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Single Document Extractive Summarization Based on Deep Neural
Networks Using Linguistic Analysis Features

Gyoung Ho Lee' - Kong Joo Lee™

ABSTRACT

In recent years, extractive summarization systems based on end-to-end deep learning models have become popular. These systems do
not require human-crafted features and adopt data-driven approaches. However, previous related studies have shown that linguistic
analysis features such as part-of-speeches, named entities and word’s frequencies are useful for extracting important sentences from a
document to generate a summary. In this paper, we propose an extractive summarization system based on deep neural networks using
conventional linguistic analysis features. In order to prove the usefulness of the linguistic analysis features, we compare the models with
and without those features. The experimental results show that the model with the linguistic analysis features improves the Rouge-2 F1

score by 0.5 points compared to the model without those features.
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Table 3. Results of Full-Length f1

Models Rouge-1 Rouge-2 Rouge-L
LEAD-3 39.2 15.7 355
SummaRuNNer 39.6 16.2 35.3
SummaRuNNer-re 40.2 16.8 36.7
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Table 4. Example of Summary

Gold Reference

- There are no English clubs left in the Champions League or Europa League
- Diego Simeone admits he is surprised at the plight of Premier League sides
- He believes Barcelona and Real Madrid are the top two clubs in Europe

- Atletico Madrid face Real Madrid in their Champions League quarter—final

Summary using All features

- Chelsea, Arsenal and Manchester City were eliminated at the Champions League last 16 stage, and Everton were dumped out of the

Europa League in the same round.

- Atletico Madrid boss Diego Simeone believes English football needs to ‘wake up’ after this season’s poor showing in Europe.
- [Atletico Madrid]@entityl boss [Diego Simeone]@entity0 has admitted his surprise at the plight of [English clubs]@entity3 in

[Europe] @entity6

Summary using Surface

- Chelsea, Arsenal and Manchester City were eliminated at the Champions League last 16 stage, and Everton were dumped out of the

Europa League in the same round.

- Atletico Madrid boss Diego Simeone believes English football needs to ‘wake up’ after this season’s poor showing in Europe.
- [Simeone]@entity0 believes his side will face one of [Europel@entity6’s top two teams when they take on [Real Madrid]l@entityl5

Aol7h e AL 4 9Tk o] F Bal o] ¥4 AL 371
#7390 ¥ 45 dehils 22 2 4 o8 Eo
W 2] Lopo.2x d Aok Aol

44 o] M XA =3 A
Fig. 2% validation®| o] Elell tf
A3 Aol 4 A4 x3e mH
validationt o] E] & o] &3] HES % .
3 B Qo] B4 AdE 2§ A9t Mg E

e T =
YUebdS & 4 otk e goje} TFE 2338 Zo| &
Z2FEY § =& ATS Hola )k o F T TFHR7}
F2 99l T8 g A ¢ F Utk BE A
G-, ghofut ALS3E ARt o] B4 AES g ARgS
Zlo] QAR o & AYES Hola Qt}) o] F3slH E
Aol A Ad Ao] A o] & FAQFA &
PAEIS = A

e AL
SURFACE+TF

e SURFACE+POS+HNE+STOP

i 5 IRFACE

1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16 17 18

Fig. 2. Test of Validation

45 2o ofH 24

Table 4° +% 2ok 23 T stbE HERSIH. °] &

9] ‘Summary using All features' & RE o] B4 224
o] &3k wdlo] A3t QoFo] 1 ‘Summary using Surface’©
chojuk ALg-3 wdlo] AAIFE @ oFolt} Gold Reference: df
G A g Aol & Qokioltt ThEAS S8 g3t
| AAEE Hdste] detdiflct o] oA BE o] #4
AL Z3) wEo]W 2 ok(All features)d} o] A WS o]
&3 ol QoK (Surface) S A F
Al HA oA t2 e

32 rlo

Al S a9t AR gE
3HA S Awrm, All features®] - SurfaceX.th 7l
A 710 9 &

1
g o YEhd JAEEY EA A NESs §F2 33
3], 2082 All featureso] W=7} =2 /fAHo] ¢ Zol
ARG AT S B 5% ©olE 5 stop word7} of
d do]5o] TFHS 259 1.82 All features®] © =T}

58 B

2 Aol FAAE 7N 2F AL mdy) o
o] A AA S Agtsta o a9E ASARYT o] E 3
F2 ALY a7} JS Ao B4 A BEES Ao
1 olE V|EY AFANAT Nk FEF EALF 2dQ
SummaRuNNerol] 483 ®Wokth 1 A3} dort ARg-3g 7
SHTE oo B4 24s I Agste] AHEse Aol H
=2 45E BT o]F S B Aol At o] #



348 FEMEISS=2Al/AZER0] R HIOIH &% M8T H8=(2019. 8)

References

[1] R. Nallapati, et al., Abstractive textsummarization using
sequence-to—sequence mns and beyond. arXiv preprintarXiv:
1602.06023, 2016.

[2] R. Nallapati, F. Zhai, and B. Zhou, “Summarunner: A recurrent
neural network based sequence model for extractive summa-—
rization ofdocuments,” in Thirty-First AAAI Conference on
Artificial Intelligence, 2017.

[3] L Sutskever, O. Vinyals, and Q. V. Le, “Sequence to sequence

=

learning with neural networks,” in Advances in Neural
Information Processing Systems, 2014.

[4] A. Jadhav and V. Rajan, “Extractive Summarizationwith
SWAP-NET: Sentences and Words from Alternating Pointer
Networks,” in Proceedings of the 56th Annual Meeting of the
Association for Computational Linguistics (Volume 1. Long
Papers). 2018.

[5] A. Nenkova, and L. Vanderwende, “The impact offrequency on
summarization,” Microsoft Research, Redmond, Washington,
Tech. Rep.MSR-TR-2005, 2005. 101.

[6] E. Filatova and V. Hatzivassiloglou, “Event-based extractive
summarization,” 2004.

[7] G. Erkan, and D. R. Radev, “Lexrank: Graph-basedlexical
centrality as salience in text summarization,” Journal of
Artificial Intelligence Research, Vol.22, pp.457-479, 2004.

[8] D. R. Radev, et al,, “Centroid-based summarizationof multiple
documents,” Information Processing & Management, Vol.40,
No.6, pp.919-938, 2004.

[9]1 R. McDonald, “A study of global inferencealgorithms in
multi-document summarization,” in European Conference
onlnformation Retrieval, 2007. Springer.

[10] D. Shen, et al., “Document summarization usingconditional
random fields,” IJCAI, Vol.7, pp.2862-2867, 2007.

[11] H. P. Edmundson, “New methods in automaticextracting,”
Journal of the ACM (JACM), Vol.16, No.2, pp.264-285, 1969.

[12] J. Cheng and M. Lapata, “Neural summarization byextracting
sentences and words,” arXiv preprint arXiv:1603.07252, 2016.

[13] K. Cho, et al., “Learning phrase representationsusing RNN
encoder—decoder for statistical machine translation,” arXiv
preprintarXiv:1406.1078, 2014.

[14] Y. Bengio, et al., “A neural probabilisticlanguage model,”
Journal of Machine Learning Research, Vol.3(Feb),
pp.1137-1155, 2003.

[15] T. Mikolov, et al., “Efficient estimation of wordrepresentations
in vector space,” arXiv preprint arXiv:1301.3781, 2013.

[16] S. Menaka and N. Radha, “Text classificationusing keyword
extraction technique,” International Journal of Advanced
Researchin Computer Science and Software Engineering,
Vol.3, No.12, 2013.

[17] A. Hulth, “Improved automatic keyword extractiongiven
more linguistic knowledge,” in Proceedings of the 2003
Conference on Empirical Methods in Natural Language
Processing, 2003. Association for Computational Linguistics.

[18] M. Wu, et al., “Event-based summarization usingtime
features,” in International Conference on Intelligent Text
Processing and Computational Linguistics, 2007. Springer.

[19] W. Li, et al, “Extractive summarization usinginter-and
intra-event relevance,” in Proceedings of the Z2lst
International Conference on Computational Linguistics and
the 44th annual meeting of theAssociation for Computational
Linguistics, 2006. Association for ComputationalLinguistics.

[20] K. M. Hermann, et al, “Teaching machines to readand
comprehend,” in Advances in Neural Information Processing
Systems, 2015.

[21] C. Manning, et al., “The Stanford CoreNLP naturallanguage
processing toolkit,” in Proceedings of 52nd annual meeting
of theassociation for computational linguistics: system
demonstrations, 2014.

[22] D. P. Kingma and J. Ba, “Adam: A method forstochastic
optimization,” arXiv preprint arXiv:1412.6930, 2014.

[23] C.-Y. Lin, “Rouge: A package for automaticevaluation of

summaries,” Text Summarization Branches Out, pp.74-81,
2004.

o 4 =
https://orcid.org/0000-0002-3639-3155
e-mail : gyholee@gmail.com

2011 Faroshal AR SA1E SHIH(SAH
2013 S oshal A B g4l 8tk (A A

0133 ~@ Al Fyojsta
BAARAAREAN TS v 4

Bk Aol A, 7 AT, 93

of & F
https://orcid.org/0000-0003-0025-4230

e-mail : kjoolee@cnu.ac.kr
19923 M7 sk A} A 4k 2 (EFAL

19944 51318171490 ARSI CF AR
199841 @ 9ke}71 90 AAFSkak(FShb AL




<<
  /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


