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Motivation

Official statistics is using data from various sources from different entities (e.g. central or
local governments; private entities)
Data integration is needed to use these sources in a more complete way.
Official statistics requires from the entities to provide identifiers (e.g. personal identifiers,
PESEL; business entitity identifiers; NIP/REGON).
However, there are missing data in identifiers or some source do not contain identifiers.
Therefore, we need to link the data using probabilistic methods, for instance probabilistic
record linkage.
This is an ongoing work with: Tiziana Tuotto, Laura Tosco and Loredana Di Consiglio
(Istat) and Tymoteusz Strojny (PUEB, Statistical Office in Poznań).
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Motivation

Figure 1: Number of foreign-born people at the end of 2021

Register Number of foreign born people
Population Register (PESEL) 2,004,765
Register of Insured (ZUS) 957,539
Register of tax payers (MF) 1,513,129
Agricultural Social Insurance Fund (KRUS) 67,932
National Health Fund (NFZ) 2,034,434
Register of foreigners (various documents on stay) 54,5873

Beręsewicz Blocking with approximate NN 5 / 32



Motivation Probabilistic record linkage Methods for blocking Blocking with approximate nearest neighbours search Blocking – an R package

Motivation

Table 1: Stages of data cleaning of registers

Register Stage 1 Stage 2 No identifiers
KRUS 4,674 18,317 42,693
MF 1,043,769 1,132,840 352,088
NFZ 1,987,884 1,987,891 42,524
ZUS 624,113 760,765 117,926
All 1,988,650 1,989,390 –
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Probabilistic record linkage
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Probabilistic record linkage
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Basic idea of blocking

The goal of the blocking is to reduce number of comparisons by fixing certain variables
(e.g. age, sex, first letter of surname, post-code).
It is assumed that blocking variables are measured without error and no missing data).
However, what about linking data where none of variables can be used for blocking due to
missing data.
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Problems with the data

Table 2: Example rows from Polish registers

First name Second name Surname Birth year
Miguel Luis Pereira Tinoco 1969
Miguel Luis Pereira-Tinoco 1969
Miguel Pereira-Tinoco 1968
Thi Hy Dao 1993
Dao Thi Hy 1993
Thi Dao 1992
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Approximate Nearest Neighbours Algorithms

Nearest neighbor search (NNS), as a form of proximity search, is the optimization problem of
finding the point in a given set that is closest (or most similar) to a given point. Closeness is
typically expressed in terms of a dissimilarity function: the less similar the objects, the larger
the function values (Wikipedia 2024).

Goal: trade-off between accuracy and speed.
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Idea behind the ANN algorithms

Figure 2: Types of algorithms: a) box, 2) hyperplanes, 3) graphs. Source: Fu, C., Xiang, C., Wang, C.,
& Cai, D. (2017). Fast approximate nearest neighbor search with the navigating spreading-out graph

Beręsewicz Blocking with approximate NN 15 / 32



Motivation Probabilistic record linkage Methods for blocking Blocking with approximate nearest neighbours search Blocking – an R package

Where we can find the ANN algorithms?
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The procedure

1 Process text data to remove spaces, commas itp
2 Create q-grams and store data in sparse matrix

{ma, ac, ci, ie, ej}
{mac, aci, cie, iej}

3 Create an index using a specified algorithm
4 Query the index with the same (deduplication) or new data (record linkage)
5 Create a graph to cluster units
6 Clusters – blocks for deduplication/record linkage
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Blocking
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Simulation study – setup

Repository with codes: https://github.com/ncn-foreigners/uRos2024-blocking
Dataset: 10,000 records
Duplicates: 3,000 records
Max no. duplicates: 1
Max modifications by record: 3
Max modifications by attribute: 3
Include missing data
50 datasets created for this simulation
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Simulation study
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Simulation results

Recall (of being in the same block) # blocks Time (in sec)
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Summary

Links:
blocking (R library) – https://ncn-foreigners.github.io/blocking/
blockingpy (python library) – https://github.com/T-Strojny/BlockingPy
geco3 (python library) – https://github.com/T-Strojny/geco3

We have developed blocking method that allows to use variables measured with error (no
ground truth).
The method significantly reduce number of comparisons (similarly as microclustering).
Further studies require assessment of the quality under different scenarios.
The proposed method can be easily used with existing tools for probabilistic record linkage
(e.g. reclin2 in R).
We test the package with the tinytest package.
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Summary

blocking [package] and FS [Fellegi-Sunter] model is absolutely the best performer in
terms of execution time, and as good as the other in terms of precision and recall

Tiziana Tuoto and colleagues on usage of the blocking package for application for the maritime
transports.
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Thank you!
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