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Motivating example
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csv

json

netcdf

No uniform method to access data 



Motivating example

csv

json

netcdf

Need one method to access all types 
of data

Language for describing dataset



Information Sciences Institute

Heterogeneous datasets

• Multiple formats: CSV, JSON, XLSX, NetCDF4, …
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Heterogeneous datasets

• Same format, multiple layouts
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Related work

• Mapping nested relational datasets:
– RML (Dimou et al, 2014), KR2RML (Slepicka et al 2015), xR2RML (Michel 

et al, 2015), etc.
– Can handle multiple formats but only work for nested relational model layout

• Mapping tabular datasets:
– XLWrap (Langegger et al, 2009), M2 (O’Connor et al, 2010), T2WML 

(Szekely et al, 2019)
– Can handle multiple layouts, but support only tabular formats



Information Sciences Institute

Contributions

• A generic language to easily for describing and mapping 
heterogeneous datasets to RDF
– It’s capable of mapping wide variety of data sources and goes beyond the set 

of sources that existing languages support.

• The language is extensible to new formats and layouts

• An efficient engine to convert datasets to RDF



gender observation indicator_col
male 57.7 LIFE_0035
female 59.6 LIFE_0035
male 60.6 LIFE_0035
female 62.1 LIFE_0035

Our approach

Step 3: join 
attributes to 
tables

Step 2: define attributes

Step 1: 
define resources

male

female

57.7

59.6

60.6

62.1

LIFE_0035

LIFE_0035

LIFE_0035

LIFE_0029
http://...?iid=35

http://...?iid=29

indicator url
LIFE_0035 http://...?iid=35
LIFE_0029 http://...?iid=29

gender observation indicator_col indicator url

Step 4: 
semantic 
modeling

qb:Observation

sdmx-m:obsValuesdmx-d:sex

eg:indicator eg:Indicator

drepr:urieg:code
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Step 1: Resources

• A resource can be a physical file, SQL table, etc.
• Syntax:

• Example:

life_table.csv

indicators.json
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Step 2: Attributes

• Containing values that belong to a group
• Syntax

life_table.csv
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Step 2: Attributes
indicators.json
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• Explicitly specifying the layout through alignments

• For linking across resources

Step 3: Alignments

Indicator male female

LIFE_0035 57.7 59.6

LIFE_0035 60.6 62.1

57.7

59.6

60.6

62.1

LIFE_0035

LIFE_0035

LIFE_0035

LIFE_0029
http://...?iid=35

http://...?iid=29

observation indicator_col indicator url

male

female

57.7

59.6

60.6

62.1

LIFE_0035

LIFE_0035

gender observation indicator_col gender observation indicator_col

male 57.7 LIFE_0035

female 59.6 LIFE_0035

male 60.6 LIFE_0035

female 62.1 LIFE_0035

indicators.jsonlife_tbl.csv
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Step 3: Alignments

• Join by value (equi-join)

• Syntax
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Step 3: Alignments

• Join by positions in the dataset
0 1 2 3

0 2016

1 Indicator Age Group male female

2 LIFE_0035 <1 year 57.7 59.6

3 LIFE_0035 1-4 years 60.6 62.1

(2,3)(2,2)

(3,3)(3,2)

(1,2) (1,3)

dimension 1 (column)dimension 0 (row)

(1, ) male

(1, ) female

57.7 (2, )

59.6 (2, )

60.6 (3, )

62.1 (3, )

gender observation
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Step 3: Alignments

• Join by positions in the dataset
0 1 2 3

0 2016

1 Indicator Age Group male female

2 LIFE_0035 <1 year 57.7 59.6

3 LIFE_0035 1-4 years 60.6 62.1

(2,3)(2,2)

(3,3)(3,2)

(2,0)

dimension 1 (column)dimension 0 (row)

( ,0) LIFE_0035

( ,0) LIFE_0035

57.7 ( ,2)

59.6 ( ,3)

60.6 ( ,2)

62.1 ( ,3)

indicator_col observation

(3,0)
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Step 3: Alignments

• Join by positions in the dataset

Sample data

Name:  $.*.departments.people.*.name
Phone: $.*.departments.people.*.phone

dimension 0 dimension 1 dimension 2 dimension 3 dimension 4

Aligned in dimensions 0 and 3
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Step 3: Alignments

• Easy to incorporate new alignment function

• Users only need to define the minimum number of joins (N-1) 
because the engine can infer the rest via composition.
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Step 4: Semantic Model

• Using ontologies to describe your data (classes and predicates)

• Syntax

gender observation
male 57.7
female 59.6
male 60.6
female 62.1

indicator url
LIFE_0035 http://...?iid=35
LIFE_0029 http://...?iid=29

qb:Observation

sdmx-m:obsValuesdmx-d:sex
eg:indicator

eg:Indicator

drepr:urieg:code
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Step 4: Semantic Model

• Users can create arbitrary semantic model, even when using attributes 
across multiple resources

qb:Observation

sdmx-m:obsValuesdmx-d:sex

gender observation url
male 57.7 http://...?iid=35
female 59.6 http://...?iid=35
male 60.6 http://...?iid=35
female 62.1 http://...?iid=35

eg:indicator
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Data cleaning (optional)

• Users can write python function to clean or transform the data

• Can re-use functions or existing libraries

0 1 2 3

0 2016 2016

1 Indicator Age Group male female

2 LIFE_0035 <1 year 57.7 59.6

3 LIFE_0035 1-4 years 60.6 62.1

index = (0,3)
value = “”
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Evaluation

• Coverage of D-REPR
– Randomly sampling 700 datasets from data.gov
– Modeling datasets of different formats and layouts

Cannot be modeled with Nested 

Relational Models!
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Evaluation

• Runtime of D-REPR engine (ms)
– Mapping large CSV files (row-based table) containing (name, phone, address)
– Generating 1.3m triples / second (15 times faster than KR2RML)
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Discussion and Future work

• A novel generic data representation language: D-REPR
– Uses a declarative approach
– Works for heterogeneous datasets of different formats and layouts

• Open source: https://github.com/usc-isi-i2/d-repr

• Future work:
– (Semi-)automatically generating D-REPR models 
– UI for annotating datasets
– Improving efficiency of D-REPR’s engine by doing parallel processing

https://github.com/usc-isi-i2/d-repr
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