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ABSTRACT

Collecting and processing provenance, i.e., information
describing the production process of some end product,
is important in various applications, e.g., to assess qual-
ity, to ensure reproducibility, or to reinforce trust in the
end product. In the past, different types of provenance
meta-data have been proposed, each with a different
scope. The first part of the proposed tutorial provides
an overview and comparison of these different types of
provenance.

To put provenance to good use, it is essential to be
able to interact with and present provenance data in
a user-friendly way. Often, users interested in prove-
nance are not necessarily experts in databases or query
languages, as they are typically domain experts of the
product and production process for which provenance
is collected (biologists, journalists, etc.). Furthermore,
in some scenarios, it is difficult to use solely queries for
analyzing and exploring provenance data. The second
part of this tutorial therefore focuses on enabling users
to leverage provenance through adapted visualizations.
To this end, we will present some fundamental concepts
of visualization before we discuss possible visualizations
for provenance.

1. PROVENANCE TYPES AND

VISUALIZATIONS

Provenance generally refers to any information that
describes the production process of an end product,
which can be anything from a piece of data to a phys-
ical object (food, chemical compound, business report,
etc.). Thus, in general, provenance information in-
cludes meta-data about entities, processes, activities,

Permission to make digital or hard copies of all or part of this work for personal
or classroom use is granted without fee provided that copies are not made or
distributed for profit or commercial advantage and that copies bear this notice
and the full citation on the first page. Copyrights for components of this work
owned by others than ACM must be honored. Abstracting with credit is per-
mitted. To copy otherwise, or republish, to post on servers or to redistribute to
lists, requires prior specific permission and/or a fee. Request permissions from
permissions @acm.org.

SIGMOD’ 16, June 26-July 01, 2016, San Francisco, CA, USA
© 2016 ACM. ISBN 978-1-4503-3531-7/16/06. .. $15.00
DOL: http://dx.doi.org/10.1145/2882903.2912568

Marcel Hlawatsch
Visualization Research Center
University of Stuttgart
Stuttgart, Germany

marcel.hlawatsch@visus.uni-stuttgart.de

2213

and persons involved in the production process. As
discussed below, provenance information exists under
various forms, i.e., different provenance types exist. Es-
sentially, these different types have been motivated by
varying application requirements and usage scenarios.

Visualization deals with the visual representation of
data. Since the visual channel is the largest informa-
tion channel of the human, visualization enables the
analysis and exploration of large amounts of data, es-
pecially when combined with suitable interaction meth-
ods. Considering the variety of provenance types, it is
clear that there is no single visualization concept that
can represent all types of provenance in the best pos-
sible way. To be most efficient, the visualization must
be developed and adapted to each type of provenance
and each type of application. This tutorial therefore
presents general visualization concepts and approaches
applicable to provenance data. The goal is to provide
basic knowledge for designing, developing, and applying
provenance visualization.

Structure. In the remainder of this section, we provide
some background on both provenance and visualization
in the context of provenance. Section 2 summarizes the
learning objectives and the tutorial outline. Tutorial
format and audience are covered in Section 3 before the
tutorial’s instructors are briefly introduced in Section 4.

1.1 Provenance Types

As mentioned above, different types of provenance
have been proposed, guided by varying application
needs. We classify the prevalent types of prove-
nance into four main types of provenance, namely data
provenance, workflow provenance, information systems
provenance, and provenance meta-data. Roughly speak-
ing, these four types form a type hierarchy, as illustrated
in Figure 1. Essentially, as we move up from one level
to a more specific level of the provenance type hierar-
chy, the more specialized the provenance type becomes,
i.e., its domain reduces, meaning that either the set of
possible processes or the set of possible provenance data
models reduces, as illustrated in Table 1.

We now briefly introduce the different types in more
detail, starting with the most general one.
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Figure 1: Provenance type hierarchy.

Prov. type Process type Prov. data model
data provenance structured query | based on specific
language data model and
query language
of corresponding
process type
workflow prov. workflows standards-based
information sys- | processes sup- | standards-based
tem provenance ported by infor-
mation systems
prov. meta-data anything anything

Table 1: Restrictions on process type and prove-
nance data model on provenance (prov.) types.

Provenance meta-data. Provenance meta-data can
be any type of data describing the source, the process
of acquisition, the context or environment of acquisition
etc. of some data. This most general type of prove-
nance provides users with the widest degree of freedom
to model, store, or access the provenance of any type
of end product or production process. We distinguish
provenance meta-data from other meta-data based on
its intended purpose. Indeed, whereas general meta-
data aims at assigning meaning to data, provenance
information is descriptive of the data derivation pro-
cess [13]. Note that these meta-data types may overlap.
For instance, the resolution of a digital photograph can
be seen as meta-data translating the quality of the pho-
tograph. At the same time, it is a key parameter in the
process of taking and post-processing the photograph.
Without further restrictions, provenance meta-data can
be modeled, stored, or queried in any conceivable way,
justifying the generality of this first type of provenance.
This type of provenance, for instance, applies on pro-
prietary solutions for provenance management (e.g., In-
formatica Big Data Management, IBM InfoSphere In-
formation Governance Catalog, SAS Lineage).

Information system provenance. The problems
of proprietary solutions for provenance management,
in particular the interoperability between different in-
formation systems, have initiated standardization ef-
forts on both the syntax (e.g., XML [5] or RDF [29])
and semantics of provenance meta-data (e.g., [11, 21]).
One significant result of these efforts is a W3C stan-
dard, W3C PROV [20], that includes a clearly defined
data model, ontology, and mechanisms for accessing and
querying provenance. In summary, information system
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provenance covers provenance for various different types
of production processes supported by information sys-
tems that complies with some standard representation
of provenance. As we further move up the provenance
hierarchy, the processes for which provenance are col-
lected become more specific.

Workflow provenance. Due to requirements such
as documentation, repeatability, accountability, or pa-
rameter evaluation, provenance has become an integral
part of workflow management tools (as surveyed for
instance in [12, 14]). To represent provenance, these
typically rely on a standard representation of prove-
nance for better exchange and interoperability, which
are already at the heart of information systems prove-
nance. What distinguishes workflow provenance from
information system provenance is the restriction to a
very specific family of processes, i.e., workflows. This
specialization entails a specialization of the semantics of
provenance meta-data. In particular, when considering
workflow provenance, we distinguish between retrospec-
tive and prospective workflow provenance or different
provenance granularities.

Data provenance. Data provenance (surveys in-
clude [10]) allows to track the processing of individual
data items (e.g., tuples) at the “highest resolution”, i.e.,
the provenance itself is at the level of individual data
items (and the operations they undergo). Collecting
data provenance typically applies on structured data
models and declarative query languages or dataflow lan-
guages with clearly defined semantics of individual op-
erators or functions (SQL [16], Spark [19]). This is nec-
essary to either recover data provenance of individual
data items after running a data transformation, or to ex-
tend data items or operators to pass on their provenance
annotation as the data is processed. Clearly, the data
model of the generated provenance meta-data highly
depends on the data model of the processed data and
the semantics of operators of the data manipulation lan-
guage.

As we will discuss in more detail in Section 2, this
tutorial’s first learning objective is to give the audience
an introduction to the four introduced types of prove-
nance. Thus, this tutorial provides an in-depth survey
on provenance. Additionally, we will discuss details of
selected provenance methods to allow for a more in-
formed decision when faced with a problem or applica-
tion that may benefit from provenance.

1.2 Visualization

The primary goal of visualization is to find a suitable
visual representation of data that provides the viewer
with the information she requires or is interested in.
This requires usually emphasizing or hiding parts or as-
pects of the data. To be effective, the visualization must
be designed and adapted for the specific application, its
data, and its context. It is therefore not possible to



find a single visualization method that represents all the
different types of provenance in an effective and useful
way. Thus, this tutorial will introduce common visual-
ization concepts and principles with the goal to provide
the audience with basic knowledge to select or develop
provenance visualization for their application.

Perceptual aspects. Human perception is an impor-
tant aspect when developing a visualization because it
influences how the visual information is processed and
interpreted by the viewer [28]. Three Important topics
in this context are (i) the usage and the effect of col-
ors [6], (ii) issues with 3D perception and reasons why
information visualization typically uses only 2D repre-
sentations [26], and (iii) the usefulness of animation [27].

Visual metaphors. There are established and com-
mon visual metaphors for different classes or aspects of
data. For instance, relational data or graphs can be
represented with node-link diagrams, adjacency matri-
ces, or adjacency lists [18]. There are different ways
to represent the time dimension of temporal data, e.g.,
by using a spatial dimension or animation [1]. Glyphs
are a powerful visual metaphor that can encode many
different data dimensions [4]. Furthermore, the visual-
ization can make use of different layouts for the data
dimensions, e.g., Cartesian or radial layouts [8].

Presentation and interaction concepts. There
are some basic principles for the presentation of the
data and how the user can interact with the visual-
ization. Multiple coordinated views can be used to pro-
vide different visual representations for the same data to
combine the advantages of different visualization meth-
ods [22]. The different views must be synchronized, i.e.,
if something is changed in one view, the other views
must be updated accordingly. Strongly related to this
is the concept of “brushing and linking” [7]: selecting
data elements in one view also highlights them in the
other views. Another concept is “overview first, details
on demand” [24]. Intuitively, the idea is to initially pro-
vide an overview of the data and then allow the user to
interactively explore and analyze parts of it in detail.
By providing an overview on these important visu-
alization aspects, this tutorial will support the atten-
dees in selecting an appropriate visualization method
for their type of provenance (Section 1.1) and appli-
cation. Furthermore, it will help them to assess the
suitability of existing provenance visualization methods
for their applications.
Provenance visualization. Examples for such vi-
sualization methods include our work [17] on visualiz-
ing workflow provenance, VisTrails [9], or the work by
Shrinivasan and Wijk [25] on supporting analytical rea-
soning. A recent survey [23] provides further examples.

2. TUTORIAL OUTLINE

The goal of the tutorial is twofold. First, it aims
at giving an introduction and general understanding of
provenance types and techniques to obtain provenance
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information. Second, it provides an introduction to vi-
sualization in general and its application to provenance.
With such a broad survey, this tutorial will equip non-
experts with the essential knowledge necessary to begin
research in the field of provenance in general, with an
emphasis on provenance exploration, analysis, and pro-
cessing based on visual user interaction. More specifi-
cally, after attending the tutorial, we expect the audi-
ence to:

e Obtain a general understanding of types of prove-
nance and typical applications leveraging these dif-
ferent types. Thus, when confronted with a problem
requiring or benefiting from provenance, adequate so-
lutions may be developed more rapidly, accurately,

and systematically.

Get a deeper understanding of basic methods and
algorithms employed to represent and obtain prove-
nance information as well as an overview of the state
of the art of more advanced methods.

Understand the importance of visualization to repre-
sent and interact with data and know which visual-
ization concepts and techniques are best amenable to
provenance-based applications.

To achieve these learning objectives, we propose the
following tutorial outline.

1. Motivation and provenance overview. We be-
gin the tutorial with a motivation for provenance meta-
data, based on multiple real-life applications from var-
ious domains. Possible domains include business ana-
lytics, source code auditing, scientific data processing,
query debugging and fixing, or visualization. Based on
these use-cases, we introduce the provenance type hier-
archy depicted in Figure 1. We show examples of sys-
tems operating at each of these levels (including those
in our introduction) and clearly highlight the differences
distinguishing the different provenance types, along the
lines briefly covered in Section 1.1.

2. Provenance types. The remainder of the first part
of the tutorial delves into details of individual prove-
nance types, primarily focusing on workflow provenance
and data provenance. The most general provenance
type that essentially represents a “placeholder” for fur-
ther provenance types as well as information system
provenance will be briefly covered through a high-level
discussion and illustration. For the remaining prove-
nance type, we begin with the summary of an in-depth
survey of the state of the art, based on novel classifi-
cations. For instance, data provenance research may
be classified as illustrated in Figure 2, significantly ex-
tending the classification previously proposed in [10].
We then discuss selected solutions representative of each
provenance type in a bit more detail. Whereas workflow
provenance will be detailed as proposed in [9, 2], our
discussion of data provenance will introduce provenance
semi-rings (how-provenance) [15] and their missing-data
provenance counterpart [3].
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Figure 2: Data provenance survey classification.

3. Visualization basics The second part of the tu-
torial is related to visualization. We first discuss basic
information visualization concepts applicable to prove-
nance data as introduced in Section 1.2. These include
perceptual aspects related to color, 2D and 3D repre-
sentations, and animation. We discuss different visual
metaphors, like glyphs or graph representations, that
can be and have been used to represent provenance
data. We exemplify possible mappings of the temporal
dimension and different visualization layout strategies.
Furthermore, we introduce common presentation and
interaction concepts like multiple coordinated views.
Some of these concepts are then demonstrated in the
following step-by-step example of provenance visualiza-
tion.

4. Visualization for provenance. On the example
of our work [17], we will demonstrate how to design and
develop a suitable visualization for workflow provenance
(Figure 3). We will discuss different design choices and
what visualization methods are suitable for the consid-
ered application scenario.

5. Open research issues. After surveying the state of
the art, we will discuss selected open research issues at
the intersection of provenance and visualization. Some
of these are ongoing research within a national collab-
orative research center!. In particular, we will provide
details and food for thought on (i) provenance visual-
ization quality quantification and its potential uses, (ii)
visualization-guided pay-as-you-go provenance compu-
tation and collection, and (iii) semi-automatic prove-
nance visualization optimization.

3. EXPECTED AUDIENCE

The target audience for this ninety minute tutorial
consists of both students and researchers with a gen-
eral interest in the research fields of provenance and vi-
sualization, both being listed as SIGMOD 2016 topics
of interest. Additionally, provenance is a relevant field
for further areas of interest to SIGMOD, including data
warehousing, database monitoring and tuning, database
usability, information extraction, information retrieval,

LCollaborative Research Center “Quantitative Methods for
Visual Computing” (SFB-TRR 161):
http://www.sfbtrr161.de
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Figure 3: Provenance visualization example.
The visualization shows the changes in a visu-
alization workflow made by the user when using
VisTrails [9].

knowledge discovery, data integration and cleaning, sci-
entific databases, and uncertain databases.

As prior knowledge, we expect basic knowledge on
databases (which any SIGMOD attendee typically has).
Building on this knowledge, we will provide a brief self-
sufficient motivation and introduction to essential pre-
liminaries of provenance to enable non-specialists to fol-
low the subsequent detailed discussion. Given the scope
of SIGMOD, we do not expect any prior knowledge on
visualization and will devote more time to the introduc-
tion of fundamental concepts.
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