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Abstract

Scythe Al is a tool designed for game Al developers to en-
able modular reuse of NPC Al In this demonstration, we
show how Scythe Al can be used to compose and manage
statechart-based AI-Modules to produce new Als for a target
game. The tool includes a streamlined importing process to
introduce new modules, library management of modules, an
error and warning system to assist in new Al construction,
and can export directly to a defined target game.

Introduction

Modular reuse of game Al provides numerous benefits to
the game developer, chiefly by reducing development time
and cost. Without effective reuse, Al for non-player char-
acters (NPCs) must be built from the ground up. Instead of
perfecting high level behaviours, time is spent reimplement-
ing basic functionalities. With Scythe A, we seek to provide
enable game developers with the ability to reuse behavioural
modules encapsulating components of Al logic.

The past several years we have explored how finite state
machine Als (FSMs) can be tailored for effective reuse, in
particular through the use of modular statecharts. One ma-
jor shortcoming of FSMs is the rapid increase of complex-
ity as state machines grow in size. However, we have found
this complexity growth can be limited by constructing Als
as a composition of many small statecharts, each modular-
izing an element of behaviour. We organize our Als using
a layered statechart model, and have found that this design
approach leads naturally to reusable components.

Unlike other game Al tools, such as Unreal Kismet or
pathfinding middleware, Scythe Al directly addresses the
reuse problem. Instead of authoring AI components, Scythe
Al focuses on building interfaces for existing FSM-based
Al modules, and integrating modules in new game contexts.
Developers using Scythe Al are freed from reimplementing
basic behaviours, and can instead focus their efforts on im-
plementing and perfecting new high-level behaviours.

Scythe AI: The Tool

Scythe Al is a tool specifically designed for Al developers to
manage Al reuse. At a high level, Scythe AI allows users to
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Figure 1: Scythe Al workflow

build a library of Al-modules by importing statecharts and
associated classes. These modules are then reused to build
new Als. Like a standard IDE, warnings and errors are gen-
erated to guide users through the process of connecting mod-
ules to ensure proper interaction. When an Al is completed,
it can be exported directly from Scythe Al into to a target
game. The workflow is illustrated in Figure 1.

As a formalism, FSMs are loosely defined. Some allow
hierarchy (HFSMs), some execute actions when changing
states, some use guards on transitions, and so on. All of these
approaches are generalized by statecharts. While we have
based our tool on statechart-based Al, and explicitly use stat-
echart formalisms, it is appropriate to consider Scythe Al as
a tool to manage reuse of state machine Al.

Importing AI Modules

After extensive research into the nature of Al-module com-
munication (Dragert, Kienzle, and Verbrugge 2012), we
have developed an Al module interface that covers all as-
pects of module communication, including input and out-
put events, synchronous event calls, and module parameters.
This interface is the primary artifact used by Scythe Al to
manage modules. Much of the logic of an Al-module lies in
the functions called by that module. A pathfinding module
would receive events telling it when to find a path, but the



logic to do so (an A* algorithm for instance) would reside
in an associated class. Occasionally functions are shared be-
tween classes using synchronous calls. To capture both logic
and implementation interactions, we define an Al-module as
a statechart and an associated class, and communication be-
tween modules includes both event-based message passing
and synchronous calls.

Importing an Al module into Scythe Al consists of build-
ing the Al interface by working through a highly guided
process. Event-based communication details are recovered
directly from the statechart itself, supplied in the SCXML
format. Scythe Al scans the statechart for all events that are
generated or transitioned upon and suggests these as output
or input events respectively. Any event that is both created
and consumed is an internal event, and is inappropriate for
connection of any type.

The remainder of the AI module interface comes from the
associated class. Currently, Scythe Al supports Java files,
and could be extended to support C++. When importing, the
associated class is parsed and information relevant to reuse
is extracted. The user is given the list of class imports, where
the user determines which imports come from, and thus link
the module to, the source game. As well, any parameters in
the class are extracted, so that values can be specified when
that Al module is reused. Synchronous calls are addressed
next, covering calls made to other classes, and calls made
available for other classes to utilize. When this guided pro-
cess is complete, the new Al module is added to Scythe AI’s
module library, and copies of the associated class and state-
chart are made and stored.

Building a new Al

The building process consists of adding modules from the li-
brary to the new Al. Assuming that a module’s logic is inter-
nally correct, i.e., the statechart correctly does what it claims
to do, the task for the user is to coordinate module commu-
nication such that the modules in the new Al will cooperate
as desired. Most frequently, this means ensuring that events
sent by a statechart are correctly received by target state-
charts, while not being incidentally received by non-target
statecharts. This is done by event renaming as described in
(Dragert, Kienzle, and Verbrugge 2012). Once a module is
added, values for parameters should be specified.

A number of issues can arise while constructing a new
Al These are classified as errors if they will prevent the Al
from running (e.g., a synchronous call is not satisfied), and
must be corrected before completion. An issue is classified
as a warning if it is a likely source of behavioural error, but
would not prevent the Al from running. Each issue is listed
in the main interface so that the user has a continual descrip-
tion of potential problems. Table 1 gives Scythe AI’s current
listing of warnings and errors.

Output an Al

Once the Al is complete, the final step is to output the Al
For a typical game, this will be in the form of a class or
.xml file defining the AI. Scythe Al automatically builds this
file from the constructed Al. Output also includes both the
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Table 1: Warnings and errors generated by Scythe Al

Severity Problem Description
Event e is private in module x, but is
Error Event Interference
used by module y.
. Module « has input event e, which is not
Warning No Input
generated by any module.
. . Module x outputs event e, which is not
Warning No Receiver i
received by any module.
X R Module z has input event e sourced by
Warning Game Conflict
the game, but module y generates e
. Module = has game imports for g when
Error Game Mismatch L
target game is j.
L Module x calls m in class, which does
Error Unsatisfied Call R
not exist.
X Module « provides method m which is
Warning Unused call
never called.
Warning Null Parameter Parameter p in module x is null.
Warning No Actuators Project has no actuators.

.scxml statechart and the source Java file for each AI mod-
ule. Scythe AI will modify output .scxml files to account for
any event renaming that has occurred. The source game must
be able to accept these files as input.

In our experimentation, we output to the game Mammoth,
an MMO research framework. Importantly, Mammoth al-
lows NPCs to be defined externally using XML files, is
written in Java, and has an SCXML execution environment.
Thus, our output profile for Mammoth writes the external
XML definition, which delineates the exact SCXML/Java
pairings and provides specific values for parameters.

Conclusions

Based on our experience, Scythe Al is an effective tool to
manage reuse of statechart-based Al. We have modelled the
Al for several NPCs within Scythe Al, and found it to be an
excellent environment for the rapid composition and deploy-
ment of game Al

Future work on Scythe Al will explore validation of the
constructed AI. When an Al is assembled and all modules
are communicating correctly, there is still no guarantee that
the emergent behaviour will meet specifications. We are cur-
rently investigating how Scythe Al can be used to effec-
tively validate an Al, specifically through the use of model-
checking. Along the same lines, we would like to explore
the ease of use of the software, and perform user studies that
validate our positive experiences so far.

Additionally, many quality of life features can be added
to further improve the usage experience. Specific wish-list
features include tagging modules with intended purposes to
make a searchable library, adding visualization of module
connections, adding output profiles for new game environ-
ments such as Unity, and adding statechart compilation to
remove the need for SCXML support in the target game.

References
Dragert, C.; Kienzle, J.; and Verbrugge, C. 2012. Reusable
components for artificial intelligence in computer games. In

Proceedings of the 2nd International Workshop on Games
and Software Engineering, GAS °12, 35-41.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




