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Context and objectives

Statistical offices need to provide trusted data
Information on how data was produced helps doing that

Provenance and lineage metadata are information on
Processes and methods used
Actors involved (data providers, owners, publishers, etc.)

Relations between data outputs and data sources

That metadata should

Use a standard model in order to be easily understandable

Be accessible and (machine-)usable
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Context and objectives

Main goal of the paper: proof of concept about using the
PROV model to represent lineage information on statistical
processes

Record linkage chosen as example process
Sufficiently complex, but not too much
Widely used in statistical production
Formal descriptions already available
Lineage metadata can be defined at various levels of detail

Various software packages exist
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https://www.w3.org/TR/prov-primer/

Context and objectives

©)

This is a very practical work, not groundbreaking research
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Record linkage and lineage metadata

Record linkage

Matching of data about real-world entities (people, businesses, products...)
coming from different data sources

. Match » Match
Source A
Typical process e Possible | =
. xXpertreview
- Automatic Non-match pertrevie » Non-match

matching

Widely used (e.g. data integration), lots of methodological work

Fven a dedicated record linkage process model (Statistics Canada)

n SemStats 2019


https://www150.statcan.gc.ca/n1/pub/12-605-x/12-605-x2017001-eng.htm

Record linkage and lineage metadata

class Lineage Model—simplilied/ - -y
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Unit Data Record

Data Point
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Unit Data Point

Dimensional Data
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Apggregation
Lineage
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Record linkage and lineage metadata

Types of lineage metadata

Dataset lineage

A dataset is derived from others by record linkage: keep track of sources and transformations
applied

Record lineage

Track where the record comes from or which records are its contributors and what integration
was applied

Variable lineage
Track how a variable (e.g. linkage key) is derived from variables in source datasets
Data point lineage

Not used for record linkage but heavily used in upstream tasks like data cleansing
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What is PROV-0?

W3C recommendation part of the PROV familly (provenance
metadata)

OWL2 expression of the PROV data model

wasDerivedFrom

Starting
point
Si m p le « S tar ti n g wasAttributedTo terms
. 99 wasGeneratedBy
point” model, Q@
ex p an d e d terms actedOnBehalfOf
. . . wasAssociatedWith o
and qualification Activity |
mec h an iS m startedAtTime endedAtTime

wasInformedBy

xsd:dateTime
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https://www.w3.org/TR/prov-dm/

What is PROV-0?

wasInfluencedBy /
xsd:dateTime wasQuotedFrom / xsd:dateTime
wasRevisionOf /
generatedAtTime ] hadPrimarySource invalidatedAtTime
/\ ‘value O
Agent Entity

alternateOf /

) specializationOf
Person Collection Bundle Plan

Organization
\ ) hadMember wasInvalidatedBy
ft
SoftwareAgent wasStartedBy /
& °J wasEndedBy Location

Expanded terms Activity atLocation

n SemStats 2019




What is PROV-0?

Qualification mechanism

prov:wasGenerated By .-/
Activity = € ===---cccccccccona- . Entity

rov:activity _ _ _
prov:qualifiedGeneration

'\Grener ation >

prov:atTime

‘ xsd:dateTime
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PROV-0 representations for record linkage lineage

Simple example: the high-level view

wasDerivedFrom

Input datasets Output datasets

Possible match

hadMember
Jlagwappey

Input DB A
|nput DB B used wasGeneratedBy
Match input datasets
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PROV-0 representations for record linkage lineage

Simple example: the high-level view

wasDerivedFrom

Input DB A

Output datasets

Input datasets

used wasGeneratedBy

Match input datasets

qualifiedDerivation

Possible match

laquiaiApey

hadMember

entity hadActivity

Derive outputs
.

. Attach
" metadata
here
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PROV-0 representations for record linkage lineage

Simple example: the high-level view

Input DB A
|nput DB B used wasGeneratedBy
Match input datasets

_ wasAssociatedWith
qualifiedDerivation
entity hadActivity

actedOnBehalfOf
Derive outputs
Census division

hasUnit
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Input datasets Output datasets Possible match

Jagquiapey

hadMember




PROV-0 representations for record linkage lineage

Simple example: the high-level view

Input DB A
Input datasets Output datasets

|npu[ DB B used wasGeneratedBy

Match input datasets
@ wasAssociatedWith
/ entity hadActivity

actedOnBehalfOf

entity Derive outputs gualifiedGeneration
@ qualifiedUsage activity \
hadU
ac-sage hadGeneration )
Inputs usage Outputs generation
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PROV-0 representations for record linkage lineage

The record linkage process (simplified)

class Record Linkage - Simplified /

Subset Identify Compare
: X : records and
variables and Subset records potential pairs
standardize (Blocking) produce
linkage keys

7
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Data Set Lineage
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Standardized Data Linkage-Ready
————————— T Sets e Data Sets .
Data Set Data Set B
Lineage and Lineage

Source Data Sets

5 Record Lineage
\.r'_arlable = R Candidate Pairs =
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Linkage keys

Record Lineage
and Variable
Lineage
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PROV-0 representations for record linkage lineage

Produce linkage-ready datasets - process

class Subset records/

Define inclusion and
exclusion critenia to
identify records eligible
for record linkage.

Subset records

Source data set
containing only linkage
variables (vanable sub-
setting)

Standardized Data Sets
containing only in-scop

records

r

Standardized Data

Data Set Lineage
Sets T oo TTT T

Linkage-Ready
Data Sets
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PROV-0 representations for record linkage lineage

Produce linkage-ready datasets - PROV-O representation

wasDerivedFrom

Standardized datasets

used

Subset in-scope records

hadActivity

Linkage-ready datasets

wasGeneratedBy

waslInformedBy

—_—

Assess linkage variables

wasGeneratedBy used
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PROV-0 representations for record linkage lineage

Produce linkage keys - process

class Compare records and produce linkage keys /

AN

Perform iterative record
comparison and review,
and produce linkage
keys to identify records | _
related to the same T
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Values contained with
the linkage variables ma
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concatenated to create

linkage keys

Compare
records and
produce
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containing only linkage N
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PROV-0 representations for record linkage lineage

Produce linkage keys - PROV-O representation - blocking

Blocking

wasGeneratedBy

wasDerivedFrom wasDerivedFrom

Block b
Record Al Record B1
hadMember

agsem

' Candidate pair ij ' Record Bj
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PROV-0 representations for record linkage lineage

Produce linkage keys - PROV-O representation - linking

wasDerivedFrom
Candidate pairs Linkage keys

wasGeneratedBy

used
activity qualifiedDerivation
Compare records
: hadActivity qualifiedDerivation
qualifiedGeneration wasGeneratedBy

entity ’
Comparison outcomes )
entity
hadActivity ‘

used
. . . . . . hadActivi
ake linkage decisions ake linkage decisions v
deterministic probabilistic
used used

wasGeneratedBy

Logical conditions Linkage pair weights
wasGeneratedBy
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Conclusions and future work

Proof of concept conclusive
PROV-O can be used to represent the process

Using PROV-0 allows to represent coherently the different levels of lineage
metadata

The “russian dolls” nature of the PROV-O model implies that metadata can be
produced at different levels

Example of queries that can be made

List output datasets produced from a given data sources

Which dataset(s) does this record come from?
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Conclusions and future work

Future work

Continue work on record linkage, in particular on the representation of
methodology

Test how to automate the production of metadata in usual software
Study the possibility to activate metadata (i.e. use it as specification)
Adapt to other statistical operations (e.g. data editing, variable derivation...)

Promote the work in the Official Statistics community
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Thank you for your attention

Any questions?
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