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Outline

¥What is Linkage?

¥ Issues

¥Measurement and reporting

Why Link?

¥What happens when the data doesnÕt 
contain the required information?

¥go back and add the information

¥do separate surveys

¥ link with other datasets

¥Sometimes only linkage will work

What is Data Linkage 
and De-duplication?

¥ÔThe identiÞcation of records which refer to 
the same entity from one or more datasets.Õ

¥Expected outcomes:

¥Obtain more information.

¥Parsimony - saving time and money.

¥Linking data from dissimilar areas can break 
privacy boundaries.

Examples
¥ Research: epidemiological study

¥ Hospital data with accident data - outcomes by accident 
Link type

¥ Commercial: De-duplicating a mailing list

¥ Save on costs and irritation.

¥ Finding entities:

Income < $100k

R Smith ...

Owns a yacht

R Smyth ...
+ =

Interested in 
your Þnancial 

affairs

Linkage Process

¥ Only look at:

¥ Linkage

¥ Two cleaned datasets 
(no duplication 
within a dataset)

¥ Thus a record can 
only match against a 
maximum of one 
other record.

¥ No ÔpossibleÕ links

Dataset A Dataset B

Clean & 
Standardise

Clean & 
Standardise

Block

Compare

Classify

Linkage Issues

¥Costs!  - time & money

¥No reliable key

! Inexact comparisons

! Probabilistic models (Fellegi & Sunter)

¥Quadratic explosion: |Ae| !  |Be| or (n !  m)

¥Manual review costs
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Entity Space:



¥Comparisons: 25 x 20 = 500

¥Maximum possible links: 20
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Comparison Space:

¥Given:

¥ |Ae| = 5,000,000, |Be| = 1,000,000

¥ |M| = 700,000

¥Then:

¥ |Ue| = 4,600,000

¥ |Ae| !  |Be| = 5 !  1012

¥ |Uc| = 4.9999993 !  1012

Example Calculation

Measurements

¥ What to measure?

¥ What space?

¥ How many correct?  
Accuracy of assignment

¥ Confusion matrix:

M! U!
M TP FN

U FP TN

Predicted
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Measures
¥ Accuracy.   (TP + TN) / (TP + FP+ TN + FN).

¥ Precision.   TP / (TP + FP)

¥ Recall.   TP / (TP + FN)

¥ False positive rate.  FP / (TN + FP)

¥ Precision-recall graph

¥ F-measure / F-score M! U!
M TP FN

U FP TN

Predicted
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Measure Entity 
space

Comparison 
space

Accuracy 94.340% 99.999994%

Precision 72.222% 72.222000%

Recall 92.857% 92.857000%

F-measure 81.250% 81.250000%

False +ve rate 5.435% 0.000005%
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Matching weights

F-measure
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Matching weights

False positive rate

Full comparison space
Blocked comparison space

 0

 0.2

 0.4

 0.6

 0.8

 1

 0  0.2  0.4  0.6  0.8  1

P
re

ci
si

on

Recall

Precision-Recall
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False positive rate

ROC curve

Full comparison space
Blocked comparison space

ROC Curve

¥ X = FP / (TN + FN)   
(false positive rate)

¥ Y = TP / (TP + FN)   
(true positive rate) 
(recall)

Why Block?

¥Link example datasets (106 and 5 !  106).

¥Comparisons = 5 !  1012

¥How long to compare 2 strings?  10 
microseconds?

¥10 attributes

¥Duration = 5 !  10-5 !  10 !  1012

              = 5 !  108 seconds

¥> 15 years



Blocking

¥Quickly Þlter out obvious non-links

¥Can introduce bias in the way it removes 
the possible comparisons.

ResearchersÕ Issues

¥Studies must be repeatable.

¥Confounding variables

¥Private datasets

¥Blocking

¥Algorithm parameters

¥Publicly available data (UCI ML data archive)

¥ ... but repeats on same data require greater 
signiÞcance...

Recommendations

¥No results which require TNÕs

¥Average out results

¥DonÕt block if possible

¥Use publicly available data

¥Be realistic

Conclusion

¥Data Linkage can be a very useful technique

¥Some measures are misleading

¥Rigour is required in reporting for all 
research

¥Knowledge of data and analyses is 
mandatory

¥http://datamining.anu.edu.au


