc. Details of the previous maintenance are also supplied to the maintenance
technician.

Shop Floor. Shop-floor control is concerned with the efficient management and
usage of resources at the lowest level of control on the shop floor of a manufac-
turing plant. The realtime information coming from the product manufacturing
process provides exact locations for each of the batches of product. Should a
certain machine fail then the batch location information can used to re-route

5 Semantic Web Challenge. http: //challenge.semanticweb.org
5 http://www.amidsme.org/
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the effected batches as efficiently as possible in order to keep the impact of the
machine failure to a minimum.

Information from various sources is used to control the processing of orders on
the factory floor. It primarily relies on batch location information and also infor-
mation from the employee roster, order book, stock room and others it controls
how orders are routed through the factory and it also controls what workstations
employees are working at. The data acquired from the tags and sensors can also
be processed to provide the user with information on traceability, accountabil-
ity and reliability. Traceability and accountability are of particular significance
as they are necessary for meeting the guidelines laid down by standardization
bodies i.e. ISO. Efficiency is useful in ensuring that the company is getting the
most output of their assets.

5.3 Process Collaboration Framework Structure

Fig. 5 shows a process collaboration framework. Our idea is to transfer process
collaboration information between different processes by semantic agents. All
agents can access various business process management systems and capture
information of different processes represented by process ontology.

—use Process Ontology
Process A
| " _use use use
) al 5 ]
Process Collal?oratlon ’ Semantic Semantic Semantic
Information , Agent Agent Agent
v

——usi Process Ontology
Process B

Fig. 5. Process Collaboration Framework Based on Semantic Agent

Ontology. Ontology is a general conceptualization of a specific domain in a both
human and machine readable format. In general, it consists of classes, proper-
ties, relationships, and axioms. To realize interoperability and collaboration of
different processes, it is necessary to build a formally and explicitly expressed
process ontology, which can be classified into two categories:

— Process Description Ontology is to give formal semantics to traditional pro-
cess modeling elements, such as entities, objects and activities, their relation-
ships etc. For example, we can get details of some product by the statement:
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<rdfs:Class rdf:ID="GetDesiredProductDetails">
<rdfs:subClass0f rdf:resource

="http://www.product.org/Process#AtomicProcess" />
</rdfs:Class>

PSL provides feasibility of extending its core ontology to represent most
current process models with similarity-based ontology mapping. With Pro-
cess Description Ontology, industrial users could get a common and formal
understanding from their existing traditional process models and comput-
ers would be able to work cooperatively and efficiently in a collaboration
environment.

— Process Performance Ontology is to express process performance for special
collaboration partners with process domain knowledge added. For instance,
in the maintenance scenario, the performance indicators such as mean time
between failures, mean time between maintenance, equipment downtime,
maintenance staff efficiency, and overall equipment efficiency will be given
precise definition.

Semantic Interface. In this Aml scenario, process information could be col-
lected by using three methods: Tags, Machines Sensors, and PDAs (Personal
Digital Assistants).By applying tags (RFID, barcode, etc.) to the product com-
ponent, the status of each production activity can be monitored in realtime
throughout the whole production cycle. The type of tag used will be dependent
on many factors such as the type of product, company size, complexity of pro-
duction, production techniques etc. The production machinery is equipped with
networked sensors which monitor the status of the machines (idle, off, processing
product, failure). This information is available in realtime to the maintenance
staff. Either maintenance or shop-floor staff having wireless PDAs equipped with
tag readers could get information on particular product or machine to support
their decision making. All the set of information sources and services needs to run
the transaction protocol; for example, ontology searching, software-capability
profiles, programming language, and the interoperation acts that will set up the
semantic interfaces.

Agents and Rules. An agent is a software entity with intelligent properties,
according to [30], the integration of agent technology and ontology will sig-
nificantly affect the use of web services and the ability to extend programs to
perform tasks for users more efficiently and with less human intervention. Agents
act at the interface for the human-human and human-machine collaboration in
business process integration. In this Aml scenario, different intelligent software
agents (e.g., context agent, maintenance agent, production agent) work together
to access heterogeneous information systems in anticipating user’s requirements
and thus avoid manual browsing for common information gathering tasks.

The shared process ontology allows for solving problems concerning heterogene-
ity of knowledge representation between distributed agents. On the other hand, in-
telligent agents that can automatically find any information requested by the user
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and can execute some intelligent issues like coordination, negotiation and agreement
thus avoid inefficient or manual ’surfing’. With semantic agents any stakeholder will
have instant access to all of distributed processes running at anywhere within the
organization, regardless of format, structure, or location of the information.

With the help of Process Performance Ontology, it is possible to build a set
of business rules (e.g., time, constraint, exception) to facilitate agent acting,
reasoning, and coordinating with each other. The explicit description of process
performance related information makes the process coordination feasible (e.g.,
resource conflict solving among different parts of the extended enterprise). This
automated process reduces human intervention in process management, and thus
enables them to focus on the most complex perspective. Ontology inference or
reasoning, which can improve the efficiency of query and processing of innovation
related instance data, will play the role in realizing the alignment analysis among
different objects and rules, which could adopt Description Logic, FLogic or Horn
Logic as theoretic foundation.

System Infrastructure. The key components of the system infrastructure
include ontology server, rule base and web server as shown in Fig. 6. Through
this infrastructure, Process Agents communicate with the Web Server to act and
reference using the Process Ontology Database and the Process Rule Base, to
realize collaboration between different processes.

/" RDF Gateway

Ontology Server

Process ;
Performance $ Rule
Ontology Base

Ontology Database

i| Process Description
; Ontology

‘ RDF Query Language ‘

~ -

Message Web Server ‘

Process
Agent

Fig. 6. System Infrastructure

RDF Gateway[3]] is an ideal development environment for this infrastructure.
It provides (1) RDF database to store Ontology in RDF triples, (2) the RDFQL
language to query RDF and to execute server-side tasks, (3) certain inference
capability (by RULEBASE command) to support RDFS and other customized
rules, (4) the stand alone Web Server to communicate with Process Agents.

6 Conclusion

Business process collaboration plays a more and more important role in today’s
global manufacturing environment. Based on the conceptual model provided, we
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have discussed the requirements of business process collaboration, and reviewed
some related research area, such as business process modeling and interoper-
ability. These works have built a firm foundation for further research in this
area.

Since the semantic web technologies have become the most promising direc-
tion for integration and collaboration, a business process collaboration frame-
work based on semantic agents is provided. This framework needs to be further
developed in detail. The further research issues include ontology mapping, agent
design and coordination rules. The implementation work based on RDF Gate-
way is still going on. Our belief is that semantic web techniques could help to
enhance the efficiency and effectivity of process collaboration.
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