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Police investigators are routinely asked to search for and identify groups of related crimes, known as patterns. Investigators
have historically built patterns with a process that is manual,
time-consuming, memory based, and liable to inefficiency. To
improve this process, we developed a set of three supervised
machine learning models, which we called Patternizr, to help
identify related burglaries, robberies, and grand larcenies. Patternizr was trained on ten years of manually identified patterns.
Problematic administrative boundaries and sensitive suspect attributes were hidden from the models. In tests on historical examples from New York City, the models perfectly rebuild approximately one-third of test patterns and at least partially rebuild approximately four-fifths of these test patterns. The models have been deployed to every uniformed member of the New
York City Police Department through a custom software application, allowing investigators to prioritize crimes for review
when building a pattern. They are used by a team of civilian
crime analysts to discover new crime patterns and aid in making arrests.
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Introduction
Predictive policing can be defined as “the application of analytical techniques—particularly quantitative techniques—
to identify likely targets for police intervention and prevent crime or solve past crime by making statistical predictions” (1). These techniques have come into increasingly
common usage as the amount of data available to law enforcement has grown (2, 3). Law enforcement agencies have
a tradition of using quantitative techniques to inform operations. Pioneering techniques in queuing (4, 5), in resource
allocation via hotspots (6), and in organizational management (7) have been developed and implemented in police departments worldwide. Continuing this tradition, a wide variety of predictive policing applications are in use by law enforcement agencies today, including algorithms that forecast
geographies at high risk of imminent crime (8, 9), predict recidivism to aid in sentencing (10), or identify individuals at
risk for involvement in future gun violence (11). Advanced
analytics have also been used in police management, such as
optimizing the recruitment process for police applicants (12),
tracking the locations of officers on patrol (13), and identifying officers in need of counseling or training (14).
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One topic that has received less attention is the process
of identifying crime patterns. Researchers have outlined
potential approaches for using advanced analytics to aid in
the identification of crime patterns by connecting similar
crimes (15, 16), as analogous recommendation engines have
been the subject of much attention in other domains (17);
however, we know of no previous production deployment of
these algorithms in a law enforcement environment. To aid
New York City Police Department (NYPD) investigators in
identifying groups of related crimes, we have designed and
implemented a recommendation algorithm, which we call
Patternizr.
In 2016, people in New York City reported approximately
13,000 burglaries, more than 15,000 robberies, and over
44,000 grand larcenies (18). Evidence from the legal system and criminological research indicates that many of these
crimes were committed by serial offenders (19). A series of
such crimes—committed by the same criminal—is known as
a pattern. The crimes in a pattern may be nearby in space,
similar in times and days of occurrence, and (or) alike in
method (also known as the modus operandi, or M.O.). Once
a pattern has been identified, it is possible for police to use
evidence from related crimes to more easily identify and apprehend the perpetrator. Additionally, if police investigators
have connected an arrest to multiple crimes as part of a pattern, they can close more investigations and prosecution can
proceed with more accurate charges.
However, identifying patterns is not an easy task. Investigators at many police departments follow a manual and
memory-based pattern identification process that has not
changed much from the days of paper records (20). While
reading through a crime report, known as a complaint, an investigator attempts to recall past crimes with similar characteristics. If two complaints seem to the investigator to
be similar and could plausibly be committed by the same
individual, the investigator links the two complaints into a
pattern. Because investigators focus most of their limited
time on recent complaints in their own precincts, patterns
that occur across significant distances (particularly across
multiple precincts) or over long periods are especially difficult to identify. Although modern technology has augmented this memory-based process with simple search engines (21), these searches are typically done using exact categorical matches, rather than searching for broader similarity
across many disparate crime characteristics. Collectively, the
NYPD still spends hundreds of thousands of hours each year
searching for patterns using these methods.
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