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ABSTRACT
Specifying users’ interests with a formal query language is a typi-
cally challenging task, which becomes even harder in the context of
multi-model data management because we have to deal with data
variety. It usually lacks a unified schema to help the users issuing
their queries, or has an incomplete schema as data come from dis-
parate sources. Multi-Model DataBases (MMDBs) have emerged as
a promising approach for dealing with this task as they are capable
of accommodating and querying the multi-model data in a single
system. This tutorial aims to offer a comprehensive presentation
of a wide range of query languages for MMDBs and to make com-
parisons of their properties from multiple perspectives. We will
discuss the essence of cross-model query processing and provide
insights on the research challenges and directions for future work.
The tutorial will also offer the participants hands-on experience in
applying MMDBs to issue multi-model data queries.
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1 INTRODUCTION
In the past years, big data was overwhelming in both industry and
research communities. A critical issue in big data management is to
address the data variety. Data may be presented in various formats
– structured, semi-structured, and unstructured – and produced
by disparate sources, and hence natively have multiple models.
The increasing availability of multi-model data has triggered the
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development of Multi-Model DataBase (MMDB) systems [8]. This
is critical for many applications in which one needs to retrieve data
across multiple models.

Take a healthcare data set Mimic II [11] as an example, which
encompasses 26,000 patients/days in the intensive care unit (ICU) of
Beth Israel Hospital in Boston. This data set includes data collected
from disparate sources: (1) real-time data (time series from bedside
monitoring devices); (2) a historical archive of waveform data (from
previous patients); (3) patient metadata (relational data); (4) doctor’s
and nurse’s notes (text); and (5) prescription information (semi-
structured data). Relational data is only a small minority in this
data set. If a doctor wants to know the historical treatments of his
patients, she/he has to retrieve data from multiple sources.

MMDBs have emerged as a promising approach for dealing with
this task. The traditional database systems were typically designed
for a single data model. But many of them have recently evolved
into multi-model versions. We have found 77 DBMSs listed on the
DB-Engines Ranking site (334 DBMSs in total) are now supporting
multi-model data. An MMDB typically integrates multiple (at least
two) data stores together, so as to accommodate data in the for-
mats that fit the sources best, e.g., key/value pairs, relational tables,
graphs, or XML/JSON documents, etc. It also provides a unified
query language, so one can store multi-model data in anMMDB and
retrieve data of different models in a single query. The considerable
research activity devoted to the field resulted in the development of
dozens of multi-model query languages, where each concentrates
on a set of specific data models.

Scope of the Tutorial. This tutorial is to offer a comprehensive
investigation of a wide range of declarative query languages of
MMDBs and to make a comparative study of their essential proper-
ties. The tutorial will also provide the participants with hands-on
experience in multi-model queries over MMDBs. We will begin
with the challenges from the “Variety” of big data and the essen-
tial issues in multi-model data management. In the past decades,
a wealth of data models have been proposed for practical pur-
poses. We will briefly discuss the major data models that are widely
adopted by database systems, i.e., the relational model [4] and its
extensions [5, 12, 13], graph model [10], and semi-structured model
[1, 2]. After that, we will dive into the details of several popular
multi-model data query languages such as AsterixDB’s SQL++,
Marklogic’s XQuery, and ArangoDB’s AQL [3, 14]. We will also
make in-depth comparisons of these languages from four related
aspects: (1) the essential semantic difference of these languages, (2)
the expressive power defined what queries can be expressed with a
given language, (3) the internal representation (e.g., the relational
algebra) taken by each language, and (4) the processing paradigms
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adopted by MMDBs. Finally, we will discuss the open problems in
designing query languages for MMDBs and provide insights on
the research challenges and directions for future work. In addition,
during this tutorial, we will invite the participants to write and
run some multi-model queries by using ArangoDB to provide them
hands-on experience.

The slides of this tutorial can be downloaded at this site1. To the
best of our knowledge, this is the first tutorial to discuss state-of-
the-art research works and industrial trends on multi-model data
query languages. Multi-model data management and MMDBs have
attracted a lot of attention during the past decades. Three existing
tutorials are related to this topic. The tutorial [7] discussed the
general challenges and issues in multi-model data management,
and the tutorial [9] compared the two solutions for managing multi-
model data, i.e., MMDBs and integrated polystores. The tutorial
[6] investigated the query languages and processing paradigms for
graph data. In this tutorial, we will not concentrate on the query
languages for a single data model and their processing paradigms
in this tutorial, which were not surveyed by previous tutorials.

2 TUTORIAL ORGANIZATION
The tutorial is planned for 6 hours and is divided into 6 parts:
Part I: Introduction(15 minutes)
We start the tutorial by introducing data variety and motivating
the need of multi-model data management.
• Basics on data variety
• The need and essence of multi-model data management

Part II: Data models (45 minutes)
We will briefly discuss the major data models adopted by database
systems and a benchmark for multi-model data.
• The relational model and its extensions
• The semi-structured data models, e.g. XML and JSON
• The graph data models

Part III: Multi-model data query languages (60 minutes)
We will discuss several well-known multi-model data query lan-
guages, which fall into three categories.
• The SQL-extensions
• The XML/JSON-extensions
• The graph-extensions

Part IV: Comparison of the query languages (60 minutes)
We will make a comparative study of the query languages from 4
perspectives.
• The semantic difference
• The expressive power
• The internal representation
• The manner of query evaluation

Part V: Open problem and challenges (30 minutes)
Wewill conclude with a discussion of open problems and challenges
in designing multi-model data query languages.
• An algebra for a multi-model query language.
• General approaches for cross-model query processing.

Part VI: Hands-on experience (150 minutes)
We will invite the participants to write and run some multi-model
queries by using ArangoDB.
1https://www.helsinki.fi/en/node/93817

• Generate an E-commence dataset with Unibench [15, 16]
• Hands-on experience formulti-model queries withArangoDB.
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