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Abstract

The Bigmatch program is designed to ex-
tract plausible matches from a large file us-
ing several blocking criteria without having
to sort the file before each blocking run. The
program has also been useful for file undu-
plication.
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1. Introduction

The Bigmatch program is designed to
handle efficiently large-scale record linkage
projects by taking advantage of the large
amounts of core memory that are available
on modern computers. The initial pur-
pose of the program was to extract from a
large file records that are plausible matches
to records in a moderate size file. The limi-
tation is that the moderate size file must be
able to be read into core memory.

2. Record Linkage Basics

A record linkage program to find prob-
able matching records from two files A,B
should require two types of input data:
matching field data and blocking field data.
Under the Fellegi-Sunter model [2], the user
specifies n matching fields and their match-
ing parameters. For each matching field, the
input parameters are the probabilities

Pr (γi = 1|M)
Pr (γi = 1|U)

designating the probabilities that the two
records agree on their matching field values

∗This report is released to inform interested par-
ties of ongoing research and to encourage discussion
of work in progress. The views expressed on techni-
cal issues are those of the author and not necessarily
those of the U.S. Census Bureau.

given that the records are a match (resp.
non-match). For each matching filed, these
parameters determine a comparison weight

wi =

½
ai if field values agree
di if field values disagree

where the agreement weight ai is given by

ai = log
Pr (γi = 1|M)
Pr (γi = 1|U)

and the disagreement weight di is given by

di = log
Pr (γi = 0|M)
Pr (γi = 0|U)

= log
1− Pr (γi = 1|M)
1− Pr (γi = 1|U)

.

Under the conditional independence assump-
tion, the comparison weight w for the record
pair is the sum of the field comparison
weights

w =
nX
i=1

wi.

Record pairs with the highest compari-
son weights are considered the most likely
matches and those with low weights are un-
likely matches.

The blocking field variables are used to
restrict the number of record pairs that have
their comparison weights computed. If
we do not use blocking, then two files of
size N would require N2 comparison weight
comparisons. For large values of N , this
becomes an expensive number of computa-
tions, most of them resulting in very low
and irrelevant comparison weights. There-
fore one restricts the compared record pairs
to pairs that have some features in common.
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This is done by specifying blocking field vari-
ables. The values of the blocking field vari-
ables for a given record form the record’s
blocking key and only record pairs that have
the same blocking key are compared. For
example, with Census records one can use for
blocking variables some geographical coding
(such as a zip code) or one can use personal
data (such as the first few characters of a
first or last name). We will call a choice of
blocking field variables a blocking criterion.

However, typographical error may affect
the values of the blocking variables as well
as any of the matching variables, so that
there may be many matching record pairs
that do not agree on a particular blocking
key. Hence the choice of blocking crite-
ria is something of an art and since any
choice may result in overlooking some pairs
of likely matched records, a record linkage
project usually involves successive runs using
different blocking criteria. Recent matching
projects have used up to 10 blocking passes.

2.1 The Standard Matcher

For the standard Census Bureau match-
ing software [3], the user specifies the block-
ing variables, the matching variables and
their matching parameters. The block-
ing variables determine the keys on which
records must agree before they have their
matching variables compared. The two files
are presorted according to their key values
and the records with the same key value are
read in. All of the record pairs with the
same blocking key value have their match-
ing variables compared and their matching
weight computed based on the input match-
ing parameters. Once the entire block of
matching weights for the given key are com-
puted, the record linkage software uses a lin-
ear sum assignment algorithm to select the
one-to-one linking that maximizes the sum
of the comparison weights.

If it is desired to use another blocking

criterion to bring together potential match-
ing records, the files have to be sorted by the
keys defined by the new blocking criterion
before the record linkage software can be run
again. For moderate size files and multiple
blocking criteria, this procedure has worked
very well. However, for very large files,
the sorting procedure can take prohibitively
long. For example, even on a fast machine,
sorting a file of 300 million records can take
about 12 hours. Also sorting a large file
on disk requires about disk space of about
three times the size of the file. If the record
linkage project uses 10 blocking passes, each
requiring a separate file sort, the sorting task
can take too long. It can also require exces-
sive disk space and each separate sort must
be set up by the user. The Bigmatch pro-
gram was designed to eliminate the sorting
of a very large file.

3. The Bigmatch Program

The original purpose of the Bigmatch
program was to perform record linkage op-
erations for a large file A and a moderate
size file B. The program can run through
several blocking passes at once without ever
sorting the large A or externally sorting the
B file. By not having to sort the large A file
for each blocking run, using the Bigmatch
program can save cpu time, disk storage re-
quirements, and operator intervention time.
For each blocking pass the program extracts
from the A file a subset of records that have
a sufficiently high comparison weight to be
a plausible match with some record in the B
file. The trade-offs with the standard Cen-
sus matcher are that the B file must be small
enough to fit entirely into core memory and
that Bigmatch does not compute one-to-one
matching within the blocks.

As with the standard matcher, the user
provides the blocking and matching vari-
ables. However, with Bigmatch the blocking
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variables and matching fields and parame-
ters are provided for several blocking runs
at once. Each blocking run can have its
own blocking fields, matching fields, match-
ing field parameters, and output cutoff val-
ues. After reading in this blocking strategy
data, the program reads the entire B file into
memory. Thus the size of the B file is lim-
ited by the amount of available core mem-
ory. For each blocking criterion, the keys
from the B file are found, each key has a list
of the B file records with that key, and the
key lists are sorted in memory. The key sort-
ing is done using a version of Quicksort opti-
mized for strings by Bentley and Sedgewick
[1]. Once this is done, the program reads in
records from the A file one at a time. For
each blocking criterion, the A record key is
found, this key is search for in the B file key
list, and if the key is found in the list then the
A record has its matching weight computed
with eachB record with the same key. After
processing the A file record for each blocking
criterion, the next A record is read in.

The program produces two kinds of out-
put files. For each blocking criterion, there
is a file of A records that had a matching
weight above a cutoff value for someB record
with the same key. Thus for each blocking
criterion, the Bigmatch program produces a
subfile of the A file that contains plausible
matching records. Presumably one of these
subfiles of plausible matching records is of
more manageable size, so if desired, the stan-
dard Census matcher can then be used with
such a subfile and the B file to produce a set
of one-to-one linked records. The other type
of file prints out the pairs of matching field
values of the A and B records with matching
weights above a cutoff value. These files are
intended for analytic purposes to assess how
the program is doing.

The Bigmatch program is written in C
code and has been compiled an run on UNIX,

VAX, and Windows platforms. On our
UNIX workstation it has been timed to com-
pute comparisons for 100 million record pairs
per second.

3.1 File Unduplication

As it turns out, a lot of the application of
the Bigmatch program has been for a some-
what different purpose: finding duplicate
records within a file. In this case, the two
files A,B are the same file. This means that
the file to be unduplicated has to fit into core
memory. For example, a 100 million record
Census file and its blocking key tables can fit
into 4 gigabytes of memory. At the Census
Bureau, we have UNIX workstations with 32
gigabytes of memory. If the file has multi-
ply duplicated records, since the Bigmatch
program does not have one-to-one matching,
all likely duplicated pairs are reported. For
this application, the output files containing
the matching field data for the record pairs
are probably more relevant than the selected
subfiles. On the Census UNIX machine, a
600K record file can be run though 10 block-
ing passes without any intermediate user in-
tervention in only slightly more time than
it takes to run one blocking pass with the
standard matcher.

4. Program Enhancements

4.1 Used Record List

If a pair of records is very similar, they
are likely to be brought together under sev-
eral different blocking criteria. For each new
A file record, the Bigmatch program keeps
track of which B records have been com-
pared to it. Thus if the sameB record comes
up in a subsequent blocking run, it does not
get the comparison weight computation re-
peated. This can save some computing time.
It also has implications for blocking strat-
egy design. Often blocking runs are de-
signed so that the first blocking criterion is
very specific so that only very similar records
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are brought together. Subsequent blocking
runs can relax the blocking criteria to allow
a wider selection of records to be compared.
If the blocking criteria are defined so that
the pairs of records Bi brought together by
the ith blocking run are nested

B1 ⊂ B2 ⊂ · · · ⊂ Bm

then the output of the second blocking run
will have only records not found in the first
blocking run. In general, each successive
blocking run will have only new records out-
put.
4.2 Blank Keys

The purpose of blocking is to bring to-
gether a reasonable number of records that
show some common characteristics. How-
ever, if blocking fields are chosen that hap-
pen to have blank values frequently in the
file, then the blocking scheme can bring to-
gether a lot of pairs of records with blank
keys, possibly resulting in a lot of calculation
involving record pairs with nothing in com-
mon. For each blocking run, the Bigmatch
program allows the user to designate block-
ing fields as essential so that if any of the
designated key components are blank, then
the record is skipped for comparison compu-
tation.
4.3 Unduplication

If the Bigmatch program is being used
to detect duplicate records within a file, the
program avoids some redundant computa-
tion. This requires that each record in the
file has a unique sequence number. By com-
paring record sequence numbers, the pro-
gram can avoid computing matching data for
a record paired with itself (a, a) and for a
given record pair (a, b), avoid computing for
the symmetric pair (b, a). This saves some
time and avoids some unnecessary output.
However, if a record is duplicated k times,
there can still be

¡
k
2

¢
corresponding record

pairs printed out.

5. Program Code

The C code for the Bigmatch program
can be obtained by contacting william.-
e.yancey@census.gov or william.e.winkler@-
census.gov. A manual for using the program
can be found at http://www.census.gov/-
srd/www/byname.html.
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