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What is Record Linkage?
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What is Record Linkage?
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Our methodological research in Record Linkage:
▶ Various machine Learning methods for finding duplicates 

▶ Extreme value statistics for determining thresholds in statistical RL models

▶ Dealing with missing values in the context of RL

▶ Active Learning for determining training sets for RL problems

We involve students in RL projects

Our preliminary conceptual research in Record Linkage:
▶ Operationalizing qualitative identity (versus numerical identity)

▶ Relevance of identity criteria (sortals) for understanding identity in RL contexts

▶ Different forms of explanations for ML results (Luhmann and Bokulich)

Our research on Record Linkage
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Linking data in a cancer registry and a register of residents:
▶ linked based on demographic attributes to track the survival of patients 

▶ Probabilistic Record Linkage with two threshold:

('Urs', 'Schmidt', 'Bern', '18', '11', '1990', 'm')  -- data from the register of residents

('Urz', 'Schmitt', 'Berne', '18', '11', '1990', 'm') -- cancer registry data

𝛾𝛾=(1, 0.86, 0.8, 1, 1, 1, 1) -- use a string metric

w = log (𝑃𝑃 𝛾𝛾 𝑀𝑀
(𝑃𝑃 𝛾𝛾 𝑈𝑈 -- Probs estimated in a Fellegi-Sunter model

Development of the RL procedure in the context of the method test for 
the register census at the German Federal Statistical Office:
▶ Using Apache Spark and Splink

▶ Applying active learning and probabilistic Record Linkage

▶ Using Association rules and NLP for finding blocking rules

Practical use cases
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We usually rely on certain demographic attributes and their similarity, 
yes, but there are two central problems

(i) we want to differentiate between changes in the same entity (e.g., the same 
virus exhibits new characteristics) and differences that relate to different 
entities (e.g., a new virus has emerged) and 

(ii) there is a lack of guidance on how to resolve synonyms (false non-matches) 
and homonyms (false matches), especially in the training phase of the 
algorithms. 

For both problems, similarity is a too simple concept.

Why conceptual research?
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Software for RL
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▶ Provides functions for linking and deduplicating data sets. 

▶ Over 279'000 downloads since 2020-04-09

▶ Methods based on a stochastic approach are implemented as well as 
classification algorithms from the machine learning domain. 

▶ Can deal with high-volume data by using the ff package

▶ However, it requires an Apache-Spark adaptation to be able to efficiently 
process the data volume at the the German Federal Statistical Office

▶ For details, see "The RecordLinkage Package: Detecting Errors in Data"

Our RecordLinkage R package on CRAN

9



Berner Fachhochschule | Haute école spécialisée bernoise | Bern University of Applied Sciences

Splink is a PySpark package that implements the Fellegi-Sunter model of record 
linking and enables parameters to be estimated using the EM algorithm

▶ Comprehensive graphical output showing parameter estimates and iteration 
history make it easier to understand the model and diagnose convergence

▶ Support for deduplication, linking, and a combination of both, including 
support for deduplicating and linking multiple data sets.

▶ Greater customizability of record comparisons, including the ability to specify 
custom, user defined comparison functions.

▶ Term frequency adjustments on any number of columns.

▶ It’s possible to save a model once it’s been estimated - enabling a model to be 
estimated, quality assured, and then reused as new data becomes available.

The Python package Splink
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Computing engine for clusters (developed at UC Berkeley)

▶ Allows large amounts of data to be processed (GB-PB-TB)

▶ Supports Java, Scala, Python and R 

▶ Libraries for SQL, ML and graph processing

▶ 10-100x faster than Hadoop Map/Reduce

▶ So, Spark CAN a Hadoop enhancement to MapReduce.

Programming model

▶ Computing of distributed datasets (RDDs with Spark Dataframe on top).

▶ Automatic error correction

▶ Parallel processing (map, filter, ...)

▶ Data can be in RAM or on the disks of the cluster

In Splink without hadoop implementation: Unable to load native-hadoop library 
for your platform... using builtin-java classes where applicable

What is Apache Spark?
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What is Apache Spark?
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https://spark.apache.org/docs/latest/api/python/user_guide/pandas_on_spark/pandas_pyspark.html

What is Apache Spark?
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Software demonstration
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9 Notebooks for the German Federal Statistical Office were developed:

▶ 1-Splink-Python-Intro.ipynb: Intro into Python and DuckDB 

▶ 2-Splink-Einfach-PySpark.ipynb: Deduplication with PySpark

▶ 3-Splink-Einfach-DBDuck.ipynb: Deduplication with DuckDB

▶ 4-Splink-SQL.ipynb: SQL extensions for Splink

▶ 5-Splink-Linkage1.ipynb: Linkage with DuckDB

▶ 6-Splink-Linkage2.ipynb: Linkage with PySpark and Threshold determination

▶ 7-Splink-ActiveL.ipynb: Informative-based active learning

▶ 8-Splink-AssocRules.ipynb: association rules for det. matching &  blocking

▶ 9-Splink-BERT.ipynb: NLP for finding blocking rules and valid names 

Jupyter Notebooks
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Screenshots - DuckDB backend 
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Screenshots - PySpark backend 
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Screenshots - Record pairs
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Screenshots - Blocking rules
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Screenshots - Match weight chart
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Screenshots - Match weight waterfall chart
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Conceptual research
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GDPR Article 4:

“… an identifiable person is one who can be identified directly or indirectly by
reference to an identification number or to one or more factors specific to his
physical, physiological, mental, economic, cultural or social identity.”

⇒ Looks somehow circular

⇒ Philosophy might help but on which level?

⇒ Metaphysics of identity has a revival since the realist turn in philosophy

What is identity? The legal view
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"For surely, there is no qualitative fact about x, other than the fact of its possible
experience, in virtue of which x=x.

It follows by Leibniz's law that if x=y, then y is also such that there is nothing in
its qualitative character, that makes x=y.

The point is not that one cannot reasonably expect to reasonably to find a
criterion of identity in many cases (a cautionary point made long ago by Kripke)
but that the quest for such a criterion is misguided in principle."

⇒ It seems like a dead end!

⇒ Metaphysics does not help, but epistemology might do

Salmon on identity
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Two important distinctions:

▶ Numerical identity: the same entity is referenced at different times, even 
though it might be denoted differently (It is always the same object?)

▶ Qualitative identity: two entities have the same properties (they are 
indiscernible) but are not necessarily one and the same. 

The definition of numerical identity provides no guidance for the practice, since it
remains unclear on what basis the different signifiers (labels or words) are
defined as referring to the same entity, it is just (trivial) ontology

⇒ Use qualitative identity for operationalization: relational identity

Move from metaphysics to epistemology
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Listing of all relations that an entity x has within itself (its attributes) and to other
entities (https://iep.utm.edu/differential-ontology/).

Relational similarity: compares the relations of concepts (A::B) with other ones
(C::D). Values for such relationships can be generated by word embeddings

Example: the name of a patient is not just an attribute of the patient, but a
relation between the patient and those authorities that have certified and
validated that name assignment. Hence, relations such as "identified by" or
"certified by" are part of the relational identity of the patient.

Relational identity for identification
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Relational word embeddings (left side)
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It's your turn:

(Question)

Should we really declare "There is nothing to identity" (numerical identity) 
on the ontological level and focus on the epistemological problems 
(qualitative identity)? Maybe, there is more to farm in metaphysics. 
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Nächste Seminare
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