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Abstract Graph Convolutional Networks (GCNs) utilize the convolutional structure to obtain an
effective insight on representation by aggregating the information from neighborhoods. In order to
demonstrate high performance, it is necessary to select neighborhoods that can propagate important
information to target nodes, and acquire appropriate filter values during training. Recent GCNs
algorithms adopt simple neighborhood selection methods, such as taking all 1-hop nodes. In the present
case, unnecessary information was propagated to the target node, resulting in degradation of the
performance of the model. In this paper, we propose a GCN algorithm that utilizes valid neighborhoods
by calculating the similarity between the target node and neighborhoods.

Keywords: node classification, graph convolutional network, graph neural network, graph mining
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Table 1 Data analysis
Blo Amazon .
Dataset Catali o Photo Cora Citeseer
Classes 6 8 7 6
Nodes 5,196 7487 2,708 3,312
Edges 171,743 126,530 5,429 4,715
Features 8,189 745 1,433 3,703
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Table 2 Experimental setting

Blog Amazon .
Dataset Catalog Photo Cora Citeseer
Training 120 160 140 120
Validation 500 500 500 500
Test 1,000 1,000 1,000 1,000
BlogCatalog

100.00%
90.00%

80.00%

69.09%
- 70.00% 64.17%
£ 60.00%
8
= 50.00%
g
3 40.00%
<
30.00%
20.00%
10.00%
0.00%
100% 90% 80% 70% 60% 50% 40% 30% 20% 10%
Top @% Neighbors
J— pa—,? «m=Ours(dot) Ours(L1) Ours(L2)
* ¢ GAT * e LGCN o o o deepwalk ¢ ¢ node2vec ® ¢ eRandom

19 2(a) BlogCatalog 238 ZA¥}
Fig. 2(a) BlogCatalog result
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Fig. 2(c) Cora result

AEA33=EA A46A A113.(2019. 11)

connected layer)& 83} ofx3Fe
label) M5t HEZ

2-go] 7he| 1
3t} o]F softmax cross—
entropy g3t B AEe Wgsc
718 AFEY 2o xpoE dFA FY2d 207 ©
olEl¢t AF dlolEH 5007 281 E|=E dHolH 1,000
Me AHE3HATE AAle ARe 5 29 2k

4.3 HJ} ghy

o]% == AEX 24422] 10%5E 100%74A]
10%TZE Ms AEst AFsaa, FAE F4e
ShA et 471A] o digk AFE Bt Egh dlolE i
2 714 28 AH5S Hole R4 damping factor
055 ZAH&3ld 28 29 ‘Ours(damping) &2 A|A] 8k
Aok 71E A7ele] 4% BlnE S8 GATIL1], LGCNI4],
Deepwalk[3], node2vec[l] ZA& Wo]2go g A&
33, A% Hrte EdE F 303 9 B A
E(accuracy)E 71Fo2 A&

Bz

= A
o= -

&

oy

Amazon Photo

100.00% 90.93%

1 . T N _ _ 1 88.30%
RrrTTRTTYTT I8 88888888 rrrﬂhl%“"/f
. = .

90.00%

80.00%

70.00%

60.00%

50.00%

40.00%

Accuracy (30 iters)

30.00%
e3essag
20.00% leeeeaeossem®®

- o XX T
'l.l.("ll.l"..h.

10.00% »”

0.00%
100% 90% 80% 70% 60% 50% 40% 30% 20% 10%

Top @% Neighbors
«m=Ours(damping) =m=Ours(cosine)  =m=Ours(dot) Ours(L1) Ours(L2)
* e GAT e e+ LGCN o o o deepwalk ¢ ¢ node2vec * ¢ ¢ Random
2% 2(b) Amazon Photo 243 A3}
Fig. 2(b) Amazon Photo result
Citeseer
100.00%

90.00%

80.00% 72.50% B

Accuracy (30 iters)
g
s
8
53

40.00%

20.00%
10.00%

0.00%
100% 90% 80% 70% 60% 50% 40% 30% 20% 10%

Top @% Neighbors

@m=Ours(damping) em=Ours(cosine)  =m=Ours(dot) Ours(L1) Ours(L2)

e e GAT ¢+ e+ LGCN ¢ ¢ node2vec ¢ e Random

29 2(d) Citeseer 2¥ A}
Fig. 2(d) Citeseer result

« ¢ o deepwalk



4.4 AF Aot

BlogCataloge= 93 44 WE=Z EA4S 34 7}
Aa Q= dHolHE, U ER2ae JAFAA] B2
Eo] b2 FHeaEd &she A97F Bk E$ 2-hop
A W E2a9 22 g &3 fAF E2
a7k A8 FE% Eu. Amazon Photoe olv}E9]
Tl MEHAZ A§ HEHIATFLS oYX §
7l Fuiet AFS 2L FlEaEd &8 g8 =2
E4E Bth

BlogCatalog A% Az, 4712 fFAIE 345 H L3}
As W 71 AFEC HE Aol FE As
oA #ld 4= Atk Amazon Photo A8 A3}, damping
factor® AL W 71E ATERT ¢ UL AsS
Hole AS 28 2)dlAM g 4 Utk

Cora$} Citeseers 7| AJENA Zo] UFEE=
YEYIRE 4 =55 7502 Q83 =5
o Z2& JhE|age] £ FEo] wg w1, #HAET

2 =E79 JASFAV EASHA & =
I-hop =2 Arggo] w4
o A3 A¥ 71E A7 FARE
ad 2(c), 28 2NN AT

oA A o] ==

M Ho Ho
ER
1 £
Sy
>
g =}

2
fz
o
f
[

o

A )
i)
i
N
L)
kl
oX,
olf
k)
L
oo
X
Lo
Y
rlo
_>;j_4‘
o
N
oo
[l "}

tlo

=
IZ P4l M B+ Ao ge
EECERIEEA LB
57 50~60%<] 4
& vEN=S) 5542 e

O I ZI | T P

MR et o ook ¥%

o ox
oL
off o
2
9
i

1
o,
rr
PO
tlo
f
2

[
]

[

Ha
2
>
rr
oX
£l
ot
o

o O
b

o o
N
E
gﬁ
pasd
o
N
r
R Mo
-
i
fo
X
o
3

2
>
a
rlo

2

E
nj
e o N A I e/ ¥ ol

o
32
£ "
e

do
> ol
- =

N,

2
o &

%2

o
lo L
rir

o] o
O

i

rol

o

_(?L
L
(o

&

iy}

o2

it
AN
ox
fol oot qfr L

Hojo oo

A

o\ o
o
o

AN
jzg>}n
ko)

b to e te
o S

o 2 do o ox
oo |

L
x

[N

o rr
2
Al
PL
e
e

o &
o
o

E )
™ e
=

2
>
o
i1
o
il
f
%
2
r o
o
i3
o
k)
O
ot
b1
=2
2,
to
N

= A9t AL o 3
HCT S

ot
flo
o
olf
to
f
o,
rr
po )
ot

References

[1] A. Grover, and J. Leskovec, "node2vec: Scalable
Feature Learning for Networks,” Proc. of the 22nd
ACM SIGKDD international conference on Know-

aY= FEF EAZ 1197

ledge discovery and data mining, 2016.

A. Vaswani, N. Shazeer, N. Parmar, J. Uszkoreit, L.
Jones, A. N. Gomez, L. KAiser, 1. Polosukhin,
"Attention is All You Need,” Advances in neural
information processing systems, 2017.

B. Perozzi, R. Ai-Rfou, S. Skiena, "Deepwalk:
Online Learning of Social Representations,” Proc. of
the 20th ACM SIGKDD international conference
on Knowledge discovery and data mining, 2014.
H. Gao, Z. Wang, S. Ji, "Large-Scale Learnable
Graph Convolutional Networks,” Proc. of the 24th
ACM SIGKDD international conference on Know-
ledge discovery and data mining, 2018.

J. Bruna, W. Zaremba, A. Szlam, Y. LeCun, "Spec-
tral Networks and Locally Connected Networks on
Graphs,” International Conference on Learning Repre—
sentations, 2014.

J. J. Whang, Y. Hou, D. Gleich, I. S. Dhillon,
"Non-exhaustive, Overlapping Clustering,” [IEEE
Transactions on Pattern Analysis and Machine
Intelligence, 2019.

J. McAuley, C. Targett, Q. Shi, A. Van Den Hengel,
"Image-based Recommendations on Styles and Sub-—
stitues,” Proc. of the 38th International ACM SIGIR
Conference on Research and Development in Infor—
mation Retrieval, 2015.

A. Lancichinetti, M. Kivela, J. Saramaki, S. Fortu—
nato, "Characterizing the community structure of
complex networks,” PloS one 5.8, 2010.

M. Defferrard, X. Bresson, P. Vandergheynst,
"Convolutional Neural Networks on Graphs with
Fast Localized Spectral Filtering,” Advances in
neural information processing systems, 2016.

P. Sen, G. Namata, M. Bilgic, L. Getoor, B.
Gallagher, T. Eliassi-Rad, "Collective Classification
in Network Data,” AI magazine 29.3, 2008.

P. Velickovic, G. Cucurull, A. Casanova, A. Romero,
P. Lio, Y. Bengio, "Graph Attention Networks,"”
International Conference on Learning Representa—-
tions, 2018.

T. N. Kipf, M. Welling, "Semi-Supervised Classi-
fication with Graph Convolutional Networks,”
International Conference on Learning Representa—
tions, 2017.

W. L. Hamilton, R. Ying, J. Leskovec, "Inductive
Representation Learning on Large Graphs,” Advances
in Neural Information Processing Systems, 2017.
X. Huang, J. Li, X. Hu, "Label Informed Attributed
Network Embedding,” Proc. of the Tenth ACM
International Conference on Web Search and Data
Mining, 2018.

Y. LeCun, L. Bottou, Y. Bengio, P. Haffner,
"Gradient-Based Learning applied to document
recognition,” Proc. of the IEEE 86.11, 1998.



1198 AEA33=EA A46A A113.(2019. 11)

A<
2018 Ao#Adgta 5A S, HFHF
St} Z(3HA. 20189~ A Adao)
st A7 HFE e A4 3. B
Aftoks agzelely, 71AEsy, HeolH
wlolyg

4

g A o
2010 olstAzti gt HFE T8} =
AEMD. 20158 EAk: e 2" tfEha
(University of Texas at Austin) 73
B A8tz SH(EA. 20161 ~ @A) A
detn AZEo)gtT xus AR
ok ®ulolE], HloJE] wlolld, Lj=
wlolyg, 71 A 8k5





<<
  /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


