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� Introduction

Research into the generation of plans using knowledge based techniques is now maturing and
�nding practical application in the commercial� industrial and defence sectors� This has led
to a rapid expansion in the last couple of years of investment in this area� Ways to represent
plans which have emerged from the research have been found to be of bene�t in a number of
areas � even when the generation of a plan is not the primary concern� One way in which the
research is being exploited is via the use of knowledge rich plan representations to allow systems
to improve their monitoring� analysis and advisory capabilities�

These knowledge rich plan representations are now �nding use is in the area of Process Mod�
elling � in particular for business process modelling� Enriched process models can lead to
enhancements of the analysis and critiquing of business processes and can open up a variety
of ways to support the synthesis and re�engineering of processes� the creation of plans and
intelligent work�ow management systems�

Knowledge based approaches are acknowledged as a key component in facilitating the integra�
tion of �islands of automation	 in today
s enterprises� Means to connect executive strategic
decision making� analysis and direction with tactical planning and scheduling capabilities and
on to e�ective operations management within an organisation may be facilitated by using ai

based plan representation approaches�

The First Conference on Enterprise Integration Modelling �� identi�ed support for the man�
agement of change as an important area for the success of enterprise integration e�orts� The
working groups of the conference also believed that a combination of Arti�cial Intelligence �ai�
and Operations Research �or� methods as explored by the knowledge based planning commu�
nity could be a good basis for this work�

� Knowledge Rich Plan Representations

Plan representations have been developed over several decades of ai planning research ���� They
can support a rich model of processes� tasks� plans� resources and agents� These representations
can be used for purposes other than plan generation� Some key concepts include hierarchical
plan representations� rich activity and resource models� the capturing of the intentions behind
plan steps� and languages or ontologies in which to express the activity and process models�

Knowledge rich plan representations such as those in the Edinburgh O�Plan ��� and O�Plan�
��� planners have been used successfully in a number of projects�
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The planit work ��� is a prototype system produced during the uk Alvey Programme in which
rich plan representations were used without plans being actually generated� In planit� �exible
plan representations provided integration across an enterprise involving project management
�interfaced to the artemis system�� process planning �interfaced to a Jaguar Cars
 process plan�
ner� and job shop scheduling �interfaced to the uk Atomic Energy Authority
swasp scheduler��
Planit could help the user to browse on a plan� monitor its execution and make single step
modi�cations to it as necessary� taking into account knowledge of resources� agent capabilities�
how the original plan was constructed and what the aims of the plan were�

Optimum�aiv ��� is a more recent example of the use of �exible plan representations in a
project management domain alongside artemis project support tools� Optimum�aiv is a
�exible planning and re�planning system for spacecraft assembly� integration and veri�cation
at the European Space Agency�

These two systems explicitly represent the causal structure of a plan� to hold the dependencies
between the preconditions and e�ects of activities involved in the plan � therefore showing the
rationale or intentions behind the plan� Dependencies of the same kind are useful in all aspects
of plan generation� execution monitoring and plan repair�

� The O�Plan Triangle Model of Activity

The O�Plan� team at Edinburgh are working to simplify some of these notions from ai planning
and to relate them better to existing systems engineering requirements capture and modelling
languages and methods �like idef� core� hood� etc��
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Figure �� O�Plan� Triangle model of Activity
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This work is re�ected in our �triangle	 model of an activity �see �gure ��� The vertical dimension
re�ects action decomposition� the horizontal dimension re�ects time� Inputs and outputs are
split into three principal categories �authority� teleology and resources�� Arbitrarily complex
modelling is possible in all dimensions� �Types	 are used to further di�erentiate the inputs and
outputs� and their semantics�

�Entry	 to the model can be from any of the three points in the triangle model� from the
top vertex to ask for activity expansions or decompositions� from the right to ask for activities
satisfying or providing the output requirement �authority� goal or resource�� These two sides
are used mostly by ai planners to date� The third side from the left can re�ect non�intended
triggering conditions for an action and will be needed when improved independent processes
are modelled�

The �intentions	 or �rationale	 behind the use of a particular activity can be related to the
features of this triangle model� Normally causality or teleology via the pre�conditions�post�
conditions has been used in ai planners for many years to record the plan rationale� In the
richer model now in use in O�Plan�� rationale in terms of resource usage and supply or authority
provision may also be stated� This makes it possible to use a uniform approach to the modelling
of authority� product �ow and resource requirements�

Note that there is a deliberate and direct mapping between the O�Plan� triangle model of
activity and the existing idef methodology �see �gure ��� Idef�� is compared here since it has
been used for modelling processes��
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Figure �� IDEF�� model

Idef modellers usually use �control	 for authority related triggers and �mechanism	 to re�ect
resource availability� A criticism of idef is the lack of direct support for modelling the di�erent
types of output and their intended destination� Experienced idef modellers use the arc labels�
naming conventions and the �notes	 system in an idef support �kit	 to encode this information�

�
idef�� is a later more comprehensive idef method speci�cally targeted at the modelling of processes�
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The O�Plan� triangle model more directly supports this and will allow for improved support
tools�

� Using Knowledge Rich Plan Representations for Process

Management

O�Plan� has a three level modelling approach� that relates a high level of executive strategic
decision making� analysis and direction with middle level tactical planning and scheduling
capabilities and on to e�ective lower level operations management within an organisation�

Our approach is to o�er an overall vision of an Executive Communication and Control environ�
ment in which an enriched corporate model �knowledge and data bases� is utilised to o�er an
�add�on	 to existing tools used in companies such as those for option analysis� risk analysis�
business case analysis� project management� work�ow management� etc� In this framework� we
are seeking to improve the types of process models that can be captured and to enrich these
models in ways that may be done informally in today
s requirements capture and modelling
tools� The enriched representations allow for improved analyses and open the way to a new
generation of tools for business process management that will provide enhanced aids to�

� reliably capture and maintain process knowledge and models

� make decisions using knowledge based simulation and analysis

� synthesise processes

� re�engineer parts of a process

� reliably execute processes

� simulate� animate� explain and justify processes

Our approach uses open and inspectable knowledge based representations of processes� tasks�
plans and schedules in which dependencies� constraints and preferences are maintained� Our
work in process management draws on experience with Nonlin ���� O�Plan� O�Plan�� planit
and optimum�aiv as follows�

� the use of a ��level view �at strategic� tactical and operational levels� with task assignment�
planning and control roles �O�Plan���

� knowledge rich plan representations summarised in the triangle model of activity �Nonlin�
O�Plan and O�Plan���

� process and plan impact assessment�critiquing �Nonlin� planit��

�What is being done is to augment earlier methods and approaches� rather than starting afresh and replacing

or reinventing what has already been achieved�

�



� constrained plan editing and single step plan modi�cation option review �O�Plan and
planit��

� plan generation technology �O�Plan��

� plan question answering� state generation� simulation and animation �Nonlin and O�
Plan���

With enriched process representations and using knowledge based approaches� it is possible to
go beyond what if� option analysis and to generate how to� option proposals� Higher level
component processes can be selected� combined and tailored to speci�c requirements� Intentions
and dependencies captured in process models allow for the enhancement of the capabilities which
can be provided to the executive and operational sta��

� AIAI�s Vision for Process Management

Our visualisation of knowledge base supported process management in an organisation is�

Strategic Level Consider that there is support to establish the following�

� organisational processes and constraints reliably captured along with their underly�
ing intentions and dependencies

� lead applications identi�ed� cost bene�t analysed� risk analysed and rated using
business case support tools

� key objectives and tasks stated� constraints identi�ed

� top level options generated and evaluated

� programme road map created

Tactical Level On the basis of the information generated above� we use constrained plan
editing� partially or fully automatic plan elaboration� scheduling� etc� We �t this level
to project management tools in the market today and show how these can inter�work�
We add plan creation� querying� simulation and animation capabilities to signi�cantly
enhance the capabilities available to planners and schedulers today�

Operational Level Then we use the information and its embedded rationale� enriched re�
source and authority model to �t to �intelligent� work �ow managers or process support
environments �e�g� such as ProcessWise ���� and use these as the point of delivery and
control of reliable enactment of the plans and schedules in an enriched environment where
plan tracking� question answering� explanation� options reworking� reaction and recovery
are all possibilities future�

�



Acknowledgements

Prof� Austin Tate is Technical Director at the Arti�cial Intelligence Applications Institute of
The University of Edinburgh� Established in ����� AIAI is a non�pro�t technology transfer or�
ganisation working with system providers and user companies throughout the world� AIAI uses
knowledge based methods to support process management through process modelling� synthe�
sis� analysis and modi�cation� O�Plan work is funded as part of the ��� million US ARPA and
USAF Planning Initiative which is developing next generation planning� command and control
support infrastructure relevant to US military logistics� AIAI is pursuing its approach to the use
of knowledge rich process representations in commercial applications though its collaboration
in the Enterprise project� Enterprise is a consortium including AIAI� IBM� Unilever� Logica
and Lloyds
 Register and is the largest project supported by the UK government
s Intelligent
Systems Integration Programme�

References

��� Aarup� M�� Arentoft� M�M�� Parrod� Y�� Stader� J�� Stokes� I� � Vadon� H�� OPTIMUM�

AIV� A Knowledge Based Planning and Scheduling System for Spacecraft AIV� in Knowl�
edge Based Scheduling� �eds� Fox� M� � Zweben� M��� Morgan Kaufmann� �����

��� Allen� J�� Hendler� J� � Tate� A�� Readings in Planning� Morgan�Kaufmann� �����

��� Bruynooghe� R�F�� Parker� J�M� � Rowles� J�S�� PSS� A System for Process Enactment�
published paper from ICL� Kidsgrove� Sta�s ST� �TL� UK� �����

��� Currie� K�W� � Tate� A�� O�Plan� the Open Planning Architecture� Arti�cial Intelligence�
Vol� ��� No� �� North�Holland� Autumn �����

��� Drummond� M�E�� � Tate� A�� PLANIT Interactive Planners� Assistant � Rationale and

Future Directions� AIAI�TR����� AIAI� University of Edinburgh� �����

�� Petrie� C�J� �ed��� Enterprise Integration Modelling� Proceedings of the First International
Conference� MIT Press� �����

��� Tate� A�� Generating Project Networks� Proceedings of the International Joint Conference
on Arti�cial Intelligence �IJCAI����� Cambridge� Mass� USA� �����

��� Tate� A�� Drabble� B� � Kirby� R�� O�Plan�� an Open Architecture for Command� Planning

and Control� in Knowledge Based Scheduling� �eds� Fox� M� and Zweben� M��� Morgan
Kaufmann� �����





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


