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Abstract

In this paper, we present the architecture
our argumentative dialogue system that
can hold discussions with users by using
large-scale argumentation structures. The
system can pinpoint argumentation nodes
asserted by user utterances and make sup-
portive utterances or rebuttals. The system
can be useful for decision-making support
as well as promoting better mutual under-
standing between humans and systems.

1 Introduction

Argumentation is a process of reaching consen-
sus through premises and rebuttals and is impor-
tant for making decisions and exchanging views.
Recent years have seen a large body of work on
argumentation mining (Lippi and Torroni, 2016)
in which elements that form arguments, such as
premises and conclusions, are automatically ex-
tracted from natural language text.

Compared to the sizable work on argumentation
mining, there has been little investigation in devel-
oping argumentative dialogue systems. We believe
an automated agent engaging in argumentative
dialogue with users will be useful for decision-
making support as well as promoting better mutual
understanding between humans and systems.

In this paper, we present the architecture of our
argumentative dialogue system that enables a nat-
ural discussion between a user and system. The
system works via text input or speech recognition.
The system can be embodied or be a text-based
agent. Figure 1 shows a discussion scene with two
robots based on our system and a human user. To
understand user utterances in a discussion domain
(currently, we have five discussion domains in-
cluding “The pros and cons of auto-driving”) and
keep track of the discussion, the system uses large-

Figure 1: Two robots and human user engaging in
argumentative dialogue

scale argumentation structures (over 2,000 argu-
mentation nodes for each discussion domain). The
system works either in English or Japanese.

2 Architecture

Figure 2 shows the overall architecture of our ar-
gumentative dialogue system. The basic flow is
that the system understands a user utterance and
pinpoints the argumentation node that matches the
content of the user utterance in the argumentation
structure. Then, the system uses the supportive
or non-supportive premises of that argumentation
node to utter supportive utterances or rebuttals.
When speech recognition or robots are used, the
system uses multimodal information to make nat-
ural turn-taking possible. We describe how each
module in the architecture works below. The mod-
ules are connected using the publisher/subscriber
model with activeMQ!.

Voice Activity Detection (VAD) With this mod-
ule, VAD is carried out so that the system can
recognize that the user has started speaking.

User Activity Detection (UAD) With this mod-
ule, UAD is carried out with a unit attached
to a microphone composed of a gyro-sensor

"http://activemq.apache.org/
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Figure 2: System architecture

and accelerometer. It is used to recognize
whether the user is holding a microphone and
about to make an utterance.

Automatic Speech Recognition (ASR) We use
NTT’s open-vocabulary speech-recognition
engine SpeechRec for this module.

Natural Language Understanding (NLU) The
NLU module takes as input a user utterance
and estimates its dialogue act. We have
four dialogue-act types, assertion, question,
concession, and retraction. We identify
these types as those necessary to update the
argumentation structure. We use a logistic-
regression-based classifier to carry out this
classification.

Out-of-Domain (OOD) Classification OOD
classification module determines whether a
user utterance is out-of-domain. In the case
of OOD, the chat module (details below)
will handle the user utterance. We use a
logistic-regression-based classifier to carry
out this classification.

Proposition Identification This module finds the
argumentation node that has the content clos-
est to the input user utterance. The similarity
is calculated using the cosine similarity be-
tween the sentence vectors created from the
averaged word vectors of the statement of an
argumentation node and a user utterance. If
the similarity is lower than a threshold, it is
classified as OOD.

Discussion Manager The discussion manager,
for an in-domain utterance, updates the ar-
gumentation structure on the basis of the un-

derstanding result and retrieves premises that
can be used for support or rebuttal. In the
case of OOD, the utterance is fed to the chat
module.

Multimodal Processing This module tracks
whether the user is speaking or is about to
speak and notifies the discussion manager
regarding the state of the user.

Argumentation Structure We use the model by
Walton (2013) with some extensions. In
this model, an argument is represented as a
tree (or graph) structure composed of nodes
that represent premises; the edges represent
support/non-support relationships.

Chat Module The system uses a chat-oriented di-
alogue system (Higashinaka et al., 2014) (or
Alice-based chat-engine (Wallace, 2009) for
English) to respond to OOD utterances.

Natural Language Generation (NLG) We
use utterances we manually created and
associated with argumentation nodes for
generation.

Text-to-Speech (TTS) We use NTT’s speech-
synthesis engine FutureVoice.

3 Summary and Future Work

We briefly described the architecture of our argu-
mentative dialogue system. We consider this sys-
tem to be a testbed for future argumentative dia-
logue systems. For example, we can modify the
argumentation structures and test various dialogue
strategies. We plan to automatically create argu-
mentation structures from large text data by ar-
gumentation mining (Lippi and Torroni, 2016) so
that the discussion domain can be extended.

References

Ryuichiro Higashinaka, Kenji Imamura, Toyomi Me-
guro, Chiaki Miyazaki, Nozomi Kobayashi, Hiroaki
Sugiyama, Toru Hirano, Toshiro Makino, and Yoshi-
hiro Matsuo. 2014. Towards an open-domain con-
versational system fully based on natural language
processing. In Proc. COLING, pages 928-939.

Marco Lippi and Paolo Torroni. 2016. Argumentation
mining: State of the art and emerging trends. ACM
Transactions on Internet Technology, 16(2):10.

Richard S Wallace. 2009. The anatomy of alice. In
Parsing the Turing Test, pages 181-210. Springer.

Douglas Walton. 2013. Methods of argumentation.
Cambridge University Press.

Proceedings of the 21st Workshop on the Semantics and Pragmatics of Dialogue, August 15-17, 2017, Saarbriicken, Germany.




<<
  /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


