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The type and pattern of crimes change considerably around Sao Paulo city, presenting regions
where crimes occur with great frequency and are typically accompanied by gratuitous violence.
Understanding the relationship between homicides and the characteristics of each region has long
been a topic of research interest [5]. Several studies have been carried out to understand how socioe-
conomic variables (population, urban patterns[6], rent values, economic level, and unemployment
rate) and urban infrastructure (quality of urban afforestation, slum, tenements, and schools) affect
particular crime types [1, 3].

Homicide has been identified as a complex event characterized by many variations, especially
in Sao Paulo city, where the crimes are very different even in near locations. Thus, understanding
the urban characteristics around homicides can be of great help once we can identify places in
which specific urban characteristics are probably associated with homicides. Therefore, it becomes
imperative to understand urban features around homicides in different places to identify the most
relevant urban patterns around homicides and the most associated variables.

In this work, in collaboration with a team of sociologists with ample experience in the study
of crimes in Sao Paulo city, we developed a versatile analytical mechanism that relies on tensor
decomposition [2, 7, 8] to extract urban patterns around homicides from multiple data sources,
making the clustering of homicides possible according to those patterns. More specifically, we have
gathered socio-economic indicators and information about urban infrastructure in two hundred
meters neighborhood of more than ten thousand homicides in Sao Paulo city. These pieces of
information are combined to form an eleven-mode data tensor, which is factorized using a non-
negative variant of Tucker decomposition [4]. The decomposition extracts hidden relevant urban
patterns, and these patterns are clustered to combine and extract the most representative ones for
each group of homicides. Finally, the remaining patterns are appended to the nearest group.

The proposed analytical methodology is more comprehensive than the previous ones, as it makes
it possible to handle a large number of variables from different data sources. Our preliminary
findings are very encouraging. For example, the extracted urban patterns revealed an association
between homicides and afforestation, showing low rates of homicides near wooded places. Our
work also revealed an association between homicides and High Urban Patters. It can be explained
by the concentration of poor conditions in popular housing, such as the presence of tenements. To
validate the obtained results, we have compared our approach against well-established methods.
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More specifically, for each approach, we measure the quality of the clusters by applying clustering
evaluation metrics such as Silhouette and Davies Bounding. The results show that our proposal
has a better performance than other approaches.

A further contribution of this work is the inclusion of covariates into the model to find patterns
and explain the classification of homicides according to those patterns. In fact, our methodology
investigates and provides answers to four main questions: i) which are the relations between
homicides events and the other variables involved in the analysis? ii) which are the variables that
most influence homicides? iii) how to mathematically handle the multiple data sources to uncover
patterns? And iv) does tensor decomposition have better performance than other approaches
that combine multiple data sources to uncover relevant patterns? As we shall show, the proposed
methodology is quite effective in answering the questions above.

Details about the methodology, results, limitations, and future works will also be discussed and
shown during the presentation.
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