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知识图谱
• “Knowledge graph”由Google于2012年提出
• 知识工程，专家系统

• CYC: 世界上历史最长的AI项目 (1985)

Tim Berners Lee
Father of WWW

Turing Award

Edward Feigenbaum
Father of KB
Turing Award
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数据中的网络1

1. Example from Jure’s slides
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一个挑战性问题：多跳知识问答
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多跳问答

The Quality Cafe is a now-
defunct diner in Los 
Angeles, California. The 
restaurant has appeared 
as a location featured in a 
number of Hollywood 
films, including Old School, 
Gone in 60 Seconds, ...

Quality Café
Los Angeles is the most 
populous city in California, 
the second most 
populous city in the 
United States, after New 
York City, and the third 
most populous city in 
North America.

Los Angeles

Old School is a 2003 
American comedy film 
released by Dream 
Works Pictures and The 
Montecito Picture 
Company and directed by 
Todd Phillips.

Old School
Todd Phillips is an 
American director, 
producer, screenwriter, 
and actor. He is best 
known for writing and 
directing films, including 
Road Trip (2000), Old 
School (2003), Starsky & 
Hutch (2004), and The 
Hangover Trilogy.

Todd Phillips

Alessandro Moschitti is a 
professor of the CS 
Department of the 
University of Trento, Italy. 
He is currently a Principal 
Research Scientist of the 
Qatar Computing 
Research Institute (QCRI)

Alessandro Moschitti

Tsinghua University
Tsinghua University is a major 
research university in Beijing 
and dedicated to academic 
excellence and global 
development. Tsinghua is 
perennially ranked as one of 
the top academic institutions 
in China, Asia, and 
worldwide...
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挑战 1: 短视检索问题

Document A
Old School is a 2003 American comedy film released by DreamWorks 
Pictures and The Montecito Picture Company…

Document B
Many directors shoot scenes in Hollywood, Los Angeles, which is 
notable as the home of the U.S. film industry.

对于多跳问答的问题，问题和答案间拥有多少相似词汇已经
不能作为答案检索的重要依据。 
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挑战 2: 可解释性

• 大部分阅读理解方法都只能看做黑盒:
• 输入: 问题和文档
• 输出: 答案文本块 (在文档中的起止位置)

• 如何让用户可以验证答案的对错:
• 推理路径或者子图
• 每个推理节点上的支撑事实
• 用于对比的其他可能答案和推理路径
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认知图谱: 表示, 推理和决策
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认知科学的理论

双通道处理理论

System 1
Intuitive

System 2
Analytic

1. Jonathan St BT Evans. 1984. Heuristic and analytic processes in reasoning. British Journal of Psychology, 75(4):451–468.
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CogQA: 基于认知图谱的问答
• 基于认知理论的迭代式框架
• System 1

• 抽取实体构建认知图谱
• 生成每个节点的语义向量

• System 2
• 基于语义向量和图进行推理
• 向System 1反馈线索用于抽取下一跳实体

Question

Quality café

Todd Phillips

Gone in 60 secondsOld school

Los Angeles

Dominic Sena

System 1

System 2

Cognitive Graph

…location featured in a number of 
Hollywood films, including Old School, 
Gone in 60 Seconds…

input

input

clues

predict

extract
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问题1: 如何表示图中的一个实体?
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网络嵌入方法的矩阵形式统一

1. Qiu et al. Network embedding as matrix factorization: unifying deepwalk, line, pte, and node2vec. WSDM’18. The most cited paper in WSDM’18 as of May 2019
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最新的进展: BIDAF, BERT, XLNet
• 目标：理解整个文档，而不仅仅是局部片段

BiDAF BERT XLNet
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认知图谱: 深度学习 + 双通道处理理论

?

System 1: 
隐式知识

扩展

System 2: 
显式推理
和决策
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问题2: 认知图谱中如何决策?
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GNN/GCN Model Architecture
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Recent GCN Research

2017 GCN

2017GraphSAGE

2018 GAT

2018FastGCN

2018 GraphSGAN
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认知图谱: 深度学习 + 双通道处理理论

System 1: 
隐式知识

扩展

System 2: 
显式推理
和决策
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System 1: 基于BERT的实现

• 抽取前k个下跳实体，并预测答案候选
• 生成实体的语义向量
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System 2: 基于GNN的实现

At each step, hidden representations X for 
nodes are updated according to the 
propagation rules:

Predictor F  is a two-layer MLP, which 
predicts the final answer based on 
hidden representations X:
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CogQA算法
• 预处理

– 用模糊匹配标记下跳实体和答
案候选

– 构建初始图谱

• 训练任务 #1 (System 1)：
– 下跳位置和答案候选抽取

• 训练任务 #2 (System 1 & 2)：
– 答案节点预测
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性能测试
• HotpotQA （类似SQuAD的一个问答测试数据集）
• CogQA 在约3个月的时间内保持排名第一

  ** https://github.com/THUDM/CogQA 
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推理的力量
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CogQA 在多跳问题上表现尤其优异
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其他应用
• 用认知图谱的方法补全知识图谱
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智谱: 认知图谱

亿级常识知识图谱

Tim Berners Lee
Turing Award Winner

Edward Feigenbaum
Turing Award Winner

Big Data Knowledge Intelligence
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“智谱”工具集

属性抽取

生成

抽取

关键词/短语/概念抽取

关键词

English

中文

概念

Wiki

片段法

实体

NER

语义表示学习

生成

摘要生成

对其

实体对其

跨语言对其

补齐

知识库补齐

应用层

算法

知识图校验

可视化

知识可视化

实体链接

知识推理

认知推理

认知图

概念扩展

问题回答

浅层表示学习

关系预测

TransE, DistMult, 
ConvE, ComplEx

图表示学习

图神经网络

关系抽取

分类关系

概念上下位
相关性

关键词上下位
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案例：大规模异构学术图谱的融合

Linking large-scale heterogeneous academic graphs

1. F. Zhang, X. Liu, J. Tang, Y. Dong, P. Yao, J. Zhang, X. Gu, Y. Wang, B. Shao, R. Li and K. Wang. OAG: Toward Linking Large-scale Heterogeneous Entity Graphs. KDD'19.
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方案 -- LinKG

期刊/会议链接
模块 论文链接模块

作者链接模块
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实验效果
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OAG: Open Academic Graph
https://www.openacademic.ai/oag/

[1] F. Zhang, X. Liu, J. Tang, Y. Dong, P. Yao, J. Zhang, X. Gu, Y. Wang, B. Shao, R. Li and K. Wang. OAG: Toward Linking Large-scale Heterogeneous Entity 
Graphs. KDD'19.
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应用

• 数据集成
• 图挖掘

• 合作和引用

• 文本挖掘
• 标题和摘要

• 科学学研究

https://www.openacademic.ai/oag/
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认知图谱赋能API
科技趋势预测

亿级常识知识图谱

AI 
总
线

面向科研人员、期刊、科研管理部门的智能服务

知
识
获
取

科技信息
网络

网络媒体

语义

话题分布

关联分析

模式

行为模式

传播模式

预测

关系预测

趋势预测

知识

知识推送

专家智库

实时数据
采集系统
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q国家部委

q战略合作

q企业合作

q国际合作
l John Hopcroft, Professor, 图灵, Cornell University

l Jon Kleinberg, Professor, 院士(美), Cornell University

l Dame Wendy Hall, Professor, University of Southampton

l Jiawei Han, Professor, ACM Fellow, UIUC

l Philip Yu, Professor, ACM Fellow, UIC

l Qiang Yang, Professor, ACM Fellow, HKUST

l Christos Faloutsos, ACM Fellow, CMU

l Michalis Vazirgiannis, Professor, Ecole Polytechnique

l 清华大学人工智能研究院

l 北京智源研究院

l 中国工程院知识中心
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谢 谢！


