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This book is dedicated to every researcher who
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Preface I

Heterogeneous multi-modal data are increasing explosively nowadays in the big data
era. Multimedia retrieval and recommendation are facing unprecedented challenges on
both computation speed and storage cost. The technique of hashing can project high-
dimensional data into compact binary hash codes. With hashing, the most time-consuming
semantic similarity computation during the multimedia retrieval and recommendation
process can be significantly accelerated with fast Hamming distance computation, and
meanwhile, the storage cost can be greatly reduced through binary embedding. Hence,
multi-modal hashing has recently received considerable attention to support large-scale
multimedia retrieval and recommendation.

This book is the first book dedicated to multi-modal hash learning, which learns binary
representations in a low-dimensional Hamming space while preserving the heteroge-
neous multi-modal semantics for large-scale multimedia retrieval and recommendation.
Multi-modal hash learning has become one of the promising techniques in recent years
to support large-scale multimedia applications and has received great attention in both
academia and industry.

This book serves as a systematic introduction to multi-modal hash learning for retrieval
and recommendation, including a survey of current developments and the state-of-the-art
in this research field. It not only comprehensively covers the key contents and recent
advancements of multi-modal hashing, including context-aware hashing, cross-modal
hashing, composite multi-modal hashing, and multi-modal discrete collaborative filtering,
but also presents the hashing applications in multimedia retrieval and recommendation.
Besides, the book provides a platform and practice of multi-modal hash learning. As the
first book on this theme, it summarizes the latest developments and presents cutting-edge
research on multi-modal hash learning for multimedia retrieval and recommendation. It
may provide researchers with an understanding of the important problems and a good
entry point for working on this research area.

The authors of this book have contributed substantial research on multi-modal hash
learning and related topics. Lei Zhu is one of the leading researchers on multi-modal
hashing. Jingjing Li is a long-term collaborator with Lei Zhu on research into multi-modal
hashing. Weili Guan is a rising star scholar in multimedia retrieval and recommendation.
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The book systematically summarizes their contributions in the direction of multi-modal
hash learning for efficient multimedia retrieval and recommendation. It can be used as an
excellent self-contained take-off point for beginning researchers in multimedia retrieval.

Jinan, China
Chengdu, China
Sydney, Australia

Lei Zhu
Jingjing Li
Weili Guan



Preface II

In recent years, many multimedia applications such as search engines, social websites,
and online shopping platforms have developed at an unprecedented speed. While these
network services provide great convenience to our daily life, they generate a large amount
of multimedia data, such as text, image, audio, and video. Multimedia data is not only
large in quantity, but also complex in structure and diverse in content. These character-
istics bring challenges to many research problems and great opportunities. In particular,
the demands of users for multimedia data retrieval, content recommendation, and other
technologies are increasing day by day. An urgent need is for efficient learning models to
organize and manage large-scale multimedia data.

Multi-modal hash learning can encode data from multiple different modalities into
compact binary hash codes. It has the desirable advantages of fast retrieval speed and
low storage cost, and can effectively support large-scale multimedia retrieval and recom-
mendation. Therefore, multi-modal hash learning has recently gained increasing attention.
Multi-modal learning to hash indeed has been well-studied in the past decade. However,
multi-modal hashing for multimedia retrieval and recommendation in a big data environ-
ment has its unique properties and corresponding challenges, including but not limited to
the following points:

(1) Heterogeneous modality gap. Multi-modal data features belong to different repre-
sentation spaces, it is a challenge to directly build the correlation structures across
heterogeneous modalities in the process of multi-modal hash learning.

(2) Ineffective multi-modal modeling. Existing methods usually exploit linear or simple
nonlinear functions for multi-modal hash projection. They cannot effectively capture
the intrinsic multi-modal data structure, which is important for modeling the multi-
modal correlation and semantics.

(3) Inefficient hash optimization process. This problem leads to extremely high time and
space complexity of multi-modal hashing in multimedia retrieval and recommenda-
tion. Such a large computational cost makes extending existing methods to large-scale
scenarios difficult.
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(4) Cold-start and explainable recommendation with binary hashing. Existing hashing-
based recommendation systems employ user-item interactions and single auxiliary
information to learn the binary hash codes. But the full interaction history is not
always available and single auxiliary information may be missing. Moreover, existing
hashing-based recommendation systems remain black boxes without any explainable
outputs that illustrate why the system recommends the items.

In this book, to tackle the above research challenges, we present several state-of-the-
art multi-modal hashing learning methods and verify them through extensive experiments.
Specifically, we first introduce two context-aware hashing methods for large-scale image
retrieval. One approach considers contextual social tags as a kind of semantic resource,
and another approach considers exploring semantic information from image structure.
We then present two cross-modal hashing learning frameworks to seek the multi-modal
complementary space and learn hash functions to support unsupervised and super-
vised cross-modal retrieval, respectively. Following that, we work toward two composite
multi-modal hashing methods. We not only design a self-weighted fusion strategy that
adaptively preserves multi-modal feature information into hash codes by exploiting the
complementarity of multi-modal features, but we also excavate bit-wise semantic concepts
and align the heterogeneous modalities at the concept level for multi-modal hash learn-
ing. Thereafter, we introduce two hashing-based multi-modal recommendation methods:
multi-modal discrete collaborative filtering and explainable discrete collaborative filtering.
We finally conclude the book and present the future research directions in multi-modal
hash learning, e.g., deep multi-modal modeling, multi-modal hash learning under open
dynamic environment, lightweight hash model design, etc.

This book represents preliminary research on multi-modal hash learning for multimedia
retrieval and recommendation. We hope that it can help beginners understand the field,
and hope that it can arouse active researchers to work in this exciting field. If, in this
book, we have been able to dream further than others have, it is because we are standing
on the shoulders of giants.

Jinan, China
Chengdu, China
Sydney, Australia
September 2022

Lei Zhu
Jingjing Li
Weili Guan
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MFDCF Multi-Feature Discrete Collaborative Filtering
MFH Multiple Feature Hashing
MFKH Multiple Feature Kernel Hashing
MGRN Masked visual semantic Graph-based Reasoning Network
MLP Multi-Layer Perceptron
MRF Markov Random Field
MTFH Matrix Tri-Factorization Hashing
MvDH Multi-view Discrete Hashing
MVLH Multi-View Latent Hashing
NDCG Normalized Discounted Cumulative Gain
NeuHash-CF Neural Hashing-based Collaborative Filtering
NINH Network In Network Hashing
NLL Negative Log Loss
PCAH Principal Component Analysis Hashing
PMF Probabilistic Matrix Factorization
SADH Similarity-Adaptive Deep Hashing
SAH Semantic-Aware Hashing
SAPMH Supervised Adaptive Partial Multi-view Hashing
SCADH SCAlable Deep Hashing
SCRATCH Scalable disCRete mATrix faCtorization Hashing
SDH Supervised Discrete Hashing
SDMH Supervised Discrete Multi-view Hashing
SGH Scalable Graph Hashing
SH Spectral Hashing
SKLSH Locality-Sensitive Hashing with Shift-invariant Kernels
SMFH Supervised Matrix Factorization Hashing
SMH-OQA Supervised Multi-modal Hashing with Online Query-Adaption
SOTA State-Of-The-Art
SRCH Semantic-Rebased Cross-modal Hashing
SSDH Semantic Structure-based Deep Hashing
SuperSDH Supervised Semantics-preserving Deep Hashing
SVD Singular Value Decomposition



xxii Abbreviations

TBH Twin-Bottleneck Hashing
UDCMH Unsupervised Deep Cross-Modal Hashing
UH-BDNN Unsupervised Hashing with Binary Deep Neural Network
UMH-OQA Unsupervised Multi-modal Hashing with Online Query-Adaption
WDHT Weakly supervised Deep Hashing using Tag embeddings
WMH Weakly supervised Multi-modal Hashing
ZSR Zero-Shot Recommendation


