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Abstract

This paper describes a Name Matching Evaluation Laboratory that is a joint effort across multiple projects. The lab houses our
evaluation infrastructure as well as multiple name matching engines and customized analytical tools. Included is an explanation of
the methodology used by the lab to carry out evaluations. This methodology is based on standard information retrieval evaluation,
which requires a carefully-constructed test data set. The paper describes how we created that test data set, including the “ground
truth” used to score the systems’ performance. Descriptions and snapshots of the lab’s various tools are provided, as well as
information on how the different tools are used throughout the evaluation process. By using this evaluation process, the lab has been
able to identify strengths and weaknesses of different name matching engines. These findings have led the lab to an ongoing
investigation into various techniques for combining results from multiple name matching engines to achieve optimal results, as well
as into research on the more general problem of identity management and resolution.

1. Introduction

This paper describes a Name Matching Evaluation
Laboratory that is a joint effort across multiple projects.
The lab houses our evaluation infrastructure as well as
multiple name matching engines and customized
analytical tools.

2. Infrastructure

At the foundation of our lab’s infrastructure is a flexible
data model that has been iteratively refined over the
course of our project. It contains several layers of
abstraction, and enables both the encapsulation of the
concepts and the management of the data needed to
perform evaluation runs of multiple name matching
systems, possibly configured in multiple ways, against
varying name data test sets. In addition, it allows us to
track relationships between base name records and their
linguistic variants, as well as tracking the type of
variation. Finally, the data model allows us to manage
multiple ground truth versions for our evaluation data,
each applicable to a specific use case, and to apply these
truth versions to the test runs of the name matching tools,
resulting in multi-dimensional evaluations of the tools.
Due to size and complexity, the data model is not shown
in the paper, but will be available for viewing during the
poster session.

3. Methodology

We employ a standard information retrieval evaluation
methodology, adapted from those used in evaluation
campaigns such as CLEF (Peters and Braschler, 2001)
and TREC (Voorhees and Harman, 2000). That is, we
measure precision, recall, and F-score on a

carefully-constructed test data set. In addition to TREC
and CLEF, we draw lessons from the EAGLES/ISLE
projects'. Specifically, we begin by determining the
purpose of the evaluation, and then define a task context
in which the system under evaluation will be used. We
then develop our test set by collecting name data to
model as closely as possible the type and quality of the
data that would be found in the task context as it has
been defined. Then, after creating a name list and list of
name queries to run against that name list, we create
adjudication pools by running the queries against the
name list, setting the matching thresholds lower than
they would be set in actual use. This is done in order to
retrieve as close to all matches from the name list as
possible, thus enabling a more accurate measure of recall
for the various systems. Finally, the items returned in
these adjudication pools are judged by human
adjudicators. For our purposes, a “good match” is a
match that, given the task context, should be nominated
for further review by a human reviewer. The ground
truth derived from this process is used to evaluate
systems at their operational thresholds. A more detailed
discussion of the construction of our data sets and our
ground truth adjudication process can be found in
(Arehart and Miller, 2008).

4. Tools

In addition to the data sets and methodology described
above, we have developed several tools to aid in our
evaluation of name matching technologies. Some are
analytical tools and some aid in the creation or ground
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truthing of test data. All of these capabilities ride on top
of the IML data model, described above.

4.1 IMAC

The Adjudication tool, IMAC, provides a user-friendly
web-based environment for name matching adjudicators
to create ground truth data sets. IMAC can be installed
as a servlet completely separately from the Name
Matching Evaluation Lab, along with the name matches
that need to be judged. This way, remote adjudicators
can participate in the adjudication process as long as they
have an internet connection, without having to be
connected to the lab’s internal network. In the screen
shot in Figure 1, we can see that the adjudicator has
chosen the three items in the bottom right-hand corner of
the screen as good matches for the query “Mhd Ayman
Zahabi.”

©) Adjudications - Mozilla Firefox
File Edit View Go Bookmarks Tools Help
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Question 11/15 - Date Phase - Page 1/1

[ View Stats ] [ Change Password ] [ Log Out ]

[Which of the following matches would you want a

system to return for Zahabi, Mhd Ayman (04-MAR-1937)?

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Abdul, Mohamed
25-MAY-1989

Abdul, Mohammad
17-AUG-1992

Abdul, Mohammed
06-APR-1986

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Abdul, Mohd
21-SEP-1971

Abdul, Muhamad
17-APR-1984

Abdul, Muhamed
03-OCT-1950

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Abdul, Muhammed
31-DEC-1945

Al Zahabi, Mohamed
06-APR-1978

Thahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Ayman
04-MAR-1937

Zahabi, Mhd Amyne
11-MAY-1949

Zahabi, Mhd Ayyman
04-MAR-1937

Zahabi, Mohamed
03-APR-1935

Done

Adblock

Figure 1: IMAC Adjudication tool

4.2 Ground Truth Compilation

After the raw adjudication data is collected, it must be
reconciled into a single version of ground truth. We
accomplish this in one of two ways. First, we may have
"reconciliation meetings" at which adjudicators who
were in disagreement as to the matching status of
particular records will discuss their points of view and
arrive at a single common judgment. These discussions
are guided by a set of adjudication guidelines that were
developed at the start of the adjudication effort and that
reflect the task context.

Alternatively, we may use an automatic ground truth
compilation tool. This tool can be configured to generate
a version of ground truth based on the union or
intersection of adjudicators' judgments, by favoring the
judgments of a particular adjudicator, or by ignoring a
particular adjudicator completely. Byproducts of the
ground truth compilation procedure include statistics
pertaining to interadjudicator agreement.
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4.3 R Scripts

Within the R statistical programming environment, we
have developed modules for analyzing and graphing the
performance of name matching technologies against
these ground truth data sets. One sample graph can be
seen in Figure 2, which displays the performance of three
name matching engines in terms of their precision-recall
curve. In this graph, the point of optimal F-score is
indicated by an open circle on the P/R curve.

In addition, since the tuning and performance evaluation
of the name matching systems depends crucially on the
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Figure 2: Performance Graphs in R

quality of the ground truth data upon which these
operations are based, and since the construction of
ground truth in the context of name matching is a
somewhat subjective process, we have also developed
statistical modules to evaluate the quality of our ground
truth data, in terms of agreement achieved between
expert judges during the adjudication process. We are
also currently conducting some research into the relative
importance of achieving absolute consensus among
adjudicators versus using an adjudication pool that is
constructed in such a way as to eliminate bias toward any
particular adjudicator. That research is described
(Arehart et al, 2008).

4.4 MINERVA

In addition to getting the high level view of name
matching effectiveness mentioned above, we have also
developed tools that enable us to take a “deep dive” look
at the actual results being produced by each individual
name matching system, and to easily compare results
across systems — or of different settings of the same
system — at a low level of granularity. MINERVA
highlights results using selectable truth, based on human
adjudication, to quickly distinguish the desirable from
undesirable results. Figure 3 shows a snapshot of a
MINERVA session with true positives in green, false
positives in red and false negatives (given a certain
threshold: 76 in this case) in red text, shaded gray.

I MITRE Name and Record Vetting Analysis Tool (MINERVA) beta 9 (=1E3]
File Tools Help
Matches e
Score Subject Name SubjectID Target Name Target ID Threshold

[76.19 M HAMED BEN ALI BEN ALI 18220722 MOHAMED BEN TAYEB BEN ALI (18221817
[76.19 M HAMED BEN ALI BEN ALI 18220722 MOHAMED BEN ALI BEN AHM... (18221308 1
[76.19 \ABDALLAH BEN AHMED 18234698 /ABDALLAH BEN AHMED SAIMI |18234701
[76.00 Youssef AHMED BEN MOHAM... [18235533 iAhmed AHMED BEN MOHAME... (18235523
[76.00 Youssef AHMED BEN MOHAM... [18235533 iAhmed AHMED BEN MOHAME... (18235522
[76.00 M MOHAMMED BEN |18221947 MOHAMMED BEN MOHAMME... 18222028
[75.00 PIERRE RAYMOND CREUSOT 18179287 Pierre Cr 18279614 =
[75.00 [SOHEIL TABAIE 15729658 [22? Soheili Tabaie 18279914 I
[75.00 ICHAU TENG 18241873 ICHAO TANG 13118445 A
[75.00 ZUN Z WONG 13672865 Zun Wang 18279772 [-
[75.00 ROBERT LEON SCHARF 18194704 Robert Scharf 18279188
[75.00 MARY LOU SHOOK 4559450 Mary Shook 18279206
[75.00 N S KIM 12204207 N SO0 KIM 15001067
[75.00 N S KIM 12204207 INSUN KIM 6957168
[75.00 DAVID A BOROFF [7815618 Dave A Borof 18279811 |
[75.00 DAVID A BOROFF [7815618 David Borov 18279810 - d
Matches: 1925 P =0.71(1376/1925) R=0.33(1376/4140) F1=045 76.00
Results Selection " Side-by-Side | Other Runs | Adjudications
WG_Levenshtein_concat v Run Name Score Precision
Run Name: WG_Levenshtein_concat |+| WG_ExactMatch
Run ID: 470 || #[Ne_Soundex
Run Description: This run uses the WG_Levenshtein_nameParts 90 0.988
basic Levenshtein algorithm from WG_JarOkal?r_Fu[lname 91.6(_57 0.534
MITRE's Multilingual Name Matching \I:VG_Levenshtem_concat 75 0.604
projectto match the names in query list WG_ExactConcatMatch
595 (FIMWG_3_queries) with the names
in watch list 594 (FIMWG_3_watchlist).
Run Creator: Ken Samuel ~|

| Run ‘ ‘ Report | Highlight: |Trmh | - ‘ Version: IFIMWG name strict [ v ‘

Figure 3: MINERVA - a detailed look at name matching results
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Using MINERVA, results from multiple name matching
systems can be combined into a “virtual cocktail” of
name matching systems that may produce better results
than any of the contributing systems alone. The interface

for this is shown in Figure 4, where the F-Score for the
“cocktail” (0.6054) surpasses that of either system that
contributed to the cocktail (0.5946 and 0.4503).

Run Name

Threshold

WG_Levenshtein_nameParts 76.835

0.5946

WG_Levenshtein_concat 78.571

0.4503

betavalue: | 1|

| Max F H F-Score: |l@

Figure 4: MINERVA - joining results from multiple name matching systems

4.5 GenV

In order to test the limits of the types of linguistic
variation a name matching system can handle, we have
also developed a tool (called GenV) through which
expert users can generate motivated variants of base
name data, to be included in test set name lists. During
the variant creation process, users of GenV tag each

A GenV - The Variant Generator - Microsoft Internet Explorer provided by MITRE
Fle Edt View Favorites Tools Help

Qo - © [ B @ Psersr Jpraoes @ -2 B -[JQE B

variant with one or more “variant types” according to the
taxonomy of name variation, which has been iteratively
developed through many hours of interaction with
naturally occurring data. The name variation taxonomy
can be seen on the right side of the application pictured
in Figure 5, with a larger version of the taxonomy in
Figure 6.

Address | €] hitp:/fes.mitre. org:8080GenV/GenV.htm

«‘ Bco :unks »

Google|[G~

v|Goo® Ef v ¢ Bookmarksw PRk @ sshiocked | G Check v

(@ Sendtow (@ settngsv ¢ & -

Variant of Maria Teresa / Alvarez Hernandez
Marite / Alvarez
Welcome, Cathy (Prod) [Logout] Tags: Nicknames and Diminutives, DeletionfAdition

558 - TSA_DEC31_WL Variant of Maria Teresa / Alvarez Hernandez

Hispanic
Tags: Segmentation of Elements

[Maria Alexandra Rodriguez Mondragon (1)
[Maria Antonieta Fregoso Amezquita (1)
Maria Beatriz Castro Cabal (1)

[Maria Cecilia Diaz Matiz (1)

iMaria Cecilia Herrera Tobon (1) Variant

Variant of Maria Teresa / Alvarez Hernandez

‘Tags: Permutation, Fieliing Variation

Name: Maria Teresa / Alvarez Hernandez

Mariateresa / Alvarez Hernandez

Alvarez Hernandez / Maria Teresa

Variant Types e
Element Variations []

0 DataErrors

Delete [] 24 OCR

[comm | |2 7 Toncaon

41 Typo

Delete [ 0 | Particles

Commit 2 | Particle Segmentation
37 | WithWithout Particle(s)

Delete []  Short Forms

13 Abbreviation
28 Initials
0 > Spelling

Commit

Maria Cecilia Renteria Caicedo (1) Maria / Alvarez

H T l 84 Atemate Spelling

[Maria Concepcion Zambrano Ceron (1)
[Maria Consuelo Duque Martinez (3) Tags: Deletionvadition

0 Transliteration

32 Nick and Diminutives

[Maria Consuelo Iragori Torres (1)

[Maria Deisy Villegas Arias (1)

Maria Del Pilar Restrepo Cano (1)

[Maria Diocelina Valencia De Jaramillo (1)
Maria Elda Hernandez Pulido (1)

[Maria Eugenia Caro Perez (1)

Maria Eugenia Quintero Marin (1)

Maria Fernanda Rodriguez Arbelaez (1)
[Maria Gladys Lozano Cancino De Gutierrez (1)
[Maria Helena Ruiz Castano (1)

Maria Janet Castano Patino (1)

Maria Leonor Castrillon Cruz (1)

Maria Lorena Gonzalez Lizalda (1)

[Maria Ninive Bedoya De Sanclemente (5)
Maria Nohelio Henao Hinestroza (1)
Maria Norby Serna (1)

[Maria Nury Caicedo Gallego (1)

Maria Ramirez De Castaneda (1)

[Maria Sair Pelissier Ospina (3)

[Maria Soledad Iparraguirre Guenechea (1)
Maria Teresa Alvarez Hernandez (3)
Maria Teresa Quiazua Espinel (1)

O Alphabetical # By Variant Count

0D0O00DoDoDooooooooo

18 | Translation Variant
[J| 2 Other Element variation

Structural Variations

148 Deletioniaddition

(]| 440  Fielding Variation

[ 448 Permutation

[J| 3 | Placeholder for Missing Information
[J] 9 |segmentation of Elements

[J| 1 Other Structural Variation

Other Variations

[]] 44 Alias/AKA
(]| § |Non-variant
11 7 |Undatermined
Description

[«]

Toview more information about a specific
variant type, roll over the item

| €1 sopet mysppiet startea

S Local intranet

Ready

Sum=80005.66 NUM

Figure 5: GenV — the Name Variant Generation and Tagging Tool
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Element Variations
=  Data Errors
* OCR
*  Truncation
e Typo
= Particles
*  Particle Segmentation
*  With/Without Particle(s)
= Short Forms
*  Abbreviation
*  Initials
= Spelling
*  Alternate Spelling
*  Transliteration
= Nicknames and Diminutives
= Translation Variant
= Other Element Variation
Structural Variations
= Deletion/Addition
=  Fielding Variation
= Permutation
= Placeholder for Missing Information
= Segmentation of Elements
= Other Structural Variation
Other Variations
= Alias/AKA
=  Non-variant

=  Undetermined
Figure 6: Personal Name Variant Taxonomy

4.6 Picos

Finally, we have developed a utility called Picos, which
wraps the evaluation process mentioned earlier into one
easy-to-use, step-by-step web application. It can be
thought of, in simple terms, as a name matching
evaluation wizard. Its intended use is to enable those not
familiar with our data model to evaluate their own name
matching engines. Picos is automatically populated with
the lab’s ground truth data, which users can leverage to
create scenarios containing query and target lists that
match their specific use case. These lists can then be run
through the user’s name matching algorithm, and the
results loaded into Picos. Evaluation statistics for the
user’s results are then calculated, and can be compared to
other algorithms run on the same query and target lists.

5. Conclusion and Future Work

Using the infrastructure, tools, and test data described in
this paper, our team has been able to document the
relative strengths and weaknesses of each of the name
matching tools tested in the lab. Using tools such as
MINERVA, the lab's researchers can run various
experiments and quantify the accuracy of results, both at
a high level that ranks overall system performance and at
a low level that reveals which challenges a system
handles well and ones it handles poorly.

The IML team is also using these tools to investigate
combinations of matching engines that might improve on
the performance on any one engine running alone.
Improved results are often obtained by using the union of
results from two or more engines. This work is still
ongoing and is showing promising early results, as
described in (Miller and Arehart, 2007).

Future work will focus also on how the robust evaluation
platform designed in the IML for name matching might
need to be modified and augmented for evaluation of
identity matching systems — that is, systems that find
matches between records containing multiple types of
information in addition to personal name. Although we
believe that our underlying evaluation methodology will
stand up to this challenge, we are certain that performing
evaluation of identity resolution tools will involve
updating our data model, tools, and possibly our choice
of evaluation metrics.
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©) Picos - Mozilla Firefox

File Edit View History Bookmarks Tools Help
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Scenario: \ Flight Screening V[ [ Download Query List ] [ Download Watchlist ]
Result Sets Description
- Normal Matcher
Scenarios Recall Matcher Name: Normal Matcher
v Precision Matcher Description: Normal distribution of scores
<New Result Set>
MatCheS Rows
v Query Name Watchlist Name Score
ALBERT E SCHWOTZER AILA ] DULUDE 09998 ~
Jud gments WALTER R MEADE SR OLAVI W LAHTINEN 0.9993
WALTER J KULA MOHAMED BEN M HAMED 09990
v JULIA FRENCH MENOUAR BOUCHOUK 0.9989
P GLORIA M MILLS DAVID P WING 0.9988
Statistics Teag Beu FIA NADA M HUNTINGTON 0.9988
ALONZO TATE NYLA LIPNICK 0.9982
BARBARA AUBUT ASLIHFARAH 0.9979
NOREEN C PROKOWICH LE AM 0.9976
RICHARD H SCHUR AQUED HAMIDI 09970 ~

Figure 7: Picos — end-to-end evaluation tool

(Note: name and score data fabricated)
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