An Intelligent System For Bid Management

Jussi Stader

AIAI-TR-213

Artificial Intelligence Applications Institute

The University of Edinburgh

80 South Bridge

EDINBURGH EH1 1HN

United Kingdom

August 1997

© The University of Edinburgh, 1997

This paper was published in The International Journal of Project & Business Risk

Management; Project Manager Today Publications; Vol.1/3, Autumn 1997, pp 299-314.

ABSTRACT

Managing change in a complex business environment presents real challenges. Chief amongst these is the pace of change in terms of technology, management innovation and the whole competitive environment. Understanding how the business operates makes it possible to identify and address areas that are restraining business performance.

Enterprise modelling methods capture various aspects of how a business works and how it is organised. This helps to obtain an enterprise-wide view of an organisation, which can then be used as a basis for taking decisions.

AIAI at the University of Edinburgh lead the Enterprise project, which focused on management innovation and the strategic use of IT to help manage change.

AIAI and Pilkington Optronics worked together to demonstrate how the approach of the Enterprise project could be used to address Pilkington Optronics´s real business needs. This lead to the development of the Bid Manager system which supports the bid / no-bid decision. By basing the Bid Manager on the Enterprise Toolset, Pilkington

Optronics have been able to obtain a system that integrates existing IT application systems, enabling them to upgrade the overall system as their business processes develop.

INTRODUCTION

Managing change in a complex business environment presents real challenges. Chief amongst these is the pace of change in terms of technology, management innovation and the whole competitive environment. Understanding how the business operates allows you to identifyand address areas that are restraining business performance. Some key problems are:

· how to overcome communication barriers between people in an organisation,

· how to achieve consistency in operational processes,

· how to manage the wider impact of change,

· how to enable IT systems to evolve at the same pace as the organisation, and

· how to develop a responsive business.

P ilkington Optronics experienced manyof these problems. Theydesign and manufacture high-tech, electrooptical systems, including thermal imaging and submarine periscopes. Through the mid 80s the companywas in profit, but as the market changed with the end of the Cold War theyfound themselves in ^the red~. P ilkington

Optronics undertook a fundamental review of their organisation and processes and developed a 10 year strategic plan to address the underlying problems, and were looking for support to implement the plan.

P ilkington Optronics approached AIAI for assistance with their management of change. The work described in this paper was carried out as part of AIAI´s Enterprise project.

THE ENTERPRISE PROJECT

The Enterprise project was the UK government´s major initiative to promote the use of knowledge-based systems in enterprise modelling. AIAI at The Universityof Edinburgh lead the project and their partners were IBM,

Lloyd´s Register, Logica and Unilever. The project focused on management innovation and the strategic use of IT to help manage change 1,2 . It supports the use of enterprise modelling methods which capture various aspects of how a business works and how it is organised. The aimof enterprise modelling is to obtain an enterprise-wide view of an organisation which can then be used as a basis for taking decisions.

During the Enterprise project, the Enterprise Toolset was developed 3 . The Toolset uses executable process models to help users to performtheir tasks. The Toolset is implemented using an agent-based architecture to integrate off-the-shelf tools in a plug-and-play style.

The approach of the Enterprise project addresses the keyproblems of communication, process consistency, impacts of change, IT systems, and responsiveness. The components of the Enterprise Toolset are:

· a Procedure Builder for capturing process models,

· an Agent Toolkit for supporting the development of agents,

· a Task Manager for integration, visualisation, and support for process enactment, and

· an Enterprise Ontology for communication.

The Procedure Builder is a graphical tool for describing and recording business process models. It allows the user to build process diagrams using the notation of P rocess Flow Networks (P FNs) as specified in the IDEF3 P rocess

Description Capture Method 4 . The P rocedure Builder also allows users to specifyinformation which is specific to the needs of task management, in particular the capabilities required to performa process and input and output specifications of the process. To represent the process information we developed a process modelling language. In developing the language we took account of emerging standards, such as P IF (P rocess Interchange Format 5 ) and

WAP I (the Workflow Application P rogrammer´s Interface developed bythe Workflow Management Coalition 6 ).

The output fromthe P rocedure Builder can be exported for use directlybythe Task Manager. In addition the

Procedure Builder can produce reports containing the process diagrams and associated process information.

For the agent-based architecture of the Enterprise Toolset we investigated a varietyof externallyavailable solutions and concluded, at that time, that none of themwas mature enough to use as-is or met all our requirements. We therefore developed our own agent-based solution which is supported bythe Agent Toolkit .

One of the essential principles guiding its design was to make the creation of new agents as easyas possible. We wanted to be able to support as-yet unspecified tools as agents without anyredesign of the Agent Toolkit or any other component of the Enterprise Toolset in order to accommodate these new tools. We also wanted to ensure that an organisation´s existing applications and tools (i.e. their legacy systems) could be accommodated.

Keeping in line with emerging standards, the agent communication language we support is KQML (Knowledge

QueryManipulation Language 7 ) and messages are expressed using KIF (Knowledge Interchange Format 8 ) and the

Enterprise Ontology (see below).

There is also an Agent Registration Tool to make agents (software or human) available to the Enterprise Toolset, specifying details about the agent, such as its capabilities. The agent-based architecture allows agents to be added to and removed from the overall Toolset in a plug-and-play style.

The TaskM anager is the interface between the user and the Enterprise Toolset. It directlysupports the user in performing their current tasks. The Task Manager plans user tasks and the use of agents. Information about tasks is available fromthe process models specified through the P rocedure Builder, and information about agents becomes available when agents are registered. Appropriate agents are identified at run-time at the last possible moment, so that the most suitable agent can be identified, taking into account which agents are available at that time. The Task

Manager also handles outputs generated bytasks. It stores such output information and it can pass it on to other tasks that require the information.

The Task Manager monitors the progress of a task´s enactment, keeping track of which tasks are currentlyactive, which have been completed, etc. This progress can be visualised in different ways, the visualisation being supported bythe process diagrams captured with the P rocedure Builder. The amount of support that the Task

Manager gives to the user is flexible and can be adjusted bythe user. Advice on what to do next is available on the basis of which tasks are readyto be executed and which have recentlybeen completed. The Task Manager can also help the user to recover from failures, determining alternative routes of action.

The Task Manager effectivelyputs an extra layer of control on top of the agent services. It coordinates the use of agents at the level of the user´s tasks and lets the user participate in this coordination, according to the tasks in which the user is engaged.

We require an effective communication mechanismto achieve integration of a wide varietyof tools, both new and old. Independentlydeveloped tools are likelyto use different terminologywhich can lead to conflicts and ambiguity. To resolve such issues, a standard terminologyis required when tools are integrated. An ontology provides such a standard terminology 9 .

We developed the Enterprise Ontology for use in the Enterprise Toolset 10 . It is a set of terms frequentlyused in enterprises, each carefullydefined to conformas best as possible to common usage. We have concentrated on the areas of organisation, strategy, activities and processes, and marketing. We did not tryto define all terms that are likelyto be required; the terms we defined are ones that we expect to be generallyuseful. Everyorganisation will have their own set of terms that theyuse, so the ontologycan be extended to suit the specific needs of the organisation. Committing to this ontologyhas the advantage that terms are used consistentlyand unambiguously throughout the enterprise. The ontologythus provides the basis for communication between agents, whether they are human or software agents.

Figure 1 shows the overall architecture of the Enterprise Toolset. The boxes represent software modules, the diamonds models and information, and the ovals user types. For clarity, the Agent Toolkit has been omitted from the diagram.

Figure 1 : Enterprise Toolset Architecture

THEAPPLICATION

AIAI and P ilkington Optronics worked together to demonstrate how the approach of the Enterprise project could be used to address P ilkington Optronics´s real business needs. One of the core areas of concern at P ilkington

Optronics is the decision process of bidding for work˙should theybid or not. This bid / no-bid decision is based on an evaluation of the risks and opportunities involved in the potential project and the bidding process itself. It is not concerned with preparing the bid or with the decision of whether or not a bid is accepted (this decision is outside the scope of this paper because it would be taken bythe customers, not byP ilkington Optronics itself). In this paper, a ^bid~ is a potential bid, i.e. a bid that Pilkington Optronics may or may not decide to prepare.

At P ilkington Optronics, the amount of work that is done on a potential bid before a decision of whether or not to bid is reached varies widely. Some bids are decided almost immediately(perhaps on the telephone) whereas others are worked on for months or even years before a decision is reached. This means that the amount of information available for a potential bid also varies.

During bid management, there are two categories of activitybased on the nature of the results theyare expected to achieve:

Activities that improve analysis: these are information gathering activities which result in improved qualityand reliabilityof bid information. These activities contribute to making better decisions, but do not themselves increase the likelihood of Pilkington Optronics winning any bids.

Activities that improve position: these are activities that result in an improved bidding position in terms of likelihood of Pilkington Optronics winning actual bids.

A decision of whether or not to bid should be based on the knowledge of:

· what information is available and how reliable it is

· how Pilkington Optronics is placed for winning the bid considering the available information.

This indicates that bid management is mainlyconcerned with the gathering, management, and analysis of information. At each point during bid management there is a wide choice of which aspect of the bid to work on next and often the order in which issues are addressed has no impact on the outcome of the process.

At the start of this project, there was no IT support for the bid management process at P ilkington Optronics.

There are IT systems that hold some of the information that is relevant to bid management (such as in-house skills and staff availability), but there is no overall support. P ilkington Optronics felt that the process of bid management was a keyprocess in their business, but it was poorlysupported. Manybid / no-bid decisions were taken mainlyon the basis of gut-feel and the scope for mistakes were too great. P ilkington Optronics were looking for an IT solution that could keep pace with changes in the business, its strategyand processes. This application was chosen as an example of how enterprise modelling techniques can be used to support a decision process.

BID MANAGEMENT SUPPORT

We have shown above that during bid management it is important to know what information is available, whereas the decision of which issue to work on next is often arbitrary. This means that it is impossible to specifya useful sequence of steps to follow and that bid management is not suited to procedure-based support.

The closest we can get to a procedural view on the overall bid management is to describe the overall process on a very high level:

1. select a bid to work on or start a new bid,

2. select an issue of the bid to work on,

3. work on the issue,

4. update the issue,

5. go back to 2 or finish working on the bid.

It is easy to see that this description is of limited use to support the decision making process.

If instead of the procedural view we take an information-based view of bid management, a different kind of support can be provided. Visualising the information available together with its reliability, managing updates to information, providing overviews of the current position, and showing how the position changes over time can be supported based on the information available and on knowledge about the information.

The actual activities of bid improvements (analysis or position) are a different kind of problem. Such activities are concerned with the processes of gathering information and making changes that affect the current position.

These activities are concerned with ^doing things~ and are thus much more process-based. P erforming the improvements may therefore involve procedures for which workflow support can be provided.

The Bid Manager systemtakes an information-based approach to supporting bid management at the top level, and a process-based approach to supporting the lower level activities of bid improvement. The Bid Manager provides six areas of support for the bid/no-bid decision.

1. An information model is provided as an explicit representation of issues to be addressed. This helps users to remember which issues to address and it is used to store the outcome of addressing issues. For the systemit is the basis of all other support.

2. The information currentlyavailable for the bid is shown at all times so that the user is informed of the current state of the bid. Different views are provided for different kinds of information to help users understand and analyse the information available. This has two purposes: to determine what the bid/no-bid decision should be given the information currently available, and to identify issues which should be addressed next.

3. Editors are provided so that it is easyfor users to provide new information about the bid. Updates are reflected automatically in the information views provided.

4. There are some checking mechanisms to ensure that information provided bythe user through the editors is correct.

5. Two agendas are maintained for bid improvement, presented as ranked lists of issues. One list shows issues whose analysis should be improved, the other shows issues for which P ilkington Optronics´s position should be improved. These lists help users decide what to do next to improve the bid.

6. There is a connection to the Enterprise Toolset and its agent-based task management systemwhich provides process support for improvement activities and provides access to other tools that maybe required during improvement activities.

Figure 2 shows the architecture that provides the areas of support (shapes mean the same as in Figure 1 ). The following sub-sections provide some more detail for these areas of support.

Figure 2 : Bid Manager Architecture

INFORMATION MODELS

We have identified issues on which decisions of whether or not to bid are based at P ilkington Optronics. During bid management, more and more of the issues are addressed to more and more depth until a final decision is reached. These issues can be organised into a hierarchyof issues and sub-issues, called a decision tree . Examples of high-level issues are ^ Doability~, i.e. is P ilkington Optronics in a position where theycan do the required work on the bid and the program, and ^ Winnability~, i.e. is P ilkington Optronics in a position where theycan win the bid against their competitors. Lower-levels include issues like ^Technical Specification~ and ^Customer

Relationship~.

Throughout the life-span of a bid each issue in the decision tree always has a current value which reflects the current opinion of how well P ilkington Optronics is placed for this bid with respect to the issue. There are three possible values: ^good~, ^satisfactory~, and ^poor~. These values were chosen because theyare intuitive and appropriate to reflect the relevant information. The value ^good~ is taken to mean that on the strength of this issue the decision would be to bid, so that if all issues in a bid are ^good~, the bid will be prepared. The values of

^satisfactory~ and ^poor~ both reflect that the position could be better and thus should be improved (with different urgency). A ^poor~ value will, in most cases, force a no-bid decision, whereas a ^satisfactory~ one maynot. Values of issues will change over time as more information becomes available or as the position is improved for the issue.

Therefore, issues of a particular bid will have a history of values .

For each value there are two important aspects: the value itself, i.e. the current position of P ilkington Optronics with respect to the issue and information about how the value was established. The second aspect refers to the source of the value and provides information about how much confidence can be placed in the value. Examples of sources are ^historical data~, ^opinion of customer~, and ^assumption~. Sources of values are organised into categories according to their quality, i.e. how reliable the information theyprovide is. The categorisation of sources can be different for different issues, i.e. a source can be categorised as ^good~ for one issue and ^bad~ for another.

Values of issues can be propagated through the decision tree, i.e. the values of high-level issues can be inferred fromvalues of their sub-issues. Our strategyfor propagation is verysimple: the worst value of the sub-issues is used on a higher level. This is a conservative (pessimistic) approach which ensures that we onlytake a decision to bid when this decision is well supported. P ropagation of values through the hierarchymeans that for higher-level issues there are two ways of reaching a decision: addressing the issue itself or addressing its sub-issues.

BID PRESENTATION AND UPDATES

Information is presented in different ways so that different aspects of the bid can be grasped at a glance. There are three major visualisations providing information at different levels of detail:

1. The decision tree is shown as a colour-coded diagramwhich provides a summaryof P ilkington Optronics´s current position with respect to all issues of the bid ( Figure 3 ; colour removed). Colours represent the current value of the issue: green for ^good~, yellow for ^satisfactory~, and red for ^poor~.

2. The Bid Manager´s main window contains a displaywhich provides details for the sub-issues of one focal issue. The main part of this displayis a colour-coded matrix showing P ilkington Optronics´s current position together with the qualityof the information source ( Figure 4 ). Each sub-issue has one coloured box in its row.

The position of the box shows the value (^good~, ^satisfactory~, or ^poor~), the colour shows the qualityof the source. The brighter the colour the better the source and the more confident we are of the value. (In the gray scales of Figure 4 this translates roughlyinto the darker the better, which is not as intuitive as the colour version.)

3. Full details are shown for one issue, including the current position, the information source, notes, and a history of how Pilkington Optronics´s position changed for that issue during the history of the bid ( Figure 5 ).

Figure 3 : The Decision Tree

Figure 4 : The Main Window

Figure 5 : Issue Details

The different displays can be used to manipulate other displays. For example, clicking on an issue in the decision

tree will make that issue the focal issue in the main window such that more details of its sub-issues are displayed.

The displayfor issue details can be used to update issues. Updating an issue is done byselecting a new value and

its source fromprovided lists, and typing in notes to be attached to the value. Updates take effect when theyare

submitted to the Bid Manager, at which point the new value is added to the historyof values in the display. The

new value becomes the current value of the issue and the changes are reflected in the other displays. Note that if a previous value is supported bya different source, the value-selection would staythe same as before; onlythe

source (and notes) would change, but the value would be treated as a new value and would thus be added to the

history list (see the second and third line in the history list in Figure 5 ).

When an issue update is submitted to the Bid Manager, it checks whether the new value makes sense by

comparing it to previous values of the issue. If there alreadyis a value with a better source this indicates that there

may be a mistake and the Bid Manager will produce a warning and ask the user to confirm the change.

The historyof values is maintained automaticallybythe Bid Manager, but the user can choose to go back to

using previous values. This allows for what-if analyses and exploration of alternatives. Unfortunately, it also

allows users to ^cheat~ to ignore unfavourable values. However, values cannot be erased fromthe value history,

which means that there is a record of values which can be audited, and overrides can be detected. In addition, the

Bid Manager is used as a tool to support human bid managers in their own decision making process, not as a

replacement or a justification for their decisions. The purpose of such ^cheating~ is thus questionable.

AGENDAS

At each point during bid management, there are two alternatives for improvement actions:

1. improve the analysis of an issue, i.e. find out more about the issue, and

2. improve the position P ilkington Optronics has with respect to an issue, i.e. make changes in the real world in

order to improve the bid.

For example, improving the analysis of the issue ^P rogram Doability~ involves˙among other things˙checking

which skills are required and whether the skills are available in-house. Further analysis checks whether there are

enough people with the required skills and whether theyare available at the right time. If this analysis shows that

not all required skills are available, P ilkington Optronics´s position with respect to programdoabilityof the bid

would not be good. In order to improve the position of the programdoability, P ilkington Optronics maydecide to

obtain the missing in-house skills (train employees, employnew people) or to contract out the work that requires

skills that are not available.

Working with a bid, one of the difficult decisions is what to improve next. There is no definitive answer to this

question, but potential improvements can be ranked according to how urgent theyare: issues with the poorest

analysis are most urgent for analysis improvement and issues with the poorest position (value) are most urgent for

improving the position. However, a poor position for an issue which has not been analysed much mayturn out to

be better than expected, so it can be said in general that some amount of analysis should be done before steps are

taken to improve the position. The Bid Manager maintains two agendas of issues in its main window ( Figure 4 ),

one each for the two types of improvement. All issues are ranked in these agendas according to the criteria above.

These agendas are the first step for supporting bid improvement processes. Further support is described in the next

sub-section.

PROCESS SUPPORT FOR IMPROVEMENT ACTIVITIES

So far we have addressed the problemof supporting those tasks within bid management that are concerned with

understanding the current position of the bid and what information the position is based on. Another important

area is the management of bid improvements. The tasks of carrying out improvements maybe complex and may

require the use of applications like databases or analysis tools. In such cases, it is useful to formulate procedures

for carrying out bid improvement tasks.

For example, there is a procedure for improving the analysis of the bid´s programdoability. There is a sequence

of steps and there are alternatives for what to do. Manyof the steps involve lookups in databases and analysing the

results of these lookups. The Enterprise Toolset with its Task Management component is well suited to provide

support. It will:

· offer a list of possible next steps,

· monitor and visualise progress, i.e. keep track of what has been done,

· provide access to applications or - where possible - run them on behalf of the user,

· pass information from one step to another, and

· handle alternatives of how to progress.

Whenever the user indicates that she wants to carryout bid improvement activities, the Bid Manager asks the

Enterprise Task Manager whether there is anysupport available for the specific improvement activity. If there is,

the Bid Manager hands over control to the Task Manager which will look after the enactment of the activity´s

process. In the example of improving the analysis of the ^P rogramDoability~ this involves the use of several

databases, including one that can match skills to products, an in-house skills database, and a database containing

information about staff availability. With the help of the Enterprise Toolset, such databases are easilyaccessible.

Manylookups can be done on behalf of the user and results of lookups be used as input to further queries. When

the process is finished (successfullyor not), the Task Manager will pass control back to the Bid Manager, together

with the results of the activity.

BENEFITS

In summary, the Bid Manager system with its connection to the Enterprise Toolset provides support for:

· well-structured models of the area of bid management,

· effective visualisation of relevant information,

· easy editing, including some checking for updates,

· automatic updates across different displays,

· advice on which issue to work on next,

· process support for working on issues,

· integration of and access to relevant tools and applications.

This helps users to:

· understand what the current position is with respect to the bid issues;

· understand what information this position is based on;

· understand how much confidence can be placed in this position;

· update issues as information improves or as the position changes;

· keep track of updates;

· perform what-if analyses to determine how changes affect the overall position;

· improve the bid;

· use relevant tools and applications more effectively.

Using an information-based approach to support the decision making in bid management proved to be an

important decision for providing useful support. Recognising the most suitable wayof representing and visualising

an issue is one of the most important steps in anymodelling exercise 11 , but in an area as comprehensive as

enterprise modelling it is especially important.

The initial modelling of the issues related to bid management was useful to P ilkington Optronics. During this

modelling, several issues emerged in addition to those recognised previously. One example is the high-level issue

of ^Value to PO~. These additional issues are now taken into consideration during bid management.

The Bid Manager not onlysupports the bid / no-bid decision, but also provides more comprehensive support

which covers the mechanisms of bid improvements as well as the information management aspects of the decision

making problem.

CONCLUSION

The Bid Manger systemwas demonstrated to P ilkington Optronics in December 1996. Dave Rimmer, Head of

P rocess Development at P ilkington Optronics made these comments on the Enterprise project and specificallyon

the Bid Manager system:

^The aimof our operational strategyis to achieve total integration, but so far we have been unable to find an

affordable IT solution which meets all our needs. The Enterprise project caught our imagination as it offered

an approach which builds on existing data and systems. This gives us the flexibilityto integrate new processes

and new systems as the business needs change. Also, Enterprise offered us an excellent opportunityto

understand how emerging information technologycan be used pragmaticallyto improve management

decisions. One such keyissue for us is how to select which new business opportunities to follow up. Enterprise

has helped us here byfocusing on the elements of qualitydecisions: bydefining what information is required;

identifying the source of that information; and having a clear statement of its value. The tool we have

developed consolidates manycritical factors including individual experience and knowledge into a disciplined

approach. All of this is geared towards communicating the keyissues to our management, and providing

traceability for future referenced or reassessment.~

Bybasing the Bid Manager on the Enterprise Toolset, P ilkington Optronics have been able to obtain a system

that integrates existing IT application systems, enabling themto upgrade the overall systemas their business

processes develop.

ACKNOWLEDGEMENTS

The Enterprise project was funded under the DTI´s Intelligent Systems Integration P rogramme, P roject Number

8032. I amgrateful for the contributions fromP ilkington Optronics, in particular Dave Rimmer and Susan

Grimshaw, and I thank mycolleagues at AIAI for their input, especiallyAnn Macintosh, Ian Harrison, and Howard

Beck. I also acknowledge the input from the partners on the Enterprise project.

REFERENCES

[1] J. Fraser and A. Tate, The Enterprise Tools Set - An Open Enterprise Architecture, In P roceedings of

Workshop on Intelligent Manufacturing Systems (IMS), International Joint Conference on Artificial

Intelligence (IJCAI-95) , August, 1995.

[2] J. Fraser, Managing Change through Enterprise Models, In R. Milne and A. Montgomery, editors, Applications

and Innovations in Expert Systems II . SGES Publications, December 1994.

[3] J. Stader, A Tool Set For Enterprise Modelling, In P roceedings of Interfaces´97 , Montpellier, May, 1997. Also

available as AIAI-TR-211 from AIAI, The University of Edinburgh.

[4] R. Mayer, Cullinane T., P . deWitte, W. Knappenberger, B. P erakath, and S. Wells. IICE IDEF3 process

description capture method report (al/tr-1992-0057). Technical report, Air Force Systems Command, Wright-

Patterson Air Force Base, Ohio, 1992.

[5] J. Lee, M. Gruninger, Y. Jin, T. Malone, A. Tate, G. Yost, and other members of the P IF Working Group. The

P IF P rocess Interchange Format and Framework Version 1.1, Technical report, MIT Center for Coordination

Science Working Paper 194, Cambridge, MA, 1996. Also available from AIAI as AIAI-TR-198.

[6] The Workflow Management Coalition World Wide Web site: URL http://www.aiai.ed.ac.uk/project/wfmc/

[7] T. Finin, Don McKay, and Rich Fritzson (Editors). An overview of KQML: A Knowledge Queryand

Manipulation Language, Technical report, The KQML Advisory Group, March 1992.

[8] M.R. Genesereth and R.E. Fikes. KIF knowledge interchange format version 3.0 reference manual (logic-92-1).

Technical report, Logic Group, Computer Science Department, Stanford University, California, 1992.

[9] M. Uschold and Gruninger M. Ontologies: P rinciples, methods and applications, Knowledge Engineering

Review, 11(2), 1996. Also available from AIAI as AIAI-TR-191.

[10] M. Uschold, M. King, S. Moralee, and Y. Zorgios. The Enterprise Ontology, Available on World Wide Web

at URL http://www.aiai.ed.ac.uk/~entprise/enterprise/ontology.html.

[11] J. Lee (ed.), IMMI-1 P roceedings of the First International Workshop on Intelligence and Multimodalityin

Multimedia Interfaces.

Jussi Stader is a senior Knowledge Engineer at the Artificial Intelligence Applications Institute (AIAI) at the

University of Edinburgh. She has ten years working experience in Artificial Intelligence, first in industry and since

1989 at AIAI, where she is a member of the Knowledge Based Decision Support Group. Jussi has worked in the

areas of knowledge acquisition, requirements analysis, system specification and design, and implementation. She

has been involved in a variety of projects in different fields, including Chemistry, Petroleum Geology, and

Aerospace, some of which were large collaborative projects. On AIAI´s Enterprise project her main responsibility

was the architectural design of the Enterprise Toolset and the specification and development of the Bid Manager

system.