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Abstract

O�Plan� is a command� planning and control architecture being developed at the Arti�cial
Intelligence Applications Institute of the University of Edinburgh� It has an open modular
structure intended to allow experimentation on or replacement of various components without
the need to change the majority of the overall system�

This paper describes the modular structure of the system along with the internal and exter�
nal interface languages which are being developed on the O�Plan� project� In a number of
cases� only very simple versions of the interfaces are supported in the current O�Plan� system�
However� even the early versions of such interfaces are proving useful to isolate functionality
that may be generally required in a number of applications and across a number of di�erent
planning� scheduling and control systems�
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� Introduction

The O�Plan� Project at the Arti�cial Intelligence Applications Institute of the University of
Edinburgh is exploring a practical computer based environment to provide for speci�cation�
generation� interaction with� and execution of activity plans� O�Plan� is intended to be a
domain�independent general planning and control framework with the ability to embed detailed
knowledge of the domain� See 	�
 for background reading and 	�
 for details of O�Plan�� The
O�Plan� system combines a number of techniques�

� A hierarchical planning system which can produce plans as partial orders on actions�

� An agenda�based control architecture in which each control cycle can post pending tasks
during plan generation� These pending tasks are then picked up from the agenda and
processed by appropriate handlers 
Knowledge Sources��

� The notion of a �plan state� which is the data structure containing the emerging plan�
the ��aws� remaining in it� and the information used in building the plan�

� Constraint posting and least commitment on object variables�

� Temporal and resource constraint handling using incremental algorithms which are sen�
sitively applied only when constraints can alter�

� O�Plan� is derived from the earlier Nonlin planner 	�
 from which it takes and extends
the ideas of Goal Structure� Question Answering 
Modal Truth Criterion� and typed
conditions�

� We have extended Nonlin�s style of task description language Task Formalism 
tf��

O�Plan� is aimed to be relevant to the following types of problems�

� project management for product introduction� systems engineering� construction� process
�ow for assembly� integration and veri�cation� etc�

� planning and control of supply and distribution logistics�

� mission sequencing and control of space probes and satellites such as voyager� ers��
etc�
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� The Scenario

� A user speci�es a task that is to be performed through some suitable interface� We call
this process job assignment�

� A planner plans and 
if requested� arranges to execute the plan to perform the task
speci�ed�

� The execution system seeks to carry out the detailed tasks speci�ed by the planner while
working with a more detailed model of the execution environment�
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Figure �� Communication between Central Planner and Ex� Agent

We have deliberately simpli�ed our consideration to three agents with these di�erent roles and
with possible di�erences of requirements for user availability� processing capacity and real�time
reaction to clarify the research objectives in our work� However� we believe that the ideas
are relevant to the more general case of a cooperative� hierarchical and distributed command�

planning and control environment�

A common representation is sought to include knowledge about the capabilities of the job
assigner� the planner and the execution agent� and the information used to represent the re�
quirements of the plan and the plan itself either with or without �aws 
see Figure ���

The current O�Plan� system is able to operate both as a planner and a simple execution
agent� The job assignment function is provided by a separate process which has a simple menu
interface�

The planner components described in outline form in Figure � can be mapped to the system
and process architecture detailed in Figure �� Communication between the various processes
and support modules in the system is shown in the latter �gure�
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Figure �� O�Plan� Architecture
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� Developer Interface

O�Plan� is implemented in Common Lisp on Unix Workstations with an X�Windows interface�
It is designed to be able to exploit multi�processors in future and thus has a clear separation
of the various components 
as shown in Figure ��� Each of these may be run on a separate
processor and multiple platforms may be provided to allow for parallelism in knowledge source
processing� A sample screen image as seen by the O�Plan� developer or an interested technical
user is shown in Figure ��

Figure �� Example Developer Interface for the O�Plan� Planning Agent
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� User Interface

AI planning systems are now being used in realistic applications by users who need to have
a high level of graphical support to the planning operations they are being aided with� An
interface to AutoCAD 	�
 has been built to show the type of User Interface we envisage 
see
Figure ��� The lower window shows a Plan View 
such as showing the plan as a graph�� and
the upper right window shows a World View for simulations of the state of the world at points
in the plan� The particular plan viewer and world viewer provided are declared to the system
and the interfaces between these and the planner uses a de�ned interface to which various
implementations can conform�

Figure �� Example Output of the AutoCAD�based User Interface
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� Modularity� Interfaces and Protocols

��� O�Plan� Components

The O�Plan� project has sought to identify modular components within an AI command� plan�
ning and control system and to provide clearly de�ned interfaces to these components and
modules�

The main components are�

�� Domain Information � the information which describes an application domain and a tasks
in that domain to the planner�

�� Plan State � the emerging plan to carry out identi�ed tasks�

�� Knowledge Sources � the processing capabilities of the planner 
plan modi�cation opera�

tors��

�� Support Modules � functions which support the processing capabilities of the planner and
its components�

�� Controller � the decision maker on the order in which processing is done�

��� Support Modules

Support modules are intended to to provide e�cient support to a higher level where decisions are
taken� They should not take any decision themselves� They are intended to provide complete
information about the questions asked of them to the decision making level itself� The support
modules normally act to manage information and constraints in the plan state� Examples of
Support Modules in O�Plan� include�

� E�ect�Condition 
tome�gost� Manager and Question Answering 
qa� 	�


� Resource Utilisation Manager

� Time Point Network Manager 	�


� Object Instantiation 
Plan State Variables� Manager

� Alternatives Manager

� Interface and Event Manager

� Instrumentation

� Monitors for output messages� etc�

A guideline for the provision of a good support module in O�Plan� is the ability to specify the
calling requirements for the module in a precise way 
i�e� the sensitivity rules under which the
support module should be called by a knowledge source or from a component of the architec�
ture��
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��� Protocols

In addition� a number of external interface speci�cation and protocols for inter�module use have
been established� Only �rst versions of these interfaces have been established at present� but
we believe that further development and enhancement of the planner can take place through
concentrating e�ort on the speci�cation of these interfaces� This should greatly assist the
process of integrating new work elsewhere into the planning framework too�

The protocols for regulating the processing conducted by a component of O�Plan� are�

	� Knowledge Source Protocol for the ways in which a Knowledge Source is called by the
Controller� can run and can return its results to the Controller and for the ways in which
a Knowledge Source can access the current plan state via the Data Base Manager�

�� KS USER Protocol for the ways in which the user 
in the role of Planner User� can assist
the planning system via a specially provided knowledge source�

�� Inter�agent Communications Protocol controls the way in which the Knowledge Sources
operate and may use the Interface Manager
s support routines which control the agent
s
input and output event channels�

��� Internal Support Facilities

The internal support provided within the planner to assist a System Developer and Knowledde
Source writer includes�

	� Knowledge Source Framework 
ksf� is a concept for the means by which information
about a Knowledge Source can be provided to an agent� This will ensure that a suitable
Knowledge Source Platform is chosen when a Knowledge Source is run inside an agent�
It will also allow a model of the capabilities of other agents to be maintained� The ksf
will also allow for triggers to be set up for releasing the Knowledge Source for 
further�
processing� It will allow a description of the parts of a plan state which can be read
or altered by each stage within the knowledge source 
to allow for e�ective planning of
concurrent computation and data base locking in future��

�� Agenda Trigger Language gives a Knowledge Source writer the means by which a compu�
tation can be suspended and made to await some condition� The conditions could relate
to information within the plan� for external events or for internally triggered Diary events�
O�Plan currently provides a limited number of monitorable triggers of this kind� but we
anticipate this being expanded signi�cantly in future�

�� Controller Priority Language currently� the O�Plan� Controller selects agenda entries
based on a numerical priority which is simply a statically computed measure of the priority
of outstanding agenda entries in a plan state� Our aim for the future is to provide a rule
based controller which can make use of priority information provided in the form of rules in
an O�Plan� Controller Priority Language� This concept will allow us to clarify our ideas on
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what informatio should govern controller ordering decisions� Domain information linking
to generic Controller Language statements which can a�ect the controller decisions is
likely to be considered as part of a link between Task Formalism 
tf� and the operation
of the Controller�

��� External Interfaces

The external interfaces provided by the planner are�

	� Task Formalism 
tf� as the language in which an application domain and the tasks in it
can be expressed to the planner�

�� Plan Viewer User Interface which allows for domain speci�c plan drawing and interaction
to be provided�

�� World Viewer User Interface which allows for domain speci�c world state input and
simulation facilities to be provided�

�� External System Interface provided by tf compute conditions ��� for ways in which
external data bases� modelling systems� CAD packages� look�up tables� etc can be used
and for ways in which these external systems can access plan information and provide
quali�cations on the continued validity of their results if appropriate�

� Summary

This paper has presented an overview of the O�Plan� system under development at the Arti��
cial Intelligence Applications Institute of the University of Edinburgh� Aspects of the system
concerned with separation of functionality within the system� internal and external interfaces
have been addressed� The O�Plan� system is starting to address the issue of what support
is required to build an evolving and �exible architecture to support command� planning and
control tasks�

Acknowledgements

The O�Plan� project has been supported by the us Air Force Rome Laboratory through the Air
Force O�ce of Scienti�c Research 
afosr� and their European O�ce of Aerospace Research
and Development by contract number F���������C���	 
eoard��������� monitored by Dr
Nort Fowler at the usaf Rome Laboratory� Additional resources for the O�Plan and O�Plan�
projects have been provided by the Arti�cial Intelligence Applications Institute through the
europa 
Edinburgh University Research on Planning Architectures� Institute development
project� Thanks are due to my colleagues on the O�Plan� project � Dr Brian Drabble and
Richard Kirby�

	�



References

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

��� AutoDesk AutoCAD Reference Manual� 	����

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

��� Tate� A� Generating project networks� In procs� ijcai���� �����

��� Drabble� B� � Kirby� R� Associating AI Planner Entities with an Underlying Time Point
Network� Proceedings of the First European Workshop on Planning� St� Augustin� Ger�
many� March 	��	�

��� Tate� A� 
	���� Planning and Condition Monitoring in a FMS� Proceedings of the Inter�
national Conference on Flexible Automation Systems� Institute of Electrical Engineers�
London� UK�

��� Tate� A� 
	���� Goal Structure� Holding Periods and �Clouds�� Proceedings of the Reason�
ing about Actions and Plans Workshop� Timberline Lodge� Oregon� USA� Eds� George��
M�P� and Lansky� A� Published by 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


