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Abstract

The paper describes the SAS code used that was
written by the author for use at the Texas State
Auditor's Office, for matching records from two files on
the basis of names and addresses only.

Introduction

Before using more advanced date analysis techniques,
frequently we need to combine information from several
files, for use by audiors, investigators, classification
personnel, or management This usually is easy, if
each of the files contains some “key data™ ~ columns
such as vendor numbers, social security numbers,
employer identification numbers, taxpayer numbers,
etc. — which are contained in both files, and can be
used as a basis for merging the data.

However, let us suppose that one or more of the files
we need {0 combine with the others does not contain
the key data in a crisply comparable formnat.
Specifically, what if the only common link is name and
address information? WNow, the problem with names
and addresses Is that they can be represented in
several altemative ways, some of which may be readily
recognizable as equivalent, while some of the other
representations may not appear to be equivalent.

Here is an example:

Mr. Thomas J. Winn i
10806 Rustic Manor Lane
Austin, TX 78750-1134

Tom Winn, M.S.
Rustic Manor Ln, #10906.
Austin, Texas 78750

Winn Jr., Thom
10906 Rustic Manor Rd.
Austin, TX 78750

Winn, Thomas John, Jr.
Rustic Manor Lane, Box 10906
Austin, Texas 78750

Thos. Winn Il
10906 Rustic Manor Ln,
Austin, TX 78750-1134

T.J. Winn
10906 Rustic Manor
Austin, Texas 78701

All of the names and addresses shown in this example
represent the same individual. Humans are able to
recognize the equivalence of those names and
addresses fairly readily. Can we instruct a computer to
identify their equivalence? If so, how?
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On Recognizing “Sameness”

In general, compuler software is able to determine
when two data values are identical, but it isn't able to
discemn when two data values are only more-or-less the
same. Can anything be done to facilitate the handling
of those “slippery” names and addresses? How are we
going to deal with this kind of conceptual vagueness
and imprecision?

In traditional logic, the Law of the Excluded Middie says
that every proposition must either be True or False (0 or
1). Instead of giving up because of the limitations of
systems that are based on two-valued logic, we tum to
concepts that are grounded in what is known as “juzzy
logic.” In fuzzy logic, we extend our logical systems to
embrace the concept of “possible” -- and we use
measures that operate within the range of raal humbers
from G to 1. Now, what does this have to do with
handling names and addresses?

A Solution for Matching Names & Addresses

Toward the end of 2001, and Iin the summer of 2002,
(as a spare-time activity) The author completed the
initial development of three SAS programs for matching
records in two files on the basis of names and
addresses only. The approach is an implementation of
fuzzy logic. It follows some of the elements of an
outline that was described in a paper by Charles

Patridge (Observations, #15, Nov. 1988).

The first program breaks the names and addresses into
pieces, and then standardizes the information
contained in those pieces. The second program uses
scoring methods 1o identify some possible matches.
The third program tries a couple of “methods of fast
resort” on name components only, for the ron-matching
pairs from the second program.

The standardization program uses SAS functions to
perferm the following data cleaning steps:

» it eliminates these speciai characters
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« it converts everything to uppercase characters,

-e itidentifies certain titles and suffixes, and it
removes them from the other components (for
example, Mr., Ms., Dr., Maj., Adm., M.D., Ph.D.,,

Jr., efc.),

» itseparates the remaining name- and address-
elements into words,

+ it replaces name-companents which look like first-
names with their diminutives (for example,

Thomas to Tom, Elizabeth to Liz, Atfred to Al and
Fred, stc.),

+ [t replaces ceriain words which are used in
addresses and business organizational names
with abbreviations (for example, Company tc Co.,
Incorporated to Inc., etc.,).

The fuzzy duplicates program compares observations
in iwo files, whose name- and address-elements have
been standardized, and it attempts to identify those
records from each file which appear tc represent the



same individuals or entities. It performs the follawing
steps:

* |t constructs the Cartesian Product of the two
standardized files (all possible pairs of records
from the two files), excluding those pairs that are
from different areas,

* for every pair, evaluate each nams- and address-
item from the first standardized file, looking for
matching items among the components of the
second standardized file in the pair, and count the
number and the proportion of matching dlems,

* identify those pairs which have mostly-matching
combined name and address items, mostly-
matching name items but few matching address
items, and mostly-matching address items but few
matching name items.

The "methods of last resort” program performs the
following steps on the name iems (excluding any titles
or suffixes) of the nan-matching pairs from the fuzzy
duplicates program:
* it looks for matching name components, where the
vowels have been removed,
* it looks for name components that sound somewhat
alike, even though they may be spelled differently,
* it looks for name components that are spelled
similarly.

An Example

The Appendix containg an illustrative example. Two
SAS flles were used in the example:

* The first file contains some genuine, and some

bogus, information pertaining to several
individuats, many of which are employees of the
State Auditor’s Office.

* The second file contains names and addresses
extracted from the personnel database for all
employees of the State Auditor's Office, as of
12/5/2001.

The first screen shows the SAS data set
“Fuzzy_test_data®, before standardization. The second
screan shows ane of the results of standardization of
that file: one record contained a zip code that was not
consistent with the state postal abbreviation in the input
data file. The third screen shows a few of the records
from the SAS data file, “Agency308”.

After standardization of the names and address
components in both flles, the fuzzy duplicates program
is run, The fourth and fifth screens show the main
result from the fuzzy duplicates program, the records
from each file which have “mostly-maiching” combined
name and address items.

Some of the records from the two files that DO NOT
have “mostly-matching”, COMBINED name and
address items, are then evaluated to see if there are
some possible matches of the names or addrasses,
when these components are evaluated separately. The
results are in the sixth and seventh screens.

Finally, the non-matching pairs from the fuzzy
duplicates program are avaluated for possible maiches
using the "methods of last resort” program. The results
from those comparisons are in the eighth screen. At
first glance, this may not appear to be a particularly
{ruittul approach. The possible matches from this
program would need to be evaluated carefully — but a
careful inspection will find that this screen does contain
ong actual maich!

Preliminary Results and Intentions

The methods are not “butlet-proof®, but they do seem to £
work pretty well with test data. It is anticipated that v
enhancements o the programs will be added, as more \
knowledge and experience concering this approach is >
acquired,
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Conclusion

This paper describes three SAS programs that are used
to perferm record-matching operations between two
files, on the basis of names and addresses only.

My SAS code is available upon request.
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Appendix — An Example
The SAS Data Set, “Fuzzy test data™

resl data
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The SAS Data Set, “Agency308” (a few observations)

' 5718 COASTAL DR, - S T3 |
[106LAURETTAWOCD DRIVE ) " icEDAR PARK
g0BENDINGOAK b T e e, DRIPPING SPRINGS
ADUND ROCK
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GLLINGER, ROBERAT H

2500 STECK AVE #11
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iP.0. 80X 36 JDHNSON EITY
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{3460 DUNLIEGH ASTIN
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Gelectad Resulte From the Hatch ‘of Hete & Address Components T
Fron the BAS Flles Fuzzy_tea Tdntalll the SAS File Agency308
2% Becords with "Rostly-Matching' Conbined Name and Sddrexs [tens %«
i1:¢4 Friday, Decemher 28, 2001

nee_x addr1_x adde 2__x clity_x

M. Thomas J. Hinn, Jr. 10906 Rustic st in

Hinn, Thomas John, i1 10906 Rustic hu:tln

Tom Him 10906 Rztic .

Thas. Hinn, 11 RBustic Manor Box 10806 ﬁ.nf.ln

Wrs. Defone R. Hinn Rustic Manor *10306 Must In

De fl'ne Hart-Hinn 10906 Bustic Aust In
Manor fust In

Ernest 0. Cusllim, C.P.A. fust In

Cuellar, Ernesto

Ernie Cual lar

Kirby L. Cossey

Dr. Kirbie Cossay, Ph.D. 504 Dry Cresk Ct

Hs. Jovece D. inasn 10926 Joliwwille Rd.

lnmasy, Joy 10826 Jollywille Rd., ®*140B8

M. Dorvin D. Handrick 4010 Halfway Cove

addri_z

E‘

zlped _x

78750-1134
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78750
78750
T8750-1134
74750
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More “Mostly Matching” Combined Name & Address Items, between Fuzzy_test_data and Agency308

Hdnum_x
19

idnum_z
ar

Selected Hosults From the Matching of Hame & Address Ci l:-
From ﬂ\eSﬂSFlla Fuzzy_tast data Kith theBﬁBFllew
Bk fecordz with "Moskiy-Matching” Combinod Mome snd fddress 1 tm bkl
11:04 Friday, December 28, 2001

wt_x ripod x
™ 78681

=t = ziped_z
™ 78681

neane_x addri_x city _x
D. Handrick, Esqg. 4010 Halfway Cv Round Reck
avdrt_x city_ z
ROUND ROCK

nams_z
HANDRICK, DORVIN D 4010 HALFHAY COVE

Selectad Results Frum the Ma ing of Name & Rddress Componen
From the 8A8 Filn Funy test_data With the 8A Fila ﬂn.nqas
3¢ Rocords with ‘Mostiy-Matching® Nase items, But Few ¥atching hddress %%
11: M Frid.ny Decenbeyr 28, 2001
namea_x addri_x addr?_x clty_3x =ipoed_x tdnum_=x
Themas 4, Hinn, Jr. 10396 Rustic Manor Lans 78750-1134 201
l:llln .l Daviz, N.B.n. P.0. Box 11643 78711 46
Major 0, 4. Davis Box 11543 7arii 46
namso _x addr1_x addr2_z ziped_x
BRI , THOMAE J 12345 LAHPL IGHT VILLAGE AVE, *328
DAVIS, OLIN J G706 B HORT LANE
DAVIB, OLIN J 6706 B HART LMIE
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Records with “Mostly-Matching” Address Items, but few matching Name Items

Selactad Ragulis From the Matching of Name B Addresxz Components
From the 9AS File Futzy test_data Kith the BAS File 308
*k* flecords with ‘Mostly-Aatching’ fddrese ltews, But Few Matching Hame |tesa e
11:04 Friday, Decenber !B 2901

addr§_x addr2_x ® 2 lped_x
P.D0. Box 11648 Frall
Box 131643

PO Box 11643

19926 Jol!wnl- nd.

10926 Jollwl 1= Ad

10326 Jollsville Bd., “1408
10926 Jo!lwllla Ad., *1405

ackdr1_x

£.0. BOX 12682

L BOX 126!
LLE ROAD, APT #B17
LLE ROND +261

10926 0L YUILLE ROAD, APT $617
8500 JOLL WILLE RDAD ¥#261
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r'nnmu-n uu.uliu??
Fuzzy Nase-Hatching Using tha nnhndn of Last Rewor

1
For Hon-Matching Paire from Dup! icotes Pr-nr-. 15:17 Monday, August 12, 2002
Ueig the SA% FITS Fuzey l:-!._d.-ln Hith the BAB File Aconoy308 ’ '
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