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Post-hoc Reconstruction of Plans by Situated Actions
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The approaches to make an agent generate intelligent actions in the Al field might be very roughly categorized
into two ways—the classical planning and situated action system. However, each system actually has its own
application field as well as its strength and weakeness, and, in particular, the application of the situated action
system is usually restricted to the field such as the navigation of mobile robots which is not directly related to
the logical problem. This paper proposes a novel action generator to situatedly extract a set of actions from the
relaxed logical space, which is likely to help to achieve the goal at the current situation. After performing the
action set, the agent should recognize the situation for deciding the next likely action set. The empirical result in
some planning domains shows that the quality of the resultant path to the goal, post-hoc reconstruction of plans, is
mostly acceptable as well as deriving the fast response time. Therefore, this approach could make the agent such
as mobile robots and web agents in the dynamic environment respond to the environment fast.

1. OO0

udboooooooooobooooooooooooooa
gooboooobooooboobooooobobooobooooon
gobooooo,0oooocoooobooooooooooon
O000oO00oo0ooOoUoOoUoO. oooooo (A
gboobooooobodobooobocoboobOoooooooboOoon
oo.

goooobo ooooooooooooboooooobooa, o
gooooooboboooooooooobobboooOooo
g,00o0o0ooog.

00000 (Situated action) 000000000000
pgboboobobooobobobobuooooobo, o
0000000000o00oo0oO [Luey 870

gbobooooboooooooboboobooooboooon
gooooooooooboobooooooooooobooooon
gooooooooboooboooooooooooooooon
gbooooooboooooooooooooooooooooon
goboboooodooboodooooooooobooooboogoo

gg,0bo0boobboooboobooobuooboa
goboboooooooboooboooobooooobooooon
goooooooobooooooooooooboooooooon
gooO,0000000000000000O0DOC0OO0O00O
gboboooboooboooooooobooobooboOooobooooDoboo
gbobooooboooooooooooooooboOooobooooboo
poobobobooobbooobobooobobboooboobobo
gooobooooooooooooooobooboooooooo
goooooooooooooooooooooooooon
000000 [Arkin 98][Brooks 86]0

gdoooooooboooooooooooooboooboo
pobooooboooboooobobbobbooboooo
goooooooooboooooboooobbooooobooooboon.

gob:0 O0O0,00000000D0000O, O 201-0015 O
0000000000 3-1-1, tel: 042-759-8311, e-mail:
srlee@nnl.isas.ac.jp

goooboooooboooobobooobooooooo
gbooooboooocoboboooogo,ooooo
oobooooooobooooboooooobooo
ao.

gooo,020000000000000000D000
oooo,0300000000000000O000. 040
go,00o00o0oboocooooooooooon.

2. 000ODOOO

2.1 Notation

OO0 SsUUoOoUoo (o)yoooUooooooooo
ooo. boooooooo P=(0,7,6)000. 0000
ofooO0ooOoooOo0oOoooOoOoo,zZo000o0O00
0ooooooo,g0ooooooooooooooooog
O000. 00000 o000 STRIPSOOOODODOOOO
o = {pre(0),add(o),del(o)} DOO0OOOOODOOMOpre(o)
000 000000, add(o)0 0000000000, del(o)
0o0o000000000o0O0O00. OO0 STRIPSOOOO
0000000000000 000,00 pre(o) CSODOO
0 Result(S,< o >) = (SUadd(o)) \del(lo) DOO. 00O
goboooooooooooooboon.

ogoooooooooooobobboobooobobobooooa
000000000000 0000000000000 Fag
0000000, F, 0000000000 A,,000000
gooooooooboooooooobooooboooooooon, o
0000000000000 0O0O0O0O000A,, 00000
0000000000000 000oDooOn £LCA,,00
ooooo0,000000pooobooO o000, £00
goooooooooooboooboooooooooooon
goooboooo

22 0O0O00OOOOOOO

19690 Green OO0 0000000 DOOODOODOOODOO
gobooooooo,0oo0oo0booooooo o,7,g0
gooobobooooobobooooboboboobooboo
goooboooobobobobouoobobooboobo
Graphplan 000 0.1 000 [Weld 99][Blum 97]0



The 19th Annual Conference of the Japanese Society for Artificial Intelligence, 2005

1 2

garb garb /W garb )
( ﬁgarb — -~garb
cleanH v cIeanH cleanH )
ﬁcleanH doIIy ~cleanH
quiet quiet quiet
-quie ﬁquiet>
dinner C°°k dinner
\ present present

Figure 1: dinner date D00 O0D0O00OO0COO: OOOO
pooboobooboob,booboobooboobo
goobooboooooooooobooboooboobooooon
gb.o0o0o0,00000o000o0oco0oboob0o,o00o0o000n
gboobooooooooooobooboooooo. ooo
0000000000 (muter; mutually exclusion relation)
gooooo. oooooooboooooooooooooon
noop(maintain action) J00000000.0000000
goooooooocooOoogoooooooocooooo
go,00000000o0bob0bO00oooboooooon
gooooobo.oo,0o0bc0ooboocooooooboooon
goooo,obo0o0oboocoooooooooon.

O0O0O0O Bonet DO0O0OOOOOOOODOCOODOODO
gooooboobooooooboooboboooooboooo
goobobooboooobooboobobooooboo
pooboboobooooooboboboboboboo
[Bonet 01][Hoffman 01][Gerevini 02][Vidal 04].

3. DOobooood

3.1 ODOoOobOoooboooboo
oooooo c0o0DOO0O00O0000000O0O0DDOO
goooooo

goboooooobooooooboboooooooog
gooooooooooooooooooooooon
goboooooooooooooooooboooono
goooooocooo.

goooooboooobobooooobooboboooo
gooooooooobooooooooooooooooon
gobooooooooooobooboooboooboooooooon
0000000000000 000000o0ooooog
gooooooooboooboobooobooooooooooon
gooooooooooooooboobooooooooooon
gooooooooooooooboooooobobooooooo
gooooooooooooooocooooooooooon
gooooo

F:0 A 00000000000O0C0O0OO0O0O0OO 0
goooooboo.coooooboooobooboogoooon
goobooboooooooooooooooo

e Fo, Ay, A OOOOOP=(0,Z,G)

x1 00000000000000000000000000000
goooooooooooooooooooooOOOOOoboboD
00000o0o0ooooooooooooooooooooobonon
oo.

e 100D0OODOOOOP =(O,F,G). 00000 =

{(pre(0), add(0),0) | (pre(o0),add(o),del(0)) € O},
.7:{ =F \del(oz) (VOZ S Ao)

e D00oelevel:iOO,00 level j >¢00000000

e 0U0DDOUOODGgOUUDDOO (DO)OODODOODO

3.2 LO00O

Joo0bOoOooDO ROODOODDOODDOOOODOOODDOO
0000 go0o0oooooo ooooooooooooog
0000000000 00o0oDO0ooooooooooooog
00D000DO00o0oo0oo0ooooooooooooog
oooooDOOo0o0oooooOOUOooOoOooOooooooog
Onoop0000O000O0O000OOOOOO noopdOOOO
gbdbO0dnonnoop UOOOOODOODOODO

00000 noop first heuristic with randomly selected non
noop 000000000 DO0ODO 10000000 Fag, 00O
00000000 o000OooOoO A, 0000

L0 A, 0000000000000000O0O0OCODOO
godoooooooooooooooooooooooon
00 A, 00004, 0000000000000,

000000000 £0 A,0 A 0000000000
0000000000 0D0DU0D0Uo0oUOoOO (dead
end) 00000000 DOODOO0OOOOOOOOODOOO
oo0oo0ooUoooOoo0oooOoooogoOooOo (Dooo)
gdoDoodooooooooooooooogoooooo
00000D0O00000o0o0oooooooDooooOoooon
0000ooooooooUoooooooooooooogag
O000o0O0o0ooo0,00000o0ouog [Koehler 00]0

4. 0JOoogooOO

gooobooboooooooooooobobb,0o0oooa
O000O0oO0oOoo STRIPSOOOO—FF v2.3 0 LPG-
td(speed) 00000000000 O0OODOUDO. DODOODO
0000o0ob0o0oooooobo coooopooooooooo
oo0ooooooooog

odooo0ooU0OooooUoOooooUooooooooo
0o0o0o0oooooooooooooooono

0000000000oo0o0o0o0o0ouooon0 £coooo
0000000000 O00000oO0OO0ooooooooooo
o00o0ooo0oopoooUoooooUooooooooood
o0oooooooooooooooooooooogoooo
000000000000000000000*0

0000000000000 0000000000 domain
0000000000000 0000 domainOOOOO, O
OO domain—Block’s domain, Logistics domain, Satellite
domain, Rovers domain 00000000000 domain OO
0000000000000 00000000OBIlock’s domain
0§go00000000000DD0OD0OD000O0D00 Koehler O
GAM(Goal Agenda Management) 00000000000
00000 [Koehler 00]0

x2 000 A,,00000A4,00 £000000O0O00OOOOOO
0000000oU. 00o0ooooooO 000 ¢=0.050 Ao
oopooo.

%3 Schuman 0000000 OOO post-hoc reconstruction O O
0000 [Luey 87). DOOOOODODOOOOOOODDOO.



The 19th Annual Conference of the Japanese Society for Artificial Intelligence, 2005

Time (seconds)

Time (seconds)

Time (seconds)

Figure 2. J0O0O00O0000O (Blocks problems)

Figure 3: 000000000 (Logistics problems)

20

100 T T T T
FF——
LPG-
Situated Action Generator -
10 |
1Lk
01 s
X \
0.01 " * / ;
10 15
Problems (Blocks)
1000 T
FF ——
LPG-td ---
Situated Action Generator ---%---
x
100 | 4
10 | 4
1r 4
%
01 % 4
0.01 L L L
14 16 18
Problems (Logistics)
1000 T
FF ——
LPG-td

Situated Action Generator -

Problems (Rovers)

Figure 4 000000000 (Rovers problems)

Plan length

Plan length

Plan length

300

j j FF———

LPG
Situated Action Generator -

Problems (Blocks)

900

800 |-

700

T
FF ——

LPG-td - J

Situated Action Generator - E

600

Problems (Logistics)

FF ——
LPG-td -
Situated Action Generator -

Problems (Rovers)



The 19th Annual Conference of the Japanese Society for Artificial Intelligence, 2005

100

Time (seconds)

0.1

.
15
Problems (Satellite)

Plan length

900

T

FF——
LPG-td x|
800 Situated Action Generator ---%-- ;

700
600
500
400
300
200

100

.
15
Problems (Satellite)

10

Figure 5: 000000000 (Satellite problems)

000000 Intel Pentium4 O 1.7GHz, 768MB [0 Linux
260000. 00000000 20000000000000.2
oogd.s0000

odooooooooboboboboboooooooooo
goboboooooobobooobobobooobobooo
pooobooobobooono

goooobooooooooooooobooooooooa
godo0DbOoOo0o0ooObO0oOo0ooObOo0ooobDoooooooa
god0DbOoo0o0oobOooOobobooooboboooooog
00 Rover 0000000 O0ODODOOOOOOOODOOOODO
0000 30%0000000000000000000 70%0
godoDoOoOoOoboOooooooooooba

5. O4O0O0

goboooooOoooooooboooooobooooboo
gooooooooocooboooooocoooooooooon
gooooooobooooobooOooboOoooooooooooon
gooooobooobooobobooooooooooooooon
gooboooboooooooooooooooo
gooooooboooooooooboooooboooooon
gooooooooooooooooooboooooooon
gboooooooooboobooobooOooobobooooboo
O00 domain 000000000 OCOO0OOOCOOOO
gbobooooboooboooooooooooboOoooboooooo
goooooooooooboobooooooooboooooon
gooooooooobooobooooooooooooooon
oooooooooooo
udobooboooooooooboooooooooobobooon
gooooobobooboooooooooooooboooooon
gooooooooooobooooooboobooobbooooo
gooooooooooooooooooboooooooooon
goooooooooboocooooo
gboboooobooooboooobobooobooooboooon
gooooooooboobooooogd.

References

[Lucy 87] Lucy Suchman, Plans and Situated Actions - The
Problem of Human-Machine Communication, Cam-
bridge University Press, 1987

[Arkin 98] Ronald C. Arkin, Behavior-Based Robotics, The
MIT Press, 1998

[Brooks 86] Rodney A. Brooks, A robust layered control
system for a mobile robot, IEEE Journal of Robotics
and Automation, April, 1986

[Blum 97] Avrim L. Blum, and Merrick L. Furst, Fast Plan-
ning Through Planning Graph Analysis, Artificial In-
telligence, 1997

[Bonet 01] Blai Bonet, and Héctor Geffner, Planning as
Heuristic Search, Artificial Intelligence vol. 129 (1-2),
2001

[Hoffman 01] Jorg Hoffman, and Bernard Nebel, The FF
Planning Systems: Fast Plan Generation Through
Heuristic Search, Journal of Artificial Intelligence Re-

search 14 253-302, 2001

[Gerevini 02] Alfonso Gerevini, Alessandro Saetti, and Ivan
Serina, Planning through Stochastic Local Search and
Temporal Action Graphs in LPG, Journal of Artificiall
Intelligence Research, 2002

[Vidal 04] Vincent Vidal, A Lookahead Strategy for Heuris-
tic Search Planning, AAAI-04, 2004

[Weld 99] Daniel S. Weld, Recent Advances in AT Planning,
Al Magazine, 1999

[Nabeshima 01] Hidetomo Nabeshima, and Katsumi Inoue,
Planning Graph and SAT Planning, Journal of the
Japanese Society for Artificial Intelligence, vol. 19, no.
3, 2001

[Koehler 00] Jana Koehler and Jérg Hoffman, On Reason-
able and Forced Goal Orderings and their Use in an
Agenda-Driven Planning Algorithm, Journal of Artifi-
cial Intelligence Research, vol. 12, 2000




<<
  /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


