INT ERNAT IONAL CONFERE NCE ON ENGINEE RING DESIGN

ICED 99 MUNICH, AUGUST 24-26, 1999

ONTOLOGIES TO SUPPORT THE MANAGEMENT OF NEW PRODUCT

DEVELOPMENT IN THE CHEMICAL PROCESS INDUSTRIES

Jonathan Moore � , Jussi Stader � , Paul Chung � , Peter Jarvis � , Ann Macintosh �

Keywords: New product development, scale-up, intelligent workflow, ontology

1 Introduction

The effective management of the new product developm ent (NPD) process is essential for the survival of a business in toda y´s marketplace. NPD t ypicall yinvolves a number of disciplines. It also takes place in a context of competing requirements and influences˙e.g.

short time-to-market vs. hi gh qualit yof product˙whi ch have led to the introduction of concurrent and collaborative engineering techniques [7] . Because of its interdisciplinar y nature and these competing influences, NPD processes within a business are difficult to manage and co-ordinate. Research suggests that poor managem ent of the process˙such as lack of communication and inappropriat e cutting of corners˙contributes to man yfailures of new products [2] . Workflow management s yst ems are widel yused for the streamlined management of ^administrative~ processes, but current systems are unable to cope with the more dynamic situations encountered in ad-hoc and collaborative processes [1] . It is this class of dynamic, collaborative processes which encompasses most engineering activities, and hence there is increasing interest in the use of knowledge-based t echniques to provide more flexible process managem ent support in such areas [4] .

2 Objectives and Approach

The TBPM (Task-Based Process Management) proj ect is investigating the provision of intelligent support for the scale-up process which forms part of NPD within the chemical process industries. Scale-up involves investigating the behaviour of a chemical process, and the nature of the engineering necessar yto implement it, through a series of experiments at graduall yincreasing scale, starting in the l aboratory and ending (if all proves satisfactor y) with a working pilot plant. The scale-up process has several characteristics which together make it unsuitable for management b yconventional workflow systems, and mandate an artificial intelligence approach to managem ent:

· It is a hi ghl yinterdisciplinar yprocess, requiring the co-ordination of individuals from manydifferent engineering and business specialities.

· Manyad-hoc processes occur, which nonetheless are long-time activities and require specific technical and business skills and resources to perform, therefore needing careful management.

· The structure of the process followed is hi ghl yflexible˙var ying from one project to the next, so that each scale-up process is unique.

· The process is information-intensive: a si gnificant quantit yof technical inform ation of different t ypes is generated and must be distributed to interested parties reliabl yand efficientl y.

The approach adopt ed b ythe TBPM project project is based on work carried in the Enterprise project [9] , and centres around an intelligent workflow engine which includes an interactive process planner. The planner uses artificial intelligence techniques based on the O-Plan architecture [3] to assist in the planning of tasks, while permitting the user to participate in planning decisions.

All system components operate on the basis of knowledge-rich models of the processes and of the context within which theyoccur (organisational structure, etc.). Jarvis et al [5] outline how such knowledge can be captured, structured, and represented in a workflow s ystem.

An agent-based architecture supports the execution and co-ordination of the planned process among multiple participants distributed across a computer network.

The use of domain ontologies is a ke yprinciple that underpins the TBPM approach, and is the subject of the rem ainder of this paper.

3 Ontologies

An ontologyis defined by Uschold & Gruninger [11] as a ^... shared understanding of some domain of interest ...~. Ke yfeatures of an ontology include:

· An ontologyof some domain of interest identifies and precisel ydescribes the important concepts in the domain and the valid relationships between these concepts.

· The set of important terms and their definitions are agreed between all participants within the domain, and thus form a basis for communication about the domain.

· An ontologycan be specified independentl yfrom the intended application for which it is developed. This enables its re-use for other purposes and applications touching the same domain. B yseparating the ontology(i.e. the language and concepts) of a dom ain from the uses to which it is put, different applications are enabled to use the same domain ontology, and thus to communicate in terms of this shared ontology.

· An ontologycan be formalised and thus support communication between IT syst ems as well as between humans.

The main benefits accruing from the use of ontologies are:

· Ontologies support communication b yproviding a shared vocabular ywith well-defined meaning, thus avoiding ambi guities and misunderstandings. The ycan support communication between an yagents whether the yare human agents or software agents.

This is particularl yuseful in situations where experts from different fields need to work together, as is the case in NPD.

· In order to provide flexible support in a non-trivial business situation (such as NPD), models of different aspects of the domain have to be interrelated to make best use of them.

However, it is difficult to capture different domain models in a wa ythat takes their relationships into account. Using ontologies, it is possible to specif yrelated models independentl y, thus reducing the difficult yof capturing dom ain models.

4 Ontologies in Scale-Up

4.1 Ontologies Required

Using the outline method for developing ontologi es suggested b yUschold & Gruninger [11] , the following ontologies have been identified as relevant in the context of intelligent workflow support for the scal e-up process:

· Artifacts. The ph ysical components and equipment whi ch comprise chemical plant, and the chemical processes which take place within them. Example terms: distillation column, pipe, voltmeter, mix, filter, distill, react.

· Information. The t ypes of information, its content, format, and ph ysical manifestation, which are used, generated and transferred during the scale-up process. Example terms:

design, cost estimate, sketch, engineering line diagram.

· Tasks. Describes in a generic manner tasks and processes which are commonl ycarried out as part of the scale-up process. Example terms: desi gn, experiment, review, sanction.

· Organisational Structure. The organisational structure within which scale-up takes place, including the static organisation of the business as a whole and of project teams for specific scale-up proj ects. This includes the specification of rol es which may be taken b y individuals within the organisation. Example terms: organisational unit, manage, proj ect manager, financial cont roller, engineer.

· Capabilities. Describes the domain-specific skills which ma ybe possessed b y participants in the process. Example terms: design, perform experiment, anal yse.

· Agents. Describes the participants in the scale-up process. Allows the specifi cation of both human agents and intelligent software agents. There is a strong link with the capabilities ontology˙agents possess capabilities, which enable them to participate in the process. Example terms: engineer, software agent, research chemist.

· Computer Support. Covers the underl ying infrastructure of computer hardware and software on which the information-centred parts of the process are conduct ed. Example terms: word processor file, edit, store, host, server.

In some of these areas there are valuable sources of information and existing ontologi es which can be used or adapted to our purposes. The main sources of information are standards such as

[8] , [10] for representing tasks and processes, [6] for modelling the domain of chemical engineering, and the Enterprise Ontology [12] , which provides a generall yapplicable ontologyof business enterprises.

The ontologies described above are not independent. A step not included in the outline method in [11] but which was found to be necessary in order to integrate several ontologies into a functional system in a coherent manner is the identification of dependencies and relationships between the ontologies used. The relationships between the ontologies in the context of intelligent workflow support are shown in Figure 1. UML package diagram notation is used, with the addition of labels describing the nature of the relationships.

Figure 1.  Relationships between Ontologies

4.2  Using the Ontologies

There are several wa ys in which ontologies are used in supporting the scale-up process at
different phases. During the specification phase, in which domain models are captured in
preparation for process support, the following benefits can be achieved with the help of the
ontologies:

·

         During the specification phase independentl y specifi ed models can be rel ated b y using

                         intelligent matching techniques that take advantage of ontology terms and their

                         relationships. For example, given an appropri ate information ontology, a s ystem can work

                         out that an ^equipment capital cost estimate~ is of interest to somebody who has expressed

                         an interest in ^project financi al information~.

·

         The agents ontology can help to infer an agent´s capabilities and interests by looking at

                         the agent´s t ype. For example, a human agent who is a mechanical engineer can be

                         assumed to be able to anal yse techni cal information relevant to mechanical equipment.

·

         The capabilities, tasks, and information ontologies all support the process of turning

                         software s ystems into agents b y providing a well-defined, common interface for

                         communication.

During active process support, the ontologies are used in the following wa ys:

·

         To determine which process models can be used to perform a given task, the s ystem can

                         use the tasks ontology to match user task requirements with available process fragments.

·

         To ensure that the most suitable agent is selected to perform a t ask, the s ystem can use the

                         capabilities and organisational structure ontologies to check that the agent has the

                         capabilities and authorit y required to perform the task. The syst em uses the ontologies to

                         match agent specifications with process specifications.

·

         To determine a suitable st yle of negotiation during delegations the system can use the

                         organisational structure ontology to determine the relative status of the agents involved.

·

         To pass information along the process and between agents, the s ystem can use the

                         information ontology to match between a t ask´s information requirements and information

                         generat ed b y other tasks in the process.

·

         To ensure information is passed to interested agents, the s ystem can use the information

                         ontology to match between agents´ declared interests and inform ation generat ed b y the

                         process. The roles defined within the organisational structure ontology can be used to

                         infer some of the interest of agents.

·

         The system can use the computer support ontology to discover the format in which

                         information is available in and, and determine whether and how agents can communicate

                         using that format.

·

         During both process enactment and specification, human users can use all the ontologies

                         to ensure that the y understand the relevant concepts (i.e. processes, information, etc.)

5  Conclusion

New product development and chemical process scale-up are difficult processes to manage
due to their complexit y, interdisciplinar y nature, need for fl exibilit y, and conflicting
requirements. However, the y are ke y processes in many chemical engineering businesses, and
therefore their correct and effective management is essential.

Current workflow s ystems do not provide the flexibilit y required for computer-supported
management of d ynamic processes such as these. Intelli gent workflow has the pot ential to
provide such support, but it needs to be underpinned b y ontologies in order to provide it.

Several distinct but related areas have been identified in whi ch ontologies are necessar y for
support of the scale-up process.  Ontologi es thus form a vital adjunct to intelligent workflow
techniques, particul arl y in the area of new product development. The y can enable an
intelligent workflow s ystem to provide real support in da y-to-da y engineering situations.

6  Acknowledgements

This work has been carried out jointl y between Loughborough Universit y Chemical

Engineering Department and the Artificial Intelli gence Applications Institute at the University
of Edinburgh, under EPSRC research grants nos. GR/ L42346 and GR/ L42179 on the

^S ystems Engineering for Business Process Change~ programme.  We would like to thank Ian

McBriar of IC I R esearch & Technology, and Stuart Moralee and Mohan Ravindranathan of

Unilever Research for their assistance.

References

[1]  Alonso, G., Agrawal, D., El Abbadi, A., & Mohan, C., ``Functionalit y and Limitations

                                       of Current Workflow Management S yst ems´´, IEEE Expert, 12(5), 1997.

[2]  Cooper, R.G., ``Winning at New Products: Accelerating the Process from Idea to

                                       Launch (2nd Ed)´´, Addison Wesle y, New York, 1996.

[3]  Currie, K., & Tate, A., ``O-Plan: the Open Planning Architecture´´, Artifici al

                                       Intelli gence, 52(1), 1991, 49-86.

[4]  Dellen, B., Maurer, F., & Pews, G., ``Knowl edge Based Techniques to Increase the

                                       Flexibilit y of Workflow Management´´, Dat a and knowledge engineering, North

                                       Holland, 1997.

[5]  Jarvis, P., Stader, J., Macintosh, M., Moore. J., & Chung, P., ``What Right Do You

                                       Have to Do That?  Infusing Adaptive Workflow Technology with Knowledge about the

                                       Organisational and Authorit y Context of a Task´´, to appear in Proceedings of the Fi rst

                                       International Conference on Enterprise  Information S ystems ( ICE IS -99), Setubal,

                                       Portugal, 1999.

[6]  Kingma, J (ed), ``Product data representation and exchange: Application Protocol:

                                       Functional data and their schematic representation for process plant´´, IS O

                                       TC184/SC4/WG 3 N 600, International Standards Organisation, New York, 1997.

[7]  Rzevski, G., ``The Integrat ed Product Development Process: Issues and Methods´´,

                                       Proceedings of ICED 93, volume 1, Roozenburg N.F.M. ed., Heurista, Zurich, 1993,

                                       493-498.

[8]  Schlenoff, C. (ed.), Knutilla, A. and Ra y, S., ``Unifi ed Process Specification Language:

                                       Functional Requirem ents for Modeling Processes´´, National Institute of Standards and

                                       Technology, Gaithersburg, Mar yl and, 1996.

[9]  Stader, J., ``Results of the Enterprise Project ´´, Proc. 16
th

 Int. Conference of the British

                                       Computer Societ y Speci alist Group on Expert S ystems, Cambridge, UK, 1996.

[10]  Tate, A., ``Roots of SPAR - Shared Planning and Activit y Representation´´, The

                                       Knowledge Engineering Review, 13(1), 1998, 121-128.

[11]  Uschold, M., & Gruninger, M., ``Ontologi es: Principles, Methods and Applications´´,

                                       The Knowledge Engineering Revi ew, 11(2), 1996, 93-136.

[12]  Uschold, M., King, M., Moralee, S., & Zorgios, Y., ``The Ent erprise Ontology´´, The

                                       Knowledge Engineering Review, Vol. 13, 1998, 31-89.

Jonathan Moore

�

      Loughborough Universit y

Chemical Engineering Department

Loughborough

United Kingdom

Phone: 01509 222546

Fax: 01509 223923

E-mail: J.P.Moore@lboro.ac.uk

�

      Artificial Intelli gence Applications Institute,

Universit y of Edinburgh, Edinburgh, UK