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Guest Editorial
Introduction to the Special Section

on Graphs in Vision and Pattern Analysis

IN THE real world, data have diverse structures. While some
data, e.g., digital images, have a regular and grid-like struc-

ture, a vast majority of data do not. To handle this issue, data
is usually represented by a graph. Graph has been an important
and frequently studied structure in computer vision for decades,
owing to its great ability to model between-object relationships
and flexibility in representation learning. This fact is especially
true in recent years, as the advance of deep learning and GPU
parallelization makes it feasible to train neural networks with
graph-structured data. It then brings about a research boom in
graph neural networks (GNNs) in the communities of computer
vision, pattern recognition, computer graphics, machine learn-
ing, and multimedia computing.

The goal of this special section is to provide a platform to
summarize what we have achieved and where we are moving
toward this methodological research direction. It gathers the lat-
est advances in learning with graph-structured data in computer
vision, as well as interdisciplinary efforts on graph-based pattern
analysis in sociology, physics, chemistry, finance, biology, etc.
As guest editors of the special section on Graphs in Vision
and Pattern Analysis, we were glad to receive 24 submissions.
Among them, 15 papers were accepted in this special section.
The accepted papers are grouped into 3 categories: 1) Graph
Network Design; 2) Graph Network Applications; and 3) Graph
Network Properties, which will be detailed in the following.

I. GRAPH NETWORK DESIGN

The paper “Second-order Pooling for Graph Neural Net-
works” by Zhengyang Wang and Shuiwang Ji, uses second-order
pooling as graph pooling to solve the challenges due to the
variable sizes and isomorphic structures of graphs. Two novel
and effective graph pooling approaches are proposed, namely,
bilinear mapping and attentional second-order pooling. Thor-
ough experiments on graph classification tasks demonstrate the
effectiveness and superiority of the proposed methods.

The paper “Global Context Networks” by Yue Cao, Jiarui Xu,
Stephen Lin, Fangyun Wei, and Han Hu, proposes a simplifica-
tion of the Non-Local block, named global context (GC) block,
in which a query-independent attention map is explicitly used
for all query positions. In addition, they replace the one-layer
transformation function of the non-local block with a two-layer
bottleneck, which enables GCNet to significantly reduce the
computation burden but maintain accuracy. Their experiments
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show that GCNet outperforms non-local networks on major
benchmarks for various recognition tasks.

The paper “CCNet: Criss-Cross Attention for Semantic Seg-
mentation” by Zilong Huang, Xinggang Wang, Yunchao Wei,
Lichao Huang, Humphrey Shi, Wenyu Liu, and Thomas S.
Huang, proposes a Criss-Cross Network (CCNet) for obtain-
ing full-image contextual information in a very effective and
efficient way. To capture the full-image dependencies, CCNet
sequentially stacks two criss-cross attention modules on feature
maps. Experiments show that CCNet achieves leading perfor-
mance on segmentation-based benchmarks while remain high
computational efficiency.

The paper “Revisiting 2D Convolutional Neural Networks for
Graph-based Applications” by Yecheng Lyu, Xinming Huang,
and Ziming Zhang, aims to bridge the gap between graph neural
networks and convolutional neural networks. Two graph-to-grid
mapping schemes are proposed, namely, graph-preserving grid
layout (GPGL) and Hierarchical GPGL (H-GPGL), to enable
the use of CNNs as the backbone for graph-based applications.
The empirical success of GPGL is demonstrated on graph classi-
fication with small graphs, and that of H-GPGL is demonstrated
on 3D point cloud segmentation with large graphs.

The paper “DeepGCNs: Making GCNs Go as Deep as CNNs”
by Guohao Li, Matthias Muller, Guocheng Qian, Itzel C.
Delgadillo, Abdulellah Abualshour, Ali Thabet, and Bernard
Ghanem, adapts concepts that were successful in training deep
convolution neural networks, in particular, residual connections,
dense connections, and dilated convolutions to successfully train
very deep graph networks. This work shows how these concepts
can be incorporated into a graph framework and quantifies the
effect of these additions by extensive experiments on point cloud
and biological graph data.

II. GRAPH NETWORK APPLICATIONS

The paper “Learning Multi-View Interactional Skeleton
Graph for Action Recognition” by Minsi Wang, Bingbing Ni,
and Xiaokang Yang, proposes Multi-View Interactional Graph
Network to better address the intrinsic multi-level spatial skele-
ton context in the action recognition task. It constructs, learns,
and infers multi-level spatial skeleton context, including view-
level (global), group-level, and joint-level (local) context in a
unified way. Through rigorous experiments, the authors show
that the proposed method achieves impressive performance on
large-scale benchmarks.
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The paper “HiGCIN: Hierarchical Graph-based Cross Infer-
ence Network for Group Activity Recognition” by Rui Yan,
Lingxi Xie, Jinhui Tang, Xiangbo Shu, and Qi Tian, exploits
the latent spatiotemporal dependencies among feature nodes to
capture the spatiotemporal co-occurrence of group activities. In a
Hierarchical Graph-based Cross Inference Network (HiGCIN),
three levels of information, including body-region level, person
level, and group-activity level, are constructed and learned.
To achieve this, they first present a generic Cross Inference
Block (CIB) to concurrently capture the latent spatiotemporal
dependencies among body regions and persons. Then based on
CIB, Body-regions Inference Module and Persons Inference
Module are designed to extract and refine features for each
person and to further explore the spatiotemporal dependencies
among personal features, respectively.

The paper “Learning Graph Convolutional Networks for
Multi-Label Recognition and Applications” by Zhao-Min Chen,
Xiu-Shen Wei, Peng Wang, and Yanwen Guo, proposes Graph
Convolutional Networks-based solutions to explicitly model the
label correlations for multi-label recognition. The key idea is
to build a directed graph over the classes, where the nodes can
represent some types of class-relevant features and the weights
of the edges capture the dependencies between classes. Follow-
ing this idea, they propose Classifier Learning GCN, in which
class-level semantic representations are mapped into classifiers
that maintain the inter-class topology, and Prediction Learning
GCN, which encodes label-aware features into inter-dependent
image-level prediction scores.

The paper “Combinatorial Learning of Robust Deep Graph
Matching: an Embedding based Approach” by Runzhong Wang,
Junchi Yan, and Xiaokang Yang, adopts a deep graph embedding
network for learning graph matching. To do so, they transform
the graph-matching problem into a linear assignment task by
utilizing the graph convolutional network to extract the graph
structures into node-wise feature vectors. They claim that the
embedded node features contain structural information around
the node such that even higher-order (beyond second-order) in-
formation can be incorporated into the matching procedure, and
in this way, the model circumvents the notoriously challenging
QAP problem.

The paper “Learning Multi-Attention Context Graph for
Group-Based Re-Identification” by Yichao Yan, Jie Qin, Bing-
bing Ni, Jiaxin Chen, Li Liu, Fan Zhu, Wei-Shi Zheng, Xiaokang
Yang, and Ling Shao, focuses on employing context information
for identifying groups of people, i.e., group re-identification,
instead of single person re-identification (re-id). They propose a
novel unified framework, namely MACG, for both group re-id
and group-aware person re-id tasks. In addition, a multi-level
attention mechanism is developed to capture both intra- and
inter-group contexts. It verifies that the context information ex-
ploited by GNNs largely enhances person (node)-level and group
(graph)-level representation capabilities, and thus, benefits both
re-id and group re-id.

The paper “Fashion Retrieval via Graph Reasoning Networks
on a Similarity Pyramid” by Yiming Gao, Zhanghui Kuang,
Guanbin Li, Ping Luo, Yimin Chen, Liang Lin, and Wayne
Zhang, focuses on the task of fashion retrieval. They propose

a novel Graph Reasoning Network (GRNet) on a similarity
pyramid, which learns similarities between a query and a gallery
cloth by using both global and local representations at multiple
scales. The similarity pyramid is represented by a graph of sim-
ilarity, in which nodes represent similarities between clothing
components at different scales, and the final matching score is
obtained by message passing along edges. Their experiments
show that GRNet obtains new state-of-the-art results on two
challenging benchmarks and outperforms competitors by a large
margin.

III. GRAPH NETWORK PROPERTIES

The paper “Structured Knowledge Distillation for Dense
Prediction” by Yifan Liu, Changyong Shu, Jingdong Wang,
and Chunhua Shen, focuses on structured knowledge distilla-
tion and transfers the structure information with two schemes:
pair-wise distillation and holistic distillation. The pair-wise
distillation distills the pairwise similarities by building a static
graph and holistic distillation uses adversarial training to distill
holistic knowledge. The authors demonstrate that the proposed
knowledge distillation approaches achieve better performance
in transferring structure information by conducting experiments
on three dense prediction tasks.

The paper “LogicENN: A Neural Based Knowledge Graphs
Embedding Model with Logical Rules” by Mojtaba Nayyeri,
Chengjin Xu, Jens Lehmann, and Hamed Shariat Yazdi, ad-
dresses the challenge of including rules in knowledge graph
embedding models and presents a new neural-based embedding
model named LogicENN. It learns every ground truth of encoded
rules in a knowledge graph and outperforms the state-of-the-art
models in link prediction.

The paper “Fourier-based and Rational Graph Filters for Spec-
tral Processing” by Giuseppe Patane proposes novel Fourier-
based and rational graph filters for graph processing, which
generalizes the notion of polynomial filters and the Fourier
transform to non-Euclidean domains. To better evaluate dis-
crete spectral Fourier-based and wavelet operators, the author
introduces a spectrum-free approach, which solves a small set
of sparse, symmetric, and well-conditioned linear systems. The
link between spectral operators, wavelets, and filtered convolu-
tion with integral operators induced by spectral kernels is also
studied.

The paper “Co-embedding of Nodes and Edges with Graph
Neural Networks” by Xiaodong Jiang, Ronghang Zhu, Peng-
sheng Ji, and Sheng Li, focuses on the task of handling infor-
mation in edge features. They propose Convolution with Edge-
Node Switching graph neural network (CensNet) for learning
tasks in graph-structured data with both node and edge features.
CensNet switches the role of nodes and edges by using the
line graph of the original undirected graph and employs two
forward-pass feature propagation rules on the graph and its line
graph to alternatively update the node and edge embeddings.
They claim that the model can learn node and edge embeddings
effectively and leads to significant performance gain in four
graph learning tasks.



IEEE TRANSACTIONS ON PATTERN ANALYSIS AND MACHINE INTELLIGENCE, VOL. 45, NO. 6, JUNE 2023 6869

SONG BAI, Guest Editor
University of Oxford
OX1 2JD Oxford, U.K.
E-mail: songbai.site@gmail.com

PHILIP H.S. TORR, Guest Editor
University of Oxford
OX1 2JD Oxford, U.K.
E-mail: philip.torr@eng.ox.ac.uk

RANJAY KRISHNA, Guest Editor
Stanford University
Stanford, CA 94305, USA
E-mail: ranjaykrishna@cs.stanford.edu

FEI-FEI LI, Guest Editor
Stanford University
Stanford, CA 94305, USA
E-mail: feifeili@cs.stanford.edu

ABHINAV GUPTA, Guest Editor
Carnegie Mellon University
Pittsburgh, PA 15213, USA
E-mail: abhinavg@cs.cmu.edu

SONG-CHUN ZHU, Guest Editor
University of California
Los Angeles, CA 90095, USA
E-mail: sczhu@stat.ucla.edu



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


