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Abstract. A heterogeneous information network (HIN) is a graph model in which
objects and edges are annotated with types. Large and complex databases, such
as YAGO and DBLP, can be modeled as HINs. A fundamental problem in HINs
is the computation of closeness, or relevance, between two HIN objects. Rele-
vance measures, such as PCRW, PathSim, and HeteSim, can be used in various
applications, including information retrieval, entity resolution, and product rec-
ommendation. These metrics are based on the use of meta-paths, essentially a
sequence of node classes and edge types between two nodes in a HIN. In this tu-
torial, we will give a detailed review of meta-paths, as well as how they are used
to define relevance. In a large and complex HIN, retrieving meta paths manually
can be complex, expensive, and error-prone. Hence, we will explore systematic
methods for finding meta paths. In particular, we will study a solution based on
the Query-by-Example (QBE) paradigm, which allows us to discover meta-paths
in an effective and efficient manner.
We further generalise the notion of meta path to “meta structure”, which is a di-
rected acyclic graph of object types with edge types connecting them. Meta struc-
ture, which is more expressive than the meta path, can describe complex relation-
ship between two HIN objects (e.g., two papers in DBLP share the same authors
and topics). We will discuss three relevance measures based on meta structure.
Due to the computational complexity of these measures, we also study an algo-
rithm with data structures proposed to support their evaluation. Finally, we will
examine solutions for performing query recommendation based on meta-paths.
We will also discuss future research directions.

1 Background

Heterogeneous information networks (HINs), such as DBLP [5], YAGO [8], and DB-
pedia [1], have recently received a lot of attention. These data sources, containing a vast
number of inter-related facts, facilitate the discovery of interesting knowledge [4, 6, 7].
Figure 1(a) illustrates an HIN, which describes the relationship among entities of dif-
ferent types (e.g., author, paper, venue and topic). For example, Jiawei Han (a2) has
written a VLDB paper (p2,2), which mentions the topic “efficient” (t3).
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Fig. 1: HIN, Meta Paths, and Meta Structures.

Given two HIN objects a and b, the evaluation of their relevance is of fundamental
importance. This quantifies the degree of closeness between a and b. In Figure 1(a),
Jian Pei (a1) and Jiawei Han (a2) have a high relevance score, since they have both
published papers with keyword “mining” in the same venue (KDD). Relevance finds
its applications in information retrieval, recommendation, and clustering [9, 10]: a re-
searcher can retrieve papers that have high relevance in terms of topics and venues in
DBLP; in YAGO, relevance facilitates the extraction of actors who are close to a given
director. As another example, in entity resolution applications, duplicated HIN object
pairs having high relevance scores (e.g., two different objects in an HIN referring to the
same real-world person) can be identified and removed from the HIN.

Relevance computation. In this tutorial, we will explore different ways of comput-
ing the relevance between two graph objects, for instance, neighborhood-based mea-
sures, such as common neighbors and Jaccard’s coefficient; graph-theoretic measures
based on random walks, such as Personalized PageRank and SimRank. These measures
do not consider object and edge type information in an HIN. We will discuss the con-
cept of meta paths [4, 9]. A meta path is a sequence of object types with edge types
between them. Figure 1(b) illustrates a meta path P1, which states that two authors (A1

and A2) are related by their publications in the same venue (V ). Another meta path P2

says that two authors have written papers containing the same topic (T ). We will dis-
cuss several meta-path-based relevance measures, including PathCount, PathSim, and
Path Constrained Random Walk (PCRW) [4,9]. These measures have been shown to be
better than those that do not consider object and edge type information.

We will further discuss meta structures, recently proposed in [3], to depict the rela-
tionship of two graph objects. This is essentially a directed acyclic graph of object and
edge types. Figure 1(b) illustrates a meta structure S, which depicts that two authors
are relevant if they have published papers in the same venue, and have also mentioned
the same topic. A meta path (e.g., P1 or P2) is a special case of a meta structure. How-
ever, a meta path fails to capture such complex relationship that can be conveniently
expressed by a meta structure (e.g., S). We will discuss how meta structures can be
used to formulate three relevance definitions, as well as their efficient calculation.

Meta path discovery. There are often a huge number of meta paths between a pair
of HIN objects. This can be very difficult, even for a domain expert, to identify the right
meta paths. We will discuss a meta path discovery algorithm, recently proposed by [6],



where users provide example instances of source and target objects through a Query-
by-Example paradigm, to derive meta paths automatically. We will demonstrate a HIN
search engine prototype based on this algorithm.

Query recommendation. We will study the use of meta paths in query recommen-
dation, where queries are suggested to web search users based on their previous query
histories. As studied in [2], it is possible to use a knowledge base (a HIN) and its related
meta-paths to perform effective query recommendation. The approach is especially use-
ful to long-tail queries that rarely appear in query logs.

2 Proposed Schedule

The following is our proposed schedule of the 90-minute tutorial.

– Introduction (15 minutes). We will discuss the basic model of HIN, and discuss
applications based on it, such as search, relevance computation, query recommen-
dation, and data integration (10 minutes). We will also introduce meta-paths, a fun-
damental HIN analysis tool, and give an overview of the tutorial (5 minutes).

– Main contents (60 minutes). Next, we will introduce meta path, and how it facili-
tates the computation of various relevance measures (10 minutes). We then explain
the process of discovering meta paths (15 minutes). We discuss a novel query rec-
ommendation framework based on meta paths (15 minutes). We will also present
the meta structures, which is the latest development of meta paths (15 minutes). We
will demonstrate a HIN search engine prototype based on meta paths (5 minutes).

– Conclusions (15 minutes). We will conclude the tutorial and discuss future direc-
tions (5 minutes). The rest of the time will be dedicated to Q&A (10 minutes).

3 Intended Audience

The tutorial is designed for researchers interested in latest development in the field of
HINs, especially regarding meta-paths for novel applications. The HIN search demon-
stration will be give insight to software practitioners for developing recommendation
facilities for HINs.
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