
Metadata systems for data lakes :
models and features
BBIGAP Workshop @ ADBIS 2019
September 8th , 2019 in Bled, Slovenia

P. N. Sawadogo1, E. Scholly1,2, C. Favre1, E. Ferey2, S. Loudcher1, J. Darmont1

1University of Lyon, Lyon 2, ERIC EA 3083
2BIAL-X



Introduction



Context

A disruption : Big Data

Multiple issues : Volume, Variety, Velocity...

A solution (for Big Data management) : Data Lakes
→ integrated data storage without predefined schema

Research problems : metadata systems for Data Lakes

• Organization ?
• Efficiency evaluation ?

[Miloslavskaya and Tolstoy, 2016, Hai et al., 2016, Alrehamy and Walker, 2015, Terrizzano et al., 2015] 1
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Data Lake Concept



What is a data lake ?

[Dixon, 2010]
A data lake is a large repository of heterogeneous raw data,
supplied by external data sources and from which various analyses
can be performed.

An alternative to data marts / data warehouses

• Schema-on-read
• Data variety

Not only Hadoop

[Fang, 2015, O’Leary, 2014, Sirosh, 2016, Khine and Wang, 2017] 3
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A recent, more complete definition

[Madera and Laurent, 2016]
A data lake is a logical view of all data sources and datasets in their
raw format, accessible by data scientists or statisticians for
knowledge extraction.

Definition complemented by :

1. a set of metadata ;
2. data governance policy tools ;
3. limited to statisticians and data scientists ;
4. integrates data of all types and formats ;
5. logical and physical organization.
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Our definition

Definition
A data lake is a scalable storage and analysis system for data of
any type, retained in their native format and used mainly by data
specialists (statisticians, data scientists or analysts) for knowledge
extraction.

Its characteristics include :

1. a metadata catalog ;
2. data governance policies and tools ;
3. accessibility to various kinds of users ;
4. integration of any type of data ;
5. a logical and physical organization ;
6. scalability.
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Features of a metadata system



Expected features

6 features :

• Semantic enrichment : description of the context of data
• Data indexing : retrieve datasets based on specific
characteristics

• Link generation : similarity relationships or preexisting links
between datasets

• Data polymorphism : multiple representations of the same data
• Data versionning : data changes while conserving previous
states

• Usage tracking : interactions between users and the lake

[Ansari et al., 2018, Singh et al., 2016, Maccioni and Torlone, 2018, Farrugia et al., 2016, Diamantini et al., 2018] 6
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Comparison of metadata systems

[Hellerstein et al., 2017, Beheshti et al., 2018, Beheshti et al., 2017, Quix et al., 2016, Halevy et al., 2016,
Farid et al., 2016, Suriarachchi and Plale, 2016] 7



Metadata typology and MEDAL



The object notion

Object = a set of homogeneous data

Multiple terms proposed : data units, entities, datasets...

Three categories of metadata :

• Intra-object metadata : related to one object
• Inter-object metadata : relations between objects
• Global metadata : general context

MEtadata model for DAta Lakes (MEDAL) : a graph-based modeling
→ Object = Hypernode

8
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Data Lake definition
DL = ⟨D,M⟩ with :

• D a set of raw data
• M a set of metadata

M = ⟨Mintra,Minter,Mglob⟩ with :

• Mintra the set of intra-object metadata
• Minter the set of inter-object metadata
• Mglob the set of global metadata
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Intra-object metadata

• Properties : general description

• Summaries and previews : overview of the content or structure
• Versions and representations : updated and reformated data
• Semantic metadata : annotations that help understand the
meaning of data

In MEDAL : nodes and directed edges (+ attributes)
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Inter-object metadata

• Objects groupings : organize objects into collections

In MEDAL : hyperedges (+ attributes)
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Inter-object metadata

• Similarity links : reflect the strength of the similarity between
two objects

In MEDAL : edges (+ attributes)
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Inter-object metadata

• Parenthood relationships : object being the result of joining
several others

In MEDAL : directed hyperedges (+ attributes)
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Global metadata

• Semantic ressources : knowledge bases→ generate other
metadata, improve analyses

• Indexes : data structures→ help find objects quickly
• Logs : event recording→ track data lake usage

No special representation or definition in MEDAL
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Conclusion



To summarize

We :

• Defined the concept of a data lake precisely
• Identified 6 key features for metadata systems
• Introduced a metadata typology in three categories
• Proposed MEDAL, a graph modeling of the metadata typology

What’s next ?

• Implementation(s) of MEDAL, adaptability
• Development of a complete Data Lake
• Tests (scalability), comparisons
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Thank you for your attention!

Questions?
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Intra-object metadata definition
Let N be a set of nodes. The set of intra-object metadataMintra is
the set of hypernodes such that ∀h ∈ Mintra,h = ⟨N, E⟩, where :

• N ⊂ N is the set of nodes (representations and versions)
carrying attributes of h and

• E = {r(transformation | update) ∈ N× N} is the set of edges
(transformations and updates) carrying attributes of h.



Intra-object metadata definition
The set of inter-object metadataMinter is defined by three pairs
⟨H, Eg⟩, ⟨H′, Es⟩ and ⟨H′′, Ep⟩, where :

• H ⊂ Mintra, H′ ⊂ Mintra and H′′ ⊂ Mintra are sets of hypernodes
carrying attributes ;

• Eg = {Eparamg | Eparamg : H→ P(H)} is the set of functions grouping
hypernodes in collections w.r.t. a given parameter (often an
attribute) ;

• Es = {s | s ∈ H′ × H′} is the set of edges (similarity links)
carrying attributes ;

• Ep = {(h1, ...,hn,hchild) | (h1, ...,hn,hchild) ∈ (H′′)n+1} is the set of
parenthood relationships, with (h1, ...,hn) being the parent
hypernodes (n ≥ 2) and hchild the child hypernode.
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