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Abstract

AMiner is a novel online academic search and mining system, and it aims to
provide a systematic modeling approach to help researchers and scientists gain
a deeper understanding of the large and heterogeneous networks formed by
authors, papers, conferences, journals and organizations. The system is subse-
quently able to extract researchers’ profiles automatically from the Web and
integrates them with published papers by a way of a process that first performs
name disambiguation. Then a generative probabilistic model is devised to si-
multaneously model the different entities while providing a topic-level expertise
search. In addition, AMiner offers a set of researcher-centered functions, includ-
ing social influence analysis, relationship mining, collaboration recommendation,
similarity analysis and community evolution. The system has been in operation
since 2006 and has been accessed from more than 8 million independent IP
addresses residing in more than 200 countries and regions.
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Abstract

AMiner is a novel online academic search and mining system designed to pro-
vide a systematic modeling approach that helps researchers and scientists gain
deeper understanding of large, heterogeneous networks formed by authors, pa-
pers, conferences, journals, and organizations. The system automatically ex-
tracts researcher profiles from the Web and integrates them with published
papers through a name disambiguation process. It then employs a generative
probabilistic model to simultaneously model different entities while enabling
topic-level expertise search. Additionally, AMiner offers researcher-centered
functions including social influence analysis, relationship mining, collaboration
recommendation, similarity analysis, and community evolution. Operational
since 2006, the system has been accessed from over 8 million unique IP ad-
dresses across more than 200 countries and regions.

7 Corresponding author: Jie Tang (Email: jietang@tsinghua.edu.cn; ORCID:
0000-0002-6882-4044)

1. Introduction

Academic social networking platforms such as Google Scholar, Microsoft Aca-
demic, Semantic Scholar, ResearchGate, and Academia.edu have gained tremen-
dous popularity over the past decade. These systems share a common goal:
providing researchers with integrated platforms to query academic information,
share achievements, and connect with peers.

While these systems have investigated various issues within academic social
networks, most approaches treat problems separately through independent pro-
cesses. Consequently, there is no coherent framework for mining entire academic
social networks. This gap stems from two primary challenges. First, there is a
lack of semantic-based information: user profiles obtained solely through manual
entry or heuristic extraction are often incomplete or inconsistent, as users may
be unwilling to provide personal details. Second, there is no unified modeling ap-
proach for effective social network mining. Traditional methods model different
information sources in academic networks individually, failing to capture depen-
dencies between them. However, such dependencies exist within social data, and
high-quality search services must account for the intrinsic relationships between
heterogeneous information sources.
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AMiner, the second generation of the ArnetMiner system, is designed to search
and mine academic publications on the Internet using social network analysis to
identify connections between researchers, conferences, and publications. AMiner
addresses four fundamental questions: (1) How can researcher profiles be auto-
matically extracted from the existing Web? (2) How can extracted information
(researcher profiles and publications) from different sources be integrated? (3)
How can different types of information sources be modeled within a unified
framework? (4) How can enhanced search services be provided within the con-
structed network?

To answer these questions, AMiner implements a series of novel approaches.
The overall architecture, shown in Figure 1 [Figure 1: see original paper], com-
prises five main components. First, the Extraction component automatically
extracts researcher profiles from the Web by collecting and identifying relevant
pages (e.g., homepages or biography pages), then applies a unified approach
to extract data from these documents. It also extracts publications from on-
line digital libraries using heuristic rules, and employs a simple yet effective
big data approach for profiling Web users. Second, the Integration compo-
nent joins and integrates extracted researcher profiles with publications, using
researcher names as identifiers. To address name ambiguity, a probabilistic
model and comprehensive framework have been developed. Integrated data are
then stored, sorted, and indexed into a researcher network knowledge base.

Third, Storage and Access provides storage and indexing for the extracted
and integrated data. The system uses Jena for storing and retrieving ontolog-
ical data and employs inverted file indexing to facilitate information retrieval.
Fourth, the Modeling component utilizes a generative probabilistic model to
simultaneously model different information sources, estimating mixture distribu-
tions of topics associated with each source. Finally, Services provides several
powered functions based on the modeling results, including profile search, ex-
pert finding, conference analysis, course search, sub-graph search, topic browser,
academic ranks, and user management.

For key features such as profile extraction, name disambiguation, academic topic
modeling, expertise search, and academic social network mining, we propose new
approaches to overcome limitations of conventional methods. The remainder of
this paper is organized as follows: Section 2 discusses related work, Section 3
presents our proposed approaches, Section 4 demonstrates applications, Section
5 describes our datasets, and Section 6 concludes.

2. Related Work

Several academic social network issues have been investigated, and various sys-
tems have been developed. Google Scholar provides a search engine for identi-
fying hyperlinks to publicly available publications or those accessible through
institutional libraries. While not a social networking site in the traditional sense,
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it has become an essential platform for searching academic resources, tracking
research, promoting achievements, and monitoring impact. Registered users can
create profiles to list research interests, manage publications, correct co-authors,
and view annual citation metrics. Its social features are limited: users can follow
researchers to receive email alerts about new publications or citations, and set
up field-based alerts.

Microsoft Academic employs machine learning, semantic analysis, and data min-
ing to help users explore academic information more powerfully. Users can
create accounts and public profiles by claiming their publications. It offers ex-
tensive “follow” functions for researchers, publications, journals, conferences,
organizations, and research topics. Based on publication history and followed
events, Microsoft Academic displays relevant items on personalized homepages.
Rather than simple keyword search, it provides relevant results and recommen-
dations to help users discover more resources and support expansive research
experiences.

Semantic Scholar is designed as a “smart” search engine to help researchers
find better publications faster. It combines machine learning, natural language
processing, and computer vision to analyze publications and extract important
features, adding a semantic analysis layer to traditional citation analysis. Com-
pared to Google Scholar and Microsoft Academic, Semantic Scholar quickly
highlights important papers and identifies connections between them, providing
influential citations, images, and key phrases that become highly relevant to
users’ work.

ResearchGate aims to connect geographically distant researchers and enable
continuous communication. Users have profiles and can share research outputs
including papers, data, chapters, patents, proposals, algorithms, presentations,
and source code. They can follow others’ activities and engage in discussions.
Organized primarily around research topics, ResearchGate maintains its own
ResearchGate Score based on content contributions, profile details, and site
participation (e.g., asking and answering questions).

Academia.edu is a for-profit academic social networking site where users cre-
ate profiles, share works, monitor impact, select interest areas, and follow re-
search evolution in specific fields. Users can browse networks of similar-interest
researchers worldwide. The platform includes an analytics dashboard showing
real-time influence and diffusion of works, plus an alert service that emails users
when followed researchers publish new papers or when followed topics have new
activity, potentially raising paper awareness among potential citators.

Although these systems have integrated vast academic resources and provide
abundant search and networking functions, they lack systematic semantic-level
analysis or mining. In contrast, AMiner’ s primary objective is to provide a
unified modeling approach for deeper understanding of semantic connections
in large, heterogeneous academic networks comprising authors, papers, confer-
ences, journals, and organizations, thereby enabling topic-level expertise search
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and researcher-centered functions.

3. Methodology

This section details the challenges AMiner addresses and presents our methods
and solutions.

3.2 Name Disambiguation

We have collected over 200 million publications from online digital libraries in-
cluding DBLP, ACM DL, CiteSeerX, and others. In each source, authors are
identified by names, which we use as identifiers to integrate researcher profiles
with publication data. This process inevitably creates ambiguity. Several years
ago, we proposed a probabilistic framework based on Hidden Markov Random
Fields (HMRF) that captures dependencies between observations (where each
paper is an observation), casting disambiguation as assigning tags to papers
where each tag represents an actual researcher. More recently, we developed an
additional comprehensive framework that incorporates a novel representation
learning method using both global and local information, plus an end-to-end
cluster size estimation method. To improve accuracy, we involve human anno-
tators in the disambiguation loop. This method now handles name disambigua-
tion at billion-scale in AMiner, demonstrating its effectiveness and efficiency.

3.3 Topic Modeling

In academic search, representing text documents, author interests, and con-
ference themes is critical. Traditional approaches use “bag of words” (BOW)
representations, which cannot capture semantic dependencies between words.
Additionally, academic search involves multiple information source types, mak-
ing it challenging to model dependencies between them. Existing topic models
such as probabilistic Latent Semantic Indexing (pLSI), Latent Dirichlet Alloca-
tion (LDA), and Author-Topic models cannot be directly applied because they
fail to capture all intrinsic dependencies between papers and conferences.

We propose a unified topic modeling approach called the Author-Conference-
Topic (ACT) model that simultaneously models characteristics of documents,
authors, conferences, and their dependencies (using “conference” to denote con-
ferences, journals, and books). Different strategies can model topic distributions,
yielding different knowledge representation capacities. In the first variant, each
author has a mixture of topic weights, with each word token and conference
stamp generated from a sampled topic. In the second variant, each author-
conference pair has topic mixture weights, with word tokens generated from
sampled topics. In the third variant, each author is associated with topics,
word tokens are generated from sampled topics, and conferences are generated
from the topics of all word tokens in a paper.
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3.4 Expertise Search

When searching for academic resources, users seek authors with specific exper-
tise and relevant papers or conferences. AMiner presents a topic-level exper-
tise search framework that differs from traditional document-level retrieval by
studying expertise search at the topic level across heterogeneous networks. We
propose a unified Citation-Tracing-Topic (CTT) model to simultaneously model
topical aspects of different objects in the academic network. Based on learned
topic models, we investigate expertise search from three dimensions: ranking,
citation tracing analysis, and topic graph search. Specifically, we propose a
topic-level random walk method for ranking objects, seek to uncover how studies
influence follow-up work through citation tracing analysis, and have developed
a topical graph search function based on topic modeling and citation tracing.

3.5 Academic Social Network Mining

AMiner provides researcher-centric mining functions including social influence
analysis, relationship mining, similarity analysis, collaboration recommendation,
and community evolution.

Social Influence Analysis. In large social networks, individuals are influ-
enced by others for various reasons. We propose a Topic Affinity Propagation
(TAP) model to differentiate and quantify social influence, which can use any
topic modeling results and existing network structure for topic-level influence
propagation. Recently, we designed an end-to-end framework called DeepInf
for feature representation learning and social influence prediction. Each user
is represented by their local sub-network embedding, and a graph neural net-
work learns the sub-network representation, effectively integrating user-specific
features and network structures.

Social Relationship Mining. Inferring relationship types between users is
crucial. We propose a two-stage Time-constrained Probabilistic Factor Graph
model (TPFQG) to infer advisor-advisee relationships in co-author networks by
decomposing the joint probability of unknown advisors across all authors. Addi-
tionally, we developed the TranFG framework for classifying social relationship
types across heterogeneous networks, incorporating social theories into a factor
graph model to improve prediction accuracy in target networks by borrowing
knowledge from source networks.

Similarity Analysis. Estimating vertex similarity is fundamental in social net-
work analysis. We propose a sampling-based method called Panther to estimate
top-k similar vertices. Given a network, Panther randomly generates paths of
pre-defined length, modeling similarity between two vertices as the probability
they appear on the same paths.

Collaboration Recommendation. Interdisciplinary collaborations signifi-
cantly impact society but are difficult to establish. Analyzing cross-domain
collaboration data from publications, we propose a Cross-domain Topic Learn-
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ing (CTL) model for collaboration recommendation. To handle sparse con-
nections, CTL consolidates existing cross-domain collaborations through topic
layers rather than author layers. To handle complementary expertise, CTL sep-
arately models topic distributions from source and target domains plus their
correlations. To handle topic skewness, CTL models only topics relevant to
cross-domain collaboration.

Community Evolution. Social networks are dynamic, making it interesting
to study how people form clusters and how these clusters evolve over time. We
study co-evolution of multi-typed objects in a special heterogeneous network
type called star networks, examining how multi-typed objects influence each
other during network evolution. We propose a Hierarchical Dirichlet Process
Mixture Model-based evolution model that detects co-evolution of multi-typed
objects as multi-typed cluster evolution in dynamic star networks, with an effi-
cient inference algorithm for model learning.

4. Application

AMiner provides comprehensive search and mining services for researcher so-
cial networks, focusing on: (1) creating semantic-based researcher profiles by
extracting information from the distributed Web; (2) integrating academic data
(bibliographic data and researcher profiles) from multiple sources; (3) enabling
accurate search in heterogeneous networks; and (4) analyzing and discovering
interesting patterns in the constructed researcher social network.

Profile Search. Inputting a researcher name (e.g., Jie Tang) returns a
semantic-based profile created using information extraction techniques. Profiles
include contact information, photo, citation statistics, academic achievement
evaluation, (temporal) research interests, educational history, personal social
graph, research funding (currently US and China only), and publication records
with citation information automatically assigned to different domains.

Expert Finding. Inputting a query (e.g., “data mining” ) returns experts on
that topic, along with top conferences and ranked papers. Two ranking algo-
rithms are available: VSM (similar to conventional language models) and ACT
(based on our Author-Conference-Topic model). Users can provide feedback on
search results.

Conference Analysis. Inputting a conference name (e.g., KDD) returns the
most active researchers in that conference and top-ranked papers.

Course Search. Inputting a query (e.g., “data mining” ) returns researchers
teaching relevant courses.

Sub-Graph Search. Inputting a query (e.g., “data mining” ) first identifies
relevant topics (e.g., “Data Mining,” “XML Data,” “Data Mining/Query Pro-
cessing,” “Web Data/Database Design,” “Web Mining” ), then displays the most
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important sub-graph discovered for each topic with a summary.

Topic Browser. Based on our ACT model, we automatically discover 200
hot topics from publications, assigning labels to represent their meanings. The
browser presents the most active researchers, relevant conferences/papers, and
topic evolution trends.

Academic Ranks. We define eight measures to evaluate researcher achieve-
ment: h-index, citations, uptrend, activity, longevity, diversity, sociability, and
new star. For each measure, we provide ranking lists across domains (e.g.,
highest-cited researchers in “data mining” ).

User Management. Registered users can: (1) modify extracted profile infor-
mation; (2) provide search result feedback; (3) follow researchers; and (4) create
AMiner pages for advertising conferences, workshops, or recruiting students.

5. Data Set

By June 2018, AMiner had collected a large scholar dataset with over 130
million researcher profiles and 233 million publications from the Internet,
along with numerous subsets for different research purposes, available at
https://www.aminer.cn/data.

Citation Network. Extracted from DBLP, ACM DL, and other sources, this
dataset contains 1,572,277 papers and 2,084,019 citation relationships. Each pa-
per includes abstract, authors, year, venue, and title. It supports clustering with
network and side information, influence analysis, influential paper identification,
and topic modeling.

Academic Social Network. This dataset includes papers, citations, author
information, and collaborations, containing 1,712,433 authors, 2,092,356 papers,
8,024,869 citations, and 4,258,615 co-author relationships.

Advisor-Advisee. Comprising 815,946 authors and 2,792,833 co-author re-
lationships, we created a ground truth subset for evaluating advisor-advisee
inference by collecting data from the Mathematics Genealogy Project and Al
Genealogy Project, plus manual crawling from researcher homepages, resulting
in 1,534 labeled relationships (514 advisor-advisee).

Topic-Co-Author. A topic-based co-author network with 640,134 authors
across eight topics and 1,554,643 co-author relationships. Topics include Data
Mining/Association Rules, Web Services, Bayesian Networks/Belief Function,
Web Mining/Information Fusion, Semantic Web/Description Logics, Machine
Learning, Database Systems/XML Data, and Information Retrieval.

Topic-Paper-Author. Collected for cross-domain recommendation, this
dataset contains 33,739 authors across five topics and 139,278 co-author
relationships. Topics are Data Mining (6,282 authors, 22,862 relationships),
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Medical Informatics (9,150 authors, 31,851 relationships), Theory (5,449 au-
thors, 27,712 relationships), Visualization (5,268 authors, 19,261 relationships),
and Database (7,590 authors, 37,592 relationships).

Topic-Citation. A topic-based citation network with 2,329,760 papers across
10 topics and 12,710,347 citation relationships. The 10 topics match those in
Topic-Co-Author plus Pattern Recognition/Image Analysis and Natural Lan-
guage System/Statistical Machine Translation.

Kernel Community. A co-authorship network with 822,415 nodes and
2,928,360 undirected edges, where vertices represent authors and edges
represent co-author relationships.

Dynamic Co-Author. Contains 1,768,776 papers published from 1986 to 2012
with 1,629,217 authors. Each year is a timestamp (27 total). Edges connect
authors who co-authored at least one paper in the most recent three years
(including current year). Undirected edges are converted to two symmetric
directed edges.

Expert Finding. A benchmark dataset containing 1,781 experts across 13
topics.
Association Search. Used to evaluate association search approaches, contain-

ing 8,369 author pairs across nine topics, each with source and target authors.

Topic Model Results for AMiner Dataset. ACT model results on the
AMiner dataset containing top 1,000,000 papers and authors across 200 topics.

Co-Author. A co-author network from AMiner with 1,560,640 authors and
4,258,946 co-author relationships.

Disambiguation. A dataset for studying name disambiguation in digital li-
braries, containing 110 authors with affiliations and ground truth disambigua-
tion results.

6. Conclusion

This paper presents AMiner, a novel online academic search and mining system
and the second generation of ArnetMiner. We described the overall architecture
with five main components: extraction, integration, storage and access, model-
ing, and services. We introduced key methodologies including profile extraction
and user profiling methods, name disambiguation algorithms, topic modeling
approaches, expertise search strategies, and academic social network mining
methods. We also demonstrated typical applications and a broad offering of
available datasets on the platform.

While AMiner remains in development regarding resource scale and service qual-
ity, we plan to exploit additional intelligent methods for mining deep knowledge
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from scientific networks and deploy a more convenient, personalized framework
for academic search and discovery services.
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