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知识图谱与低资源学习

01
Knowledge Graph & Low Resource Learning



01 什么是知识图谱？
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• 知识图谱

• 知识库

• 多关系图

• 。。。

叶莉姚明
夫妻

姚沁
蕾

女儿 妈妈

• <姚明，女儿，姚沁蕾>

• <姚沁蕾，妈妈，叶莉>

• <姚明，夫妻，叶莉>



01 知识图谱：刻画事物关系、沉淀领域知识
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知识图谱旨在利用图结构建模、识别和推断事物之间的复杂关联关系和沉淀领域知识，是实现认知智能的重

要基石，已经被广泛应用于搜索引擎、智能问答、语言语义理解、大数据决策分析、智能物联等众多领域。

知识=精炼规范的数据 图谱=深度关联的数据



01 知识图谱的前世今生
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01 知识+图谱：两个互补的技术维度
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Knowledge Graph is more expressive than pure Graph but less complex than formal logic.

Mother ≡ Fem ale ⊓ Parent
h asSon ⊑ h asChild
parentOf ≡ childOf −



01 低资源学习
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典型的机器学习/深度学习

• 需大量标记数据
• 只能在训练过的类别/概念上进行测试

低资源学习

• 少样本 (Few-shot Learning)：如何在样本量极少的情
况下训练模型并预测

• 零样本 (Zero-shot Learning)：如何在没有样本的情况
下训练模型并进行预测



01 低资源学习
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低资源学习相关技术

低资源学习
Low Resource Learning

Data
Augmentation

Unlabeled Data

Data Generation

Distant Supervision

Feature
Augmentation

Pre-training

Transfer Learning

Long-tail/Few-shot

Zero-shot 
Learning

Model
Augmentation

Meta Learning Few-shot Learning



01 知识图谱&低资源学习
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LRL4KG: 知识图谱中的低资源问题 KG4LRL: Knowledge as Supervision

知识图谱 (Knowledge Graph, KG) & 低资源学习 (Low Resource Learning, LRL)

Knowledge can help reduce training !



02
基于知识图谱的低资源学习
KG-based Low Resource Learning



02 低资源学习之零样本学习
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• 零样本学习

传统的机器学习/深度学习 零样本学习

• 需大量标记数据
• 只能在训练过 (Seen) 的类别/概念上进行测试

• 测试时新出现 (Unseen) 的类别/概念，无训练
样本



02 低资源学习之零样本学习
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• 零样本学习关键技术

• modeling the semantic relationship between seen and unseen classes, based on which the sample 
features of seen classes can be transferred to unseen classes.

“ The Zebra has a horse’s outline, and there is a tiger-like stripe 
on it, and it is black and white like a panda. ”

A branch of Transfer Learning !



02 低资源学习之零样本学习
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• 零样本学习关键技术

• modeling the semantic relationship between seen and unseen classes, based on which the sample 
features of seen classes can be transferred to unseen classes.



02 基于知识图谱的零样本学习
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KG as Bridge for Transfer
利 用 知 识 图 谱 建 立 Unseen Class 与
Seen Class之间关系

Knowledge as Reasoning
零样本问题本质是利用知识完成推理
的过程

Knowledge as Explanation
知识图谱中蕴含Seen Class与Unseen
Class之间丰富的内在联系Knowledge Graph



02 基于知识图谱的零样本学习
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• Computer Vision: Image Classification
• GCNZ: Zero-shot Recognition via Semantic Embeddings and Knowledge Graphs. CVPR 2018.
• Multi-Label Zero-Shot Learning with Structured Knowledge Graphs. CVPR 2018.
• OntoZSL: Ontology-enhanced Zero-shot Learning. Under Review.
• Ontology-guided Semantic Composition for Zero-shot Learning. KR2020.

• Natural Language Processing: Text Classification
• Integrating Semantic Knowledge to Tackle Zero-shot Text Classification. NAACL 2019.

• Natural Language Processing: Relation Extraction/Classification
• Logic-guided Semantic Representation Learning for Zero-Shot Relation Classification. COLING2020.

• Explainable ZSL
• Explainable Zero-shot Learning via Attentive Graph Convolutional Network and Knowledge Graph. Semantic Web Journal.

• Natural Language Processing: Relation Extraction/Classification
• Long-tail Relation Extraction via Knowledge Graph Embeddings and Graph Convolution Networks. NAACL 2019.



02 基于知识图谱（图）的零样本图片分类
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GCNZ: Zero-shot Recognition via Semantic Embeddings and Knowledge Graphs. CVPR 2018.

MSE损失函数

CNN模块（上）：抽取图片特征，得到一个D维的特征分类器
GCN模块（下）：以图片类别的词向量及类别间的层次结构（图）作为输入，为每个类别预测D维的特征分类器，用于分类
该类别的测试样本。



02 基于知识图谱的多标签零样本图片分类

18
Multi-Label Zero-Shot Learning with Structured Knowledge Graphs. CVPR 2018.

借助门控图神经网络的信息传播模型将图片信息和标签信息进行融合并推理图片标签之间的结构图谱



02 基于知识图谱的零样本图片分类
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Yuxia Geng, Jiaoyan Chen, Huajun Chen, et al. OntoZSL: Ontology-enhanced Zero-shot Learning. WWW 2021 Under Review.     

Feature Transfer

Seen Class

Unseen Class



02 基于知识图谱的零样本图片分类
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Yuxia Geng, Jiaoyan Chen, Huajun Chen, et al. OntoZSL: Ontology-enhanced Zero-shot Learning. WWW 2021 Under Review.     

Knowledge Graph
encoder like Relational GCN, TransE …



02 基于本体的零样本图片分类
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Jiaoyan Chen, Yuxia Geng, Huajun Chen, et al. Ontology-guided Semantic Composition for Zero-Shot Learning. KR2020.

“Killer_Whale ⊑ Toothed_Whale ⊓ ∃ hasTexture.Patches ⊓ ∃hasHabitat.Ocean …”

Ontology Embedding
Embedding of Logical Axioms e.g., by geometric learning (Kulmanov et al. 2019)
Embedding of text and paths e.g., by neural language model (Holter et al. 2019)

More Expressive Knowledge: Ontology(Logic)-based Semantic Composition



02 基于知识图谱的零样本文本分类
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Integrating Semantic Knowledge to Tackle Zero-shot Text Classification. NAACL 2019.

Knowledge of Text Labels



02 基于知识图谱的零样本关系抽取/分类
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Juan Li, Ruoxu Wang, Huajun Chen, et al. Logic-guided Semantic Representation Learning for Zero-Shot Relation Classification. COLING2020.

Semantic  representation

Rule: located_in_country (x,y) 
⋀ next_to_body_of_water (x,z)

⇒basin_country(y,z)

Semantic Implicit semantic connection Explicit semantic connection

next_to_body_of_waterlocated_in_country

basin_country_ofUnseen relations

Seen relations

Feature  representation

Beijing is the capital city which is 
located in northern part of China.

Western Sahara borders
 the North Atlantic Ocean.

North Sea

Ostend

next_to_the_body_of_water

basin_country_of

basin_country_of

basin_country_of

located_in_country

Norway

Germany

Belgium

Unseen Relations

Semantic  representation learning

Inference 

Input��The soundtrack 
consists of 10 songs 
including Forever Young 
by Bob Dylan,  and …

KG

Feature  representation

Encoder

ConSE DeViSE

Rule-based embKG emb

Rules

…

… …

VLPLODULW\�PHWULF
… lyrics by

Logic Rules and Semantic Connections of Relation Labels



02 基于知识图谱的可解释零样本学习
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Yuxia Geng, Jiaoyan Chen, et al. Explainable Zero-shot Learning via Attentive Graph Convolutional Network and Knowledge Graphs. Semantic Web Journal.
Yuxia Geng, Jiaoyan Chen, et al. Human-centric Transfer Learning Explanation via Knowledge Graph.

AAAI 2019 Workshop on Network Interpretability for Deep Learning.

“ Why Cat and Cheetah transfer their 
features to Serval? ”

ZSL Learner: WordNet & Attentive Graph Convolutional Network

Explanation Generator: Attribute Graph & DBpedia

The transferability of deep features in ZSL



02 基于知识图谱的可解释零样本学习
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Yuxia Geng, Jiaoyan Chen, et al. Explainable Zero-shot Learning via Attentive Graph Convolutional Network and Knowledge Graphs. Semantic Web Journal.
Yuxia Geng, Jiaoyan Chen, et al. Human-centric Transfer Learning Explanation via Knowledge Graph.

AAAI 2019 Workshop on Network Interpretability for Deep Learning.



02 基于知识图谱的少样本（长尾）学习
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Ningyu Zhang, Huajun Chen, et al. Long-tail Relation Extraction via Knowledge Graph Embeddings and Graph Convolution Networks. NAACL 2019.

贾玲，80后相声新秀，师承中国著名相声表演艺术家冯巩。

师生关系

实体对

关系抽取中的长尾问题 借助关系之间的“关系”进行特征迁移

• 关系抽取：从自然语言句子中抽取三元组如<贾玲，师生关系，冯巩>



02 基于知识图谱的少样本（长尾）学习
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Ningyu Zhang, Huajun Chen, et al. Long-tail Relation Extraction via Knowledge Graph Embeddings and Graph Convolution Networks. NAACL 2019.

• 模型细节

少样本“关系”预测结果



03
知识图谱中的低资源问题
Low Resource Learning in KGs



03 知识图谱表示学习
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• 基于向量表示的知识图谱推理技术

• 为知识图谱中的每个实体和关系都学习一个向量表示，同时保留图谱中的结构信息和语义信息；

• 将离散的符号表示转换为连续的向量表示；

• 将推理转换为向量或矩阵之间的计算过程。

KG Embedding = Entity Vector & Relation Vectors = Distributed Representations of Knowledge Graph

已知：<姚明，女儿，姚沁蕾>，<姚沁蕾，妈妈，叶莉>

推理出：<姚明，夫妻，叶莉>



03 知识图谱表示学习
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• 典型的知识图谱表示学习算法

TransE DistMult RotatE

𝒉 + 𝒓 = 𝒕 𝒉 ∗ 𝑴+ = 𝒕 𝒉 ∘ 𝒓 = 𝒕

Knowledge Graph Embedding: A Survey of Approaches and Applications. TKDE2017.



03 表示学习的限制
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商品知识图谱中的长尾问题

商品--属性项/值
呈现长尾分布

• 知识图谱的两个重要问题

• 稀疏性：部分实体/关系相关的三元组（样本较少）

• 动态性：随时会有新实体/新关系加入，对于新加入的数据重新训练模型并不现实

Wikidata 中的长尾问题

in the 6 months between DBPedia’s October 
2015 release and its April 2016 release 
36, 340 new English entities were added –
a rate of 200 new entities per day.

—— Open-World Knowledge Graph 
Completion, AAAI 2018

少样本

零样本



03 低资源下的知识图谱表示学习
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• Zero-shot Relations in KG
• ZSGAN: Generative Adversarial Zero-Shot Relational Learning for Knowledge Graphs. AAAI 2020.
• OntoZSL: Ontology-enhanced Zero-shot Learning. Under Review.

• Zero-shot Entities in KG
• Knowledge transfer for out-of-knowledge-base entities: a graph neural network approach. IJCAI 2017.
• LAN: Logic Attention Based Neighborhood Aggregation for Inductive Knowledge Graph Embedding. AAAI 2019.

• Meta-Learning based Few-shot Relations in KG
• GMatching: One-Shot Relational Learning for Knowledge Graphs. EMNLP 2018.
• MetaR: Meta Relational Learning for Few-Shot Link Prediction in Knowledge Graphs. EMNLP2019.

• Transfer-based Few-shot Relations in KG
• wRAN: Relation Adversarial Network for Low Resource Knowledge Graph Completion. WWW2020.



03 零样本关系表示学习
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ZSGAN: Generative Adversarial Zero-Shot Relational Learning for Knowledge Graphs. AAAI 2020.

• 知识迁移

• 在无训练样本的情况下实现知识推理（关系）



03 零样本关系表示学习
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ZSGAN: Generative Adversarial Zero-Shot Relational Learning for Knowledge Graphs. AAAI 2020.

Feature Encoder

• 知识迁移

• 在无训练样本的情况下实现知识推理（关系）

Framework



03 零样本关系表示学习
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Yuxia Geng, Jiaoyan Chen, Huajun Chen, et al. OntoZSL: Ontology-enhanced Zero-shot Learning. WWW 2021 Under Review.

KG
of
KG

• 基于本体的知识迁移



03 零样本实体表示学习

36
Knowledge transfer for out-of-knowledge-base entities: a graph neural network approach. IJCAI 2017.

已有/训练三元组

辅助三元组

测试三元组

n: time step

• 借助辅助信息对新实体进行表示

• 未出现在训练集中的实体 (Out-of-Knowledge-Base entities, OOKB entities)



03 长尾关系表示学习
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Ningyu Zhang, Huajun Chen, et al. wRAN: Relation Adversarial Network for Low Resource Knowledge Graph Completion. WWW2020.

• 利用对抗迁移学习提升长尾部分关系的学习能力，进而提升推理和补全性能

source relations => target relations



03 长尾关系表示学习
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Ningyu Zhang, Huajun Chen, et al. wRAN: Relation Adversarial Network for Low Resource Knowledge Graph Completion. WWW2020.

• 利用对抗迁移学习提升长尾部分关系的学习能力，进而提升推理和补全性能

source relations => target relations



03 长尾关系表示学习
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Ningyu Zhang, Huajun Chen, et al. wRAN: Relation Adversarial Network for Low Resource Knowledge Graph Completion. WWW2020.

• 利用对抗迁移学习提升长尾部分关系的学习能力，进而提升推理和补全性能



03 长尾关系表示学习
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Ningyu Zhang, Huajun Chen, et al. wRAN: Relation Adversarial Network for Low Resource Knowledge Graph Completion. WWW2020.

• 利用对抗迁移学习提升长尾部分关系的学习能力，进而提升推理和补全性能

Model Architecture



03 少样本学习 &元学习
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传统的机器学习/深度学习 元学习

• 少样本学习+元学习 (meta learning)

• 需大量标记数据
• 只能在训练过 (Seen) 的类别/概念上进行测试

• Learn to Learn: training tasks (models) with few examples
• Generalize to new tasks with few examples 



03 元关系学习

42
Mingyang Chen, Huajun Chen, et al. MetaR: Meta Relational Learning for Few-Shot Link Prediction in Knowledge Graphs. EMNLP2019.

• 元关系学习：在只有少量关系样本的情况下实现知识图谱推理



03 元关系学习
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Mingyang Chen, Huajun Chen, et al. MetaR: Meta Relational Learning for Few-Shot Link Prediction in Knowledge Graphs. EMNLP2019.

• 元关系学习：在只有少量关系样本的情况下实现知识图谱推理

• 基本思想：在Support阶段根据Support集中的头尾实体得到关系元（rel-meta）作为关系的表示，然后利用
Support集中的三元组计算损失更新关系元，并把更新后的关系元作为关系的表示用到Query阶段的链接预测中。



04
总结与展望
Summary & Future Directions



04 总结
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LRL4KG

ZSL  in KG
Zero-shot Relations

Zero-shot Entities

FSL in KG

Relation Transfer 
Learning

Meta Relation 
Learning

KG4LRL

ZSL

CV
Graph & Semantic
Knowledge Graph

& Logic

NLPTextC, RE

Explanation

FSLLong-tail Relation Extraction

KG & LRL

知识的知识



04 机遇与挑战
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Low Resource is Everywhere!

• 人工智能 = 人工的智能？

• 数据难题（长尾分布、特殊领域）；

• 层出不穷的新概念；

• 各个领域（CV, NLP, KG, ...）；

• 模型的低成本和快速部署的诉求

Knowledge is Power!

• 数据模型 or 机器学习模型；

• 知识提供的语义信息和关联关系可以帮助更好地
建模Label空间，解决Label低资源的问题；

• 知识可以看作是质量更好、表示更规范的数据，
或者是融入更多先验的数据。

Uli Sattler @ ISWC2020

Challenge

• 如何将知识与模型进行更深入的融合，将感知和认
知更好地结合？

• 更丰富的知识以及更好的知识表示手段

“



欢迎关注浙大KG
你感兴趣的都在浙里


