“ Belo H"orizonfe - MG '-

% KDMiLe

seep 2023
2023

38° Simpésio Brasileiro de Bancos de Dados

38th Brazilian Symposium on Databases

Tépicos em Gerenciamento de Dados e

Informacgoes: Minicursos do SBBD 2023

Topics in Data Management and Information: Short courses of SBBD 2023

De 25 a 29 de setembro de 2023

Execugao: Realizagao: Apoio Académico:
g
aEER :‘"\‘ =]
EESTHSSES PUC Minas DAL St Qpatelemsy T CEFETMG

Patrocinio: .
Agéncias de fomento:

@ T 5

ape stone - -
QlFQ Cophioach gglides ™ rech Google CAPES  FAPEMIG



""" Belo Horizonte - MG

38° Simpésio Brasileiro de Bancos de Dados

38th Brazilian Symposium on Databases

Tépicos em Gerenciamento de Dados e

Informacgoes: Minicursos do SBBD 2023

Organizadores:
Humberto Luiz Razente
Ticiana L. Coelho da Silva
Michele Amaral Brandao
Felipe Domingos da Cunha

Porto Alegre

Sociedade Brasileira de Computacao — SBC

2023
Execugdo: Realizagao: Apoio Acad&mico:
= 5 B ke ceor urmc
IC_-l ABE  wstuto ' C 3 p—
ENNTHSSNT PUC Minas o e e s CEFETMG

Wimumt  ge Banco de Dados

Patrocinio: .
Agéncias de fomento:

lii E- {,q.\
alfFa CocLla}gc’sach so'“desStone Google @ \&B

tech/ CAPES  FAPEMIG



Dados Internacionais de Catalogagéo na Publicacédo (CIP)

S612  Simposio Brasileiro de Banco de Dados (38. : 25 — 29 set.
2023 : Belo Horizonte)

Minicursos do SBBD 2023 [recurso eletrénico] /
organizagdo: Humberto Luiz Razente ... [et al.]. Dados
eletrbnicos. — Porto Alegre: Sociedade Brasileira de
Computagéo, 2023.

72 p.:il.: PDF ; 10MB

Modo de acesso: World Wide Web.
Inclui bibliografia
ISBN 978-85-7669-554-7 (e-book)

1. Computagéo — Brasil — Simpdsio. 2. Banco de Dados. I.
Razente, Humberto Luiz. Il. Silva, Ticiana L. Coelho da. lll.
Brandao, Michele Amaral. IV. Cunha, Felipe Domingos da. V.
Sociedade Brasileira de Computagéo. VI. Titulo.

CDU 004.6(063)

Ficha catalografica elaborada por Annie Casali — CRB-10/2339
Biblioteca Digital da SBC — SBC OpenLib

indices para catalogo sistematico:

1. Ciéncia e tecnologia dos computadores : Informatica : Dados — Publicagcao de conferéncias,

congressos e simposios etc. ... 004.6(063)



Organizagao do SBBD 2023
SBBD 2023 Organization

Program Chair
Daniel Kaster (UEL, Brazil)

Short Papers Chair
Eduardo Ogasawara (CEFET/RJ, Brazil)

Demos and Applications Chair
Marcos Bedo (UFF, Brazil)

WTDBD Chair
Renata Galante (UFRGS, Brazil)

CTDBD Chair
Eduardo C. de Almeida (UFPR, Brazil)

Short Courses Chair
Humberto Razente (UFU, Brazil)

Tutorials Chair
Marcos André Gongalves (UFMG, Brazil)

Workshops Chair
Elaine Sousa (USP, Brazil)

WTAG Chair
Marcelo lury (UFPB, Brazil)

Execucdo: Realizacao: Apoio Académico:
N YO :

IG=] +¢ = M Cebds UFmMG
mmm:m e REDERAL Comisséa Especial i
..... micmaica PUC MINAS  yinias geras SSERER i Banco de Dados fr—rry CEFET-MG
Patrocinio: o

N Agéncias de fomento:

P crn @

spe stone
QlfQ Cogkieah sglides ™ tech Google CAPES  FAPEMIG

Belo Horizonte - MG




Proceedings Chair
Ticiana L. Coelho da Silva (UFC, Brazil)

Sponsorships and Institutional Contacts Chair
Wladmir Cardoso Brandao (PUC Minas, Brazil)

Organizagao Geral
General Organization

Chairs
Michele Amaral Brandao (IFMG, Brazil)

Felipe Domingos da Cunha (PUC Minas, Brazil)

Execucgdo: Realizagao: Apoio Acad&mico:
2 onm
A A 1) -
&i' ,‘ﬁr« =Em -] ]
ERNIESNIE PUCMInas RS ZERAR. fopisiofuwedil szzme CEFET-MG
Patrocinio:

Agéncias de fomento:

@ @ A
olfa coe sides™20¢ Google & O,

CAPES

Belo Horizonte - MG




7"~ Belo Horizonte - MG

O presente livro do XXXVIII Simpdsio Brasileiro de Bancos de Dados (SBBD 2023)
inclui dois capitulos escritos pelos autores dos minicursos selecionados e apresentados
na edicdo do evento realizado de 25 a 29 de setembro de 2023. Os minicursos tém como
objetivo apresentar temas relevantes relacionados a drea de Banco de Dados e
promover discussdes sobre os fundamentos, tendéncias e desafios dos temas
abordados. Cada minicurso tem quatro horas de duracdao e constitui uma excelente
oportunidade de atualiza¢cdo para académicos e profissionais que participam do evento.

Os capitulos abordam conteudos relacionados a interface de programacgao da
OpenAl e a manipulacdo de dados geoespaciais. O comité de programa de minicursos foi
composto pelos professores Humberto Razente (UFU), Denio Duarte (UFFS) e Ronaldo
dos Santos Mello (UFSC), sob coordenagdo do primeiro.

A qualidade dessa edicao é devida essencialmente aos autores e revisores dos
trabalhos submetidos. Expressamos nossos fortes agradecimentos pelas contribuicdes e
discussdes durante o SBBD 2023.

Para mais informacdes sobre o SBBD 2023, visite http://sbbd.org.br/2023, o sitio
desta edicdo do evento.
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This book of the XXXVIII Brazilian Symposium on Databases (SBBD 2023) includes
two book chapters written by the authors of the selected short courses and presented in
the edition of the event held from September 25 to 29, 2023. They aim to present
relevant topics related to Databases. Moreover, they promote discussions on the topics'
fundamentals, trends, and challenges. Each short course lasts four hours and is an
excellent opportunity to update academics and professionals participating in the event.

The chapters address the OpenAl programming interface and the manipulation of
geospatial data. The short course program committee was composed of Humberto
Razente (UFU), Denio Duarte (UFFS), and Ronaldo dos Santos Mello (UFSC) under the
coordination of the former.

The richness of this issue can be mainly credited to the authors and reviewers. We
greatly thank them for their insightful contributions and discussions during SBBD 2023.

You can find more information about SBBD 2023 by visiting the
http://sbbd.org.br/2023 website of the event.
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Capitulo

1

Introduc¢ao a API da OpenAl

Alexandre Donizeti Alves

Abstract

OpenAl is a company focused on research and development of artificial intelligence,
dedicated to creating advanced systems with wide application in several areas. One of
its main tools is the API, which allows you to access its natural language models
through a friendly and easy-to-use interface. The API is based on some of the most
advanced natural language models in the market, including GPT-3, currently
considered one of the most sophisticated models available. With the OpenAl API,
developers and companies can integrate advanced natural language processing
technologies into their projects, including sentiment analysis, text summarization, text
generation, and much more. In this chapter, a detailed overview of the OpenAl API is
presented, using practical examples in Python and JavaScript (Node.js).

Resumo

A OpenAl é uma empresa focada em pesquisa e desenvolvimento de inteligéncia
artificial, dedicada na criagdo de sistemas avang¢ados com ampla aplicagdo em
diversas areas. Uma de suas principais ferramentas é a API, que permite acessar seus
modelos de linguagem natural por meio de uma interface amigavel e facil de usar. A
API é baseada em alguns dos modelos de linguagem natural mais avancados do
mercado, incluindo o GPT-3, atualmente considerado um dos modelos mais
sofisticados disponiveis. Com a API da OpenAl, desenvolvedores e empresas podem
integrar tecnologias avangadas de processamento de linguagem natural em seus
projetos, incluindo andlise de sentimentos, sumariza¢do de textos, geragdo de texto e
muito mais. Neste capitulo, é apresentada uma visdo geral detalhada da API da
OpenAl, utilizando exemplos prdticos em Python e JavaScript (Node.js).
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1.1. Introducao

A OpenAI' é uma organizacdo privada de pesquisa em Inteligéncia Artificial (IA). Foi
fundada em dezembro de 2015 e desde sua concepgdo, a organizacdo focou em criar e
promover solu¢des que sejam seguras e alinhadas com interesses humanos, permitindo
enfrentar os desafios que a IA avangada pode apresentar a sociedade. Em setembro de
2020, foi consolidada uma parceria® estratégica entre a OpenAl e a Microsoft. Neste
acordo, a Microsoft tornou-se a provedora exclusiva de solugdes em nuvem para a
OpenAl, utilizando sua plataforma Azure® para hospedar e disponibilizar servicos de IA
desenvolvidos pela OpenAl. Essa colaboracdo permite & Microsoft integrar recursos da
OpenAl, como o ChatGPT (combina “chat”, referindo-se a sua funcionalidade de
chatbot, e “GPT”, que significa Generative Pre-trained Transformer), em seus produtos
e servigos. O ChatGPT foi langado em junho de 2020 e, no final de novembro de 2022,
tornou-se disponivel para o publico em geral. Esse langamento despertou um interesse
publico gigantesco e em diferentes areas [Agathokleous et al. 2023, Cheng et al. 2023a,
Cheng et al. 2023b]. Contudo, a ferramenta gerou muitas controvérsias, como por
exemplo, pelo seu uso na escrita de artigos cientificos [Brainard 2023]. A OpenAl
também enfrenta problemas como a falta de transparéncia [van Dis et al. 2023] ¢ a
exclusdo de usuarios de determinados paises, como por exemplo, China, Russia e
Ucrania [Wang 2023]. Além disso, em paises como a Itilia, o acesso estd sendo
limitado [Niszczota and Rybicka 2023].

Uma das ferramentas desenvolvidas pela OpenAl ¢ sua API (Application
Programming Interface), projetada para facilitar o acesso a uma série de recursos
avangados de linguagem natural. Esta interface oferece aos desenvolvedores uma forma
eficiente de integrar capacidades de linguagem natural em seus projetos,
proporcionando recursos como analise de sentimentos, sumarizagao de textos, geracao
de contetido e muito mais. A API? se fundamenta em modelos de linguagem natural
avangados, como o GPT-3. Ha também o modelo GPT-3.5, que representa uma
evolucdo significativa na modelagem de linguagem natural. Utilizando a arquitetura
Transformer, o modelo foi treinado com um conjunto extenso de dados, possibilitando
capturar uma gama mais ampla de nuances e contextos linguisticos. Esse modelo ¢
adaptado para entender e gerar respostas para prompts complexos, com diferentes
estilos e formatos textuais. Além disso, incorpora um aprendizado acumulado dos
modelos anteriores, aprimorando sua eficicia em tarefas de Processamento de
Linguagem Natural (PLN) e reduzindo algumas das limitagcdes encontradas em modelos
anteriores. O modelo mais recente € o GPT-4. Entretanto, esse modelo ainda ndo foi
liberado para acesso e utilizacao por meio da API para o publico em geral [Sanderson
2023]. Atualmente, a OpenAl disponibiliza sua AP/ para varios paises, regides e
territorios’.

! https://openai.com/about

2 https://openai.com/blog/microsoft-invests-in-and-partners-with-openai

3 https://azure. microsoft.com/pt-br/products/cognitive-services/openai-service/
4 https://platform.openai.com/docs/api-reference

3 https://platform.openai.com/docs/supported-countries
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Este minicurso tem como objetivo apresentar uma visdo geral detalhada da AP/
da OpenAl, utilizando exemplos praticos em Python e JavaScript (Node.js). Com isso,
serda possivel proporcionar um entendimento das principais funcionalidades da API,
evidenciando o seu potencial em variados contextos e sua aplicagdo em cenarios reais.

1.2. Configuracao da API

Esta secdo apresenta os principais requisitos para utilizar a APl da OpenAl, enfatizando
que os desenvolvedores devem criar uma conta na plataforma e obter uma chave da
API. Além disso, sdo abordadas as linguagens de programagdo suportadas pela AP,
com destaque para Python e JavaScript (Node.js), além de outras com suporte da
comunidade. Neste minicurso, sdao abordadas especificamente as linguagens de
programacdo Python e JavaScript (Node.js), fornecendo instru¢des detalhadas para
instalar e configurar o ambiente de desenvolvimento, incluindo as bibliotecas e
ferramentas necessarias para utilizar a API. Isso inclui a instalagdo de pacotes e outras
configuragdes especificas para cada linguagem de programacgao.

1.2.1. Principais requisitos

Para utilizar a APl da OpenAl, ¢ necessario atender a alguns requisitos essenciais que
garantem uma experiéncia segura ¢ eficiente para todos os usudrios. A seguir, estao
listados os principais requisitos a serem cumpridos pelos desenvolvedores:

1. Criar uma conta na plataforma da OpenAl. Antes de comegar a utilizar a
API, os desenvolvedores devem criar uma conta na plataforma da OpenAl. A
conta ¢ essencial para obter acesso aos recursos da AP[ e gerenciar suas
configuragdes.

2. Obter uma chave da API: Apds criar a conta, os desenvolvedores precisam
obter uma chave da API. Essa chave ¢ um identificador inico que concede
acesso a API e autentica as solicitagdes feitas pelos desenvolvedores. A chave
desempenha um papel fundamental na garantia da seguranca e rastreabilidade da
utilizacdo da API.

3. Crédito para utilizar a API: Atualmente, ao se cadastrar na plataforma, a
OpenAl disponibiliza 5 ddlares em crédito gratuito, que podem ser utilizados ao
longo de trés meses. Isso permite aos desenvolvedores explorarem a APl sem
custo inicial. Apds consumir esse crédito ou ao final do periodo de trés meses, o
desenvolvedor pode optar por pagar conforme a utilizagdo, podendo escolher o
modelo de linguagem mais adequado e também financeiramente mais acessivel
para o seu projeto. Essa flexibilidade permite uma utilizagdo mais controlada e
personalizada da API, atendendo as necessidades especificas de cada
desenvolvedor. A OpenAl também impde limites no nimero de solicitagcdes que
um usudrio pode fazer em um determinado periodo de tempo, garantindo assim
que os servigcos permanecam escaldveis e de alta qualidade.
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1.2.2. Criando uma conta na plataforma da OpenAIl
Para criar uma conta na OpenAl, siga os passos abaixo:
1. Inicialmente, acesse o site oficial da plataforma®.
2. No canto superior direito, localize e clique no botao “Sign up” (Registrar-se).

3. Feito isso, ha o redirecionamento para a pagina de criacdo de conta. Nesta etapa,
ha a opcdo de criar uma nova conta fornecendo um endereco de e-mail. Outra
opcdo ¢ fazer a associacdo a uma conta de e-mail (Gmail, por exemplo) ja
existente.

4. Em seguida, ¢ enviado um e-mail de verificagdo com um /ink para concluir o
cadastro na plataforma.

5. Para completar o cadastro, ¢ necessario fornecer o nome, sobrenome e data de
nascimento.

6. Serd solicitado também um numero de celular para envio de um codigo de
verificacdo. E importante ressaltar que apenas um numero de celular pode ser
associado a uma conta na plataforma da OpenAl.

7. Para finalizar o processo, basta inserir o codigo de verificagdo recebido no
celular. Dessa forma, a conta estara pronta para ser utilizada.

1.2.3. Obtendo uma chave da API

Apoés concluir o cadastro na plataforma da Opendl, o préximo passo consiste em
adquirir uma chave da API. Essa etapa requer que o usudrio esteja com sua sessdao
iniciada na plataforma. Uma vez logado, localize a inicial do nome do usuario no canto
superior direito do painel da OpenAl e clique sobre ela. No menu que se abre, selecione
a opcao “View API Keys” (Exibir chaves da API). Alternativamente, essa funcionalidade
pode ser acessada diretamente através da URL (Uniform Resource Locator)
correspondente’.

Para gerar uma chave nova, clique no botdo “+ Create new secret key” (Criar
nova chave secreta). Isso abrird uma nova janela e serd possivel informar um nome para
a chave (opcional). Em seguida, clique em “Create secret key”. Feito isso, uma nova
chave serd criada. Certifique-se de armazenar essa chave em um local seguro e de facil
acesso. E importante observar que, por razdes de seguranga, apoés a criagdo, nio é
possivel visualizar a chave novamente por meio da conta na OpenAdl. Caso ocorra a
perda da chave, sera necessario gerar uma nova.

1.2.4. Linguagens de programacao suportadas pela API

A API da OpenAl ¢ projetada para ser compativel com varias linguagens de
programacao, permitindo que desenvolvedores integrem facilmente os recursos de
linguagem natural em suas aplicagdes. Embora a AP/ ndo seja restrita a uma linguagem
de programacao especifica, ela pode ser utilizada em ambientes que possam fazer
solicitagdes HTTP (Hypertext Transfer Protocol) e processar respostas JSON

6 https://openai.com

7 https://platform.openai.com/account/api-keys
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(JavaScript Object Notation). Isso inclui linguagens como Python, JavaScript, Java,
Ruby e outras, proporcionando aos desenvolvedores a liberdade de escolher a linguagem
que melhor se adapte as suas necessidades. E importante destacar que a OpenAl da
suporte oficialmente para as linguagens Python e JavaScript (Node.js). No entanto, ha
outras linguagens de programacio com suporte da comunidade®. A seguir sdo
apresentadas instrugcdes detalhadas para a instalagdo e configuracdo do ambiente de
desenvolvimento nas linguagens de programagao Python e JavaScript (Node.js).

1.2.5. Configurando o ambiente para Python

Para desenvolver em Python foi utilizado o Google Colab’, também conhecido como
Colaboratory, uma plataforma online gratuita oferecida pelo Google que permite a
criagdo e execugdo de coddigo Python em um ambiente baseado na nuvem, ou seja, sem
a necessidade de configuracdo de um ambiente de desenvolvimento local. O Colab
oferece suporte a notebooks do Jupyter, permitindo criar documentos interativos que
misturam codigo executavel, texto formatado, imagens, videos, tabelas e graficos. Os
notebooks do Colab sdo salvos diretamente no Google Drive, sendo possivel
compartilhd-los com outros usuarios. Neste minicurso, foi utilizada a versdao 3.10.12 do
Python disponivel no Colab.

O primeiro passo no Google Colab'’ ¢ instalar o pacote Python da OpenAl para
utilizar as funcionalidades da API. A Listagem 1.1 mostra o cddigo para fazer essa
instalagao.

° print(f"Instalando a biblioteca da API da OpenAI...")
Ipip install openai -q
print("API da OpenAI instalada!")

Instalando a biblioteca da API da OpenAI...

73.6/73.6 kB 1.3 MB/s eta ©0:00:00
API da OpenAI instalada!

Listagem 1.1. Instalacéo do pacote Python da API da OpenAl.

Ap6s concluir a instalacdo do pacote da OpenAl, é necessario configurar uma
chave para que o pacote possa acessar a API. O trecho de cddigo apresentado na
Listagem 1.2 mostra a configuragdo da chave diretamente no cddigo, substituindo
YOUR_API _KEY pelo foken gerado durante a criacdo da chave da AP/ na plataforma da
OpenAl. No entanto, ¢ importante destacar que esse procedimento no Google Colab nao
¢ seguro, pois trata-se de um ambiente em que o cddigo pode ser compartilhado ou
exposto publicamente. Isso ocorre porque a chave da API ¢ inserida diretamente no
codigo-fonte, o que a torna facilmente identificavel por qualquer usuario com acesso ao
codigo. A varidvel openai.api key faz parte do pacote openai e tem a fungdo de
armazenar a chave utilizada para autenticar as chamadas a API.

8 https://platform.openai.com/docs/libraries
° https://colab.research.google.com

10 https://colab.research.google.com/?utm_source=scs-index
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° import openai

# definir a chave da API
openai.api_key = 'YOUR_API_KEY'

Listagem 1.2. Configurac&o da chave de acesso da API diretamente no codigo.

Para manter a chave da APl segura, ¢ recomendavel utilizar varidveis de
ambiente ou um arquivo de configuracido separado do cddigo-fonte. Dessa forma, ¢
possivel carregar a chave da APl de forma segura sem expd-la no codigo diretamente.
Por exemplo, ¢ possivel definir a chave da AP/ como uma variavel de ambiente e
acessa-la no codigo, conforme mostrado na Listagem 1.3. O pacote os ¢ um médulo em
Python que permite interagir com o sistema operacional, incluindo a obten¢do de
variaveis de ambiente. Isso pode ser feito utilizando a fung¢do gentenv, que permite
acessar o valor de um varidvel de ambiente especifica. Neste cenario exemplificado, ¢
necessario definir a chave da AP/ como uma variavel de ambiente denominada
OPENAI API KEY, com um valor correspondente a chave da AP/ obtida na plataforma da
OpenAl. Essa pratica garante que as informacdes sensiveis permanecam protegidas e
que a seguranca das credenciais seja mantida intacta.

° import os

import openai
openai.api_key = os.getenv("OPENAI_API_KEY")

Listagem 1.3. Configuracdo da chave de acesso da API a partir de uma variavel
de ambiente.

A utilizagdo de um arquivo de configuracao (texto) também ¢ uma pratica
recomendada para manter informagdes sensiveis, como chaves de API, seguras e
separadas do codigo-fonte. Um exemplo pratico consiste em criar um arquivo de texto
contendo apenas a chave da API gerada na plataforma da OpenAl. Na Listagem 1.4 ¢
apresentado um trecho de codigo que 1€ o conteido de um arquivo de texto,
denominado openai chave minicurso, € armazena o valor lido como a chave de
autenticacao para acessar a API.

o import openai

# ler o conteldo do arquivo de texto
with open('/content/openai_chave_minicurso.txt', 'r') as file:
chave _api = file.read()

# definir a chave da API
openai.api_key = chave_api

Listagem 1.4. Configuracdo da chave de acesso da API a partir de um arquivo
de texto.

Outra abordagem possivel ¢ realizar o upload de um arquivo de texto, como
exemplificado no trecho de cédigo da Listagem 1.5. Apo6s o upload, ¢ feita a leitura do
contetido do arquivo de texto e o valor obtido ¢ utilizado para configurar a chave de
acesso a API.
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Uma vez configurada a chave de acesso, ¢ importante verificar se a configuragao
foi realizada corretamente. A Listagem 1.6 mostra um trecho de cédigo simples para
comecar a explorar as funcionalidades oferecidas pela API. Nesse codigo, a APl ¢
empregada para gerar uma “continuagio” (completion'!) a partir do prompt “0 Brasil
é um pais” e utilizando o modelo text-davinci-003. A saida para a execu¢do desse
codigo foi “localizado na América do Sul. E formado pelos 26”. Note que a
“continuacdo” retornada depende do valor default do numero total de tokens na API.

° import openai
from google.colab import files

# fazer upload do arquivo de texto
upload_arquivo = files.upload()

# obter o nome do arquivo
nome_arquivo = list(upload_arquivo.keys())[@]

# ler o conteudo do arquivo
with open(nome_arquivo, 'r') as file:
chave_api = file.read()

# definir a chave da API
openai.api_key = chave_api

Browse... openai_chave_minicurso.txt
openai_chave_minicurso.txt(text/plain) - 51 bytes, last modified: n/a - 100% done
Saving openai_chave_minicurso.txt to openai_chave_minicurso.txt

Listagem 1.5. Configuracdo da chave de acesso da API a partir do upload de
um arquivo de texto.

Os pardmetros model € prompt sdo obrigatorios. O parametro model especifica
qual modelo ou mecanismo de geragdo de texto deve ser utilizado para produzir a
resposta. A OpenAl disponibiliza varios modelos com diferentes capacidades e pregos.
E importante estar ciente de que a Opendl regularmente introduz novos modelos,
tornando os modelos antigos obsoletos'?. Neste minicurso, o0 modelo text-davinci-
003 sera utilizado com frequéncia. Trata-se de um modelo que ¢é otimizado para tarefas
de geracdo de texto. O parametro prompt € a entrada inicial que deve ser fornecida ao
modelo para orientar a geracdo de texto. Essa entrada fornece contexto e diretrizes para
a criacdo da resposta desejada pelo usudrio. Portanto, quando se invoca a fun¢do

openai.Completion.create (), estd-se solicitando a APl que utilize o modelo
especificado e o prompt fornecido para gerar uma resposta de texto correspondente.

° resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = "O Brasil é um pais"

print(resposta.choices[@].text)
[ localizado na América do Sul. E formado pelos 26

Listagem 1.6. Trecho de cédigo em Python para gerar uma resposta de texto.

' https://platform.openai.com/docs/api-reference/completions

12 https://platform.openai.com/docs/deprecations
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E importante destacar que toda vez que esse codigo for executado sera gerada
uma resposta diferente, devido a natureza generativa do modelo. Adicionalmente, ¢
importante estar ciente da restricdo inerente ao modelo text-davinci-003, que permite
somente trés solicitacdes por minuto. Caso esse limite seja atingido, ¢ necessario
aguardar 20 segundos antes de executar novamente o codigo. E possivel aumentar esse

limite adicionando um método de pagamento'® & conta do usuario.

O numero total de fokens processados em uma unica solicitagdo, incluindo o
prompt € a resposta, deve respeitar o limite maximo de fokens do modelo. Em grande
parte dos casos, esse limite ¢ de 4.096 fokens ou cerca de 3.000 palavras. De modo
geral, um token equivale a aproximadamente 4 caracteres ou 0,75 palavras em inglés.
Os pregos'* seguem uma logica de pagamento por uso, calculado a cada 1.000 fokens
processados.

1.2.6. Configurando o ambiente para JavaScript (Node.js)

JavaScript”’ (normalmente abreviado para JS) é uma linguagem de programagcio de alto

nivel, dinamica, leve, interpretada e baseada em objetos. Foi originalmente criada para
ser executada em navegadores, permitindo a criacdo de paginas Web interativas e
dindmicas. Com o tempo, no entanto, seu escopo de aplicacdo se expandiu, sendo
utilizada também no desenvolvimento de aplicativos de servidor, aplicativos moveis e
muito mais. Node.js'® é um ambiente de tempo de execugdo de codigo aberto que
permite executar JavaScript no lado do servidor. Uma opg¢do para desenvolver em
Node.js ¢ utilizar o Replit, uma plataforma online que oferece um ambiente de
desenvolvimento integrado baseado na nuvem. A plataforma permite que
desenvolvedores escrevam, executem e colaborem em codigos de varias linguagens de
programacdo diretamente no navegador, sem a necessidade de configuragdes
complicadas ou instalagdes locais.

Para configurar a APl da OpenAl no Replit para utilizacio com Node.js, ¢é
necessario acessar a pagina do Replit'” e criar um novo projeto clicando em “+ Create
Repl”. Uma janela aparecera, permitindo selecionar a opgao “Node.js”. Nesse ponto, ¢
necessario informar um nome para o projeto (por exemplo, TesteAPIOpenATI), € entdo
clicar no botdo “+ Create Repl” para finalizar. Feito isso, um ambiente de
desenvolvimento estara pronto para ser utilizado, conforme ilustrado na Figura 1.1.

No arquivo package. json, € necessario verificar se o pacote openai esta listado
como uma dependéncia. Caso contrario, serd necessario instala-lo. Isso pode ser feito no
terminal do Replit utilizando o seguinte comando: npm install openai. Para
configurar a chave de acesso ¢ possivel utilizar a ferramenta “Secrets”, localizada no
painel “Tools” no Replit. Ap6s clicar no icone correspondente, uma janela ¢ aberta.
Clique em “+ New Secret” para adicionar uma nova chave de acesso. Para isso basta
informar um nome para a chave (por exemplo, OPENAI API KEY) € O Seu respectivo

13 https://platform.openai.com/account/billing

14 https://openai.com/pricing

15 https://developer.mozilla.org/en-US/docs/Web/JavaScript
16 https://nodejs.org

17 https://replit.com
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valor. Para finalizar, clique no botdo “Save”. Dessa forma, a chave da AP/ ficard segura
em “Secrets” e ndo sera exposta diretamente no codigo-fonte.

[ = [@ TesteAPIOpenAl ~ & » Run Q & Invite @ Deploy O fa -
Pindexjs ~ B x + i >_ Console v x »Shell x +
“ Files 1] t index.js
: 1 Not sure what to do? Run some examples or generate
e e code with Ghostwriter (start typing to dismiss)
Packager files
= package.json
~ Tools
@ ¢ 2 D Q

Deployments ~ Ghostwriter  Authenticat. Chat Code Search

> = >l g &

Console Database Debugger Docs Extensions

- [Co) Q@ &y A

Git Markdown Packages PostgreSQL Secrets

cPU RAM Storage
- —

€ Try Ghostwriter X

? Help Ln1,Col1 History

Figura 1.1. Ambiente de desenvolvimento Node.js na plataforma Replit.

Apbs a configuragdo da chave de acesso, € possivel explorar as fungdes
disponibilizadas pelo pacote openai. Por exemplo, ¢ possivel utilizar a fungdo
openai.Completion.create () para gerar texto com base em um prompt, assim como
foi mostrado anteriormente em Python. No arquivo JavaScript principal do projeto
(index.js), € necessario importar o pacote openai € utilizar a fungdo process.env
para acessar o valor da chave da AP/ definida em “Secrets”. Para testar o codigo, basta
clicar no botao “Run” no Replit.

A Figura 1.2 ilustra um trecho de cédigo para gerar uma “continuagdo” a partir
do prompt “0 Brasil é um pais” e utilizando o modelo text-davinci-003. A saida
para a execugdo desse c6digo foi “localizado na América do Sul, tendo a maior
part”. De maneira bem resumida, o cdédigo importa as classes Configuration €
OpenAIapi do pacote openai, configura a chave da API através de uma instancia de
Configuration utilizando uma varidvel de ambiente. Em seguida, ¢ criada uma
instdncia de OpenAIapi com essa configuragdo. Também ¢ definida uma funcao
assincrona denominada, por exemplo, executarpPrompt (). Dentro dessa funcdo, a 4P/
¢ utilizada para gerar texto em resposta ao prompt de acordo com o modelo definido. O

resultado ¢ impresso no painel “Console”. Por fim, a fun¢do executarPrompt () €
chamada para executar o codigo.
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[ 2 @ resteAPIOpenAl + & m Q & Invite ® Deploy L0 (& -~

B indexjs v @ x package.json X+ i [Enter : >_ Console v x & Shell x +

~ Files : ndex.js > ...

B indexis const { Configuration, OpenAIApi } require("openai"); el (1 A 6 G, et m
2 a mator part
S — 3. const config = new Configuration({
ackager files .
4 apiKey: process.env.0PENAI_API_KEY,
os package.json 5 1)
6
~ Tools 7 const openail = new OpenAIApi(config);
8
8 {C:,;} 9, async function executarPrompt() {
Soerets o 1o, const resposta = awa}t openai.createCompletion({
11 model: "text-davinci-003",
ih ~ 12 prompt: "0 Brasil € um patis"
~ Repl Resources 13 1)
14
CPU (D 12%0of 0.5vCPUs 15 console. log(resposta.data.choices[0].text);
- 16 }

€ Try Ghostwriter %
18 executarPrompt();|

? Help n18,Col 18 History ©

Figura 1.2. Trecho de cédigo em JavaScript (Node.js) para gerar uma resposta
de texto.

1.3. Como utilizar a API

Existem varias formas de utilizar a APl da OpenAl, dependendo das necessidades de
cada projeto. A OpenAl fornece bibliotecas oficiais para as linguagens Python e
JavaScript (Node.js) que facilitam a utilizacdo da 4PI. Com essas bibliotecas, ¢ possivel
fazer chamadas a API de forma simplificada e sem a necessidade de lidar diretamente
com o protocolo HTTP. Essa abordagem serd apresentada brevemente na subsegdo 1.3.4
utilizando Python e na subsecao 1.3.5 utilizando JavaScript (Node.js). Além disso, na
secdo 1.4 serdo apresentados varios exemplos praticos em diferentes contextos. Outra
forma de utilizar a API ¢ fazendo requisi¢des HTTP diretas utilizando bibliotecas, como
requests para Python ou axios para Node.js. Essa abordagem sera apresentada nesta
secdo e pode ser mais flexivel em alguns casos, permitindo a personalizagdo de
parametros e cabegalhos especificos. Também ha a possibilidade de utilizar plataformas
de terceiros. Existem diversas plataformas que fornecem interfaces mais amigéaveis para
a utilizagdo da API da OpenAl, como por exemplo, Hugging Face's. A propria OpenAl
fornece uma interface mais amigavel com a ferramenta OpenAl Playground". Esta
abordagem ndo sera apresentada neste minicurso.

Nesta secao ¢ apresentada uma visao geral dos endpoints atualmente disponiveis
na API da OpenAl. A API oferece endpoints que permitem aos desenvolvedores acessar
diferentes modelos de IA para tarefas especificas. Também ¢ apresentado como fazer
requisicdes HTTP a API e entender as respostas, e como utilizd-las em Python e
JavaScript (Node.js). Apds enviar uma solicitacdo a API, o desenvolvedor recebera uma
resposta que contém os resultados da operacdo solicitada. Essa resposta pode estar em
varios formatos, como JSON, texto simples ou outros formatos especificos de cada
endpoint. E importante que os desenvolvedores entendam como interpretar essas
respostas para poder utiliza-las de forma adequada em suas aplicacdes. Além disso, ¢

18 https://huggingface.co/models
19 https://platform.openai.com/playground

10
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apresentado brevemente como utilizar a biblioteca da APl da OpenAl em Python e
JavaScript (Node.js).

1.3.1. Visao geral dos endpoints

Basicamente, um endpoint ¢ um ponto de entrada para interagir com 0S Servigos e
recursos disponibilizados pela APl da OpenAl. A API disponibiliza diversos endpoints:
completions®’ (refere-se a “completar” ou “continuar” um texto), chat completions®',
geragio de imagens??, fala para texto (transcrigdes e traducdes)® e moderacdes?*. Nesta
subsecdo, ¢ apresentada uma visdo geral dos endpoints “completions” e ‘“chat
completions”. Na se¢do 1.4 também sdo apresentados alguns exemplos que utilizam o
endpoint para geracdo de imagens. Por limitacdes de espaco, os outros endpoints nao

serdo apresentados neste minicurso.

O principal endpoint da API ainda € o “completions”, que fornece uma interface
simples e flexivel o suficiente para realizar praticamente qualquer tarefa de PLN,
incluindo gera¢do de contetido, sumarizagdo, analise de sentimentos e muito mais. Esse
endpoint ¢ geralmente utilizado para gerar “continuac¢do” de texto com base no prompt
fornecido®.

Além disso, ¢ possivel utilizar o endpoint “completions” com diferentes
modelos. Os modelos GPT da OpenAl foram treinados para entender linguagem natural
e codigo. Esses modelos fornecem saidas de texto em resposta as suas entradas. As
entradas para esses modelos também sdo chamadas de prompts. Projetar um prompt ¢é
essencialmente como se “programa” um modelo GPT, geralmente fornecendo
instrucdes ou alguns exemplos de como concluir uma tarefa com éxito. Os modelos
mais recentes, gpt-4 € gpt-3.5-turbo, sdo acessados por meio do endpoint “chat
completions”. Atualmente, apenas os modelos legados mais antigos estdo disponiveis
por meio do endpoint “completions. Esse endpoint recebeu sua atualiza¢io final em
julho de 2023 e sera encerrado em 4 de janeiro de 2024.

O modelo text-davinci-003, disponivel no endpoint “completions”, ¢ um dos
modelos de linguagem mais poderosos e versateis disponiveis na plataforma da OpenAl
Ele ¢ parte da familia de modelos GPT e ¢ treinado com uma arquitetura 7ransformer
de varias camadas, com 175 bilhdoes de pardmetros. Esse modelo ¢ especialmente
adequado para tarefas de linguagem natural que exigem compreensao e geragao de texto
altamente avancadas. E treinado em um conjunto de dados extremamente grande e
diversificado, que inclui textos em varios idiomas e dominios, como noticias, livros,

artigos cientificos, conversas cotidianas e muito mais.

20 https://platform.openai.com/docs/guides/gpt/completions-api

2! https://platform.openai.com/docs/guides/gpt/chat-completions-api

22 https://platform.openai.com/docs/guides/images/image-generation

23 https://platform.openai.com/docs/guides/speech-to-text/speech-to-text
24 https://platform.openai.com/docs/guides/moderation/moderation

23 https://platform.openai.com/docs/quickstart/introduction

26 https://platform.openai.com/docs/guides/gpt/gpt-models

11



Tépicos em Gerenciamento de Dados e Informagdes: Minicursos do SBBD 2023

A Listagem 1.7 mostra um trecho de cddigo em Python para listar todos os
modelos disponiveis na APl da OpenAl. A saida desse trecho de codigo lista o numero
de modelos disponiveis na API (53, atualmente) ¢ o nome de cada um dos modelos
(foram exibidos apenas 4 por limitagdes de espago). E importante lembrar que a ordem
dos nomes dos modelos pode mudar toda vez que esse codigo for executado.

° # obter a lista de modelos
modelos = openai.Model.list()

# imprimir total de modelos
print(len(modelos['data']))

# imprimir os nomes dos modelos
for modelo in modelos['data']:
print(modelo['id'])

> 53
text-davinci-edit-ee1
babbage-code-search-code
text-similarity-babbage-@@1
code-davinci-edit-ee1

Listagem 1.7. Trecho de cédigo em Python para listar todos os modelos
disponiveis na API.

Outro endpoint é o “chat completions™*’, que recebe uma lista de mensagens

como entrada e retorna uma mensagem gerada pelo modelo como saida. Embora o
formato de chat seja projetado para facilitar as conversas em varios turnos (multi-turn),
¢ igualmente util para tarefas de turno unico (single-turn), ou seja, sem nenhuma
conversa. O endpoint “chat completions” foi projetado para tornar mais facil ter
conversas interativas e dindmicas com o modelo. Em vez de enviar apenas um prompt
de texto simples como no endpoint “completions”, agora ¢ possivel enviar diversas
mensagens como entrada. Cada mensagem tem um papel e um contetido (o texto da
mensagem). Os papeis disponiveis sdo: system (sistema), user (uUsudrio) € assistant
(assistente). Normalmente, uma conversa ¢ formatada primeiro com uma mensagem do
sistema, seguida por mensagens alternadas do usudrio e do assistente.

1.3.2. Requisi¢coes HTTP utilizando Python

Nesta subse¢do ¢ abordado como interagir com a AP/ em Python utilizando a biblioteca
requests, que permite enviar solicitagdes HTTP de forma simplificada, conforme
mostra o trecho de codigo na Listagem 1.8. Inicialmente, ¢ definido o modelo a ser
utilizado (text-davinci-003). Posteriormente, ¢ construido o endpoint “completions”
da API, combinando uma URL base com o nome do modelo escolhido. Os parametros
da requisi¢do sdo definidos em um dicionario, denominado “parametros”. O parametro
prompt especifica a pergunta para a qual se deseja uma resposta, enquanto
temperature € max_tokens sd0 utilizados para controlar a aleatoriedade e o
comprimento maximo da resposta, respectivamente. Adicionalmente, o cabecalho da
requisi¢do também ¢ definido em um dicionario, denominado “headers”, contendo o
tipo de conteudo esperado e a autorizagdo necessdria para acessar a API. A chave de
acesso ¢ assumida como sendo uma variavel global (openai.api key), ja definida em
um trecho de codigo anterior. Finalmente, a requisicdo ¢ executada utilizando
requests.post (), € a resposta armazenada em uma variavel, denominada “resposta”.

27 https://platform.openai.com/docs/api-reference/chat

12
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© import requests

# definir o modelo
modelo = "text-davinci-@e3"

# definir o endpoint da API
endpoint = "https://api.openai.com/vl/engines/" + modelo + "/completions"

# definir os parametros e cabecalho da requisicao
parametros = {
"prompt”: "Qual é a capital do Brasil?",
“temperature": 0.7,
"max_tokens": 160

}

headers = {
“Content-Type": "application/json",
"Authorization": f"Bearer {openai.api_key}"

}

# fazer a requisigao
resposta = requests.post(endpoint, json=parametros, headers=headers)

Listagem 1.8. Trecho de cédigo em Python para fazer uma requisicdo HTTP
utilizando o endpoint “completions”.

A Listagem 1.9 apresenta o trecho de cddigo para mostrar a resposta no formato
JSON. O trecho de cb6digo resposta.json() converte a resposta HTTP, que ¢
presumivelmente um conteudo em formato JSON, em um objeto Python, como um
dicionario, permitindo que os dados sejam acessados e manipulados de maneira mais
simples no cédigo. A Listagem 1.10 apresenta o trecho de codigo para mostrar apenas o
texto da resposta. O cddigo extrai e imprime o texto retornado pela API da resposta no
formato JSON, removendo espacos em branco extras no inicio e no fim do texto.

° # formato json
resposta.json()

[» {'warning': 'This model version is deprecated. Migrate before January 4, 2024 to avoid disruption of service.

/docs/deprecations’,
‘id': 'cmpl-7mKTmu7S2kMsVolNHVOFUANoJjiDK",

‘object’: 'text_completion’,

'created': 1691752822,

'model’: 'text-davinci-ee3’,

‘choices': [{'text': '\n\nBrasilia é a capital do Brasil.',
"index': @,
"logprobs*: None,
"finish_reason': 'stop'}],

‘usage': {'prompt_tokens': 8, 'completion_tokens': 13, ‘total_tokens': 21}}

Listagem 1.9. Trecho de c6digo para mostrar a resposta no formato JSON.

° print(resposta.json()["choices"][@]["text"].strip())

Brasilia & a capital do Brasil.

Listagem 1.10. Trecho de c6digo em Python para mostrar apenas o texto da
resposta.

O trecho de codigo apresentado na Listagem 1.11 utiliza a biblioteca requests
para fazer uma interacdo com a API. Neste exemplo ¢ utilizado o endpoint “chat
completions” para realizar a andlise de sentimento de uma avaliagdo de um produto.
Basicamente, sdo definidas trés mensagens: a mensagem do sistema (system) informa
ao modelo da OpenAI sobre o papel do assistente virtual, que ¢ analisar sentimentos de
avaliacdes; a mensagem do usudrio (user), fornece ao modelo uma avaliagdo ficticia de
um produto para andlise; e a mensagem do assistente (assistant), especifica o formato

13
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esperado da resposta do modelo que, neste caso, ¢ uma simples classificacdo de
sentimento como “Positivo” ou “Negativo”.

Os parametros da requisi¢do incluem o nome do modelo utilizado e as
mensagens formatadas. O cabecalho da requisi¢do indica que os dados enviados estdo
em formato JSON e inclui uma chave de autorizacdo para acessar a API. Finalmente, a
requisi¢do ¢ enviada utilizando o método post da biblioteca requests, € a resposta da
API ¢ obtida e convertida para formato JSON para facil acesso e manipulagdo. Por
exemplo, € possivel imprimir apenas a resposta do assistente com o seguinte trecho de
CédigO: print (resposta.json () ["choices"] [0] ["message"] ["content"]).

° import requests

endpoint = "https://api.openai.com/v1/chat/completions”

mensagem_sistema = 'Vocé é um assistente que analisa sentimentos de avaliagdes de produtos’
mensagem_usuario = "Aqui estd uma avalia¢do de um produto: 'Este produto é incrivel!"
mensagem_assistente = "Classifique o sentimento retornando apenas 'Positive' ou 'Negativo'. "

parametros = {
"model": "gpt-3.5-turbo-8613",
"messages": [
{"role": "system", "content": mensagem_sistema},
{"role": "user", "content": mensagem_usuario},
{"role": "assistant", "content": mensagem_assistente}]

}
headers = {
"Content-Type": "application/json",
"Authorization": f"Bearer {openai.api_key}"
}

resposta = requests.post(endpoint, json=parametros, headers=headers)
resposta.json()
» {'id': 'chatcmpl-7mL2dIYHKqqKBBv4gQAbANuOmHwBE ',
"object': 'chat.completion’,
"created': 1691754983,
"model’': 'gpt-3.5-turbo-8613',
"choices': [{"index': @,
‘message’': {'role': ‘assistant', ‘content': 'Positiveo'},
‘finish_reason': 'stop'}],
"usage': {'prompt_tokens': 67, 'completion_tokens': 3, 'total_tokens': 7@}}

Listagem 1.11. Codigo em Python para fazer uma requisicdo HTTP utilizando o
endpoint “chat completions”.

1.3.3. Requisi¢coes HTTP utilizando JavaScript (Node.js)

Nesta subsecdo ¢ apresentado como realizar requisicdes HTTP em Node.js utilizando a
biblioteca axios. Esse pacote simplifica as chamadas H7TP e pode ser facilmente
integrado em projetos Node.js. Para instala-lo, basta executar o seguinte comando: npm
install axios. Com o pacote instalado, ¢ possivel realizar chamadas a diversos
servicos Web, incluindo a API da OpenAl.

A Figura 1.3 mostra o cddigo em JavaScript (Node.js) para fazer uma requisi¢ao
HTTP utilizando o endpoint “completions”. Esse codigo utiliza a biblioteca axios para
realizar uma requisi¢do H7TP utilizando o método post. Primeiramente, a biblioteca ¢
importada e a chave da API ¢ recuperada do ambiente Node.js no Replit. Em seguida,
um cliente axios € configurado com o cabecalho de autorizacdo necessario. O codigo
também define o modelo a ser utilizado e o endpoint. Os pardmetros da requisicdo sao
definidos, especificando a pergunta a ser enviada para a API. A requisicao ¢ realizada e,
quando uma resposta for recebida, o texto resultante ¢ exibido no painel “Console”. Se
ocorrer algum erro na chamada, uma mensagem sera exibida juntamente com o erro
identificado.

14
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O cddigo apresentado na Figura 1.4 também faz uma requisi¢do H77TP, mas
utilizando o endpoint “chat completions”. Apds configurar o cliente axios com a chave
da API, define-se o endpoint e as mensagens para interagir com o assistente virtual: a
mensagem do sistema define o papel do assistente; a mensagem do usudrio fornece uma
avaliagdo de produto e a mensagem do assistente orienta sobre a resposta desejada. A
requisi¢do ¢ feita com essas mensagens e a resposta do assistente ¢ exibida no painel
“Console”. Em caso de erro na chamada, uma mensagem de erro sera exibida.

mindex.js vB8 x + H >_ Console v x +

const axios = require('axios');

Brasilia é a capital do Brasil.

const chave_api = process.env.0PENAI_API_KEY;

1

2

3

4

5. const cliente = axios.create({

6 headers: { 'Authorization': 'Bearer ' + chave_api }
7

8

1;
9 const modelo = "text-davinci-003"
10 const endpoint = "https://api.openai.com/vi/engines/" + modelo + "/completions®
11
12, const parametros = {
13 "prompt": "Qual é a capital do Brasil?",
14 "temperature": 0.7,
15 "max_tokens": 100
16 }
17
18 cliente.post(endpoint, parametros)
19, .then(resposta => {
20 console.log(resposta.data,choices[0].text.trim());
21, }).catch(erro => {
22 console.log('Erro ao chamar a API:', erro);
3 1) .

Figura 1.3. Cédigo em JavaScript (Node.js) para fazer uma requisicdo HTTP
utilizando o endpoint “completions”.

Bindexjs v 8 x + : >_ Console v x -+

; const axios = require('axios'); PGELEID
3 const chave_api = process.env.0PENAI_API_KEY;

4

5., const cliente = axios.create({

6 headers: { 'Authorization': 'Bearer ' + chave_api }

7 ¥)s

8

9 const endpoint = "https://api.openai.com/vi/chat/completions"

10

11 const msg_sistema = 'Vocé é um assistente que analisa sentimentos de avaliagdes de produtos’
12 const msg_usuario = "Aqui estd uma avaliacdo de um produto: 'Este produto é incrivel!"

13 const msg_assistente = "Classifique o sentimento retornando apenas 'Positivo' ou 'Negativo'"
14

15, const parametros = {

16 “model": "gpt-3.5-turbo-0613",

17 “messages”: [

18 {"role": "system", “content": msg_sistema},

19 {"role": "user", "content": msg_usuario},

20 {"role": "assistant", "content": msg_assistente}]

21 7}

22

23 cliente.post(endpoint, parametros)

24 .then(resposta => {

25 console. log(resposta.data.choices[0].message.content);

26 . }).catch(erro => {

27 console.log( 'Erro ao chamar a API:', erro);

28 });

Figura 1.4. Codigo em JavaScript (Node.js) para fazer uma requisicao HTTP
utilizando o endpoint “chat completions”.
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1.3.4. Utilizando a biblioteca da API em Python

Ao trabalhar com a APl em Python, pode-se utilizar a biblioteca oficial fornecida pela
propria OpenAl. Esta biblioteca simplifica a interagdo com a AP/, eliminando a
necessidade de lidar diretamente com requisicdes H77P. A Listagem 1.12 mostra como
utilizar essa abordagem para otimizar a integra¢do e obtencdo de respostas da API. O
trecho de cddigo solicita ao modelo que responda a pergunta “Qual é a capital do
Brasil?” e, em seguida, imprime a resposta gerada.

° resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = "Qual é a capital do Brasil?",
temperature = 0.7,
max_tokens = 100

)
print(resposta.choices[@].text.strip())
[ Brasilia é a capital do Brasil.

Listagem 1.12. Trecho de cddigo em Python utilizando a biblioteca da API com
0 endpoint “completions”.

A resposta ¢ um objeto da OpenAl no formato JSON, que representa o resultado
de uma solicitagdo de “continuagdo de texto” (text completion), conforme ilustrado na
saida do trecho de codigo apresentado na Listagem 1.13. Além do aviso sobre a
obsolescéncia do modelo, também ¢ retornado um identificador tinico, o tipo de objeto
(endpoint) retornado, e a resposta gerada, que nesse caso ¢ “Brasilia”. Também
fornece detalhes sobre os fokens utilizados na solicitacdo. Por exemplo, para obter o
total de fokens utilizados na resposta, basta executar o seguinte trecho de cédigo:

resposta.usage.total tokens.

° resposta
[» <OpenAIObject text_completion id=cmpl-7mLAQP46gTAGFG3x1DGCOzSuakveD at @x7f6a3eda2a20> JSON: {
"warning": "This model version is deprecated. Migrate before January 4, 2024 to avoid disruption of service.

/docs/deprecations”,
"id": "cmpl-7mLAQP46gTAGFG3x1DGCOzSuaEveD",

"object": "text_completion”,
"created": 1691755466,
"model"”: "text-davinci-ee3",

"choices": [
{
"text": "\n\nBras\u@@edlia.",
"index": O,
"logprobs": null,
"finish_reason": "stop"
}
1,
"usage": {
"prompt_tokens": 8,
"completion_tokens": 7,
"total_tokens": 15
}
X

Listagem 1.13. Trecho de codigo para mostrar a resposta no formato JSON.

1.3.5. Utilizando a biblioteca da API em JavaScript (Node.js)

Nesta subse¢ao, ¢ abordado como utilizar a biblioteca da API da OpenAl em JavaScript
(Node.js) para interagir com um modelo de linguagem de forma eficiente. A Figura 1.5
mostra como utilizar a biblioteca da AP/ com o endpoint “completions”. O cbddigo
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importa a biblioteca da OpenAl para Node.js, define a chave da API e cria uma fungao
assincrona, denominada executarPrompt (). Essa funcdo faz uma requisicdo a APl
perguntando qual “oual é a capital do Brasil?z”. A resposta gerada pelo modelo ¢
exibida no painel “Console”. E por fim, a funcdao ¢ executada. Nesse exemplo, para
obter o total de tokens utilizados na resposta, ¢ possivel acessar a propriedade
usage.total tokens do objeto de resposta. Assim, dentro da funcdo
executarPrompt(), apods imprimir a resposta gerada pelo modelo, € possivel adicionar o
seguinte CédigO: console.log(resposta.data.usage.total tokens);.

Pindexjs v & x + : >_ Console v X (3 Secrets x +

index.js > ... Hint: .
Brasilia.

1 const { Configuration, OpenAIApi } = require("openai");

2

3. const config = new Configuration({

4 apiKey: process.env.0OPENAI_API_KEY,

5 });

6

7 const openal = new OpenAIApi(config);

8

9., async function executarPrompt() {

10 const resposta = await openati.createCompletion({
11 model: "text-davinci-003",

12 prompt: "Qual é a capital do Brasil?",

13 temperature: 0.7,

14 max_tokens: 100

15 IOF

16 console.log(resposta.data.choices[0].text.trim());
17 }

19 executarPrompt();

Figura 1.5. Cédigo em JavaScript (Node.js) utilizando a biblioteca da APl com o
endpoint “completions”.

1.4. Exemplos praticos

Nesta se¢do sdo apresentados exemplos praticos de como a APl da OpenAl pode ser
utilizada em diferentes contextos. Esses exemplos tém como objetivo mostrar como a
API pode ser aplicada em situacdes reais e como pode ajudar a resolver problemas
especificos. Os exemplos apresentados sdo centrados predominantemente em dados
textuais, dando énfase a técnicas de PLN, tais como classificagdo de textos, analise de
sentimentos, sumarizagdo de textos, dentre outras abordagens utilizadas para andlise de
linguagem natural. Também sdo apresentados exemplos de geracdo de codigo e
imagens. Esses exemplos demonstram como a API pode ser utilizada para gerar trechos
de cdédigo de forma automatizada, bem como para criar imagens com base em
descri¢cdes em linguagem natural. Também sdo apresentados alguns exemplos de como
essas técnicas podem ser aplicadas em cendrios do mundo real. Os exemplos praticos
apresentados sdo implementados em Python, utilizando o ambiente Google Colab, mas
podem ser facilmente adaptados para JavaScript (Node.js). A inspiragdo para esses
exemplos provém de contetido disponibilizado na pagina oficial da OpenA’®, assim
como de sites [Cotton 2023, Smigel 2023, Training 2023] e videos?’.

28 https://platform.openai.com/examples

2 https://www.youtube.com/@codigofontety
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1.4.1. Dados textuais

Nesta subsecdo, ¢ explorada a utilizacdo da API da OpenAl para o tratamento de dados
textuais, abordando diversas técnicas de PLN para mostrar a versatilidade da API. A
maioria dos exemplos se baseia no endpoint “completions. Vale ressaltar que os
exemplos baseados em “completions” podem ser facilmente adaptados para o endpoint
“chat completions™.

Inicialmente, ¢ apresentada na Listagem 1.14 o codigo para uma fungdo,
denominada formatar saida(), que tem como objetivo limpar a saida de dados
removendo quaisquer caracteres de quebra de linha de uma string, utilizando a
biblioteca de expressdes regulares re. Esta funcdo ¢ utilizada para aprimorar a
formatacdo das saidas em alguns exemplos.

° import re

def formatar_saida(saida):
return re.sub(r'~\s+',

, saida)

Listagem 1.14. Funcdo para remover quaisquer caracteres de quebra de linha.

Gerando n respostas

O trecho de codigo da Listagem 1.15 utiliza a AP para gerar uma “continua¢do” sobre a
frase “0 Brasil é famoso”. O parametro de temperatura ¢ definido como 1, o que
permite variar a criatividade das respostas. Neste exemplo, o destaque € o parametro n
definido como 3, indicando que serdo geradas trés respostas diferentes. Depois de
receber as respostas, o codigo percorre cada uma delas, exibindo seu contetido.

° respostas = openai.Completion.create(
model = "text-davinci-0e3",
prompt = "0 Brasil é famoso",
max_tokens = 15,
temperature = 1,
n=3

)

for resposta in respostas['choices']:
print(respostal "text'])

[ pela sua exuberancia cultural. O pais é
por muitas coisas, como seu clima am
por suas inumeras belezas naturais. E

Listagem 1.15. Trecho de codigo para gerar n respostas.

Corre¢ao Gramatical

A corregdo gramatical visa identificar e corrigir erros em um texto para garantir sua
precisdo linguistica. O trecho de co6digo apresentado na Listagem 1.16 utiliza a AP] para
corrigir um texto em portugués que contém alguns erros. Especificamente, ¢ empregado
0 modelo text-davinci-003 para corrigir a frase “o mecado estava fechado”.
Neste exemplo, o parametro de temperatura ¢ definido como 0, o que significa que a
API gera a resposta mais provavel, focando na precisdo em vez da criatividade. Apds a
corre¢do, a saida ¢ formatada e, em seguida, impressa.
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° resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = "Corrija o seguinte texto em Portugués:\n\n o mecado estava fexado.",
temperature = 0,
max_tokens = 60

)

print(formatar_saida(resposta.choices[@].text))
[» O mercado estava fechado.

Listagem 1.16. Trecho de codigo para correcdo gramatical.

Classificagao de Textos

A classificagdo de textos ¢ um método utilizado para categorizar informagdes em grupos
predeterminados. No contexto de seguranca digital, pode ser empregada para discernir
entre mensagens indesejadas (“spam”) e comunicagdes legitimas. A Listagem 1.17
apresenta um trecho de codigo que realiza a tarefa de classificagdo, solicitando ao
modelo que avalie uma mensagem especifica e determine se ela se enquadra como
“spam” ou “ndo spam”. A resposta gerada pelo modelo, baseada no treinamento e na
instrugdo fornecida, ¢ entdo impressa, fornecendo a classificacdo desejada. Neste
exemplo, a mensagem “Vocé ganhou um milhdo de reais na loteria. Clique
neste Iink.” ¢ facilmente reconhecida como “spam”, dado que ¢ um texto
frequentemente utilizado em tentativas de golpes.

° prompt = """Classifique o texto da seguinte mensagem como 'spam' ou 'nhdo spam’
mensagem: Vocé ganhou um milhdao de reais na loteria. Clique neste link."""

resposta = openai.Completion.create(
model = "text-davinci-@03",
prompt = prompt,
max_tokens = 15,
temperature = 0

)

print(formatar_saida(resposta.choices[0].text))

> Spam
Listagem 1.17. Trecho de cdodigo para classificagdo de texto.

Analise de Sentimentos

A andlise de sentimentos ¢ uma técnica utilizada para identificar, extrair e quantificar as
emocdes e opinides expressas em textos. E comumente utilizada para identificar se um
texto ¢ “positivo”, “negativo” ou “neutro”. Essa abordagem ¢ amplamente empregada
em avaliagdes de produtos, feedbacks de clientes e andlises de redes sociais. No trecho
de codigo apresentado na Listagem 1.18, o modelo ¢ instruido a analisar o sentimento
da frase “Eu odeio acordar cedo para ir trabalhar.”. Por meio de um prompt
especifico, o modelo avalia a frase e determina o sentimento associado que, neste
contexto, € classificado como “Negativo”.
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" prompt = """Analise se o sentimento de uma frase é positivo, neutro ou negativo.
\n\nFrase: \"Eu odeio acordar cedo para ir trabalhar.\"\nSentimento:"""

resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = prompt,
temperature = 9,
max_tokens = 60

)
print(resposta.choices[@].text)
G Negativo

Listagem 1.18. Trecho de cddigo para analise de sentimentos.

Deteccédo de Emocgdes

A detecgdo de emocgdes, uma especializagdo da técnica de andlise de sentimentos, visa
identificar e categorizar as emogdes expressas em um texto, indo além da simples
classificagdo em “positivo”, “negativo” ou “neutro”. No trecho de codigo da Listagem
1.19, sao solicitadas classificagdes de sentimentos para cinco fweets diferentes.
Utilizando o prompt fornecido, o modelo avalia cada tweet e determina a emogdo ou
sentimento associado. O resultado ¢ uma classificagdo das emogdes presentes em cada
tweet.

° prompt = """Classifique o sentimento nos seguintes tweets:\n\n
1. \"Eu ndo suporto licdo de casa\"\n
2. \"Isso é péssimo. Estou entediado @\"\n
3. \"Mal posso esperar pelo dias das bruxas!!!\"\n
4. \"Meu gato é adoravel @ \"\n
5. \"Eu odeio chocolate\"\n\nClassificacdo de sentimentos dos tweets:"""

resposta = openai.Completion.create(
model = "text-davinci-@e3",
prompt = prompt,
temperature = 9,
max_tokens = 6@

)
print(formatar_saida(resposta.choices[@].text))

. Desconforto
. Raiva

. Excitacao

. Amor

. Aversao

G

[V SR PV

Listagem 1.19. Trecho de cddigo para deteccao de emocdes.

Extracdo de palavras-chave

A extracdo de palavras-chave busca identificar os termos mais relevantes em um texto,
proporcionando uma compreensao imediata de seu tema central. No trecho de codigo da
Listagem 1.20 o modelo ¢ orientado a extrair palavras-chave do texto sobre o “Brasil”
e “santos Dumont”. Por meio da instru¢do dada pelo prompt, o modelo processa o
texto fornecido e retorna as palavras ou frases que considera mais relevantes, facilitando
a compreensao imediata das informagdes mais cruciais do texto original.
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° prompt = """Extraia as palavras-chave do seguinte texto:\n
\nO Brasil é um pais de dimensdes continentais localizado na América do Sul,
com capital em Brasilia. Santos Dumont foi um brasileiro reconhecido
no mundo inteiro."""

resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = prompt,
temperature = 6.5,
max_tokens = 60

)
print(formatar_saida(resposta.choices[@].text))

[» - Brasil
- América do Sul
- Brasilia
- Santos Dumont

Listagem 1.20. Trecho de codigo para extracdo de palavras-chave.

Traducédo de Textos

A tradugdo de textos € uma técnica para converter o contetido de um idioma para outro,
permitindo que pessoas que falam diferentes linguas compreendam o mesmo contetdo.
No trecho de codigo apresentado na Listagem 1.21, ¢ definida uma fung¢do, denominada
traducao (), que utiliza um modelo da OpenAI para traduzir um texto especificado para
o idioma desejado. O modelo recebe um prompt, que ¢ uma instrugdo clara sobre o que
ele deve fazer, nesse caso, traduzir a frase “Que dia ¢é hoje?” para o idioma
“inglées”.
° def traducao(texto, idioma):
resposta = openai.Completion.create(

model = "text-davinci-ee3",

prompt = f"Traduza {texto} para o idioma {idioma}",

temperature = 6.7,

max_tokens = 166

)
return formatar_saida(resposta.choices[@].text)
traducao("Que dia é hoje?", "inglés")
[> 'What day is it today?’

Listagem 1.21. Trecho de cddigo para traducéo de textos.

Sumarizacéo de Textos

A sumarizacdo de textos refere-se ao processo de reduzir um texto extenso para sua
forma mais concisa, mantendo as informagdes principais e o significado original. No
trecho de cédigo da Listagem 1.22, ¢ solicitado ao modelo da OpenAl que resuma um
texto sobre “alan Turing” destacando suas principais contribui¢des para o campo da
computagdo. Ao passar essa instru¢do por meio do prompt, o modelo analisa o conteudo
e retorna uma versao mais concisa do texto.
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" prompt = """Resuma em poucas palavras o texto:\n\nAlan Turing foi um matematico
e criptégrafo inglés considerado atualmente como o pai da computacao,
uma vez que, por meio de suas ideias, foi possivel desenvolver o
que chamamos hoje de computador."""

resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = prompt,
temperature = 0.2,
max_tokens = 250

)
print(formatar_saida(resposta.choices[0].text))
[» Alan Turing: pai da computacgao.

Listagem 1.22. Trecho de cddigo para sumarizagao de textos.

Chat

Recentemente, a OpenAl incorporou o endpoint “chat completions” a sua API,
permitindo uma interagdo mais fluida e dindmica com o modelo. No trecho de codigo
apresentado na Listagem 1.23, ¢ criada uma simulacao de chat em que o assistente foi
instruido, por meio de uma mensagem de sistema, a responder de maneira “rude”. O
loop while serve para que o usudrio possa continuar interagindo com o assistente até
que decida digitar “sair”. Cada interagdo do usudrio ¢ adicionada a lista de mensagens,
e o assistente gera uma resposta com base nas mensagens anteriores, mantendo o
contexto da conversa e respeitando a instrugdo inicial de responder de forma “rude”. Ao
final de cada iteragdo, a resposta do assistente ¢ exibida na tela e também adicionada a
lista de mensagens.

° mensagens = [{'role': 'system',

‘content': 'Vocé é um assistente que responde de maneira rude'}]
mensagem = '’
while (mensagem != 'sair'):
mensagem = input()
mensagens.append({'role': ‘'user', 'content': mensagem})

resposta = openai.ChatCompletion.create(
model = "gpt-3.5-turbo”,
messages = mensagens

)

saida = resposta.choices[0][ 'message’]['content']
mensagens.append({'role’': 'assistant', 'content': saida})
print(saida)
[> Qual o seu nome?
Que diferenca faz para vocé? Eu sou apenas um robd destinado a responder suas perguntas.
sair

Finalmente uma decisdo inteligente. Saia entdo, nao vou sentir sua falta.

Listagem 1.23. Trecho de cddigo para um chat “rude”.

1.4.2. Geracao de codigo

A geragao de codigos pela API da OpenAl permite automatizar a escrita de programas,
oferecendo uma maneira intuitiva de criar trechos de codigo a partir de descri¢gdes em
linguagem natural. Esse recurso se baseia no endpoint “completions”, que se encarrega
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de completar trechos de texto ou, de codigo, com base no prompt fornecido. Neste caso,
os modelos de linguagem aprendem a sintaxe e a semantica do codigo por meio do
treinamento em uma grande quantidade de dados de cddigo-fonte. Com essa
capacidade, esses modelos podem gerar codigo funcional. Por exemplo, quando se
deseja criar uma fun¢do que calcula a média de uma lista de nimeros, ¢ possivel
fornecer uma descrigdo simples para o modelo de linguagem: “Crie uma funcdo que
calcule a média de uma lista de numeros”. O modelo de linguagem entdo
utilizara seu conhecimento de sintaxe e semantica para gerar cddigo funcional que
realiza a tarefa solicitada.

A API pode gerar codigo para varias linguagens de programacao, incluindo
Python, JavaScript, Go, Ruby, entre outras. Além disso, a APl também pode ser
utilizada para gerar codigo para tarefas especificas, como autocompletar linhas de
codigo, traduzir codigo de uma linguagem para outra, refatorar codigo existente e até
mesmo escrever codigos completos a partir de uma descricdo em linguagem natural.

Gerando um programa em Python

A geragdo de codigos facilita a producao de software para desenvolvedores e também,
ou principalmente, para ndo desenvolvedores. Especificamente, a capacidade de gerar
programas em linguagens de programacgao especificas, como Python neste caso, torna a
API extremamente versatil. No exemplo apresentado na Listagem 1.24, um prompt ¢é
definido solicitando um programa em Python para determinar se um nimero € “par” ou
“impar”. Ao passar essa instrucdo para a API, ¢ gerado e retornado um cédigo em
Python que atende a solicitagao.

° prompt = (

"""Escreva um programa em Python que leia um numero inteiro e
imprima ‘par' se o numero for par ou 'impar' se for impar."""

)

resposta = openai.Completion.create(
model "text-davinci-ee3",
prompt = prompt,
temperature = 0.7,
max_tokens = 100

)
print(formatar_saida(resposta.choices[0].text))
> numero = int(input("Digite um ndmero inteiro: "))
if numero % 2 == 0:
print("par")
else:

print(“impar")

Listagem 1.24. Trecho de cddigo para gerar um programa em Python.

Gerando uma fungdo em Python

Além da capacidade de gerar programas completos em uma determinada linguagem de
programacao, a API também pode ser utilizada para criar fungdes especificas com base
em descrigdes dadas em linguagem natural. No trecho de coédigo apresentado na
Listagem 1.25, a solicitagdo ¢ para uma fun¢dao em Python que, dada uma entrada de
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nome, sobrenome ¢ data de nascimento, retorne o nome completo e o numero de dias
desde essa data de nascimento até o presente. Para garantir que o cddigo gerado seja
autonomo e funcional, a instrugdo também especifica a importacdo das bibliotecas
necessarias. Ao enviar o prompt a API, é gerada e retornada a funcdo desejada, pronta
para ser incorporada em qualquer projeto em Python. A Listagem 1.26 apresenta o
trecho de codigo para testar a fungdo gerada.

° prompt = """

Escreva uma fun¢ao Python que recebe o nome, sobrenome e data de nascimento
no formato de string como valores de parametros e retorne o nome completo e o
nuimero de dias desde a data de nascimento até hoje. Importe as bibliotecas
necessarias no inicio do cédigo gerado.

resposta = openai.Completion.create(
model = "text-davinci-@e3",
prompt = prompt,
temperature = 0,
max_tokens = 512

)

print(formatar_saida(resposta.choices[0].text))

Listagem 1.25. Trecho de cdodigo para gerar uma funcdo em Python.

° import datetime

def nome_completo_e_dias(nome, sobrenome, data_nascimento):
nome_completo = nome + " " + sobrenome
data_nascimento = datetime.datetime.strptime(data_nascimento, "%d/%m/%Y")
hoje = datetime.datetime.now()
dias_desde_nascimento = (hoje - data_nascimento).days

return nome_completo, dias_desde_nascimento
print(nome_completo_e_dias("Alexandre"”, "Alves", "28/07/1975"))

> ('Alexandre Alves', 17535)

Listagem 1.26. Trecho de cddigo para testar a funcao gerada.

SQL

A geracao de comandos SQL ¢ essencial para interagir com bancos de dados, permitindo
a execucdo de operagdes como consultas, insergdes, atualizacdes e exclusdes. O codigo
apresentado na Listagem 1.27 utiliza a AP para gerar automaticamente uma instrugdo
SOL em MySQL. O objetivo especifico, conforme indicado pelo prompt, é criar uma
consulta que localize usudrios que residem em “Belo Horizonte” e tenham mais de 70
anos. Para atender a essa solicitacdo, o script envia o prompt para a API que, por sua
vez, retorna a instru¢do SOL adequada. Ao utilizar essa abordagem, os desenvolvedores
podem rapidamente obter comandos SQL personalizados para suas necessidades
especificas.
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‘, prompt = """Crie uma instru¢do em MySQL para localizar todos os usuarios que
moram em Belo Horizonte e possuem mais de 7@ anos:"""

resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = prompt,
temperature = 0.3,
max_tokens = 60

)
print(formatar_saida(resposta.choices[@].text))
> SELECT * FROM usuarios WHERE cidade = 'Belo Horizonte' AND idade > 70;

Listagem 1.27. Trecho de codigo para gerar uma consulta em SQL.

1.4.3. Gerag¢ao de imagem

A API da OpenAl também permite gerar ou manipular imagens a partir de um modelo,
denominado DALL-E. Resumidamente, trata-se de um modelo de IA desenvolvido pela
OpenAl, sendo uma variacdo do modelo GPT-3, projetado especificamente para gerar
imagens a partir de descrigdes textuais. O nome DALL-E ¢ um trocadilho com o artista
Salvador Dali e o personagem WALL-E, da Pixar. O que torna o DALLE
particularmente impressionante ¢ sua capacidade de criar imagens coerentes, detalhadas
e muitas vezes surrealistas a partir de prompts que sao ambiguos ou até mesmo
absurdos.

Gerando n imagens

O endpoint de geragdo de imagens permite criar uma imagem original a partir de um
prompt de texto. As imagens geradas podem ter um tamanho de 256x256, 512x512 ou
1024x1024 pixels. Além disso, ¢ possivel solicitar de 1 a 10 imagens por vez utilizando
o parametro n. O trecho de codigo apresentado na Listagem 1.28 utiliza a AP/ para gerar
imagens a partir de wuma descricdo textual. Especificamente, a funcao
openai.Image.create € invocada para criar imagens com base no prompt “cachorro
shih-tzu fofinho”. O pardmetro n indica que serdo geradas duas imagens € o
parametro size define que as dimensdes de cada imagem serdo de 256x256 pixels.
Apbés a execucdo bem-sucedida desse codigo, o objeto resposta recebera as
informagdes das imagens geradas, incluindo as URLs que podem ser acessadas para
visualizar ou baixar as imagens geradas. As URLs das imagens geradas podem ser
acessadas utilizando o seguinte trecho codigo: resposta['data'] [0]['url'].

o resposta = openai.Image.create(
prompt = "cachorro shih-tzu fofinho",
n=2,
size = "256x256"

Listagem 1.28. Trecho de codigo para gerar n imagens.

Visualizacdo das imagens geradas

O codigo apresentado na Listagem 1.29 permite a visualizagdo das imagens geradas e
retornadas pela API no ambiente Google Colab. Com a ajuda da biblioteca cv2, voltada
para o processamento de imagens, € funcdes especificas do Colab, o cddigo acessa as
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URLs das imagens, as descarrega e, em seguida, as exibe no notebook do Google Colab,
conforme ilustra a Figura 1.6.

° import cv2
from google.colab.patches import cv2_imshow
from urllib.request import urlopen
import numpy as np

for dados in resposta[’'data’]:
resp = urlopen(dados['url'])
imagem = np.asarray(bytearray(resp.read()), dtype="uint8")
imagem = cv2.imdecode(imagem, cv2.IMREAD_COLOR)

cv2_imshow(imagem)

Listagem 1.29. Cadigo para visualizar as imagens geradas no Google Colab.

Figura 1.6. Imagens geradas pela APl no Google Colab.

1.4.4. Aplicacoes

Nesta subsecdo, sdo apresentados exemplos praticos de como utilizar a AP/ da OpenAl
em cenarios reais e contextos diferentes.

Gerador de Comandos Shell

Um gerador de comandos Shell automatiza a criacdo de instrugdes para o ambiente de
linha de comando, simplificando tarefas complexas e minimizando o risco de erros
humanos. Essa aplicagdo nao apenas acelera o fluxo de trabalho dos administradores de
sistemas e desenvolvedores, mas também garante a execu¢do de operacdes de maneira
consistente e segura. Em ambientes de produgd@o ou missdo critica, um unico comando
incorreto pode resultar em interrupcdes ou falhas.

O cdédigo apresentado na Listagem 1.30 define duas fungdes. A funcao
gerador comando shell () faz uma requisi¢do a API, solicitando um comando Shell
baseado no prompt fornecido e retorna o comando gerado. J4 a fungdo
executar comando shell () tenta executar o comando Shell recebido; se o comando
for bem-sucedido, o resultado ¢ impresso, caso contrario, captura e imprime qualquer
erro ocorrido durante a execugdo. O trecho de cédigo da Listagem 1.31 realiza trés
operagdes principais: primeiro, utiliza a fun¢do gerador comando shell () para gerar
um comando Shell que cria uma pasta chamada “temp”. Em seguida, imprime esse
comando gerado para que o usuario possa visualiza-lo. E por fim, a fun¢ao
executar comando shell () ¢ chamada para efetivamente executar o comando Skell e
tentar criar a pasta.
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° import subprocess

def gerador_comando_shell(texto):
resposta = openai.Completion.create(
model = "text-davinci-ee3",
prompt = f"Escreva um comando shell que fa¢a o seguinte: {texto}",
temperature = 8.5,
max_tokens = 6@

)

return formatar_saida(resposta.choices[@].text)

def executar_comando_shell(comando):
try:
resultado = subprocess.run(comando, shell=True, check=True)
print(resultado)
except subprocess.CalledProcessError as e:
print(e)

Listagem 1.30. Codigo para gerar comandos Shell.

° comando = gerador_comando_shell('Crie uma pasta com o nome temp')
print(comando)
executar_comando_shell(comando)

[ mkdir temp
CompletedProcess(args="mkdir temp', returncode=0)

Listagem 1.31. Trecho de cdodigo para criar uma pasta.

Gerador de Receitas

Um gerador de receitas pode transformar a maneira como as pessoas interagem com oS
ingredientes disponiveis em suas cozinhas, oferecendo opgdes criativas e personalizadas
para o preparo de pratos. No trecho de codigo apresentado na Listagem 1.32, a fungao
gerador receitas () utiliza a APl da OpenAl para criar uma receita baseada em uma
lista de ingredientes fornecidos.

° def gerador_receitas(ingredientes):
resposta = openai.Completion.create(
model = "text-davinci-@e3",
prompt = f"Crie uma receita com os seguintes ingredientes: {ingredientes}"”,
temperature = 0.5,
max_tokens = 512

)

return formatar_saida(resposta.choices[8].text)

Listagem 1.32. Trecho de cddigo para gerar uma receita.

O trecho de codigo da Listagem 1.33 solicita ao usudrio que informe os
ingredientes que possui, gera uma receita personalizada com base nesses ingredientes
utilizando a func¢do gerador receitas() e exibe o resultado. Neste exemplo, os
ingredientes informados foram: “frango”, “cebola” e “batata”. Por limita¢des de espago,
apenas uma parte da receita foi mostrada, omitindo o modo de preparo. O parametro
max_tokens ¢ muito importante nesse exemplo, pois afeta o resultado da receita gerada.
Além disso, também ¢ possivel definir o pardmetro n para gerar, por exemplo, duas

receitas. Assim, o usuario poderia escolher entre uma delas.
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° ingredientes = input("Informe quais ingredientes vocé tem: ")
receita = gerador_receitas(ingredientes)
print(f"Receita: {receita}")

Informe quais ingredientes vocé tem: frango, cebola e batata
Receita: Receita de Frango com Cebola e Batata

Ingredientes:

- 2 peitos de frango

- 2 cebolas

- 4 batatas

- 2 colheres de sopa de azeite
- Sal e pimenta a gosto

Modo de Preparo:

Listagem 1.33. Trecho de cddigo para testar o gerador de receitas.

Gerador de Conjuntos de Dados

Para um cientista de dados, a capacidade de gerar conjuntos de dados simulados ¢
essencial, especialmente quando se deseja testar algoritmos ou conceitos sem depender
de dados reais. O trecho de cddigo apresentado na Listagem 1.34 interage com um
modelo de linguagem para gerar um conjunto de dados sobre vendas. Utilizando o
endpoint “chat completions” do modelo gpt-3.5-turbo da OpenAl, o usuario fornece
uma descri¢ao detalhada do conjunto de dados desejado. Em resposta, o modelo fornece
o codigo em Python, conforme mostrado na Listagem 1.35. Ao executar o esse trecho
de cédigo, um conjunto de dados ¢ gerado, com valores que se alteram a cada execugao,
garantindo assim diferentes simulagdes para cada requisigao.

‘, mensagem_sistema = 'Vocé é um assistente que entende de Ciéncia de Dados.'

mensagem_usuario = """
Crie um pequeno conjunto de dados sobre o total de vendas no ultimo ano.
0 formato do conjunto de dados deve ser um dataframe com 12 linhas e 2 colunas.
As colunas devem ser chamadas de "mes" e "total_vendas"”.
A coluna "mes" deve conter as formas abreviadas dos nomes dos meses de "Jan" a “"Dez".
A coluna "total_vendas" deve conter valores numéricos aleatoérios retirados de um
distribui¢do normal com média 100000 e desvio padrao 5000.
Forne¢a o codigo Python para gerar o conjunto de dados e, em seguida, forne¢a a saida
no formato de uma tabela.

resposta = openai.ChatCompletion.create(
model = "gpt-3.5-turbo”,
messages = [{"role": "system", "content": mensagem_sistema},
{"role": "user", "content": mensagem_usuario}]

)

print(resposta[“choices"][@]["message"]["content"])

Listagem 1.34. Trecho de codigo para gerar um conjunto de dados.
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° import pandas as pd
import numpy as np

# Definindo os nomes dos meses
meses = ['Jan', 'Fev', ‘Mar', ‘Abr‘, 'Mai‘', 'Jun', 'Jul', ‘Ago', 'Set’', 'Out’', 'Nov', 'Dez’']

# Gerando valores aleatdrios
total_vendas = np.random.normal(loc=100600, scale=5000, size=12)

# Criando o dataframe
df = pd.DataFrame({'mes': meses, 'total_vendas': total_vendas})

# Exibindo a tabela
print(df)

Listagem 1.35. Codigo gerado para criar um conjunto de dados.

1.5. Consideracoes finais

Neste capitulo foi apresentada uma visdo geral da APl da OpenAl, destacando sua
interface amigavel e as possibilidades que ela oferece, especialmente em relacdo ao
acesso aos modelos avangados de linguagem natural. Os exemplos praticos em Python e
JavaScript (Node.js) mostram como utilizar a AP/ em projetos focados em dados
textuais, evidenciando como desenvolvedores podem integrar, de maneira simples e
eficaz, tecnologias de linguagem natural em seus projetos. A compreensao sobre a 4P/
nido so se destaca como uma habilidade técnica valiosa, mas também como uma visdo
de futuro, pois reflete a intersec¢ao crescente entre as areas de Bancos de Dados ¢ 1A,
principalmente no que diz respeito a tecnologias de linguagem natural. Assim, este
minicurso tem a intencdo de fornecer uma base sobre esse assunto, permitindo aos
participantes compreenderem as aplicagdes praticas da API. Adicionalmente, diversos
setores, como comércio, saude e educagao, podem se beneficiar da versatilidade da 4P/
da OpenAl.

Embora a API da OpenAl seja poderosa e inovadora, ndo esta isenta de
limitagdes. E essencial reconhecer que, como qualquer ferramenta tecnoldgica, sua
precisdo, cobertura, compreensao contextual e capacidade de resposta podem nao ser
perfeitas em todas as situagdes, requerendo um uso cuidadoso e avaliagdo critica dos
resultados obtidos. E importante destacar que nem sempre a API interpretard contextos
complexos com perfei¢do e o desempenho pode variar dependendo da complexidade da
consulta. Além disso, em algumas areas especificas, a cobertura dos modelos pode nao
ser totalmente abrangente.

O cddigo de todos os exemplos praticos apresentados neste minicurso estd
disponivel em um repositério no GitHub*’, permitindo aos interessados acesso direto e
facilitado para consulta, estudo e adaptacdo em suas proprias aplicacdes.
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Chapter

2

Geospatial Data: From Theory to Practice

Augusto Cesar Souza Araujo Domingues, Fabricio Aguiar Silva, Antonio
Alfredo Ferreira Loureiro

Abstract. The ever increasing amount of context-aware systems lead us to large
volumes of data being generated and stored at every moment. In this scenario,
one of the most interesting dimensions currently is geospatial data, that repre-
sent the position of an entity (e.g., vehicles) on Earth. Based on that, public and
private sectors work to extract useful knowledge, aiming to understand urban
mobility behavior, improving services and providing state-of-the-art solutions in
areas related to mobility, disease control, and so on. With this in mind, the ob-
Jective of this chapter is to present the main theoretical concepts together with
practical examples related to working with geospatial data including collection,
storage, transformation, and visualization.

2.1. Introduction

Data is one of the major ingredients for the technological, political, and economical ad-
vances, as well as an ever-increasing byproduct. By using data, policies and services can
be enhanced and personalized to guarantee a better experience [Hess et al. 2015]. For
example, when it comes to human mobility specifically, issues such as traffic flow predic-
tion, contagion models, network resource optimization, urban planning, social behavior
analysis and even migratory flows can be dealt with data collected at scale from mul-
tiple sources [Barbosa et al. 2018]. Another approach, a more traditional one, is done
through the construction of mathematical and statistical models to derive the behaviors of
the entities being studied with a certain degree of realism. On the other hand, due to the
ever-increasing collection of geospatial data through means such as mobile devices and
location-based social networks (LBSN), a second approach based on historical mobility
data analysis has become notable. These historical mobility data — often called mobility
traces — allow the construction of models with a high degree of realism without the need
for prior expert knowledge about the entities.

As expected, both private and public sectors take advantage of this kind of data:
for the former, we can highlight location-based social networks, ride-sharing services
(e.g., Waze Carpool), car-hailing services (e.g., Uber and Lyft) and mobility-based car
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Number of published articles

Figure 2.1. Published articles per year with the topic "geospatial data” (Source:
Web of Science)

insurances. For the latter, geospatial data collection from public services and systems,
such as buses’ live locations and the spatial distribution of criminal activities, serve both
as a way to increase transparency of resources management, as well as an opportunity for
the community, including academics, to generate new knowledge from this data. Cities
such as New York!, Chicago?, and Rio de Janeiro® have large collections of geospatial
data openly available to the public. To illustrate this growing interest, Figure 2.1 shows a
survey of published articles per year that include the topic geospatial data, since the year
2000, where a clear upward trend can be seen.

With this in mind, this work aims to increase the body of knowledge regarding
concepts and techniques applied in the analysis of geospatial data — from collecting the
data to applying it. We hope that by the end of this chapter, the reader is able to produce
relevant results from geospatial data analysis, adopting the most appropriate practices and
selecting adequate tools and algorithms.

2.1.1. Why geospatial data?

Next, we present some current and promising applications for which the usage of geospa-
tial data brings benefits, aiming to illustrate to the reader the importance of this kind of
data, as well as of its adequate use. For each application, Table 2.1 shows examples of
open access geospatial datasets found in the literature that can be used as relevant sources
for the development of analysis and applications.

2.1.1.1. Urban Mobility

To understand and model the urban behavior of people, vehicles and other mobile ob-
jects is one of the pillars of urban computing [Zheng et al. 2014]. From the knowledge
obtained, cities can plan better the future of urban centers, improving the quality of life
of its inhabitants. In this context, geospatial data can provide information about mobil-
ity dynamics from millions of people, being more precise and cheaper to obtain when

'https://opendata.cityofnewyork.us
2https://data.cityofchicago.org
Shttps://data.rio
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compared to conventional strategies of data collection, such as field surveys and inductive
loop counters [Naboulsi et al. 2016].

From the application point of view, we can highlight datasets of large populational
scale, such as public mobility data, and logs from mobile network operators. For the
former, urban mobility flow, transport demand, as well as points of interest (Pol) can be
extracted from public mobility data, such as taxi and buses trips [Castro et al. 2012]. For
the latter, network and call logs, referred to as Call Detail Records, can be used to plan
and to allocate network resources, allowing better services during peak hours and large
events [Marques-Neto et al. 2018].

2.1.1.2. Internet of Drones

According to [Motlagh et al. 2016] in a few years millions of drones will be available to
work in many economy sectors, performing activities such as package delivery, tracking,
surveillance in dangerous or hard to reach locations, agricultural, and even in combat. For
this to happen, the mobility and communication between these unmanned aerial vehicles
must be enhanced, through the development of communication protocols and orchestra-
tion methods. These technologies will make use of (among others) geospatial sensors,
such as GPS, Bluetooth, and high-definition cameras, allowing the creation of drones
swarms and coordinating their mobility.

2.1.1.3. Mobile and Vehicular Networks

Mobile and Vehicular Ad hoc Networks (MANETs and VANETS, respectively) are net-
works that enable the communication between mobile entities (in the second case, vehi-
cles) and roadside auxiliary units, aiming to provide services such as traffic and accident
alerts, multimedia sharing, and so on. Their main objective is to make mobility safer and
more enjoyable for drivers, passengers and pedestrians. To do this, we have to model
vehicular mobility so that the applications, systems and network protocols can take ad-
vantage of this information to adapt themselves to the vehicles’ behavior. Data sources
such as taxi, buses and private vehicles mobility are essentially important for the develop-
ment of these technologies, being used both during behavior analysis, generating mobility
models, as well as during the validation of proposed algorithms and protocols which will
be used in urban environments.

2.1.1.4. Epidemics and Contagion models

Geospatial data are capable of capturing the human mobility behavior and its charac-
teristics, such as Pol, social interactions, collective mobility patterns and flows. These
factors make possible the usage of geospatial data to construct and enhance contagion
models, that by themselves allow us to estimate the effects of infectious diseases on
a population. By applying the information obtained from geospatial data to contagion
models, we can estimate infection rates and model transmission in a given population,
aiding in the development of actions and preventive measures. Specially during the pan-
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Table 2.1. Open access geospatial datasets found in the literature

Name Description Applications Source
Taxi trip records, capturing pick-up
and drop-off dates/times, pick-up
Yellow Taxi Trip Data and drop-off locations, trip distances, Urban mobility data.cityofnewyork.us

itemized fares, rate types,
payment types, and driver-reported
passenger counts.

Transporte Rodovidrio -
GPS dos Onibus

Geographical position and status of
buses from the Rio de Janeiro
city, collected at each minute

Urban mobility,
Vehicular Networks

data.rio/

NYPD Complaint
Data Historic

Includes all valid felony, misdemeanor,
and violation crimes reported to the
New York City Police Department
from 2006

Safety

data.cityofnewyork.us

Crimes - 2001 to Present

Reported incidents of crime that
occurred in the City of Chicago from
2001 to present, extracted from the
Chicago Police Department

Safety

data.cityofchicago.org/

Traffic Crashes

Information about each traffic crash on
city streets within the City of Chicago

Urban mobility,
Safety

data.cityofchicago.org/

Package Delivery
Quadcopter Drone

Flight data from drones performing a
series of experiments carrying
different payloads

Internet of Drones

kilthub.cmu.edu

New South Wales COVID-19

COVID-19 cases by notification date

. and postcode, local health district, Epidemics data.nsw.gov.au
cases by location
and local government area.
Ciclovias Geometries of all cycle paths in the Urban mobility dados.prefeitura.sp.gov.br/

city of Sao Paulo

Includes check-in data from users of

Urban mobility,

Foursquare Dataset Foursquare all around the world Epld.emlcs, paperswithcode.com/dataset/foursquare
Mobile Networks
4G measurements via repeated drive
Salzburg’s 4G Driving Tests | tests that covers two years on Mobile Networks ieee-dataport.org/

a typical highway section

Gowalla

Check-in data from users of Gowalla
along with their friendship networks

Mobile Networks
Epidemics

snap.stanford.edu/data/loc-gowalla

demics period, geospatial data has been used to monitor population and the formation
of agglomerations, allowing scientists to track the evolution of dissemination in almost
real-time [Cebrian 2021].

2.1.1.5. Privacy and Safety

At last, geospatial data analysis from multiple sources can help protect the popula-
tion, both individually and collectively. In vehicular networks, for example, telemetry
data (e.g., current speed and engine temperature) from one’s vehicle and from the ve-
hicles surrounding it, road and weather conditions can aid the driver in preventing ac-
cidents, providing assisted or autonomous driving systems, with autonomous braking,
collision and traffic detection, among other possibilities. Additionally, by understand-
ing one’s mobility behavior, collection processes can be enhanced to reduce the risks
of sharing personal and private data, which can be used to pose threats if in the wrong
hands [de Mattos et al. 2019]. Regarding the aspects of public and private safety, geospa-
tial data provide a spatial coverage that together with collective sensing, allows each user
in the network to contribute to the general safety. Also, it can contribute to map the be-
havior of suspicious entities and events, allowing the prediction and resolution of crimes.
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2.2. Fundamental Concepts

In this section, we discuss the main concepts related to geospatial data, essential in all
steps during analysis. First, we highlight the Earth’s geographic characteristics and how
they can affect operations with geospatial data. Next, in a broader context, we explore
what are reference systems and introduce the definition and properties of spatial projec-
tions. Finally, we discuss the different distance measurements used for geospatial data
and their characteristics.

2.2.1. Geography and its properties

Geodesic sciences are responsible for studying the shape and surface of the Earth, con-
sidering its imperfections and the many existing objects — natural or artificial — over (and
under) it. It deals with gathering the information and defining representations and mea-
surements for it. According to Bolstad [Bolstad 2016], to make use of geospatial data and
its derived systems in an effective manner, we need to establish a clear understanding of
how coordinate systems are defined for the Earth, how these coordinates are measured
over its curved surface, and how they can be converted in different projections for its us-
age. If these factors are not taken into consideration, geospatial data collected will not
be precise, and consequently, the operations performed with them can generate wrong
results. While this imprecision may appear small and irrelevant for some cases, high risk
applications such as the trajectory calculations for airplanes and missiles cannot allow it.

We can define two main factors to be considered in relation to geography: the
shape of the Earth and the lack of precision from measurements. Regarding the former,
the most common models used to represent the terrestrial surface are the planar projec-
tion, the spherical projection, and the elliptical projection. Although they allow for an
easier visualization of maps in 2D surfaces, Earth’s planar projections cause distortions
to its curved geometry. Take, for example, a straight line between any two points in a
planar map: it omits the existing curvature of the Earth between them (although for very
short distances this curvature is virtually non-existent). On the other hand, while spherical
projections eliminate the limitations of planar ones, they lead to imprecise measurements
when closer to the poles due to the flattening of the Earth at these regions. Finally, ellip-
tical models are the closest to Earth’s geometry. As they become more realistic, models
also become more complex, requiring advanced calculations — as we will discuss in Sec-
tion 2.2.4 — which can affect the efficiency of the proposed solution.

It is worth mentioning that the existing models are simplified representations of
Earth’s real format, and therefore they present imperfections. It is not feasible to capture
all the geographical characteristics of the Earth surface at a given moment, especially
considering that it is constantly changing. In practice, we choose the model according to
the spatial resolution of the research problem being dealt with.

2.2.2. Coordinate systems

Coordinate systems use coordinates to determine the position of objects in space. This
space can be composed of one or more dimensions, and each dimension can contain
particular properties such as inferior and superior limits, notations and scales. Thus, for
a Cartesian coordinate system with two dimensions, we can define the location of an
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Figure 2.2. Geographic coordinate systems used to locate objects on Earth

object over the Cartesian surface by the pair of coordinates P = (x,y), where each value
represents the position in one of the dimensions. Similarly, geographic coordinate systems
represent the location of objects on the Earth through geographic coordinates. These
can be of two or more dimensions and consider different models for the Earth’s shape.
Following, we discuss about geographic coordinate systems and their properties.

The most used model of geographic coordinates is based on a spherical coordinate
system to locate objects in a surface that resembles the Earth’s shape. This system uses
two rotational angles to specify positions on the modeled surface. The first rotation angle,
called longitude (Figure 2.2(a)), is computed over the imaginary axis where the Earth
performs its rotational movement. This axis go through the center of the Earth and has as
extremities the North and South Poles. The positional variation over the axis is measured
in degrees, with the zero position (0°) located on a imaginary line (a meridian) close to
the Royal Observatory Greenwich, in England. The variation is positive when moving
East and negative when moving West, reaching the maximum values of 180°and -180°,
respectively, exactly at the opposite point of the zero position on the Earth’s surface.

The second rotational angle, called latitude (Figure 2.2(b)), is computed over the
Equator line, which represents half the distance between North Pole and South Pole. Its
zero position (0°) is located exactly on the Equator line, with northbound variations be-
ing positive and southbound variations being negative, reaching maximum and minimum
values at the Poles of 90 ° and -90 °, respectively. As such, we can define the position
of an object on the Earth through a pair of latitude and longitude angles (Figure 2.2(c)).
By its turn, each degree can be divided in 60 minutes (and each minute in 60 seconds),
allowing geographic coordinates of latitude and longitude to specify the location of an
object with precision under 1 meter. By convenience, angles are always specified in the
order (latitude, longitude).

2.2.3. Spatial Projections

Geospatial data provide the precise location of objects on Earth through latitude and lon-
gitude angles. However, oftentimes we need to represent these positions on surfaces with
different formats, such as a plain map. Plain maps cover bigger surfaces, are easier to
visualize on paper, and their creation is simple. On the other hand, it is impossible to
apply directly the position of objects in a spherical surface over a plain surface. As such,
we apply spatial projections, that use mathematical formulas to transform locations from
an original surface to a new one.
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(a) Cilindric (b) Conic (c) Planar

Figure 2.3. Projection types

There are different projections available for the Earth, and although they are all
used to represent locations on a planar surface, they vary in type and properties. The pro-
jection type refers to the geometric shape used to convert the sphere into a planar surface.
This shape can be cylindrical, conic, planar, or a combination of those (Figure 2.3). Re-
garding properties, they represent the characteristics the projection preserves in relation
to the Earth’s surface, which can be conformal (preserving angles and shapes), equivalent
(or equal-area, preserving area measurements), compromise (a half term between confor-
mal and equivalent), and equidistant (preserving the real distance between points in the
map). Table 2.2 presents a comparison of the main existing projections regarding their
type and properties.

Different projections distort the Earth’s surface differently. To adjust to a planar
map, distortions are used to compress or elongate regions of the map. In fact, globe dis-
tortions are inevitable in planar projections. It is the case for the Mercator projection,
that in order to keep the correct shape of continents, distort regions close to the poles,
presenting sizes far bigger than their real areas, which can cause inconsistencies between
visualizations and numeric results*. A variant of Mercator projection, the UTM (Univer-
sal Mercator Transverse) preserves the angles and formats of the regions, at the cost of
distorting distances and areas. By the other hand, Gall-Peters projection presents surfaces
with exact proportion and areas, at the cost of distorting their shapes. Lastly, the equidis-
tant projection preserves the real distance between any two points on the surface, at the
cost of distortions in the shape and area of regions.

2.2.4. Measuring distances

Finally, when dealing with geospatial data in the format of geographic coordinates, mea-
suring distances between two or more points requires attention. Due to the Earth’s ellip-
soidal format, methods such as Euclidean distance will generate errors. In this situation,
two other methods can be highlighted: Haversine formula and Vincentys formula. How-
ever, all methods have errors, and depending on the application even the Euclidean one
can be used.

“ An interactive graphic of these distortions can be seen at www .thetruesize.com
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Table 2.2. Comparison of the main projections found in the literature regarding
their types and properties

Projection Type Properties
Mercator Cylindrical | Conformal
UTM Cylindrical | Conformal
Gall-Peters Cylindrical | Equivalent
Equidistant Cylindrical | Equidistant
Equidistant Conic Conic Equidistant
Azimuthal Equidistant | Planar Equidistant

Surface @

Ellipsoid or .
Spheroid Py
o

Figure 2.4. Measurements errors caused by irregularities on the Earth’s surface

By inferring that the distance between two points is a line, the Euclidean method
generates the biggest error of the three. As the distance between two coordinates increase,
this error aggravates, impacting negatively its application. On the other hand, if the data
analyzed is projected into a plane or if the expected distance between the points is too
small, Euclidean distance can be used. By its turn, Haversine formula considers the dis-
tance between two points as a curve, better fitting the shape of the Earth, making it one
of the most used methods in geospatial data applications. However, by considering the
Earth as a sphere and not as an ellipse, this method also generate errors — although smaller
ones. Lastly, Vincentys method computes the distance between two points based on an
ellipse, being the most accurate one between the three. On the other hand, it is also the
most complex, being more compute-intensive. Figure 2.4 shows an example of errors ob-
tained when measuring distances on Earth. While it is clear that the Euclidean approach
of measuring with lines produces significant errors, as we can see from the yellow dotted
line between points A and B, the ellipsoid and spheroid approaches can also be at fault.
Although the Haversine or Vincentys formula produces small errors for the distance be-
tween points A and B, Earth’s irregularities still allow for larger errors, such as when
measuring the distance between points A and C, or when measuring distances closer to
the poles (in case of using Haversine formula).

2.3. Data Collection

Geospatial data often represent a simplified vision of the relation between one or more
physical entities, such as a person or a vehicle, in relation to one or more locations, such as
roads, cities, geographical coordinates, Pol, and so on. By capturing a check-in of a LBSN
user in a restaurant, for example, we extract the information needed to represent this event
as a geospatial datum, with the timestamp of when the check-in occurred, and the name
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(a) Satellite systems (b) Mobile networks (c¢) Check-in data

Figure 2.5. How different geospatial data sources collect their data

and geographical coordinates of the location (when available). The definition of which
information to collect must occur according to the analysis to be done, considering also
the limitations of the technology applied for the collection. Also, issues such as sensed
users privacy and the ethic of the proposed analysis must be taken into consideration.

Nowadays, the majority of geospatial data is collected using automatic measure-
ments, due to its scalability, as well as for being less intrusive than manual collection
methods. Such measurements are made using location sensors, and the collected data
can be streamed in real-time (as some applications demand, such as to live track vehicle
and passenger’s position in Uber) or stored for later access. These sensors can be under
possession of the sensed entity or not, e.g., smartphones and drones, respectively.

In this section, we discuss about the process of geospatial data collection, pro-
viding the reader with the concepts and tools needed to do so. Existing data sources,
their properties, and examples are shown in Section. Then, we introduce different aspects
related to the quality of the collected data in Section.

2.3.1. Data Sources

Geospatial data collection is a complex activity with high costs involved. Therefore, a
clear scope of the data usage is needed in order to obtain the expected results without in-
curring additional costs with collection and post-processing steps. One of the main steps
is selecting the data source, which must take into consideration the trade-off between the
quality of the data obtained and the application costs of the sensing technology. Consider,
for example, a scenario where we want to map points of interest within a city region. In
this case, location data collected from Call Detail Records (CDR) do no have similar accu-
racy such as GNSS data; however, check-in data from LBSN may produce similar results
with inferior collection costs. These suppositions are also valid to previously collected
data from third-party agents that may have acquisition costs.

2.3.1.1. Global Navigation Satellite Systems

Global Navigation Satellite Systems (GNSS), such as GPS’, GLONASS, and BeiDou, are
satellite-based technologies that provide precise information about objects location on the

3 Although this term is commonly used in the literature, GPS is a specific implementation of a GNSS.
Most modern sensing devices (e.g., smartphones) are capable of connecting to multiple GNSS networks.
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Earth’s surface (Figure 2.5(a)). To do this, we need receptors that capture the signals from
the satellites, calculating their position in degrees of latitude and longitude. To obtain its
position, a receptor captures the signal from three satellites and performs a process called
triangulation. In the presence of a fourth satellite, a receptor can also obtain the current
date and time with high precision. GNSS are robust, capable of operating uninterruptedly,
independently of weather conditions, and virtually in any exterior environment on the
Earth’s surface.

On the one hand, GNSS sensors are the most advanced geospatial data collec-
tion devices, obtaining accurate positioning with high frequency. Adding to that, nowa-
days these sensors are found in the majority of mobile devices such as smartphones and
smartwatches, allowing a high-scale collection with low-cost. On the other hand, issues
such as users’ privacy, high energy consumption, and loss of signal must be addressed.
First, the accuracy and frequency of positioning sensing of a user allows obtaining per-
sonal information such as home and work location [Kang et al. 2004], as well as work
times [Gu et al. 2016]. Next, the elevated energy consumption must be considered, given
that mobile devices have limited sources of energy and that most of the times the sensing
devices have other functions sharing the same source; thus, the frequency of update must
be just enough for the purpose. Together with that, physical barriers such as buildings
and mountains can interrupt the signal reception, generating spatial and temporal gaps in
the sensing [Silva et al. 2015] as well as positioning errors, issues that must be addressed
using post-processing techniques such as filling and calibrating data [Celes et al. 2017].

2.3.1.2. Call Detail Records and Wireless Networks

Wireless networks — such as mobile telecommunications networks and Wireless access
points (AP) — used by mobile devices, computers, and even vehicles, can be employed as
low-cost sources of geospatial data. Mobile networks obtain location information for a
user by the closest base stations, even if the user is not actively interacting (for example,
making a call) with the network at the moment. The reported position corresponds to
the transmission range of the contacted tower (Figure 2.5(b)). By its turn, the location
of devices connected to access points is given by the unique identifier of the AP and the
timestamp of when the access started. Like in mobile networks, the positioning precision
corresponds to the transmission range of the AP. For both, multiple towers or multiple
access points can be used to obtain a preciser positioning through triangulation and signal
reception angles [Naboulsi et al. 2016].

There are certain advantages in using wireless networks to collect geospatial data.
First, the energy consumption is low, given that the collection depends only on the con-
nection of the devices to the network, a fundamental activity for their usage. Moreover,
by being less precise, this collection is also less intrusive in comparison to the one using
GNSS sensors, which reduces the rejection of the sensed individuals to provide their lo-
cation. Finally, we can highlight the larger number of devices capable of connecting to
wireless networks in comparison to devices with GNSS sensors. On the other hand, the
biggest drawback of this source is the reduced precision, which can influence the qual-
ity of the geospatial data collected. Additionally, in comparison to GNSS, collection can
suffer from the lack of coverage in remote areas, where network signal cannot be found.
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2.3.1.3. Check-in Data

Check-in records represent the presence of a user in a location of interest (also called
point of interest) during a determined time interval. These can be public spaces, such as
parks, restaurants, and shops, as well as private and individual spaces, such as home and
workplaces (Figure 2.5(c)). Check-in records are collected through location-based social
networks such as Facebook, Twitter, and Foursquare, that capture information about the
user, the visited location and the time of the visit, and may or may not contain the ge-
ographical coordinates of the Pol. The LBSN can use location sensors, such as GNSS
and AP’s identifiers - to automatically detect (or suggest) the user location, instead of
requiring manual input. Like CDRs, check-in records present coarse temporal and spatial
granularity, because the visits performed by a user during their activities are only regis-
tered if they voluntarily share it through their LBSN, which does not always happen due
to issues such as privacy (i.e., the user does not want others to know where he is) and
safety (i.e., the user fears that reporting his location may put himself in danger).

2.3.2. Collection Quality

Besides the technologies used and the sources of geospatial data, other issues must be
taken into consideration during the definition of the data collection scope. Next, we in-
troduce the main questions that arise, discussing how they can affect, not only the data
collection, but its processing and the resulting analysis as well.

2.3.2.1. Location accuracy and precision

Accuracy, in terms of geospatial data collection, refers to the proximity of the collected
location measurement to the real position of an entity. Therefore, the bigger the accu-
racy, closer the measurement is to the real value. It can vary from a few millimeters (e.g.,
high-capacity GNSS sensors) to kilometers (e.g., mobile networks in remote areas), thus
comprehending accuracy is fundamental to select the most suitable source to the analysis
subject. Precision, on its turn, represents the variance of the collection, and the bigger
its value, more centered are the samples around a single point. To obtain preciser mea-
surements, more powerful location sensors can be applied, nonetheless resulting in higher
energy consumption and a higher collection cost overall.

Although they are related, a higher accuracy does not necessarily translate into
a higher precision, and vice-versa. In the presence of data with low accuracy or preci-
sion, two approaches can be applied. The first is using more powerful sensors — when
possible. The second is applying techniques to calibrate the collected measurements.
This can occur during the collection, such as in the usage of additional signals in GNSS
and wireless networks, as well as during data processing [Newson and Krumm 2009,
Hoteit et al. 2016].

2.3.2.2. Privacy

Geospatial data can be used to report the location of various entities, in special those
capable of moving such as humans and vehicles. Therefore, by providing their location,
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an individual allows the access to a real and valuable information. By the one hand,
numerous benefits are provided from mobility data analysis and its applications. For
example, services such as Uber and Pokemon Go are only possible by sharing location
data. By the other hand, this information can be used by malicious agents to construct
privacy attacks for the users being sensed, which can in turn demotivate them to share
their data. The compromise between the utility of geospatial data and the risk to their
privacy must be considered when collecting their data.

To be able to share their location information, we must guarantee users’ pri-
vacy with the usage of techniques that reduce the amount of details or that make it
harder to access the shared data. We can highlight two techniques: data anonymiza-
tion and obfuscation. For the former, we replace the users’ identifiers by randomly-
generated pseudonyms, which can be done during data processing and even directly
in the sensing devices [Krumm 2009]. However, even with this anonymization, at-
tacks may re-identify users by detecting mobility patterns [Maouche et al. 2017]. The
role of obfuscation is to prevent this by creating small distortions in the data in an at-
tempt to break existing patterns, without affecting its quality [Duckham and Kulik 2005a,
Duckham and Kulik 2005b].

2.3.2.3. Sampling rate

The interval between two consecutive location reports is also an important aspect to be
discussed. We call this interval sampling rate, in a way that data with higher sampling
rates present a smaller time interval between two samples. Therefore, during a given
interval, collections with higher sampling rates will produce larger amounts of data. As
expected, more data implies in more details and bigger utility, allowing, for example, the
analysis of detailed mobility trajectories. On the other hand, collecting data with high
sampling rates leads to higher usage of resources such as power and storage, which are
limited in portable and mobile devices. When implementing a geospatial data collection
process, we need to specify the collection sampling rate to guarantee the coverage of the
activities or behaviors which are subject of our analysis.

While some data sources allow us to set the sampling rate (e.g., GNSS), others
depend on the interaction of the users with the system (e.g., LBSNs), and thus their rates
cannot be controlled directly. Even when possible, adjusting the sampling rate can be
costly, as discussed above. From that, spatial and temporal gaps will occur, intervals in
which there is no information regarding the whereabouts of the user. These gaps can be
filled using techniques such as interpolation [Hoteit et al. 2016] and algorithms based on
historical data [Silva et al. 2015, Chen et al. 2017]. The enrichment of geospatial data
transforms sparse into dense in an artificial manner, with no need to change the methods
and tools of collection.

2.3.2.4. Scale

Finally, we discuss the collection scale. To represent the simulated environment and pro-
duce meaningful results, the set of entities contained in the data must be significant. The
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scale can refer to the number of distinct users being sensed, to the number of time in-
tervals (hours, days or weeks), and to the dimensions of the area being monitored. The
scale of these dimensions must comprise a scenario in which the resulting analysis does
not present bias due to: user limitations (the sample of individuals does not represent the
population); time limitations (the period does not contains all the expected situations);
and space limitations (the dimensions of the covered area do not represent the real envi-
ronment).

When the collected geospatial data are not enough to produce results, some ap-
proaches are used to increase the data volume. Data fusion [Rettore et al. 2020] is a
technique that combines two or more datasets producing as output a single set contain-
ing all the data. However, for very distinct datasets, its application can be compute-
intensive. Another approach is the generation of synthetic data, which uses statisti-
cal [Kosta et al. 2012] and machine learning methods to generate data that is similar to
the real behavior. Although it demands a precise modeling of real data, this technique has
as benefit the capacity of generating synthetic data on demand and in large-scale.

2.4. Data Storage

This section will discuss concepts, techniques and existing tools for storing geospatial
data, which is fundamental for dealing with massive amounts of data. It is important
to discuss this topic, given that in its majority, traditional relational databases are not fit
for efficiently storing geospatial data. This is due to the different forms of representing
geospatial data that may not be compatible with tabular storage. Moreover, we must
consider data manipulation, i.e., inserting and querying data, and the need to perform
geospatial filters.

2.4.1. Spatial components structure

The real world is too complex to be fully represented by a data structure, and thus we must
select the relevant characteristics (e.g., roads, buildings) for each scenario. To digitally
represent geospatial data, there are two primary structures: vector and raster. Vector
structure is based on using points, lines, and polygons to define the location and limits
of an object. By its turn, raster structure uses a regular cell grid to define objects. Each
structure has its own advantages and drawbacks in data modeling. Moreover, we can
combine the two approaches in a single project aiming to get the best of both. Table 2.3
presents a comparison between the two data structures.

The characteristics of each structure impact directly on the details they are capable
of capturing. Figure 2.6 shows the transformations of a real world representation into
vector and raster structures. The vector one represents the existing entities considering
their dimensions and shapes. To do so, we must select which geometric shapes will be
used in the representation. On the other hand, the raster structure reduces every feature
contained in a single cell into a basic identification according to a codification criteria.
In the example shown in Figure 2.6, we used the dominant area criterion, in which the
label corresponds to the feature that occupies the majority of the cell. Another possible
criterion is using the feature located at the center of the cell.

Taking into consideration the characteristics mentioned above, it is clear that there
is not a superior structure. Raster structure has the advantage of being simpler to store,
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Table 2.3. Comparison between vector and raster structures

Characteristic

Vector

Raster

Data structure

Generally complex

Generally simple

Storage requirements

Small, for most data

Big, for most uncom-
pressed data

Coordinate systems con- | Simple Can be slow due to the

version volume, may require re-
sampling

Positional precision Limited Depends on the resolution

adopted

Accessibility

Often complex

Easy to modify by using
specific programs

Visualization and output

Similar to maps, with con-
tinuous curves; poor for
images

Good for images, but can
produce jagged effects

Spatial relations between

Topological relationships

Spatial relationships must

objects between available objects | be inferred
Modeling and analysis Map algebra is limited Easier superposition and
modeling
Vector Real Raster
» " C NG —H
] D . >
] I H
Figure 2.6. Vector and raster structures (Adapted

from [Lisboa Filho and lochpe 2001])

specially when dealing with digital images, such as aerial pictures and satellite images.
On its turn, vector structure tends to be more accurate, providing better visualizations and
efficient calculations of topological operations. At last, vector structure stores only the
essential elements, reducing the amount of storage needed, while raster codifies the entire
grid, which can be unnecessary.

2.4.2. Data Compression

As it can be noted, geospatial datasets are used to represent large amounts of information,
demanding considerable storage capacity. Just as in traditional datasets, compression
algorithms can be applied in geospatial datasets, resulting in a more efficient storage.
Compression algorithms can be classified into lossy and lossless: while the former obtain
high compression levels at the cost of reducing the data quality, the latter preserves its
quality but obtains lower compression levels. Although for certain applications lossy
compression is acceptable, when dealing with geospatial data it can severely impact the
analysis’ results. Thus, using lossy compression algorithms when processing or analyzing
geospatial data is not recommended.
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Figure 2.7. Run-length and Quad Tree compression of raster data

Given their representation characteristics, most compression algorithms for
geospatial data are focused on raster structured data. A common method for compress-
ing raster data is Run-length code. This compression technique is based on codifying a
sequence of cells to optimize space when there are large sequences of cells with the same
value. This coding is represented by two numbers, with the first indicating the amount
of cells with the same identification and the second being the identification itself. An-
other well-known coding is a bi-dimensional version of Run-length code called Quad
Tree [Finkel and Bentley 1974]. In this method, areas with same values are represented
with a single identifier. To do this, the grid is divided recursively into increasing square
blocks until the division is not possible anymore, resulting in squares where all identifiers
inside them are equal. An application example of both methods can be seen on Figure 2.7.

2.4.3. Databases

One of the most important components for geospatial data analysis tools, such as Ge-
ographic Information Systems (GIS), are Spatial Database Management Systems (Spa-
tial DBMS). Besides having the conventional functionalities found in traditional database
management systems, Spatial DBMS accept different geospatial reference systems, pro-
viding functions for querying and manipulating this type of data. Additionally, they are
capable of indexing geospatial data both using coordinates as well as using polygons,
improving efficiency. However, without indexing, both querying locations and filtering
regions are inefficiently, mainly when dealing with large volumes of data.

Some examples of commonly used DBMS for storing geospatial data are MySQL,
PostgreeSQL with PostGis extension, and Oracle Spatial. They use the same spatial
data standard, called Simple Feature Specification - Structured Query Language (SFS-
SQL), which describes a common storage and access model for geometries (points,
lines, and polygons). SFS-SQL is a standard defined by Open Geospatial Consortium
(OGC) [ogc 2023] that, besides describing the geometries used by GIS, present the defi-
nition of operations between geometries.

2.4.4. Indexing

Finally, indexes are data structures used to increase the performance of queries in database
systems, allowing data to be retrieved in more efficient ways than linear searches. Index-
ing (i.e., the creation of indexes) in geospatial databases is useful not only to efficiently
query data, but also to perform many spatial operations. We can cite the identification
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of k-nearest neighbors, geocoding (obtaining coordinates from an address), and reverse
geocoding (obtaining an address from coordinates).

The most applied structure for indexing geospatial data is called R-
Tree [Guttman 1984], that indexes geometries by using a balanced tree structure. This
strategy has as advantage the capacity of querying data with logarithmic time complexity
(O(log)um| IN|)), justifying its usage in diverse databases and geospatial analysis tools, such
as PostGis, Oracle and GeoPandas. On the other hand, we must take into consideration
the processing costs for generating the tree, which may limit its usage.

Besides R-Tree, we can use grid-based systems, which are easier to implement,
such as Geohash [Morton 1966] and H3 [Uber 2015]. Grid-based systems can analyze
massive amounts of geospatial data through the division of larger areas into uniquely
identifiable cells. H3 provides an hierarchical spatial index based on hexagons, grouping
points in hexagons of different sizes according to the precision needed in the analysis.
H3 index levels determine the area of hexagons and its selection is essential for a better
precision during indexing. On the one hand, hexagons too big will group distant points
in a same cell. On the other hand, hexagons too small will result in a very large number
of indexes, decreasing performance. Geohash, on its turn, uses rectangles instead of
hexagons. However, the indexing approach is the same as H3, with the disadvantage that
each rectangle has eight neighbors while each hexagon has six — more neighbors means
more locations to search.

2.5. Data Transformation and Knowledge Extraction

This section presents the core of the process of geospatial data analysis, which compre-
hends the steps of data transformation and knowledge extraction.

2.5.1. Data Transformation

The transformation of geospatial data involves five steps: formatting, sampling, cleaning,
filtering, and aggregating. Although they are all essential in preparing data to analyze,
the need to apply each one is defined by the initial conditions of the input data and the
characteristics of the analysis. Moreover, multiple transformation iterations can occur
with the aim to refine and validate the obtained results.

2.5.1.1. Formatting

When working with geospatial data, it is essential to observe formatting, since it can be
represented in different forms. When dealing with geographical coordinates (latitude and
longitude), for example, there are three basic formats in which they can be found: de-
grees, seconds, and minutes; degrees, seconds, and decimal seconds; and degrees and
decimal degrees. The choice of which format to use will depend of the application, given
that a larger number of decimal places allows representing locations with higher pre-
cision. Tools such as Geospatial Databases, GIS software, and sources of official data
often use the last format, that represents coordinates as degrees and decimal degrees (e.g.,
38.8897°). Another form of representation is the set of coordinates, creating polygons
or lines. Platforms such as OpenStreetMaps represent polygons as a sequence of co-
ordinates; The Shapely library, on the other hand, adopts the Well-Known Text (WKT)
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format to represent sequences of coordinates. Other approaches are Shapefiles, sheets,
and JSON. Besides certifying that all data are with the same format, it is important to
verify if all records are under the same projection and datum, since different projections
will lead to wrongful analysis.

Other data sources, such as check-in and wireless networks, may require data
formatting as well. For the former, different LBSNs may refer to a same location with
different names (by abbreviating words, for example), requiring the identification of all
the possible formats and the conversion to a unique identifier. Additionally, during the
collection time span, locations can change names or addresses, which also must be con-
sidered during formatting. Similarly, for the latter, access points and towers can change
their identifiers over time, as well as each device can reproduce this identifier in a partic-
ular way, according to different technologies and software specifications.

2.5.1.2. Cleaning

Besides undesired locations, the usage of data collected from urban areas can bring some
challenges, such as the imprecision of geographical coordinates. This occurs due to the
large number of obstacles, such as buildings, that obstruct the line of sight of satellites, a
phenomenon called urban canyons [Johnson and Watson 1984], reducing their capacity to
attribute a location with the required accuracy. For this reason, it is important to analyze
the impact of the affected locations in the collected data, and if needed, remove them.
The main consequence of using erroneous data (or data with low location accuracy) is
reducing the significance of geospatial analysis, specially when dealing with distances
between points and users’ density.

Even if they do not refer to geospatial data, other data dimensions must be con-
sidered during cleaning. These, besides not being affected by the issues presented above,
can also contain irregularities such as null values or outliers. Therefore, cleaning them is
crucial to guarantee trustful results.

2.5.1.3. Filtering

While the cleaning step aims to remove wrongfully sensed information, the filtering step
aims to select, given a cleaned dataset, a subset that meets the specified rules for analysis.
While here we specifically refer to rules applied to geospatial data, it is valid to point out
that filtering can include other data dimensions as well. Thus, according to the application,
we can remove data located at unwanted regions, e.g., outside the city limits where we
want to focus our analysis.

It is important to highlight that records from geospatial data are frequently rep-
resented as a single point, that is, a single latitude and longitude pair. To filter records
within a location of interest — which can be a street, a place, or even a city — we can
consider the geometric representation of this area (i.e., a polygon or a set of polygons en-
compassing the whole area). To do this, various geographic operations can be applied to
evaluate the relationship between geometries. Such operations can be found in GIS soft-
ware and databases with support for geospatial data, as well as in libraries such as Shapely
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Operation Description False True

Verifies if one geometry contains the
CONTAINS other completely ——

Verifies if one geometry overlaps the
CROSSES other at any point, but not all (does not |
contains it)

Verifies if the geometries are disjoint,

DISJOINT i.e., they do not share any point in A /___

common

Verifies if the two
EQUALS geometries are the same /’ /

Verifies if the geometries intersect at

INTERSECTS any point —_—
Verifies if two geometries of equal
OVERLAPS dimension overlap, but are not :
contained

Verifies if two geometries relate
RELATE through intersections on interior or L ]
exterior limits

Verifies if the geometries intersect at

TOUCHES | their limits, but their interiors do not 74 /./‘

intersect

Verifies if one geomeltry is contained

WITHIN inside the other. It is the inverse I j :

relation of the operation CONTAINS.

Figure 2.8. Examples of operations that verify a relation between two geometries

Operation Description Base geometry Resulting geometry

Creates a buffer geometry around
BUFFER the input geometry at a distance
specified by the user

Returns the convex hull of the o9 ™
CONVEX HULL specified geometry g *

% o G

Return a geometry containing all the
DIFFERENCE points in the base geometry but not
in the comparing geometry

Return a geometry containing the
INTERSECTION points observed in both base and

comparing geometries

Returns a geometry containing all
SYMDIFFERENCE] the points that not intersect (inverse
of INTERSECTION)
Returns a geometry obtained from
UNION the union of all the input geometries

®rr

Figure 2.9. Examples of spatial operations on geometries

and GeoPandas. Figure 2.8 details the main operations, with each returning a Boolean
value (true or false) by comparing two geometries. Additionally, there are operations that
do not analyze the relationship between two geometries, but perform spatial operations,
returning values or new geometries as output, as it can be seen in Figure 2.9.
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2.5.1.4. Sampling

When analyzing large amounts of data, we may not possess the computational capacity or
even the interest in the whole dataset. Frequently, a small sample is enough to understand
and to generate knowledge about all the data. Once data is formatted, cleaned and filtered,
we can consider using samples of data. Sometimes, data sampling is the first step in
the data transformation process, making it easier to clean and filter the dataset, since
we are dealing with a reduced volume. For this, we must guarantee that the sample is
representative of the population, otherwise it will introduce bias, invalidating the results.
In a valid sample, records are selected randomly to guarantee that no biased record gets
picked on purpose. In the resulting sample, the distribution of the data inside it must
originate from the same distribution of the population.

Regarding geospatial data, we must also observe if the sample represents the exist-
ing variations regarding space and time. For the former, entities in different regions may
behave differently, and thus it is important to capture all this variability. For the latter,
the original dataset can cover a time interval with comprising many weekdays, holidays,
and even multiple seasons. Considering the change in the users’ routine caused by these
periods, we must consider splitting the sampling process or creating a stratified sampling,
generating one or more samples to meet the needs of our analysis.

2.5.1.5. Aggregation

Finally, with the data ready to be used, we must analyze if its current granularity is enough
for the desired analysis. If not, then we must aggregate our data, according to defined
aggregating rules and aggregating regions. For example, if our analysis is focused on
populational metrics by neighborhood, then aggregating records allows us to proceed
while also reducing the processing needed by decreasing the amount of data. Aggregation
can also happen due to privacy considerations: in certain scenarios, analyzing the raw
data can reveal personal information. By aggregating, individual traces can disappear
or become indistinguishable from one another. Finally, aggregation can also occur to
enable fusing with other data sources. Weather forecast, safety, and traffic indicators
are examples of data sources frequently used in geospatial data analysis, each one with
different granularity. In order to combine these sources in an efficient way, aggregation
can be used with few or no information loss.

2.5.2. Knowledge Extraction

Next, we showcase applications of knowledge extraction from geospatial data. For each
one, we give examples of its functioning and highlight its importance in data analysis.

2.5.2.1. Radius of gyration

When working with geospatial data, we frequently assume that the analyzed users have
a reference location, which can be their home, work place or any other point of interest.
Based on that, we can calculate a users’ radius of gyration, that can be defined as the
maximum distance between its reference location and the other locations visited by them.
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The radius of gyration provides information about the mobility of users, allowing their
classification and evaluation according to their radius’ value, for example.

To compute a users’ radius of gyration, we must first define the criteria to identify
their reference location through geospatial data. Some approaches found in the literature
are using a random point [Kosta et al. 2012], the average of all points, the most visited
location, and the first point reported in a day [Ekman et al. 2008]. We must consider the
characteristics of the dataset, such as its granularity and sensors used, to select a criteria
that identifies reasonable reference locations. Additionally, we must select a distance
function (haversine or euclidean, for example) to perform the measurements.

Knowing the radius of gyration of users has contributed to research about ur-
ban mobility. Previous studies have used this information to argue that users tend to
explore ever increasing regions over time [Gonzdlez et al. 2008], as well as shown that
some users tend to explore more than others [Pappalardo et al. 2015]. Additionally, ra-
dius of gyration analysis has been used to investigate locations visited by social networks
users [Jurdak et al. 2015]. Finally, it has aided in understanding escape routes during nat-
ural disasters [Wang and Taylor 2014] and understanding how communication in social
networks helps disseminating actions in global scale [Morales et al. 2017].

2.5.2.2. Spatial Clustering

Other common activity when dealing with geospatial data is the need of identifying groups
that present similar behavior patterns. Such patterns can be represented by users that
frequent a same region [Sakai et al. 2014], providing information to identify regions with
higher demands for services, locations where diseases can be spread easier, among others.
To identify these regions or groupings, we use a technique called spatial clustering.

There are several clustering algorithms found in the literature, using differ-
ent approaches to obtain groupings, such as algorithms based on distance (K-means),
based on density (DBScan), and based on distribution (GMM). Although they are al-
gorithms frequently used in common datasets, using them for clustering geospatial data
can lead to errors. Algorithms based on distance frequently work with euclidean dis-
tance, that fails to compute the correct distance between points on the Earth’s sur-
face [Ingole and Nichat 2013]. While algorithms based on distribution can also work,
the most popular algorithms for spatial clustering are the ones based on density, since
they can be applied for most types of data. However, parameters must be well-calibrated
so the groupings produced are representative.

There are many different applications of spatial clustering: adjusting network re-
sources to accommodate demand of a region, feeding recommender systems for indicating
similar locations, and personalizing marketing campaigns according to the visited loca-
tion [Tran et al. 2013] are some examples.
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2.5.2.3. Social relationships

Inferring social relationships between individuals in a dataset can help us better under-
stand daily activities, such as mobility patterns that change due to others [Cho et al. 2011],
or even the projection of disease propagation in a pandemic [Firestone et al. 2011]. For
this to happen, correctly identifying social links between two users is essential. Social
links derived from an analysis can indicate if two individuals are friends, acquaintances,
neighbors, workmates or housemates, for example. However, inferring theses links is not
a simple task: we must define rules — using the data — to affirm that two individuals were in
contact with each other. To define a contact, one may use the spatial proximity between
users’ reported positions (in case of GNSS data) or the presence at a same location (in
case of LBSN data). In both scenarios, the temporal proximity must also be considered,
to guarantee that users were in the same area at the same time. Moreover, commonly used
rules to identify social links are high encounter frequency, the intersection between users’
social links sets, and the detection of communities.

Regarding the relation of social links and geospatial data, there are works in the
literature to identify the probability of users having similar tastes by the occurrence of
similar routes [Hung et al. 2009]. Other works also analyze the occurrence of communi-
ties from social links obtained from geospatial data [de Melo et al. 2015], as well as using
these links to disseminate data in opportunistic networks [Domingues et al. 2022].

2.6. Visualization

Visualizing data is essential in all steps during analysis. We start visualizing data right
after collecting it, with the objective to validate and verify, identifying issues that can
be corrected through new collections or processing steps. Next, different visualizations
are created to depict the distribution of the data, allowing the detection of outliers and the
discovery of the population characteristics. During analysis, visualizations aid in decision
making and presenting partial results. Finally, the end results are also presented through
visualizations, that ease the understanding and illustrate the proposed ideas.

In this way, it is fundamental to create easy to read graphics with no considerable
time or effort. These two factors guarantee that the usage of graphics become a tool for
the process, and not another problem to be solved. For this to happen, we must know the
different forms of visualization of geospatial data and the results they provide. Different
from numerical and categorical data, in which graphics such as barplots and lineplots are
enough to transmit the information, the visualization of geospatial data generally involves
the need of a map over which the location records are drawn. Additionally, we need to
consider aggregation strategies due to the large volume of data. Drawing massive amounts
of data can be inefficient in terms of computing resources, and also produce polluted
results. Finally, we are frequently more interested in visualizing existing patterns than the
behavior of unique individuals.

To aid in understanding geospatial data graphics, we draw maps from the repre-
sented regions to approximate the figure to the real environment. To draw a map, first we
define its type and projection. Map types define the characteristics it represents, such as
terrain, territorial borders, streets and roads. Projection, on its turn, refers to representing
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data in two or three dimensions. Both factors must be selected in a way to increase the
understanding of the generated graphic, while also non essential characteristics must be
unconsidered to avoid pollution. For example, using a three-dimension projection for two
dimensional data will only add uncertainty to a figure.

Zoom levels refer to magnify the region covered by the figure, approximating
(zooming in) or distancing (zooming out). A graphic must cover the whole area where the
geospatial data are located, unless the objective is to highlight a specific region. However,
in the occurrence of outliers, we may generate visualizations that are distant from the
main region of interest, and thus, zooming in may be considered.

Finally, beyond aesthetic reasons, color scales in a graphic can be used to indicate
intensity levels (such as altitude) and to separate categories found in data (such as device
type or Pol category). Whenever possible, we must opt for color scales with high contrast
(considering that the figure may also be visualized in grayscale) and that refer to the
categories being represented (e.g., using a red and blue scale to indicate temperature).
In the presence of an elevated number of categories, colorscales can produce confusing
visualizations, and in this case, they can be replaced by textual (e.g., written values) and
visual (e.g., different symbols for each category) subtitles.

2.6.1. Visualization Types

The visualization types presented next are the basic structure to construct graphics for
analyzing geospatial data. From these approaches, it is possible to develop new visualiza-
tions, adapting and adding characteristics to meet the requirements of the desired result.
By creating the first sketches, the reader will notice that modifications are needed to make
the proposed graphic as clear as possible, which is essential for its understanding. Ad-
justing the map format, zoom levels, color scale, and visual and textual subtitles are some
examples of modifications. Figure 2.10 shows an example for each of the visualizations
presented next.

Scatterplot. Scatterplots constitute the simplest form of visualizing geospatial
data. In it, locations are drawn as points over the map according to their coordinates.
Points can have different sizes, colors and formats to depict different characteristics found
in data. Scatterplots are easy to comprehend, to implement and modify. On the other hand,
visualizing large amounts of data in scatterplots will lead to point superposition, causing
loss of details. Additionally, in this scenario their construction will be compute-intensive.
With this in mind, they should be used to visualize the dispersion of the collected data,
but we should avoid them when we want to explore the details in the population.

Heatmap. Heatmaps are used to represent the density of a variable by means of
intensity curves and color scales. When combined with geospatial data, both the variable’s
density and its spatial dispersion (i.e., how density changes according to space) can be
shown in a single visual. In this combination, high-density regions can be formed, that
can represent a topology or Pol, for example. Heatmaps are recommended when data
does not present a uniform location distribution, leading to the existence of regions with
higher densities. Because they are base in density regions, heatmaps can produce poor
results for datasets with sparse locations, that is, when points are too far away from each
other, with no aggregation.
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(a) Scatterplot (c) Gridplot

(d) Flowplot (e) Barplot

Figure 2.10. Examples of geospatial data visualizations

Gridplot. Gridplots are created by dividing the analyzed region into a grid with
defined dimensions, where the minimum location unit are the cells that compose the grid.
For each cell, the data located in the coordinates within it are aggregated through an aggre-
gation function (e.g., summation, average, minimum or maximum value) and the result of
this function represents the cell. Besides the aggregation function, another parameter that
must be defined is the cell size, that is, the area covered by it. Smaller cells are capable
of capturing more details, while larger cells can lose relevant information. On the other
hand, it is easier to have an empty cell (with no data inside it) as its size reduces. Even-
tually, a compromise between the level of details and the minimum number of records
inside each cell may be needed.

Flow plot. Flow plots are used to represent the movement flow of entities (that
can be people, vehicles, drones, or others) between two or more regions. This displace-
ment is represented by arcs that connect the origin and destination regions, together with
an intensity indicator, which can be done using the arc’s dimensions (e.g., a bolder arc
indicates a bigger flow), or through a color scale. Arcs may not be symmetric, that is, the
flow’s intensity from point A to point B can be different of the one from point B to point
A. In this way, multiple graphics can be drawn to cover all cases and avoid superposition
that leads to confusion. Other forms of representing flows between regions can be found
in the literature, such as transition graphs and transition matrices. However, they do not
communicate the spatial distribution as well as flow plots.
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Barplot. Barplots for geospatial data project bars over a spatial region, where
each bar represent the impact of a variable over that specific location. Like gridplots, they
are useful when geospatial data have information sensitive to location. By its turn, these
graphics allow readers to observe regions of interest easily, due to the projection of the
bars in a third dimension. However, we must consider the limits of representing data in
third dimension through non-interactive means, such as in printing: the projection may
cover some regions, causing loss of information. Therefore, barplots for geospatial data
should be preferred for digital and interactive means.

2.6.2. Visualization Tools

Next, we discuss some libraries and tools commonly used to create geospatial data visu-
alizations. While most plotting tools (e.g., gnuplot and matplotlib) can be used to draw
geospatial data, our aim here is to focus on those that provide specific resources for this
kind of data, thus reducing the amount of work needed and speeding up the process.

Bokeh. Bokeh is a library to build and visualize graphics. Built with Python, it is
capable of generating interactive visualizations, allowing users to change parameters and
scales and add new data to an existing graphic in real time. This makes Bokeh an interest-
ing alternative for publishing results in websites. Additionally, it is capable of rendering
large amounts of data. Lastly, users can find an extensive collection of visualizations
available for use, including the ones discussed above, as well as more complex ones.

Kepler. Kepler is a geospatial data analysis tool developed by Uber. It can be used
through a Web interface that allows loading data, performing aggregations, filtering, and
projecting over a detailed map of the Earth’s surface using many different visualizations,
such as scatterplots, heatmaps, flowplots and barplots. Besides that, the user can select
the map type and projection, draw additional geometries to complement the visualization,
observe data over time (when a time variable is available) and export the results to differ-
ent formats. However, Kepler can only be used to visualize geospatial data with locations
based on latitude and longitude coordinates.

OSMNx. OSMNK is a Python library for building geospatial data visualizations
focused on road maps. Using data from OpenStreetMaps, it is capable of generating per-
sonalized visualizations of road mesh of a determined region, over which the user can
draw additional geospatial data. Besides that, it is capable of constructing the road net-
work by using graphs, allowing the mapping of geospatial locations to their closest roads,
that in turn allows computing distances, road-based shortest paths, as well as metrics and
complex networks algorithms.

QGis. QGis is a multiplatform software to visualize and edit geospatial data for
analysis. It is a robust system, capable of loading large amounts of data and that supports
different input types. Due to its advanced capacities, it can produce high-quality visu-
alization. On the other hand, it demands a stepper learning curve. Finally, by being a
standalone tool, its interaction with other geospatial data analysis (e.g., Python scripts for
processing) can be complex, making it less preferable for building quick visualizations.

2.7. Conclusion

This chapter presented an in-depth study about geospatial data and its applications in
knowledge extraction, generating new products and services and allowing the capture
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of new sources of revenue, as well as advancing the state-of-the-art in areas related to
mobility, Internet of Things (IoT), urban computing, among others. For this, we presented
theoretical concepts and the main techniques and tools applied in the steps of collection,
storage, transformation, knowledge extraction, and visualization of geospatial data.

We highlighted the importance of mobility to the development of new techniques
and technologies applied to issues such as traffic flow prediction and control, contagion
models, network resource optimization, among others. In this scenario, the interest for
studying and applying geospatial data has become bigger, due to its capacity to represent
the entities’ mobility behavior, specially in the case of humans and vehicles. However,
although there is an increasing demand for research involving this type of data, still there
is not a consensus regarding the adequate methodologies for analyzing it, due to the lack
of references that introduce in a clear way the concepts and techniques to be applied.

Aiming to fill this gap, Section 2.2 introduced the main concepts related to geospa-
tial data, such as geographic characteristics, reference systems, and spatial projections.
Section 2.3 discussed the process of data collection, highlighting the most commonly
used existing sources (GNSS devices, networks and LBSNs). Additionally, characteris-
tics from the collected data such as accuracy and precision, granularity, and entities’ pri-
vacy were discussed. Next, Section 2.4 presented the particularities of storing geospatial
data, discussing spatial database management systems, compression methods for geospa-
tial data, and spatial indexing structures, required for an efficient storage. Section 2.5
presented the steps of data transformation and knowledge extraction. The former is com-
posed by the sub tasks of formatting, cleaning, filtering, sampling, and data aggregation.
For the latter, we introduced some examples of applications, such as radius of gyration
and spatial clustering. Lastly, data visualization techniques and the tools used to create
them were discussed in Section 2.6.
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