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Brazil, October 2-5, 2017. (©)2017 Sociedade Brasileira de Computagao.

Uma Ferramenta para Identificar Desvios de Linguagem na
Lingua Portuguesa

Jonathan Nau', Aluizio Haendchen Filho', Guilherme Passero'?, Vinicius Cavaco'

'Nucleo de Inteligéncia Artificial e Sistemas Inteligentes (NIAST)
Centro Universitario de Brusque (UNIFEBE) — Brusque, SC — Brasil

?Laboratorio de Inteligéncia Aplicada (LIA)
Universidade do Vale do Itajai (UNIVALI) — Itajai, SC — Brasil

{jonathan.naau,aluizio.h.filho,guilherme.passer,vinicavaco3}@gmail.com

Abstract. The revision of formal texts is a complex task and occurs in several
areas. The objective of this work is to create a tool to support the revision of
texts and promote studies in automatic correction of descriptive texts. We
propose a reviewer for automatic identification of language deviations in
Sformal descriptive texts using natural language processing techniques. A case
study was carried out to evaluate the proposed approach in a public set of
essays. The tool identified 3,255 deviations in a universe of 762 essays.

1. Introducao

Os desvios de linguagem sdo palavras ou construgdes que ferem as normas gramaticais
e costumam ocorrer por descuido ou desconhecimento das regras da lingua [Leal 2012,
Pliger 2009]. De acordo com Rino et al. (2002), o publico-alvo dos revisores
gramaticais tem se revelado insatisfeito com a restricdo de intervencdo aos problemas
ortografico-sintaticos, exigindo a consideragdo de problemas relacionados ao estilo,
muito mais vinculados a eficidcia comunicativa do que a simples adequacdo a norma
gramatical.

Nesse contexto, este trabalho apresenta uma ferramenta para identificagcdo de
desvios de linguagem em textos descritivos formais. Uma ferramenta com tal finalidade
pode ter vdrias aplicacdes, tanto no ambito académico quanto empresarial, desde
sistemas de corre¢do automdtica de redacdes até revisdo de artigos e documentos. Em
pesquisas na literatura, identificamos a ferramenta LanguageTool [Mitkowski 2010]
que detecta apenas alguns tipos de desvios considerados nesta pesquisa.

2. Desvios de Linguagem

Dentre os problemas relacionados ao desvio de linguagem, podem ser citados [Pinheiro
2007]: o uso de clichés/chavdes, o emprego de marcas de oralidade, a repeti¢do
exagerada de palavras, sentenca longa, palavras inadequadas e os vicios de linguagem.
Os vicios de linguagem citados na literatura [Leal 2012, Pliger 2009] abrangem os
seguintes tipos: (i) ambiguidade: uso de palavras com duplo sentido; (ii) arcaismo:
abrange expressdes que cairam em desuso; (iii) barbarismo: emprego desnecessdrio de
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palavras estrangeiras; (iv) cacéfato: abrange jungdo de palavras que resultam em som
desagraddvel ou obsceno; (v) colisdo: aproximagdo de sons consonantais idénticos ou
semelhantes; (vi) eco: repeticdo desagraddvel de terminacdes iguais; (vii) hiato:
aproximacdo de vogais idénticas; (viii) plebefsmo: abrange qualquer desvio que
caracteriza a falta de instrucdo (p. ex. giria); (ix) pleonasmo: repeti¢do desnecessaria da
palavra ou da ideia contida nela; (x) preciosismo: uso excessivo de palavras para
exprimir ideias simples; e (xi) solecismo: desvio em relac¢do a sintaxe.

3. Proposta de Solucao

O Quadro 1 mostra o escopo da proposta de solugdo e as técnicas empregadas para cada
tipo de desvio. Conforme o quadro, desvios como ambiguidade e preciosismo ndo
foram considerados, visto que exigem técnicas de natureza semantico-pragmadtica,
relacionados a niveis maiores do que a orag¢do [Rino 2002]. O solecismo ¢ um tipo de
desvio ja resolvido por alguns corretores gramaticais, p. ex. o0 ReGra [Rino 2002]. Os
procedimentos adotados para a coleta, andlise e desenvolvimento da solug@o estdo
divididos em duas partes: (i) construgdo dos catdlogos e (ii) aplicagdo das técnicas.

Quadro 1. Proposta para Identificagdo de Desvios de Linguagem

. : Técnica
Tipo Proposta de Catalogo —
solugao Stopword | Lematizagao | N-gramas
IAmbiguidade ao = al = =
\Arcalsmos im X X X X
S Barbarismo im X al 2 X
& [Cacofato im x - X
-] = T
o |Calisao im = X
‘s [Eco im - X
© |Hiato im = = X
@ - n
S |Plebeismo im X - X
’g Pleonasmo im X X X
Preciosismo Nao - -
Solecismo Nao = »
Cliché 0 Sim X X X
Marcas de oralidade Sim X = X
Repetigao exagerada "
de palavras Sim - X = X
Sentenca longa Sim - - - X
Palavras i Sim X = - X

Para a construgcdo do corpus para teste, obteve-se 762 redag¢des do Banco de
Redag¢des UOL (https://educacao.uol.com.br/).

3.1. Criacao dos catalogos

Os catdlogos sdo listas de palavras e expressdes para detec¢do dos tipos de desvios
relacionados, que foram elaborados com buscas de palavras e expressdes em livros que
tratam do assunto e complementados com pesquisas na internet, posteriormente foram
revisados por um especialista da lingua portuguesa.

O catélogo de arcaismos foi construido utilizando expressdes que ndo sdo mais
utilizadas em textos formais, como “quicd”, “jornea”, “fatexa” e outras. Composto por
570 palavras, foi embasado na obra de Viterbo (1993), obtido na literatura portuguesa.
Na construgdo do catdlogo de barbarismo, foram utilizadas palavras estrangeiras que ja
possuem expressdes em portugués, como por exemplo: “show”, “ok”, “stop” etc. Foi
compilado com base em Gobbes & Medeiros (2009), sendo composto por 1428

verbetes.
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Para construir o catdlogo de cacéfatos foi elaborada uma lista de palavras que
juntas causam a ocorréncia de uma nova palavra, alguns exemplos sdo, “culpa nela”,
“vez passada” e outras, como base para a constru¢cdo do catidlogo foi usado a obra de
Tatiana Belinky (2010) e obtido 100 expressdes. O catdlogo de plebeismo foi criado
utilizando expressdes que caracterizam a falta de instrugdo, como por exemplo, “saco
cheio”, “cacete”, “nas quebradas” e outras formas. Composto por 265 verbetes, foi
obtido com pesquisas na Internet e complementada por Gobbes & Medeiros (2009).

O catédlogo de pleonasmo € uma lista de expressdes redundantes, como “Cego
dos olhos”, “Regra geral”, “Fato veridico”, entre outras. Possui 340 expressdes com
base na obra de Krivochein (2015), complementadas por pesquisa na Internet. No
catdlogo de clichés e chavoes foram adicionadas expressdes bastante conhecidas, por
exemplo, “via de regra”, “caixinha de surpresas” e outras formas. Como base para a
construgio, foi usado a obra de Valente et al. (2004) e obtido 629 expressdes.

Para construir as marcas de oralidade foram identificadas expressdes comuns da
fala e também os regionalismos, como por exemplo, “né”, “af”’, “tché”, “pa tu”,
“mermdo” e outras expressdes. Composto por 1121 palavras, foi embasado na obra de
Negreiros (2009), intitulado Marcas de oralidade na poesia de Manuel Bandeira, e
complementado por pesquisas na Internet. Por fim, na construcdo do catdlogo de
palavras inadequadas, foi utilizado o livro de Souto Maior (2010) intitulado Diciondrio
do Palavrao e Termos Afins. Neste diciondrio, estdo incluidos mais de 3 mil termos de
uso inadequado em textos formais, que sdo utilizadas nas diversas regides do Brasil, dos

quais foram selecionados 654 termos para compor o catdlogo.

3.2. Técnicas Utilizadas

As técnicas sdo aplicadas em duas fases: no pré-processamento e no processamento. No
pré-processamento, o algoritmo transforma nos corpora todas as palavras para
minuscula e realiza a remogdo dos acentos. Na etapa de processamento sao aplicadas
técnicas de remocdo de stopwords e lematizacdo para a andlise de alguns tipos de
desvios. Também sdo extraidos os n-gramas presentes no texto e é aplicado um
conjunto de procedimentos especificos para cada tipo de desvio.

A técnica de remogdo das stopwords € utilizada para remover palavras que niao
contribuem para o processamento da linguagem natural. Esta técnica foi utilizada para
extrair palavras nao significativas no arcaismo e repeticao exagerada de palavras.

Lematiza¢do € o processo de deflexionar uma palavra para determinar o seu
lema. Para Chrupala et al. (2008), a lematizacdo é particularmente critica para
linguagens morfologicamente ricas, como o portugués, sendo util para lidar com a
escassez de formas ndo-modificadas. A lematizacdo foi utilizada para auxiliar na
identificacdo de arcaismos, clichés e chavdes.

De acordo com Broder et al. (1997) nos campos da linguistica computacional e
da probabilidade, um n-grama é uma sequéncia continua de “n” itens de uma dada
sequéncia de texto ou fala. Os itens podem ser fonemas, silabas, letras, palavras ou
pares de bases de acordo com a aplicacdo. A técnica de n-grama foi utilizada em todos
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os tipos de desvios e vicios de linguagem para obter uma sequéncias de palavras no
texto.

Foram gerados trigramas para identificar vicios de colisdo, eco e hiato, que
caracterizam repeticdo de sons consonantais idénticos em sequéncia, repeti¢do
desagraddvel de terminacdes iguais, e aproximacdo de vogais idénticas no inicio de
palavras, respectivamente. Para detectar sentenga longa sem ocorréncia de um sinal
pontuagdo, considerado um desvio, foi utilizado o limite de 45 palavras. Para identificar
repeticdo exagerada, foram gerados unigramas que verificam a ocorréncia mais de duas
vezes de palavras (excluidos pronomes, artigos e preposi¢des) na mesma sentenga ou
em sentengas proximas.

4. Resultados e Discussoes

Numa amostragem de 762 redagdes, foram identificados pela ferramenta 3.255 desvios.
O Quadro 2 apresenta a quantidade de desvios por tipo detectados nas redagdes. Além
disso, para ilustrar, mostra alguns exemplos de desvios encontrados em cada tipo.

Quadro 2. Quantidade de desvios encontrados por tipo

Desvios fuantionce ceems Exemplos encontrados
encontrados

lArcaismo 48 Libertinagem Quiga
Barbarismo 235 Buffet Free
Cacofato 12 Desde entao Por tal
ColisBo 273 Pequena parte possui Nas novas necessidades
Eco 928 Os avangos tecnologicos As mudangas trazidas
Hiato 636 Para alcangar a Determina a autorizagao
Plebeismo 22 Muitas das vezes Trogo
Pleonasmo 85 Ha muito ano atras Si mesmo
Cliche 42 Abrir mao Via de regra
Marcas de oralidade 300 De primeiro Dai
Repeticao exagerada 134 - -
Sentenca Longa 540 - -

Observa-se que pequenos desvios podem comprometer a qualidade de um texto
descritivo formal. Por se tratar de problemas que exigem um nivel maior de atengfo,
estes desvios passam muitas vezes despercebidos pelos corretores humanos. Importante
salientar que a maioria desses desvios ndo sdo detectados pelos editores comerciais.

Existem poucas ferramentas disponiveis na lingua portuguesa para a detec¢do de
desvios de linguagem. Uma delas € a LanguageTool [Mitkowski 2010], uma ferramenta
de cédigo aberto adaptada para vérios idiomas, incluindo o portugués. Apesar de ndo
utilizar uma gramatica totalmente formalizada nem um analisador profundo [Mitkowski
2010], pode detectar erros de ortografia, bem como erros gramaticais e estilisticos.
Verificou-se que ela detecta alguns desvios, tais como pleonasmo, marcas de oralidade,
barbarismo e sentenca longa. Entretanto, além de arcaismos e cacdfatos, outros desvios
com muitas ocorréncias, tais como eco, hiato e colisio ndo foram detectados.
Verificou-se também que a ferramenta possui limitagdes na detec¢do de erros
gramaticais, além de significativa quantidade de falsos positivos.

5. Consideracoes Finais

A solucdo se mostrou apta a encontrar vicios e desvios de linguagem, e com isso, tem
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potencial para apoiar avaliadores humanos e reduzir o tempo e esforco empregado para
correcdo. Além da correcdo dos textos, a ferramenta poderd ser utilizada em outras
solugdes, como por exemplo, a avaliagdo da Competéncia 1 do ENEM (norma culta da
lingua portuguesa) na correcdo automatica de redagdes.

A ferramenta serd incorporada a um aplicativo em desenvolvimento no NIASI
para auxiliar a correcio de textos descritivos formais, tais como TCCs, artigos,
trabalhos académicos e textos em geral. Além de erros ortograficos, em testes
preliminares constatou-se que o aplicativo poderd identificar considerdvel quantidade de
erros gramaticais ndo detectados pelos corretores e editores em uso na lingua
portuguesa.
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Resumo: Este trabalho apresenta uma pesquisa em andamento sobre categorias
gramaticais que podem ser exploradas como indicadores de emogdo em textos escritos.
Diferentemente de pesquisas sobre analise de sentimentos que se concentram em itens
lexicais, este estudo baseia-se na gramatica sistémico-funcional [Halliday e Matthiessen
2014] a fim de mapear padrdes de escolhas em sistemas gramaticais que podem ser
associadas a construcdo de emocdes na linguagem. A metodologia baseia-se na anotagao
manual de amostras de textos do tipo noticia por meio de planilhas de acordo com
categorias dos principais sistemas gramaticais no nivel da oracdo da escala de ordens. A
frequéncia das categorias anotadas e dos agrupamentos das mesmas é investigada para
verificar quais as categorias mais produtivas para a analise de sentimentos.

Abstract: This paper reports on work in progress on grammatical categories that may be
explored as indicators of emotion in written text. Unlike state-of-the-art research on
sentiment analysis focused on lexical items, this study draws on systemic-functional
grammar [Halliday & Matthiessen 2014] in order to map patterns of choice in grammatical
systems that can be linked to emotion construal in language. The methodology is based on
manual annotation of news report text samples carried out on a spreadsheet with categories
pertaining to the main grammatical systems at clause level in the rank scale. Frequency of
annotated individual categories and category clusters is examined with a view to identifying
the most productive categories to probe sentiment in text.

1. Introducéo

A anotagdo de textos em pesquisas sobre Andlise de Sentimentos é feita com intervencéo de
seres humanos, visando-se o aprendizado de maquina para rotulacdo sem intervengdo
humana. Em geral, a anotacdo é ad-hoc por ndo estar pautada em teorias linguisticas
suficientemente abrangentes para explicar os distintos recursos que na linguagem humana
constroem sentimentos. O indice de concordancia entre anotadores tende a ser baixo, o que
retarda a criacdo de um sistema automatico eficaz para a Analise de Sentimentos [Dosciatti
et al. 2015].

Ha também pesquisas que fazem uso da prosédia semantica das palavras para auxiliar
a anotacdo automatica. Sdo desenvolvidos glossarios de palavras com distribuicéo de valores
ntmericos que indicam a intensidade da positividade ou da negatividade da palavra no co-
texto do corpus [Taboada et al. 2011]. Os estudos privilegiam o polo lexical do que pode ser
teorizado como um continuo, sendo o polo gramatical, sistemas que dizem respeito ao Modo,
a Transitividade e ao Tema-Rema da oragéo.
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Este trabalho explora uma metodologia para a Andlise de Sentimentos baseada numa
teoria linguistica abrangente que contempla o polo lexical e o polo gramatical. Prevé uma
etapa inicial de anotagao por humanos, a qual subsidiard uma futura implementagao
automética, contribuindo para que o processo de anotacéo seja menos subjetivo e utilize um
aporte teorico linguistico que fundamente as escolhas do anotador.

2. As Emocgoes Humanas e a Analise de Sentimentos

Segundo [Ekman 1970] ha seis emocdes basicas universais — alegria, surpresa, medo, raiva,
repugnancia e tristeza, as quais podem funcionar como rotulos para a analise de textos no
escopo da Analise de Sentimentos.

De acordo com [Dosciatti et al. 2015] a Analise de Sentimentos € uma area de
pesquisa voltada para o estudo e identificacdo de emogdes em diferentes midias, que surgiu
da necessidade de se buscar, de forma automatica, opinides manifestadas na internet. Tal
necessidade requer a andlise de textos e a identificacdo de itens na linguagem que apontem
para avaliagGes por parte dos usuarios.

A maioria dos métodos desenvolvidos para a Andlise de Sentimentos visa a analise
de dados textuais. O tipo de texto mais analisado sdo manifestagcdes espontaneas em blogs,
foruns e chats. Textos jornalisticos escritos geralmente ndo sdo objeto desse tipo de analise.
Eles apresentam desafios adicionais, pois neles pode ndo haver ocorréncias de itens
claramente associados a uma emog¢do em particular, como em: “ ‘Brasil podera ter uma
presidente mulher’, diz Dilma: Declarag@o foi dada apds encontro com Michelle Bachelet
em SP.”

Uma dificuldade adicional diz respeito a identificagdo de emogbes predominantes,
quando ha palavras associadas a emogdes contraditdrias. Em “Andorinhas mudam rotina em
cidade paraense: Elas chegam a Parauapebas e ddo espetaculo no céu. Entretanto, sujeira
deixada pelas aves incomoda moradores.”, 0 texto como um todo pode gerar no leitor
humano a emoc¢do surpresa. Todavia, para uma implementagdo automatica, a maquina
deveria ser instruida sobre quais indicadores linguisticos seriam prototipicos da emocao
surpresa. De fato, cada oracdo poderia ser atribuida a uma emogdo distinta: Andorinhas
mudam rotina em cidade paraense (surpresa); Elas chegam a Parauapebas e dao espetaculo
no céu (alegria); Entretanto, sujeira deixada pelas aves incomoda moradores (repugnancia).

3. A Teoria Sistémico-Funcional como arcabougo teérico para a Andlise de
Sentimentos

A Teoria Sistémico-Funcional [Halliday e Matthiessen. 2014] considera a linguagem como
um conjunto de sistemas utilizados para produzir significado e possibilitar a interagdo e
representacdo da experiéncia humana. A organizagdo da linguagem é estratificada:
significados no estrato da semantica séo realizados no estrato da gramatica que por sua vez
sdo realizados no estrato da fonologia.

No estrato da gramatica, os sistemas que organizam escolhas estdo organizados num
continuo, pelo qual escolhas progressivas em sistemas gramaticais concluem em um item
lexical. Por exemplo, dentre os tipos de Processos que realizam oracOes de fala estdo os
Processos verbais, e dentro deles, os Processos verbais que constroem significados de
semiose, dentro dos quais estdo os Processos verbais que relatam eventos de forma neutra,
sendo um dos verbos prototipicos para essa subespecificagdo o verbo “dizer”.
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A unidade de anélise é a oracdo, na qual confluem os sistemas de Transitividade,
Modo e Tema, relativos as trés Metafungdes fundamentais da linguagem: ldeacional,
responsavel pela representacdo da experiéncia humana; Interpessoal, pela troca de relages
sociais entre falante/escritor e ouvinte/leitor e Textual, pela organizagdo da mensagem,
compreendendo aspectos relativos a coesdo do texto. O Quadro 1 ilustra a analise de uma
oracao de acordo com as fun¢des em cada Metafuncéo.

QUADRO 1 - Analise Sistémica e Estrutural de uma oragéo

em cidade
paraense

Andorinhas mudam rotina

ESTRUTURA

METAFUNGAO
SISTEMAS

TEMA REMA

TEXTUAL

INTERPESSOAL
MODO INDICATIVO
SUJEITO: PLURAL:

RECUPERADO

SUJEITO

PREDICADOR

COMPLEMENTO

ADJUNTO

Mobpo

RESIDUO

IDEACIONAL
EXPERIENCIAL

PARTICIPANTE:

ATOR

PROCESSO
MATERIAL

PARTICIPANTE:

META

CIRCUNSTANCIA
DE LOCALIZAGAO:

MATERIAL:
ORAGAO TRANSITIVA
EFETIVA
IDEACIONAL
LoaGIcA
ORACAO SIMPLES, FINITA

ESPACIAL

4. Anotacdo manual de um Corpus de noticias

Examinamos dados obtidos de um corpus composto de 2.000 linhas finas retiradas de
noticias, extraidas automaticamente da Internet através da ferramenta FeedReader! e
originalmente escritas em portugués brasileiro. O corpus foi compilado por pesquisadores
da Pontificia Universidade Cat6lica do Parand (PUCPR), que trabalham com aprendizagem
de maquina aplicada para a rotulagdo de sentimentos [Dosciatti et al. 2015]. As linhas finas
do corpus apresentam, em média, 23 tokens cada uma, abordam temas internacionais,
politicos, policiais e economicos e foram rotuladas de acordo com as emogdes de [Ekman
1970] por anotadores voluntarios, todos profissionais com experiéncia em linguistica da
PUCPR e da Universidade Tecnoldgica Federal do Parana (UTFPR).

Para o presente estudo, uma amostra de aproximadamente 10% dos textos desse
corpus que apresentaram concordancia total entre os anotadores foi segmentada em 371
oracdes e estas anotadas manualmente de acordo com fungdes gramaticais. A anotacéo foi
feita em planilhas eletrdnicas, processadas no ambiente R [R Core Team 2017] para extragdo
de frequéncias e identificagdo de cosele¢des de duas ou mais categorias. Os padrdes
observados foram identificados como candidatos passiveis de informar algoritmos a serem
usados na analise de outras amostras do corpus.

5. Resultados Preliminares

! http://feedreader.com/
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Dentre os resultados obtidos, destacamos os Processos mais frequentes para 0s textos
rotulados com a emocéo raiva e alegria, dispostos nas Tabelas a seguir:

TABELA 1 - Frequéncia de ocorréncia de Tipo de Processo em textos rotulados
com emogao raiva

Emocéo Tipo de Exemplo Frequéncia
predominante Processo
“Garota de 14 anos engravidou do | Absoluta | Relativa
Material préprio pai em ltariri, no interior de
SP.” 32 60,4%
Mae confessa [ter matado recém-
Verbal nascido a tesouradas.]”. 9 17%
Raiva Relacional “Filhos sao suspeitos [de
Atributivo abandonar pai idoso]” 7 13,2%
“Policia cré [que além do pai e do
Mental padrasto, outros estupraram a
menina]” 4 7,5%
Relacional “Stuart Hall, de 83 anos, € um
identificativo "predador oportunista. 1 1,9%
Total 53 100%

TABELA 2 - Frequéncia de ocorréncia de Tipo de Processo em textos rotulados

com emocao alegria

Emocéo Tipo de Exemplo Frequéncia
predominante Processo
“No local, 200 barracas devem ser | Absoluta | Relativa
Material montadas/para vender comidas e
bebidas ” 43 81,1%
“Segundo o ministro do
Relacional Planejamento, governo esta
Alegria Atributivo otimista.” 5 9,4%
“[Brasil ja saiu da crise] diz Paulo
Verbal Bernardo”. 3 5,7%
“André Cintra, paulistano de 34
Relacional anos, tornou-se, nesta sexta-feira,
identificativo o segundo brasileiro...” 2 3,8%
Total 53 100%

Os Processos mais frequentes para a emocéo raiva foram: Material (60,4%), Verbal
(17%), Relacional Atributivo (13,25%). Ja os Processos com maior nimero de ocorréncias
para a emocao alegria foram: Material (43%), Relacional Atributivo (9,4%) e Verbal (5,7%).
Esses resultados sugerem semelhangas em relagdo ao tipo de Processo mais frequente para
as emogdes raiva e alegria. Contudo, a emocdo alegria tem maior probabilidade de
apresentar oragdes com Processo Material, ja que a porcentagem desse tipo de Processo nos
textos de tal emocéo é maior. Uma diferenca entre as emocoes raiva e alegria é a ocorréncia
do Processo Mental (7,5%), presente apenas na emogao raiva.

6. Concluséo

Os achados iniciais apontam para caracteristicas dos textos rotulados com uma dada emocéo,
as quais podem ser mais investigadas para efeitos da Andlise de Sentimentos.
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Abstract. This paper presents a chatterbot that answerasis questions in

Portuguese about a basic education text. From gutirtext composed of
simple sentences, the questions and answers aerajed in the chatterbot
knowledge base. For this purpose, a morphosyntaciatysis is made and the
semantic roles of each word are obtained. Severasienroles are treated,

from which is defined what pronoun or adverb shdaddused to elaborate the
question. Although with limitations, due to the ptewity of Portuguese, it is
possible to generate questions and answers fromtextycomposed of simple
sentences, and not only from those of basic edutati

Resumo. Este artigo apresenta um chatterbot que respondéap perguntas
em lingua portuguesa sobre um texto da educacéioads partir de um texto
de entrada composto por sentencas simples, sdalgeras perguntas e as
respostas da base de conhecimento do chatterbot Rato, efetua-se a
analise morfossintatica e obtém-se os papéis secodnde cada palavra que
compde o texto. Sao tratados sete papéis semaraiqastir dos quais define-
se 0 pronome ou o advérbio interrogativo que devaisado para elaborar a
pergunta. Embora com limitacbes devido a compleledada lingua
portuguesa, € possivel gerar perguntas e respoptaa qualquer texto
composto por sentencgas simples, e ndo apenas pata educacgédo basica.

1. Introdugéo

Estudos mostram que o uso de perguntas/resposfascesso de ensino-aprendizagem
€ benéfico [Chi et al., 1994 apud Le; Kojiri e Rirart, 2011]. Os autores afirmam que
fazer perguntas especificas ajuda a identificaraia fde conhecimento sobre
determinado assunto. Descrevem também aplicac@ea@dnais que, com o uso de
perguntas e respostas geradas automaticamentepdénobjetivo: a aquisicdo de
habilidades, a avaliagdo do conhecimento ou o giéom tutores.

Dentre as diversas ferramentas computacionaismigpis, € possivel encontrar
os chatterbots Segundo Comarella e Café [2008], ehmtterboté um software que
simula uma conversagcao com um ser humano, prop@amitp para 0 usuario, no caso, 0
estudante, uma experiéncia semelhante a que tene rconversa on-line com um
especialista de uma determinada area. De manmi@isia, umchatterbotpossui uma
interface para entrada das perguntas (ou mensafmsiladas pelo usuario. Em
seguida, procura a resposta correspondente naasgade conhecimento, que, se for
encontrada, sera apresentada ao usuario. Cas@rtmntrma resposta padrao do tipo
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Desculpe, ndo entendi o que vocé falsettd emitida. Souza e Moraes [2015] afirmam
que é necessario despender um tempo considerdaetiE manualmente uma base de
conhecimento de unchatterbot Afirmam ainda que “Por esta razdo, tém surgido
abordagens que procuram gerar automaticamentesas ba@sses agentes a partir de
corpora existentes, inclusive a partir de informacdes ali$geis naweld [Souza e
Moraes, 2015].

Assim sendo, este trabalho também apresenta umpogia para gerar
automaticamente perguntas e respostas da basenfiecooento de unthatterbot
educacional a partir de um texto da educacéo basasmsecdes seguintes a arquitetura
do chatterbote o processamento do texto de entrada sdo descoéon como as
consideracdes finais do trabalho sao apresentadas.

2. Arquitetura do ChatterEDU

O processamento realizado petmtterbof chamado de ChatterEDU, se da em etapas.
Primeiro o usuario deve entrar com um texto cormheoimentos da educacéo basica. O
texto de entrada passa por um processamento oadebtdos o papel semantice a
classificacdamorfossintaticale cada palavra, de forma similar & abordagem ptapo
por Amancio, Duran e Aluisio [2011]. Em seguidgaatir das sentencas de entrada séo
geradas perguntas e respostas, as quais sdo graaadama base de conhecimento
Artificial Intelligence Markup LanguadegAIML), de forma a ser possivel realizar uma
conversagao em linguagem natural o mais préximeipelsde uma conversa entre seres
humanos.

Finalizado o processamento do texto, o usuarioeéidnado para a interface de
conversagcdo com o ChatterEDU. O usuéario pode migiazonversacdo com uma
mensagem de saudacéo ou diretamente com uma erglationada ao texto inserido.
A mensagem (ou a pergunta) é enviada pachatterbot que utiliza o interpretador
Program AB [Wallace, 2013] para buscar a respostaespondente nas bases de
conhecimento AIML previamente criadas. Se for efrema uma resposta
correspondente a mensagem (ou pergunta), a mesinget®@nada, caso contrario, sera
informado que ahatterbotndo possui conhecimento sobre a mensagem (ourpaygu
inserida. O ChatterEDU possui trés bases de camleetd: uma com saudagdes, outra
com respostas a serem usadas quarat@mtterbotndo consegue responder as perguntas
do usuério e a terceira com perguntas e respostas ® texto de entrada. As duas
primeiras foram criadas manualmente enquanto maiki gerada automaticamente.

3. Processamento do Texto de Entrada

A complexidade da aplicacdo desenvolvida esta noggsamento do texto de entrada
para gerar automaticamente as perguntas e as t@&sgoE€m seguida, criar a base de

! Kipper [2005 apud Scarton, 2013, p. xv] diz quepapéis semanticos “descrevem a relagéo semantica
subjacente entre um verbo (ou predicador) e seusrgntos e sdo usados para descrever padrdessléxico
e semanticos no comportamento dos verbos.”

2 A AIML é uma linguagem de marcagéo baseada nanskie Markup Language (XML), usada para
especificar as bases de conhecimentos awterbots [Wallace, 2013]. Algumagags basicas da
linguagem séoxcat egory>, agrupa perguntas e respostasit t er n>, define uma possivel pergunta ou
mensagenkt enpl at e>, indica a resposta correspondente a um determiatoer n>.
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conhecimento AIML. Primeiramente, o texto de erdréddividido em sentengas, que
sdo enviadas paraparser Palavra3 [Bick, 2000]. Nesse processamento é utilizada a
opcéo semantic roles que determina o papel semantico de cada pal®asa
exemplificar, tem-se a fra®lumenau sofreu uma grande enchente em.ZDO®a-se a
andlise doparser para a palavrdBlumenau(Quadro 1). Destacam-se as seguintes
informagbes: (a) classe gramaticabRoP (nome proprio); (b) flexdes:M F
(masculino/feminino) s/ P (singular/plural); (c) funcdo sintatic@usi> (sujeito); (d)
papel semantic@AG (agente).

Blumenau [Blumenau]PROP M/F S/IP@SUBJ>8AG #1->2
sofreu[sofrer] <fmc>V PS 3S IND VFIN@FS-STASPRED #2->0

(..)
em[em] PRP @<ADVL #6->2
2008[2008] <card>NUM M/F P @P<8LOC-TMP #7->6

Quadro 1. Andlise morfossintatica

A segunda etapa do processamento consiste eritaerfial o papel seméantico
de cada palavra para definir a pergunta que sé& f8s pronomes e os advérbios
interrogativos usados para cada papel semanticenpaer vistos no Quadro 2. Para
delimitar o escopo do projeto, dentre os papéisastinos identificados pelparser
Palavras, foram selecionados os mais comuns ermsteld area de conhecimento
Geografia. Assim, 0s papéis semanticos tratadosGietterEDU séo: (a) AG: agente;
(b) LOC: lugar; (c) LOC-TMP: localizagdo temporalig, més, ano, indicacdo de
tempo); (d) ORI-TMP: origem temporal (dia, més, ,andicacdo de tempo); (e) EXT:
extensdo ou quantidade; (f) EXT-TMP: periodo dept@nig) TH: tema.

pap eI_ pronome / frase de entrada pergunta formulada
semantico| advérbio
A(."’ —voz Quem Os ba_rngas-verdes moram em San6auem mora em Santa Catarina?
ativa Catarina.
AG —VOZ I por quem San?a Catarina € habitada por Santa Catarina é habitada por quem?
passiva barrigas-verdes.
LOC Onde Santa Catarina fica na regido sul OnadéaSaatarina fica?
Blumenau sofreu uma grande Quando Blumenau sofreu uma grarde

LOC-TMP | Quando enchente em 2008. enchente?

Desde Desde 1852 foram registradas 64| Desde quando foram registradas 64
ORI-TMP

guando enchentes em Blumenau. enchentes em Blumenau?
EXT Quanto O estado mede 95703 qunometrosO estado mede quanto?

guadrado.

Quanto - s
EXT-TMP tempo A tragédia durou por duas semanas. A tragédia dywanto tempo?
TH O que Floriandpolis tem cerca de 421 milO que tem cerca de 421 mil

d habitantes. habitantes?

TH — verbo Qual Blumenau é a terceira maior cidad®ual é a terceira maior cidade de
ser de Santa Catarina. Santa Catarina?
TH - Quem Ele foi empregado em diversas | Quem foi empregado em diversas
humano missdes. missfes?

Quadro 2. Papéis semanticos e pronomes / advérbios interrogativos

No Quadro 2 é possivel notar que para alguns paggrnanticos pode-se
elaborar mais de um tipo de pergunta, dependendouti®s termos linguisticos

° Disponivel em <http://visl.sdu.dk/visl/pt/parsiagtomatic/parse.php>.
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presentes no texto de entrada. No caso do papeinsem AG, por exemplo, é
verificado se o verbo esta na voz ativa ou pasgiaes entdo definir se sera utilizado
guemou por quem Além disso, é feito um tratamento em casos elpexipara gerar
perguntas com conjugacao verbal correta. Todo®dxs regulares sao tratados, assim
como alguns verbos irregulares (ser, ir, estar g, @@ presente, pretérito perfeito,
pretérito imperfeito e pretérito-mais-que-perfeito.

Independente do papel seméantico, sdo geradaspwégle perguntas: a pergunta
que o usuério pode fazer ao ChatterEDU, o temeesoliual o usuério deseja que o
chatterbotfaca perguntas e a perguntadhatterbotsobre um determinado tema. Para
elucidar como sao geradas as perguntas e respastagjera-se a frase do Quadro 1, na
qual foram identificados dois dos papéis semanti@ados: AG e LOC-TMP. Nesse
caso, sdo geradas as seguintes perguntas: (apfedyuusuario (AG) 2quem”sofreu”
enchente”2008"\(b) pergunta do usuario (LOC-TMP) Quando”Blumenau sofreu”
enchente(c) tema (AG) #sobre*quem” sofreu*enchente”20@8tema (LOC-TMP)
- "sobre™quando Blumenau sofreu” encher(@\pergunta dahatterbot(AG) - Quem
sofreu uma grande enchente em 2Q0@? pergunta dochatterbot (LOC-TMP) -
Quando Blumenau sofreu uma grande enchente?

Observa-se que tanto para a pergunta do usu&@idapara o tema da pergunta,
é usado o caracter », que em AIML representa untopd@ sentenga que pode ou ndo
possuir mais de uma palavra qualquer, permitind@ umaior gama de perguntas
reconhecidas. Por exemplo, se a senteBgaquero saber quem sofreu uma enchente
em 2008 estiver na base de conhecimento AIML, o usudio tue entrar exatamente
com essa frase para ser possivel encontrar a tesposespondente. Mas, se a sentenca
gravada for‘quem”sofreu”enchente”2008”usuéario pode entrar com uma variagdo da
pergunta, tal comdEu gostaria de saber quem sofreu uma grande enetemt2008
ou Quem sofreu uma enchente no ano de 2008?

Para o tema da pergunta utiliza-se a mesma idigia,com a palavrsobrena
frente. Entdo, quando o usuario quiser respongmrguntas feitas pelo ChatterEDU,
deve entrar com uma frase tal co@uero falar sobre quem sofreu enchente em 2008
Nesse caso, o ChatterEDU faz a perguntacfddterboj referente ao assunto solicitado
pelo usuario. Ja a pergunta dwatterboté a mais simples de ser elaborada. Isto porque
nao ha necessidade de substituir nenhuma palavieugoga, uma vez que a pergunta
qgue o ChatterEDU deve fazer para o usuério deae esinpletamente gravada na base
de conhecimento. Desta forma, é adicionado o prenmmo advérbio interrogativo no
inicio ou no final da frase, excluindo da sentermaresposta desejada, como
exemplificado no Quadro 2.

Quanto as respostas, sdo geradas duas: uma eespdst e outra completa (a
propria sentenca de entrada). Também séo gerasjasstas padrdes para indicar para o
usuario que ele acertou ou errou ao responder engaimta feita pelo ChatterEDU. Por
fim, é possivel entrar com a fraBaca perguntas sobre o textonde as palavraobre
e texto sdo obrigatérias. Nesse caso, o ChatterEDU fagataiamente uma das
perguntas existentes na sua base de conhecimemetifieard se a resposta informada
esta ou ndo correta. O Ultimo passo realizado ¥agi@a base de conhecimento AIML.
Cabe ressaltar que cada vez que ocorrer esse gaotaEso, a base de conhecimento
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anteriormente criada sera sobrescrita. Entdo, . s®uério inserir um texto e logo apés
outro, o ChatterEDU mantera uma conversacao ayjsafas o Ultimo texto inserido.

4. Consideracg6es Finais

Esse trabalho descreveu o desenvolvimento do CEBRitE uma aplicacdo desktop que
interage com o usuario em lingua portuguesa. Arpotprocessamento de um texto,
em principio, da educacdo basica na éarea de conbeim Geografia, gera
automaticamente, com base nos papéis semanticopalagras que o compdem,
perguntas e respostas da base de conhecimentdiltassio que o usuario fagca ou
responda perguntas sobre o texto. Um texto para psecessado deve estar
gramaticalmente correto e ser composto apenaspterg;as simples.

Apesar da limitagdo quanto ao tipo de sentencapéip semanticos tratados, o
uso desses permitiu gerar perguntas e respostatextiess de qualquer area de
conhecimento. Mas, mesmo com as restricdes estatrde existem sentencas que néo
sdo processadas adequadamente, gerando perguotaisistentes (incompletas ou
contendo parte da resposta), com erros ortograficasros de concordancia verbal. Por
fim, observou-se demora em processar os textosittigda, j& que é necessario acesso
on-line aoparserPalavras para efetuar a analise morfossintéatdeterminar os papéis
semanticos. Para processar uma frase com setegsmlavaplicacdo leva em média 6s
(segundos), ja um texto com quarenta e uma palderasem torno de 15s. Além disso,
a linguagem AIML tem suas préprias limitacdes cquedm o usudrio a fazer perguntas
e fornecer respostas utilizando os termos da baseodhecimento. Por conta disso,
mesmo que 0 usudrio responda corretamente umanpergichatterbotpode retornar
erro se a resposta néo estiver exatamente comadgraa base AIML.
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Abstract. The increasing use of social networks to express consumer opinions
yields a large amount of potentially useful information for organizations to
gauge consumer perception of their products. Nevertheless, gauging informa-
tion by assigning polarities to opinionated text is not a trivial task, especially
when dealing with short and ironical text. In this paper, we evaluate the pres-
ence of irony at the sentence level within a Portuguese corpus extracted from
Twitter.

1. Introduction

Social media is a popular communication channel through which users often express their
opinions on products and services. In this virtual environment, both customers and orga-
nizations can find useful information. While customers can use the information to decide
if they should buy a product or not, organizations can improve their products and services
based on customer feedback and public opinion. The interest in social networks is greater
in Brazil than in other countries [Banks 2015], and although most Brazilian posts are pho-
tos and videos, much text in Portuguese circulates in such networks, especially Twitter.
Portuguese is among the top 10 most spoken languages in the world, around 240 million
people communicate in this language', what makes it an interesting topic for research.
The automatic extraction of opinions is a difficult task, regardless of the language, espe-
cially when the source of information is web text [Kiritchenko et al. 2014]. Sentiment
Analysis, or Opinion Mining [Liu 2012], is the area that performs such task, determining
the evaluative nature of a text and defining whether it expresses a positive, a negative, or a
neutral sentiment [Kiritchenko et al. 2014]. [Liu 2010] calls this orientation of sentiment
polarity, which can be treated, basically, in three granularity levels: text, sentence, and
entity. Text level Sentiment Analysis defines the polarity of a document as a whole, being
especially suitable for product reviews since, in this case, a broader perspective about a
product is more important than an opinion about its components. Sentence level Senti-
ment Analysis determines the polarity of sentences, for example, a Twitter post or part of
it. Entity level Sentiment Analysis identifies positive and negative aspects of a particular
entity. For example, a user can praise the screen of a computer (entity) for its quality (as-
pect) but criticize it for its size (aspect). In this paper, we focus on Sentiment Analysis at
the sentence level. One of the challenges in this analysis process is detecting irony. Irony
is a figure of speech, often used implicitly, that inverts the polarity of the sentiment that
one expresses. When building automatic systems for irony detection, brief text messages

!Information obtained from http://www.brasil.gov.br and https://www.washingtonpost.com
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pose a greater obstacle than reviews, for example, given the lack of contextual informa-
tion. The identification of context is of great help in detecting irony. A corpus can provide
an overall context or a specific one to each sentence that composes it. In this paper, we
describe a work in progress whose aim is to study irony detection in web texts. For this
purpose, we carry out the analysis of the 7x1-PT corpus, which contains around 2,700
tweets in Brazilian Portuguese posted during the football match between Germany and
Brazil in the 2014 FIFA World Cup. Our goal is to study and annotate tweets in which
this linguistic phenomenon occurs, discuss the concept of irony, and the difficulties in the
annotation of this phenomenon.

2. Irony

According to Wilson [Wilson 2013], verbal irony has three distinctive features: a char-
acteristic attitude, normative bias, and tone of voice. Wilson discusses the echoic and
pretense accounts of irony, given that verbal irony necessarily involves the former, but
does not necessarily involves the latter. Contrarily to the traditional account of irony, in
which the speaker says one thing meaning the opposite, according to the echoic account,
actually, the speaker echoes a thought. Through an ironical utterance, the speaker criti-
cizes or complains about a situation or an event that does not fulfill his or her norm-based
expectations, that is, the speaker’s ideas about how such situation or event should be.
To the echoic account, an utterance is ironical when it expresses the speaker’s mocking,
scornful, or contemptuous attitude toward the echoed thought. In this sense, Wilson’s
[Wilson 2013] experimental work does not consider phenomena such as hyperbole, joc-
ularity, banter, teasing, understatement, and rhetorical questions as forms of irony, since
they do not display any of the distinctive features of irony. Nevertheless, while some
of these phenomena are similar to irony in form (e.g., banter), others can be combined
to irony (e.g., hyperbole), giving a cue to the speaker’s characteristic ironical attitude.
When performing an utterance, the speaker’s facial expression and intonation can also
indicate an ironical attitude; in written text, the ’tone of voice’ might be expressed by
splitting a word into syllables to convey an exaggerated monotone, or using exclamation
marks to show excessive enthusiasm, for instance. Since irony cannot be recognized only
by its linguistic form, Wilson and Sperber [Wilson and Sperber 1992] describes the role
of Relevance in explaining that to understand an ironical utterance, one needs linguis-
tic form and context. Context, in sum, is the information that the receptor access (prior
knowledge) in the moment that the communicator produces an utterance. This interaction
between form and context determines verbal comprehension.

3. 7x1-PT Corpus

Moraes et al. [Moraes et al. 2015] built the 7x1-PT corpus® that we use in this study.
The corpus consists of 2,728 tweets in Brazilian Portuguese posted during the match
in which Brazil lost 7-1 to Germany in the 2014 FIFA World Cup Brazil. The tweets are
mostly about Brazil football players and political issues concerning the event. Two human
annotators from the Computer Science area manually annotated the corpus considering
three classes: negative, neutral, and positive. The kappa coefficient, which measures inter-
rater agreement, was of 0.53. Although Moraes et al. [Moraes et al. 2015] annotated

2A corpus is a large collection of written material in a machine-readable format; thus, corpora are
linguistic resources commonly used for research in Natural Language Processing (NLP).
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ironical tweets in 7x1-PT corpus as neutral, they mentioned that the number of tweets
expressing irony in their corpus was significant. We chose, therefore, to annotate 7x1-
PT corpus, besides, we could analyze the tweets into an overall context, of football and
politics, which is crucial for irony recognition and classification.

3.1. Our Annotation

A human annotator from the Linguistics area revised the annotation of the corpus consid-
ering irony as a fourth class alongside positive, negative, and neutral. Table 1 shows the
polarity distribution in the corpus. In this annotation, we considered the broader defini-
tion of irony (including hyperbole, jocularity, banter, and the like), since it can give hints
about the user’s ironical attitude. The results show a considerable number of ironical
tweets (40%) in the corpus.

[Moraes et al. 2015]’s classification | Our Classification
Polarity #Tweets(%) #Tweets(%)
Negative 800 (29%) 757 (27%)
Positive 1,771 (65%) 251(09%)
Neutral 157 (0.6%) 636 (23%)
Irony - 1,804 (40%)

Table 1. Number of tweets in the 7x1-PT corpus according to the classification of
Moraes et al. [Moraes et al. 2015] and our classification.

3.2. The Role of Context

We align information of the time in which a user posts a tweet with a timetable of goals
scored during the match between Germany and Brazil. In this way, considering Wilson’s
[Wilson 2013] features of verbal irony, we can infer the information users want to con-
vey through their utterances; in other words, we can understand their attitude or reaction
toward the echoed thought. Since the thought is the norm-based expectation, the context
helps to form such expectations. First, we need to consider that Brazil is widely known
as the country of the football for its love for the sport (prior knowledge). Most Twitter
users who posted within the period in which the tweets were collected, expected Brazil to
win and to become the six-time champion of the 2014 FIFA World Cup (this is the norm,
a socially shared idea). During the match, Brazil’s performance did not live up to users’
expectations who, consequently, started to complain about the situation and criticize the
team (this is the attitude). In the 7x1-PT corpus, the information about the goals scored
throughout the match works as the context for each tweet. Figure 1 shows the number of
ironic tweets in the corpus during the match so that, from the fifth goal to the end of the
second half of the match, the figure shows the highest peaks regarding user input. The
following tweets illustrate the importance of context when analyzing irony: (1) "SOU
BRASILEIRO E VOU CANTAR COM MUITO ORGULHO COM MUITO AMOR ESSE
JOGO VAI VIRAR EU QUERO SER O VENCEDOR” ("I'M BRAZILIAN AND I'LL
PROUDLY AND PASSIONATELY SING [.] [BRAZIL] WILL REVERSE THE SCORE
[.] IWANT TO BE THE WINNER”). (2) "Vamo que da pra vira AAHAUSHAUSHAU”
("Come on there is still time to reverse the score HAHAHA”) (3) "Copa das Copas”
(’Cup of the Cups”) (4) ”Quem diria que a selegcdo brasileira faria o maior protesto con-
tra os gastos da copa” ("Who would’ve thought that Brazil squad would make the biggest
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demonstration against the Cup costs”) (5) ”Vem cd ndo era hj q os jogadores iam vir com
mais garra pelo Neymar?!” ("Hold on wasn’t it today that the players would show their
vigor for Neymar?!”). Considering that Brazil was playing at home and its background
on sports as a context for the tweets, we can infer that most of the users were support-
ing Brazil. Thus, when the score stood at 1-0 in Germany’s favor, we can classify (1) as
positive, since it might express a genuine belief in Brazil’s victory. When the score stood
at 7-1, at the end of the match, we can classify (2) as ironic, since a belief in Brazil’s
victory might be not genuine at all. One of the most frequent expressions in the corpus
was (3), meaning that this Cup would be the best of all Cups. At the beginning of the
match, we can classify (3) as positive, although at the end of the match, we can classify
(3) as ironic. (4) and (5) express irony; while in (4) the sentiment is toward the political
issues involving the Cup costs that resulted in various demonstrations across Brazil, in (5)
the sentiment is toward Brazil squad’s performance, since they had promised to play vig-
orously for Neymar, who was injured. Only when we put all these pieces of information

together, within a context, we can classify the polarity of the sentences accurately.
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Figure 1. Ironic tweets throughout the match.

4. Related Work

In works involving studies on irony as a sentiment analysis task, authors usually give
different definitions of irony, which makes the techniques highly dependent on context.
Freitas et al. [de Freitas et al. 2014] understand irony more as a complex mechanism
than merely as an unexpected property in an event. For them, sarcasm is a type of irony
that combines with jocularity, hyperbole, rhetorical questions, and understatements. They
also mention the importance of considering the speaker’s expectations to understand bet-
ter the implications of ironic utterances. Additionally, Freitas ef al. establish thirteen
patterns for irony identification in corpora. Although these patterns are not closely re-
lated to irony, they might help in detecting it. For example, when users express an ironic
utterance, they frequently use laughter expressions (pattern 1), emoticons (pattern 2), and
punctuation marks (pattern 12) to make it clear. Nevertheless, we do not recognize irony
by this kind of hint, but by the context in which the utterance is expressed. Reys and
Rosso [Reyes and Rosso 2011] perform automatic detection of irony applying techniques
that use linguistic patterns to identify irony, such as n-grams and part-of-speech n-grams.
These patterns try to symbolize low-level and high-level properties of irony. In the paper,
the authors argue that irony is divided into two categories: verbal and situational. Verbal
irony expresses the opposite meaning of what is stated in a sentence, while situational
irony is a sentence that expresses a state of the world perceived as ironic. Their work
focuses on verbal irony, and they consider a sentence as ironic if its meaning intentionally
denies what is expressed. They state that irony is a challenge not only for automatic but
also for manual detection.
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5. Final Considerations

In our work, we explain the linguistic phenomenon of irony and its particularities within
the context of 7x1-PT corpus. We also discuss the difficulties in irony detection due to its
dependence on context, which has an essential role in conveying more complexity to the
annotation especially when it comes to automatizing irony detection in short messages
like tweets. In the analysis of the 7x1-PT corpus, we could verify such dependence as we
compared similar tweets that, when posted in different moments of the match, expressed
a different attitude toward the event. Additionally, we discussed how previous knowledge
is essential to understand a context making it easier to identify irony. Without such pieces
of information, it is impossible to recognize an ironic attitude based only on code. Re-
gardless of Portuguese being one of the most spoken languages of the world, the number
of Portuguese corpora that are available for linguistic studies is still low, particularly cor-
pora that consider irony detection. The objective of our work is to provide a corpus with
an annotation of irony that can be of help to other studies on this subject. As for future
work, we intend to carry out an in-depth analysis of irony considering it as positive or
negative.
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Abstract. This paper describes an approach for improving a state of the art
opinion summarization method, incorporating the assessment of sentence im-
portance in on-line reviews. We compare the enriched method to its original
version and show that we significantly outperform it, producing more informa-
tive summaries.

1. Introduction

According to [Conrad et al. 2009], opinion summarization is the task of automatically
generating summaries for a set of opinions about a specific target. Such task is useful for
several purposes. Imagine, for instance, a user that needs to decide which smartphone to
buy. Summaries of hundreds of opinions about the several aspects of each device would
be very helpful in this decision.

Extractive summarization methods are currently the most adopted ones. They
create summaries by selecting and juxtaposing representative sentences from the source
documents/opinions, using features as sentence position, word frequency, opinion size,
and so on. These approaches usually produce reasonable summaries, but the results are
still far from ideal (which would be summaries that humans produce). In this context,
there is room for improvement.

In this paper, we enrich a state of the art extractive opinion summarization method,
incorporating knowledge about the importance of the sentences in the on-line source opin-
ions (in reviews) in order to better select the content to compose the summary. The sum-
marization method is the one proposed by [Condori and Pardo 2017], which has already
outperformed other well-known aspect-based methods in the area. The sentence impor-
tance assessment is carried out by the TOP(X) method [de Sousa et al. 2015]. We evalu-
ate the enriched summarization method on part of a corpus related to electronic products,
and measure summary informativeness using the traditional ROUGE measure [Lin 2004].
Our results show that our enriched summarization method significantly outperforms the
original method.

The remaining of this paper is organized as follows. Section 2 briefly introduces
some related work and the original summarization method of [Condori and Pardo 2017].
In Section 3, we introduce the TOP(X) method, which was used to enrich the summariza-
tion method. In Section 4, we present the corpus used in our evaluation. Section 5 reports
the achieved results. Finally, some conclusions are presented in Section 6.

32



Improving Opinion Summarization by Assessing Sentence Importance in On-line Reviews

2. Related work on opinion summarization

Although the area of opinion summarization is relatively new, there are already many
methods for performing the task. We briefly introduce here the most relevant related
work.

[Beineke et al. 2003] was the first to tackle opinion summarization. The authors
proposed an extractive method for selecting a single sentence that reflects the full opinion
of its author. In order to select the most representative sentence, the authors used machine
learning algorithms, using word frequency and sentence position as features.

[Hu and Liu 2004] proposed a summarization architecture organized in three
steps: (i) identification of the evaluated aspects in the reviews, (ii) classification of each
aspect as being positively or negatively evaluated in the review, and (iii) generation of
the summary. The system receives the name of the product of interest as input and the
web pages with opinions, producing an structured summary, which is a summary that
shows relevant positive and negative sentences (indicating the total amount of sentences)
for each relevant aspect of the product.

[Condori and Pardo 2017] developed and compared extractive and abstractive
methods for opinion summarization. The extractive method, named Opizer-E, extracts
a few sentences on the main aspects of the entity under evaluation. For this, the authors
group similar sentences and rank them. They used the position of the sentence in the
review and the proximity of the aspects to their qualifiers to rank the sentences. The
proposed abstractive method uses templates to generate summaries, reusing text passages
from the opinions. The authors used the OpiSums-PT corpus (in Brazilian Portuguese) to
evaluate their methods, outperforming some previous approaches to the task.

3. The TOP(X) method

In order to improve sentence selection to compose opinion summaries, we used the
TOP(X) method [de Sousa et al. 2015]. The TOP(X) method estimates the degree of im-
portance of sentences in on-line reviews using a fuzzy inference system that has three
input variables: author reputation, number of tuples <aspect, qualifiers>, and percentage
of correctly spelled words. Based on these, sentence importance is given in a range of 0
to 10.

According to [Jindal and Liu 2008, Xu 2013], author reputation is relevant to es-
timate validity and importance of reviews. The hypothesis is that people who regularly
write messages have a better reputation than occasional authors. Thus, the method counts
the number of reviews for each author in the corpus to find his/her reputation.

In reviews, it is usual to find the cited aspects near to their respective qualifica-
tions, for example, in “the screen is very good”, where the aspect is “screen” and the
qualification is “very good”. In this context, the method extracts the tuple <screen, very
good> by identifying the subject and the predicate in the sentence.

Some authors indicate that misspelled words become a problem when
reviews are analyzed in sentiment analysis tasks [Tumitan and Becker 2013,
Paltoglou and Giachanou 2014]. Thus, the more correct a review is, the more rele-
vant it should be. To calculate the percentage of correct words, the method consults
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Wiktionary' for the Portuguese language.

Having the above values, the TOP(X) method associates to each input variable
three possible linguistic values: low, medium and high. For output value, four linguistic
values were used: excellent, good, sufficient, and insufficient. These values were set in a
discourse universe U[0, 10]. In order to map these input values to output values, a fuzzy
rule base composed of a set of production fuzzy rules was used. The typical structure of a
fuzzy rule is: IF(z = a)AND(y = b)AND(z = ¢), THEN(k = d), where z, y and z are
the input variables and k is the output variable. Then, for instance, for the input values
low, low and low, the output & would be insufficient.

The TOP(X) method was evaluated on a sentiment classification task. Using the
method in order to select the best sentences in a corpus, the authors improved a lexicon-
based classification in approximately 10% and 20% of f-measure to positive and negative
sentiments, respectively.

4. The corpus

The OpiSums-PT corpus [Lopez et al. 2015] contains groups of reviews and their man-
ually produced summaries for two domains: books and electronic products. The first
domain is composed by reviews from the ReLi corpus [Freitas et al. 2013], consisting in
a collection of opinions about 13 famous books. The second domain is composed by
reviews of 4 electronic products collected from Buscapé® website. The sentences in the
corpus were also manually annotated with their polarity and aspects.

In this paper, we use 4 groups of reviews of the electronic product domain. Each
group, with 10 reviews, contains 5 extractive and 5 abstractive manually produced sum-
maries. Each summary is composed by 100 words, approximately. We use only 4 groups
because they were the only ones with the necessary information to TOP(X) method to
work.

5. Experiments and results

We used the TOP(X) method to estimate the importance of the sentences of the OpiSums-
PT corpus, i.e., for each sentence in the corpus the method assigns an importance value in
arange of 0 to 10. Then, inside the summarization method of [Condori and Pardo 2017],
such values are used to select which sentences to include for each aspect in the summary.

We generated summaries for the electronic products domain in four groups, re-
garding the products Galaxy SIII, Iphone 5, Samsung Smart TV, and LG Smart TV. Figure
1 shows an example of an automatically generated summary. It is possible to see two as-
pects (the entity itself - which is generally referred as an aspect in the area - and “price”),
with positive and negative sentences for each one (accompanied by the total number of
existent sentences for each case).

In order to evaluate the generated summaries, we used the traditional ROUGE
measure [Lin 2004]. ROUGE automatically compares the n-grams in an automatic sum-
mary to the ones in one or more human summaries (the reference summaries), producing
precision, recall, and f-measure results. It is considered an summary informativeness

"http://pt.wiktionary.org
’http://www.buscape.com.br/
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measure and, as its authors have shown, it is as good as humans in ranking summaries.
ROUGE measure is widely used in the evaluation of automatic summaries because it is
reliable and quickly and easily applicable. In our evaluation, we used only the extractive
reference summaries in the corpus (since our method produces extractive summaries).

Figure 1. An example of an automatically generated opinion summary
Aspect: LG Smart TV
Positive sentences: 18
— What I liked: Image quality; 3D, Dual Player, Support for various video formats;
Point-type remote control; Voice recognition; WiDI; Design.
Negative sentences: 13
— The quality drops a lot when the Dual Player function is used, however you can
get fun.
Aspect: Price
Positive sentences: 1
— Excellent price and quality.
Negative sentences: 4
— Normal for its expensive price.

We compared our enriched method with the original one of
[Condori and Pardo 2017] - the Opizer-E method, that is the state of the art in
opinion summarization for the Portuguese language.

In Table 1, we show the achieved average results. We show results for com-
parisons of 1-grams (referenced by ROUGE-1), 2-grams (ROUGE-2) and the longest
n-grams (ROUGE-L).

Table 1. Results of ROUGE measure
ROUGE-1 ROUGE-2 ROUGE-L

P [ R|]F | P|RJ|F | P][R]F
Opizer-E_ | 0.395 [ 0.415 | 0.403 | 0.187 | 0.199 | 0.192 | 0.367 | 0.386 | 0.376
Our method | 0.536 | 0.483 | 0.508 | 0.342 | 0.305 | 0.322 | 0.506 | 0.456 | 0.479

Methods

One may see that our approach outperforms the Opizer-E method in electronic
products domain for all ROUGE values. This shows that the TOP(X) method helped
in the selection of more representative sentences, improving the informativeness of the
summaries, which are now closer to the summaries generated by humans.

6. Conclusions and future work

In this paper, we have shown that incorporating sentence importance assessment in a
state of the art opinion summarization method may improve its results, producing more
informative summaries. Nonetheless, it is important to notice that our test corpus was
very small. Future work includes testing the enriched method on bigger corpora and also
for different domains (books, for instance). Future work also includes exploring more
semantically-driven approaches to opinion summarization, for producing both extractive
and abstractive summaries.
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Abstract. User-generated content is a rich source of information regarding hu-
man behavior in Internet social media. Sentiment analysis is a powerful tool to
understand human psychological meanings in text. Visualizing these sentiments
and knowledge about users is crucial to figure out the trends in data and to then
use this information to make decisions. This work presents an initial investiga-
tion about a visualization chart considering topic-related polarities in personal
stories by Brazilian bloggers. Visualizing these sentiments allows specialists to
rapidly understand user-affected areas of life.

1. Introduction

Since the Internet first appeared two decades ago, it has changed the way we interact and
manage information. It is now possible to gather user-generated information from multi-
ple sources and process this rich amount of data. One way to read this data is visualizing
information aggregated in charts and interaction systems that summarize and organize
them. [Ward et al. 2010] shows how important it is to choose the right visualization tech-
nique, so that users can easily understand the information data through 2D charts, maps
or 3D systems.

Sentiment analysis is an increasingly important topic in Information Retrieval and
Web data analysis. Visualizing this kind of information is also a trend, where identifying
user opinions, sentiments and polarities about a topic is already possible through many
algorithms and techniques. Now, the further step is to define how to properly show this
information to specialists and decision makers.

In this initial work, we show a well-known figure, the Wheel of Life, applied
to topic-related polarity in personal stories from Brazilian bloggers. In Section 2 we
present some visualization techniques for sentiment data, while in Section 3 we explain
the corpus used in our experiments. The origins of wheel visualization and our proposal

are discussed in Section 4. Finally, we present our conclusions and further work in Section
5.

2. Related work

The interest in the area of visualizing sentiments in text has been growing lately. So-
cialHelix [Cao et al. 2015] and Twitter Collaborative Visualization [Brooks et al. 2014]
have presented a similar approach, showing sentiment in a line chart, where each line
represents the tweets’ polarity and the variation of the sentiment about a topic over time
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in a Twitter dataset. The SocialHelix system deals with differences of opinion in social
networks. Therefore, it is a complex subject, since it involves people, communities, and
events. The system works with data mining techniques for data analysis and knowledge
discovery about differing feelings that change over time. In addition, there is the Emotion-
Watch system, [Kempter et al. 2014] which deals with the granularity of feelings, since
there is a concern over knowing about an event beyond the polarized feelings, considering
the system deals with 20 categories of feelings and one in which no feelings exist. Both
systems use Plutchik’s wheel of emotions as a basis.

Another work approach was PEARL [Zhao et al. 2014], which uses a timeline
chart together with a dense line for each sentiment (joy, anger, disgust, fear, anticipation,
sadness, trust, surprise) to summarize and reveal emotional patterns over time. They use
this visualization in relation to user feeds in Twitter and Facebook datasets.

On the other hand, researchers present Twitter sentiment analysis in a circle for-
mat. Senticompass [Wang et al. 2015] built a sentiment compass that shows the Va-
lence/Arousal model in a circle and a radial timeline in time intervals separated by inner
circles. Sentibank [Borth et al. 2013] uses Plutchik’s wheel of emotions to segment all
sentiment types in a Twitter corpus; users are able to change to a tree map view of the
same sentiments.

Although the above works have proposed rich visualization tools, they fail to asso-
ciate sentiments to topics of users’ life. VIBES [Wensel and Sood 2008] tries to achieve
this with visualizations about personal stories in LiveJournal blog platforms. They gather
a timeline with users’ posts and show the emotion graph in lines, the polarity related to
the emotional topic in gauge charts, and finally an emotion cloud with polarity topics.

In this article, we show a different approach, using a well-known way to relate
topics in people’s lives and the polarity concerned with each one: the wheel of life.

3. Corpus of personal stories

In a previous work [dos Santos et al. 2017], we built a corpus with posts from the
Blogspot platform ! written in Portuguese by Brazilian bloggers. The corpus contained
1,346,858 posts, 37,746 of which feature evidence of personal stories: subjectivity text
with self references. We used [Moraes et al. 2016]’s approach to select subjectivity and
[Benites et al. 2016]’s findings to filter self references. Finally, we selected 1,000 random
posts to do a hand-annotation task in the Crowdflower platform 2.

The annotation process has an agreement percentage for each annotated text, so
we only used the posts with higher agreement to train a machine learning model using the
multinominal naive bayes algorithm. In our experiments, TF-IDF was the best index to
find personal story texts, with 78% accuracy. Running this personal story model against
the 37,746 posts, we found another 30,542 texts with high chances of having personal

story content. The raw and annotated dataset can be retrieved in the author’s Github page
3

Thttp://www.blogspot.com
Zhttp://www.crowdflower.com
3https://github.com/heukirne/brazilian-blog-dataset
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4. Wheel of Life: overview

In this section we discuss the origins of the wheel of life and its application using a
psycholinguist dictionary on the annotated corpus.

4.1. The origins of the wheel of life

The idea of using a wheel to represent areas of life comes from Bhavacakra, the cen-
tral theory of Buddhism, the Wheel (cakra) of Life (bhava). Bhavacakra originally has
three levels, and each level has three subdivisions: the first consists of the three basic
unhealthy mental factors; the second represents the six worlds; and the third features the
twelve Niddnas, which mean causes or motivations, the outbound sections in the wheel
[Du Pre 1993].

Nowadays, a common exercise used in a personal coaching context is the Wheel of
Life. It consists of filling the wheel areas based on life satisfaction first; then, the subject
chooses some areas of low activation to improve, with objectives, goals and deadlines
[Yamashita and Kato 2012].

4.2. Wheel of life as a visualization tool

The first step is to extract topics from the text and use them in a visualization
tool. This requires text processing and sentiment analysis. For this work we use
LIWC, a psycholinguistic dictionary that classifies English words according to 64
categories [Pennebaker et al. 2007]. The 2007 version of the LIWC public dictio-
nary was also translated into Portuguese and used in a sentiment analysis experiment
[Balage Filho et al. 2013]. Using the Portuguese version, we match LIWC categories to
the most common areas of life used in the coaching wheel. Only the bottom hierarchy of
LIWC categories were selected, the ones with no subcategories.

For this experiment, we split each text in sentences and match their topic and
sentiment. For instance, if a sentence has more than one topic, each topic is associated
with the polarity emotions expressed in the text. This naive approach was used to build
the vector for each topic section in the wheel.

In Figure 1 we show main components of the Wheel of Life: (a) each circle section
was described by a LIWC psychological category, called topic; (c) the color of each topic
has its saturation variance; (b) besides the circle border, some topic percentages have a
radial guide; (e) the medium color saturation refers to the references related to the positive
topics in the sentence; (f) the dark color saturation refers to the references related to the
negative topics; and (d) when a topic only has negative references to a topic, we keep a
shell layer with medium saturation.

The wheel chart is still in development. It will have additional features. For
example, each area could be clickable, showing how many sentences have the specific
polarity in the topic, and the clicked area could display users’ sample sentences of the
topic-related polarity.

The processed corpus with the LIWC categories is available at the author’s github
page 4. The chart draft using D3 library and the demo can also be reached in this github
page.

“https://heukirne.github.io/wheel-of-life/
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Figure 1. Wheel of Life: LIWC psyhological categories related to its emotion
valency in a radial bar chart

5. Conclusion and further work

By pre-processing the data, sorting it, grouping it through their techniques, data mining
visualization tools enrich users’ experiences when they are dealing with huge amounts
of data. This early work shows an interesting way to access topic-related polarity in
posts with personal stories. The Wheel of Life allows users to easily understand the
author’s valence in particular areas of their life. In order for lay users to be able to view
and easily interpret their emotions during certain events, we find it interesting to use the
EmotionWatch and SocialHelix tools to confront results, since the idea is to use the same
dataset. With this, we can improve the initial work with the wheel of life. This interaction
would be independent of specialized users, because it would be easier to understand the
results. We will probably be able to develop an interactive tool that will contain the
strengths of both models of visualization studied, resulting in a new, improved way of
visualizing and understanding feelings.
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Abstract. Portuguese is a pluricentric language comprising variants that differ
from each other in different linguistic levels. It is generally agreed that applying
text mining resources developed for one specific variant may produce a differ-
ent result in another variant, but very little research has been done to measure
this difference. This study presents an analysis of opinion mining application
when dealing with the two main Portuguese language variants: Brazilian and
European. According to the experiments, it was observed that the differences
between the Portuguese variants reflect on the application results. The use of
a variant for training and another for testing brings a substantial performance
drop, but the separation of the variants may not be recommended.

1. Introduction

The recent and exponential growth of social media and user-generated content (UGC) on
the Internet provides a huge quantity of information that allows discovering the experi-
ences, opinions, and feelings of users or customers. The volume of this kind of data has
grown from terabytes to petabytes [Marine-Roig and Clavé 2015].

Understanding what people are thinking or their opinions is fundamental for de-
cision making, mainly in the context where people express their comments voluntar-
ily [Firmino Alves et al. 2014]. However, it is impossible for humans to fully understand
UGC in a reasonable amount of time, which is why there has been a growing interest
in the scientific community to create systems capable of extracting information from
it [Balazs and Veldsquez 2016].

According to [Liu and Zhang 2012], opinion mining (OM), also known in the lit-
erature as sentiment analysis, is the field of study that analyzes people’s sentiments, opin-
ions, evaluations, attitudes, and emotions about entities, such as products, services, or-
ganizations, individuals, issues, events, topics, and their attributes, expressed in textual
input. This is accomplished through the opinion classification of a document, sentence or
feature into categories, e.g. ‘positive’, ‘negative’, and ‘neutral’. This kind of classification
is referred to in the literature as sentiment polarity or polarity classification.
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Portuguese is one of the most spoken languages in the world, with almost 270
million speakers in ten countries!, and it is also the fifth most used language on Twit-
ter [Statista 2013]. Portuguese is a pluricentric language that presents variants, also
known in the literature as varieties, that differ subtly from each other in different lin-
guistic levels, such as lexical, syntactic, and orthographic [Castro et al. 2016]. These
variants, especially the Brazilian and European ones, have specific Natural Language
Processing (NLP) resources and tools for many tasks and it is generally agreed that ap-
plying text mining resources developed for one specific variant may produce a different
result in another variant, but very little research has been done to measured this differ-
ence [Fonseca and Aluisio 2016].

There are several OM applications using Twitter data and many others
that deal with multilingual scenarios, using tweets or not [Ravi and Ravi 2015,
Balahur and Perea-Ortega 2015]. Also, there are a great amount of language identifica-
tion studies [Castro et al. 2017] that focus on language varieties, including the Portuguese
ones. However, although we have performed an extensive search, no studies analyzing
language varieties and its differences when applied to opinion mining were found.

In this sense, this study presents an analysis of OM when dealing with the two
main Portuguese language variants: Brazilian and European. The objective is to investi-
gate whether the language variant influences the application performance. Therefore, two
annotated corpora for OM are provided: one containing tweets written in Brazilian Por-
tuguese and another containing tweets written in European Portuguese. The research was
done by crossing the language variants during the classifiers’ training and testing steps re-
sulting in nine different configurations. Furthermore, three supervised machine learning
classifiers were evaluated together with a smoothed pre-processing technique.

The rest of this paper is structured as follows: Section 2 discusses the related
work. Section 3 describes the method used and Section 4 presents the experimental setup.
In Section 5, the findings are reported and discussed. Finally, Section 6 draws the conclu-
sions.

2. Related Work

Two studies [Fonseca and Aluisio 2016, Garcia et al. 2014] focused on Part-of-Speech
(PoS) tagging applications through the two main Portuguese language varieties: Brazilian
and European. In [Fonseca and Aluisio 2016], the authors used corpora containing news
from Brazil and Portugal to evaluate a PoS tagger in cross-variant settings. They used
word embeddings, learned from texts in either variant, resulting in twenty configurations,
which differ in three variables: the variant used for training, the variant used for test-
ing, and the origin of the embedding model. The best result (accuracy of 96.85%) was
achieved using the Brazilian variant for training and testing with embedding models from
both variants.

[Garcia et al. 2014] evaluated a PoS tagger trained with several combinations of
Brazilian and European corpora and tested in the two main Portuguese variants, besides
the African variant (from Angola and Mozambique), with samples before and after the

!Brazil (202,656,788), Mozambique (24,692,144), Angola (24,300,000), Portugal (10,813,834),
Guinea-Bissau (1,693,398), East Timor (1,201,542), Equatorial Guinea (722,254), Macau (587,914), Cabo
Verde (538,535) and Sdao Tomé e Principe (190,428).
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Portuguese Language Orthographic Agreement of 1990, which unified the spelling sys-
tem from the Portuguese-language countries. They built the train models combining one
variant or both with dictionaries, where the best model (EPtag) used the European variant
and achieved a micro-average accuracy of 96.85%. The best result was also achieved by
EPtag: when tested in the Angola dataset, it reached an accuracy of 98.18%.

A study of OM, considering Arabic Language colloquial vari-
eties [Al-Obaidi and Samawi 2016], performed sentiment analysis evaluating three
classifiers using as corpus containing online reviews from five different Arabian cities,
where each one has a different dialect. The best result (F-measure of 86.75%) was
achieved using a Maximum Entropy classifier with N-gram models. However, although
they have considered that five different Arabic dialects were present in the dataset,
the impact of their differences in OM was not measured, since they did not perform
experiments with those dialects separately.

3. Method

Figure 1 presents the method adopted in this study. It has four steps which are explained
in the following subsections.

Data Text pre-

: ; Processing | Evaluation
i Collecting processing i

Figure 1. Proposed method.

3.1. Data collecting

The creation of corpora was performed in three steps which are detailed bellow.
Both corpora are publicly available?.

3.1.1. Tweets extraction

We collected 5,424 tweets published by 2,691 different users on May 13, 2016, from
which 2,544 were written in Brazil and the 2,880 others were written in Portugal. The
extraction was performed using Tweepy, a Python library for accessing the Twitter API.
This API searches samples of the data published in the past 7 days [Twitter 2017].

For the tweets collection, we did not look specifically for hashtags, users, or key-
words. Instead, we selected rweets, ignoring the retweets, i.e., tweets that were posted by
a user and reposted by other users, published in Brazil and in Portugal using the geogra-
phy search from the Twitter API, which filters tweets by country. Therefore, there were
two extraction streams: one for Brazil and another for Portugal. To build the corpora, we
also considered that tweets published in Brazil were written in Brazilian Portuguese, as
well as tweets published in Portugal were written in European Portuguese. In the sub-
section 3.1.2 we discuss the treatment used in cases of tweets written in a language other

Zhttp://miningbrgroup.com.br/index.php/resources/
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than Portuguese. In addition, as we did not look for specific domains, such as Political or
Business, the collected tweets included different subjects, which may have influenced the
classifiers’ accuracies [Pang and Lee 2008].

3.1.2. Tweets filtering

After the extraction, fweets containing solely hashtags, URLSs, and/or emoyji, i.e., tweets
that do not have words in their messages, were manually excluded. Moreover, even col-
lecting only tweets published in Brazil and in Portugal, we found several ones written in
a language other than Portuguese, such as English, Spanish, Italian, and French. Those
tweets were also excluded. This filtering process excluded 1,344 tweets, resulting in a
total of 4,000 rweets: 2,000 for each Portuguese variant.

3.1.3. Manual Annotation

We manually annotated all the remaining fweets as:

e Positive: fweets containing positive sentiments or opinions.

e Negative: tweets containing negative sentiments or opinions.

e Mixed: tweets presenting both positive and negative opinions.

o Neutral: fweets which do not present sentiments or opinions, i.e. objective text.

Five researchers participated in the process. The first annotator classified all the
4,000 tweets; after it, the four remaining annotators were divided into two pairs, where
the members of each pair classified sets of 2,000 rweets. So, each tweet was classified by
three different annotators.

The final polarity of each rweet was defined as the polarity assigned to it by the
majority of the three annotators. In the cases where the three annotators disagreed, i.e.,
each one classified the fweer as a different polarity, the first annotator decided the tweet
polarity.

We computed the Fleiss’ Kappa coefficient [Fleiss 1971] in order to dis-
cover the agreement between the three annotators. A total of 52.34% was
achieved for the Brazilian corpus and 54.25% for the European corpus. But it
is worth mentioning that, although the use of more than two annotators is advis-
able [Artstein and Poesio 2005], the inter-annotator agreement drops as the number of
annotators increases [Das and Bandyopadhyay 2010].

Table 1 displays the distribution of tweets in each corpus according to their po-
larities, where these unbalanced datasets represent the real feed from Brazilian and Por-
tuguese Twitter users.

Table 1. Quantity of tweets of each polarity in the corpora.
Corpus  #positive #negative #mixed #neutral #total
Brazil 390 509 61 1,040 2,000
Portugal 388 415 25 1,172 2,000
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3.2. Text pre-processing

Textual information is often unstructured and without standardization rules. To prepare
the text information in a way that classifiers can understand and work with, we use some
pre-processing methods, such as: Tokenization, Filtering and Smoothing. The terms were
structured using a Vector Space Model (VSM).

For this work, we developed a Python application, which is publicly available?,
using the Python NLTK library (Natural Language Toolkit) for the text pre-processing
step. This library was provides many features to text processing.

3.2.1. Tokenization

The first method used to treat a text is the Tokenization, which is the splitting of each
document into words named tokens [Weiss et al. 2004]. For this application, we used the
TweetTokenizer from the NLTK library, which performs the separation of specific pieces
of the tweet, such as hashtags, users, punctuation, emoticons, among others.

3.2.2. Filtering

Filtering is the process of removing some tokens of the feature vector that are considered
irrelevant for the application. In this step, we removed the following ones:

e all the users, i.e., tokens initiated by ‘@’;
o all the hashtags, i.e., tokens initiated by ‘#’;
e and all the URLSs.

3.2.3. Smoothing

The Python NLTK library provides several smoothing techniques and, among them, there
is the Lidstone smoothing technique. This technique makes the terms frequency distribu-
tion more uniform, ignoring very low probabilities, such as zero, or very high ones. It is
not only a leveling method that usually prevents zero probability, but also tries to improve
the accuracy of the model [Chen and Goodman 1999]. Lidstone smoothing is parameter-
ized by a A value, which varies between 0 and 1. In our application, we used A = 0.1.
The studies of [Teles et al. 2016], [Castro et al. 2016], and [Castro et al. 2017] achieved
the best results using this smoothing technique, justifying our choice.

3.3. Processing

In the processing step, which is the effective realization of the polarity classification of
tweets, we used three machine learning algorithms: Multinomial Naive Bayes (MNB), a
Suport Vector Machine (SVM) classifier called Linear SVC, and the Logistic Regression
(LR) algorithm. According to [Souza et al. 2016b] and [Souza et al. 2016a], Bayesian
and SVM classifiers are the most used processing techniques for OM and for text min-
ing with user-generated content, respectively, in the Portuguese language. And Logistic
Regression also proved to be an efficient algorithm, as observed in [Teles et al. 2016].

3http://miningbrgroup.com.br/index.php/resources/
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To implement these classifiers, we used the Scikit-learn library, which is an open
source library of machine learning from Python programming language.

3.4. Evaluation

For the evaluation step of the configurations, a 10-fold cross-validation technique was
adopted. This method divides the dataset into 10 similar parts of approximately equal size,
which requires 10 rounds. In each round, nine blocks of the dataset are used for training
the classifier and the remaining block is used for testing, at the end of each round, the
accuracy (A) is measured. When all the rounds are completed, it is computed the average
accuracy as the final result of the configuration. Due to the paper size, we only presented
the results in terms of accuracy.

4. Experimental Setup

To run our experiments, first we normalized the annotated corpora by removing the
‘mixed’ class and 254 randomly selected tweets from the three remaining classes. The
purpose of this normalization was to make the size of each class equal in both corpora
and the removal of the ‘mixed’ class occurred due to the fact that there were only a few
tweets annotated for this class, which could hinder the classification. Table 2 shows the
final corpora.

Table 2. Corpora used in the experiments with three classes.
Corpus  #positive #negative #neutral #total

Brazil 387 414 1,029 1,830
Portugal 387 414 1,029 1,830
Datasets built for the experiments

BR 258 276 686 1,220
PT 258 276 686 1,220
MIX 258 276 686 1,220

To perform the experiments, we divided the two corpora into three datasets of
1,220 tweets each, which were built as follows:

e BR: 1,220 tweets randomly selected from the Brazil corpus, i.e., this dataset con-
tained only tweets written in Brazilian Portuguese;

e PT: 1,220 tweets randomly selected from the Portugal corpus, i.e., this dataset
contained only tweets written in European Portuguese;

e MIX: composed by the remaining 1,220 rweets: 610 from the Brazil corpus and
610 from the Portugal corpus, i.e., this dataset contained tweets from both variants.

Table 2 also shows the class distribution of tweets in the three datasets.

Based on these datasets, we obtained nine configurations divided into two cate-
gories: ‘same-variant’, where both training and testing were performed using the same
dataset; and ‘cross-variant’, where the training was performed using a dataset from one
variant and the testing was done using a dataset from the other. The nine configurations
are explained in Table 3.
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Table 3. Configurations built and executed in this study.

# Configuration  Category  Variant for training Variant for testing
1. BR-BR same-variant Brazilian Brazilian

2. PT-BR cross-variant European Brazilian

3. MIX-BR cross-variant Both Brazilian

4. PT-PT same-variant European European

5. BR-PT cross-variant Brazilian European

6. MIX-PT cross-variant Both European

7. MIX-MIX same-variant Both Both

8. PT-MIX cross-variant European Both

9. BR-MIX cross-variant Brazilian Both

5. Results and Discussion

Table 4 reports the accuracies reached by the classifiers (Multinomial Naive Bayes
(MNB), Linear Regression (LR), and SVC Linear) for each configuration. The config-
uration MIX-MIX (#7) achieved the best results.

Table 4. Accuracies reached by each configuration with three classes.

# Configuration | Training  Testing MNB LR SvVC

1. BR-BR Brazilian Brazilian | 61.72% 64.02% 64.51%
2. PT-BR European Brazilian | 59.92% 60.98% 58.93%
3. MIX-BR Both Brazilian | 61.56% 63.03% 62.46%
4. PT-PT European European | 63.20% 65.08% 65.57%
5. BR-PT Brazilian European | 60.66% 63.11% 62.62%
6. MIX-PT Both European | 63.44% 66.15% 64.92%
7. MIX-MIX Both Both 65.33% 67.46% 67.46%
8. PT-MIX European Both 63.52% 64.84% 67.38%
9. BR-MIX Brazilian Both 62.30% 63.20% 61.89%

5.1. Discussion

According to the experiments, the European variant was “easier” to classify than the
Brazilian one. The three configurations that uses ‘PT’ as testing dataset (PT-PT, BR-PT,
and MIX-PT) presented better results than the correspondent ‘BR’ configurations (in or-
der: BR-BR, PT-BR, and MIX-BR). The European dataset also proved to be better when
used to train the classifiers, as we could observe by analyzing the accuracies of the two
configurations that use only one variant for training and both variants for testing (PT-MIX
and BR-MIX). This may be justified by the fact of the Fleiss’ Kappa coefficient is higher
to our European corpus.

We could also notice that differences between the Portuguese variants reflect on
the opinion mining results. This could be observed comparing the ‘same-variant’ config-
urations that use only one variant for training and testing (PT-PT and BR-BR) with their
respective ‘cross-variant’ configurations (BR-PT and PT-BR): the ‘same-variant’ ones al-
ways achieved better results, with improvements reaching 5%.
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Thus, the language variant identification is important for OM since the use of a
variant for training and another for testing brings a substantial performance drop. How-
ever, the separation of the variants from mixed corpora may not be recommended, as the
best results of all configurations have been achieved using the ‘MIX’ dataset, i.e., both
variants together, and this separation is often expensive.

Although [Fonseca and Aluisio 2016] and [Garcia et al. 2014] performed studies
evaluating Part-of-Speech (PoS) tagging, which has several differences from opinion min-
ing, and used corpora containing a type of text different from the type used in our study,
we can superficially compare their results with our findings, since PoS-tagging is also
a classification task. Just as in our study, the European variant showed better results
in [Garcia et al. 2014], while, in [Fonseca and Aluisio 2016], the Brazilian variant was
easier to classify. In [Castro et al. 2016], which analyzed language identification with the
Portuguese variants using tweets, the European variant also performed better.

In [Fonseca and Aluisio 2016] and [Garcia et al. 2014], the European datasets
contain sentences longer than the Brazilian ones, which did not happen in our corpora
and nor in the dataset used by [Castro et al. 2016]. So, we can not accurately determine
if one or another Portuguese variant is actually easier to classify. As we did not find
other studies analyzing Portuguese language varieties, when applied to opinion mining,
it was not possible to point out which variables may affect the OM results, such as: lan-
guage variant, documents size, numbers of unique tokens, sentences length, text domain
or others.

6. Conclusion

In this study, a single-label and document level sentiment analysis has been performed
in order to investigate whether a language variant influences the opinion mining applica-
tion performance. A corpus containing fweets from the two main Portuguese language
variants, the Brazilian from Brazil and the European from Portugal, was built for the
experiments.

The research was done by crossing the language variants during the classifiers’
training and testing steps resulting in nine different configurations divided into two main
categories: “same-variant’, where both training and testing were performed using the same
dataset; and ’cross-variant’, where the training was performed using a dataset from one
variant and the testing was done using a dataset from another variant. Furthermore, three
supervised machine learning classifiers were evaluated together with a smoothed pre-
processing technique.

According to the experiments, the configuration MIX-MIX, which was trained and
tested using a dataset containing both Portuguese variants, achieved the best results. Thus,
it was observed that differences between the Portuguese variants reflect on the application
results. The use of a variant for training and another for testing brings a substantial per-
formance drop. However, the separation of the variants may not be recommended, as the
best results were achieved using a mixed dataset containing opinions from both variants
together.

As no studies analyzing Portuguese language varieties applied to opinion mining
were found, further studies need to be made. The text domain, for example, is a variable
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which may affect the results, thus researches using another Portuguese dataset must be
carried out as a way to investigate the impact of the variants in specific domains. In the
same way, a dataset containing texts written in African Portuguese, i.e. the Portuguese
variety spoken in African countries, such as Angola and Mozambique, should also be built
and analyzed similarly as we did for the Brazilian and European Portuguese varieties.

Furthermore, the results achieved for the Portuguese language may not be the same
for other languages, so it is necessary to perform investigations with datasets containing
variants of different languages. And pre-processing techniques are also an important vari-
able for the results. In this study, we only used language independent techniques and more
research using pre-processing techniques specific for Portuguese should be analyzed. Ex-
periments should also be performed for other languages variants.
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Abstract. Understanding natural language texts is a simple task for human be-
ings, but despite recent advances, it is still a challenge for computational de-
vices. An important step in allowing machines to understand texts in natural
language is to annotate lexemes with semantic information. Semantic informa-
tion has several levels and aspects, but a type of semantic annotation that has
the ability to help determine the context of the statement is the ontological infor-
mation. However, annotating texts according to an ontology is still a task that
requires time and effort from annotators trained for this purpose. The goal of
the project is to assist in the semantic enrichment of texts, through a rule-based
annotator. Given an entry in the format required by the annotator, the tool re-
turns a document annotated according to the concepts proposed by the SUMO
ontology. The project consists in elaborating a semantic annotator based on
rules that is able to annotate a corpus using the selected top-level ontologies.

1. Introduction

Assigning semantic information to lexemes is a task that has made significant progress re-
cently, mainly due to the increase in computational power and to the availability of large
linguistic corpora to train automatic learning tools. Nowadays, there are commercial de-
vices such as smartphones or Amazon® Echo that are capable of answering questions
made in natural language. In order for these devices to function properly, some semantic
information must be attributed to the utterances, even if implicitly through statistical anal-
ysis. Another way to aid in the understanding of texts by computer devices is to explicitly
add semantics to textual information by annotating lexemes with semantic information.

There are different annotation granularities that range from associating a label
to a full text to associating a label with each phrase or even word [Leech 1997]. Se-
mantic annotation is an annotation that attempts to unveil the meaning of the things
being marked [Reeve and Han 2005]. Semantic annotation searches for text elements
and classifies them according to their meaning in the fragment in which they are in-
serted [Mitkov 2005]. Semantics has several levels and aspects, but a type of seman-
tic information that has the ability to help determine the context of a statement is
the ontological information. The term ontology can be defined as a specification of
a conceptualization [Gruber et al. 1993]. In other words, it is a description of con-
cepts of existing entities in the world and relationships that exist between these enti-
ties [Uschold and Gruninger 1996]. Ontology studies the various entities that exist, a
description of types and structures of things, their properties, events, relationships and
processes throughout the real world [Guarino 1998]. The ontologies are used to classify
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the objects of some domain, according to some pre-established criteria [Maedche 2012].
The annotation based on ontologies, although not much explored, could provide, un-
der a certain level of abstraction, contextual information to the annotated textual object
[Handschuh and Staab 2003]. However, annotating texts according to an ontology is still
a task that requires time and effort from annotators trained for this purpose, and it is still
commonly elaborated through manual work [Pustejovsky and Stubbs 2012]. The exhaus-
tive work caused by this task is responsible for the lack of ontology annotated corpora. A
tool capable of semantically annotating texts based on ontology would be very useful and
would help increase the availability of corpora annotated with this type of information.

The objective of the research presented in this article was to construct a semantic
annotator based on rules capable of annotating the terms of a given corpus under the
concepts of a top-level ontology. It uses the concepts of the chosen ontology level and
classifies the terms of the corpus to annotate them according to the ontology. The tool
developed is domain independent but has been implemented with focus on the English
language.

This paper is organized as follows: the next section presents the work previously
developed that are related to this research; Section 3 describes the materials and methods
applied in the research; Section 4 presents the results obtained; and Section 5 presents the
final remarks.

2. Related work

The semantic annotation field is quite active, but most of the work deals with annota-
tion of semantic roles. Here we will discuss some recent work dealing with ontological
annotation.

[Asooja et al. 2016] developed a system to automatically annotate texts of the reg-
ulatory sector for different industries using the semantic frames via FrameNet, which is,
in a certain sense, a lexical ontology. The application of the FrameNet lexical base con-
tributed to the increased performance of its results. The system also made use of POS
annotation and n-grams. The difference in relation to our work is that we choose to use
a formal ontology rather than a lexical ontology (the distinction is that lexical ontology
has inspiration in what is enunciated rather than in what exists). Another distinct point of
the work of Asooja et al. is that they used classification by means of statistical techniques
while we used rules.

[Alec et al. 2016] proposed an ontology-driven approach for semantic annotation
of documents from a corpus where each document describes an entity of a same domain.
The focus of the work was more to annotate documents rather than the words of the
documents. In addition, the researches used domain ontologies instead of a top-level
ontology.

[Moreira et al. 2016] proposed a system that extracts the terms of a text and links
them to an ontology (SUMO ontology in that case). The system could be used to annotate
the text but was not used for this purpose. In addition, the system analyzes only terms that
originate from noun phrases, which is a more limited scope than the current research.

[Pham et al. 2016] presented a domain-independent approach to automatic seman-
tic labeling that uses machine learning techniques. Similarly to our proposal the domain-
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independent feature was the novelty of their approach. Unlike our approach which is a
rule-based method, the authors used similarity metrics as features to compare against la-
beled domain data and learns a matching function to infer the correct semantic labels for
data. They also focused on domain ontology rather than on top-level ontology.

3. Materials and Methods

The Suggested Upper Merged Ontology (SUMO) [Pease et al. 2002] was the top-level
ontology chosen for this project. Its choice was based on being an ontology with a certain
degree of maturity, with a broad scope and for being well formalized. SUMO was first
released in December 2000 and defines a hierarchy of classes, rules, and relationships
[Niles and Pease 2001]. It is intended to be an ontology that underpins a variety of com-
puter information processing systems [Pease et al. 2002]. Although it is an ontology that
addresses some domains, in our work we focus only on top-level concepts, because we
believe that this first step is essential for a later annotation focused on a specific domain.

This work was developed using the concepts of the first three levels of SUMO
ontology. The top level of the SUMO ontology contains 12 classes distributed in the three
levels, as shown in Figure 1. The first level displays the root class named Entity. The
Physical and Abstract classes compose the second level. And finally, on the third level
of the ontology there are the classes, Object, Process, Quantity, Attribute, Set Or Class,
Relation, Proposition, Graph and Graph Element. Each class has a formal definition,
allowing to distinguish which entity can belong to the class. The semantic annotator was
constructed by creating rules to assign the lexemes of a text to their respective ontological
class in the SUMO ontology, some examples of rules are provided in Figure 2.

Object
) Physical

/,f — B

/
/ | Quantity
Entity {\ | Attribute

\\ | SetOrClass

\

\ Abstract + Relation

' Proposition

| Graph

| Graph
Element

Figure 1. Top layers of the SUMO Ontology

The Open American National Corpus (OANC) [Ide and Suderman 2004] was se-
lected to carry out training and tests of the annotator. The linguistic diversity of the
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Rule that assigns a person as “object”
- if token[i] = POS(NN) and token[i] = NE(PERSON) then tag is
“OBIECT”

« if token[i] = POS(NN) and token[i]-1 = “Mr.”, “Mrs.”, “Miss”..
then tag is “OBJECT”

Rule that assigns a token with suffix “logy” as “proposition”

- if (token[i] = POS(NN) or token[i] = POS(NNP)) and token[i] =
AFFIX = “logy” then tag is “PROPOSITION”

Rule that assigns a cardinal number or word on the file as

““ - ”
quantlty all, much,
. . - e - many, few
+ if token[i] = POS(CD) then tag is “QUANTITY lot,,lots:
« if token[i] = any word from file.txt then none=
tag is “QUANTITY” File txt

Figure 2. Rules examples

Open American National Corpus allows expressing a wide range of language expres-
sions and covering the largest number of words in American English. OANC is a corpus
composed of 5 million words derived from various textual and oral genres of American
English [Ide and Suderman 2004]. It is free of charge and available for download. It
is annotated according to structural markup, sentence boundaries, part of speech, noun
chunks and verb chunks, which justifies the choice of the corpus for the application
[Ide and Suderman 2004]. The annotation provided by the corpus served as the basis
for the construction of the rules of this work.

Due to the massive amount of documents, it was necessary to make a snippet of
the corpus to turn the application development more manageable. The sub-corpus chosen
was initially the text entitled “Who Killed Martin Lutter King?”. The sample was used to
illustrate the procedure adopted by the application to perform a properly annotation. The
document in .xml format was extracted containing the annotations provided by the cor-
pus. The .xml document, as well as all the corpus files, are in the Linguistic Annotation
Format (LAF) (ISO 24612) standard for creating annotated corpus. In order to process the
document it was necessary to normalize it, excluding paragraph markings, white space,
headers and structural tags. The output of the normalization was a .txt document contain-
ing only annotated sentences.

The file generated in the previous phase went through further transformations. An
important information for the application being developed is the named entity annotation,
however the OANC does not provide this type of annotation. In order to add this layer of
annotation to the corpus it was used the Stanford NER, a named entities annotator. Stan-
ford NER is a annotator created by the Stanford Natural Language Processing Group,
and it annotates entries under the categories “PERSON”, “ORGANIZATION” and “LO-
CATION”, using the Conditional Randon Field (CRF) approach[Finkel et al. 2005]. The
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outcome of this phase was a .txt file having the annotations and the format required for
the development of the semantic annotator.

The semantic annotator proposed has three phases, formatting for annotation, an-
notation and post annotation. The formatting phase formats the input document into a
structure capable of being interpreted by the annotator. The annotation is the step that
marks the elements present in the text according to a SUMO ontology category. Finally,
post annotation uses the already annotated structure to create the annotated .txt document.
The details of each phase will be described in the following paragraphs.

A document consists of a series of sentences, which in turn is composed of a
series of tokens. Each sentence token has become a dictionary entry where the key is the
number of the sentence and the value of the entry is a list of pair < token, attributes >.
The attributes is a set of syntactic and semantic information about the token. Figure 3
shows a sentence with the annotations and Figure 4 shows the dictionary structure.

base="be" msd="VBD" ne="0">was</tok> <tok affix="ed" base="involve" msd="VBN" ne="O">involved</tok> <tok

base="in" msd="IN" ne="0">in</tok> <tok base="a" msd="DT" ne="0">a</tok> <tok base="conspiracy" msd="NN"

msd="." ne="0">.</tok></s>

Figure 3. Sentence previous annotation sample.

After the formatting for annotation phase, the actual annotation phase began. The
annotation phase consists of applying rules that evaluate whether a token belongs to an
ontological category. The rules evaluate several aspects of the token, such as its affixes,
POS, named entity annotation, neighborhood tokens and occurrence in gazetteers lists.
When the token is classified under a given rule, the class tag is added to the attribute list
of the token. The classification occurs inversely, from the third to the first level, because
if the token is classified under a class of the third level, it is already possible to say its
second and first level.

At the end of the classification the token receives three labels (solstl, for the first
level of the SUMO ontology, so2ndl for the second level of the SUMO ontology, and
so3rdl for the third level of the SUMO ontology). The classification adds the tags to the
attributes list of the token, receiving the “CLASS NAME” if the rule applies to the to-
ken or “O” if the rules does not apply to it. If applicable to the first level of the SUMO
ontology the annotator adds the “ENTITY” tag. At the second level the annotator may
mark the token as “PHYSICAL” or “ABSTRACT”. At the third-level annotator tags are
“OBJECT”, “PROCESS”, “QUANTITY”, “ATTRIBUTE”, “SET OR CLASS”, “RELA-
TION”, “PROPOSITION”, “GRAPH” and “GRAPH ELEMENT"”.

The tokens of the document receive annotation related to the ontology, changing in
the form exemplified by Figure 5. The third step restructures the entire list of sentences in
a document annotated according to the ISO format Linguistic Annotation Format (LAF)
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List of Senteces:

Figure 4. Dictionary structure.

(ISO 24612) model. This phase is necessary because it is important that the document
outputted by the annotator be in a standard format that can be used by other applications.

<s><tok base="last" msd="1J" ne="0" so1stI="ENTITY" so2ndI="ABSTRACT" so3rdI="ATRIBUTE">Last</tok> <tok base="week" msd="NN"
ne="0" solstl="ENTITY" so2ndI="0" so3rdI="0">week</tok> <tok base="," msd="," ne="0" solstl="0Q" so2nd|="0" so3rdl="0"></tok>
<tok base="a" msd="DT" ne="0" solstl="0" so2ndl="0" so3rdl="0">a</tok> <tok affix="s" base="memphi" msd="NNP" ne="LOCATION"
s01stl="ENTITY" so2ndl="PHYSICAL" so3rdl="OBJECT">Memphis</tok> <tok base="jury" msd="NN" ne="0" so1stl="ENTITY" so2ndI="0"
so3rdl="0">jury</tok> <tok affix="ed" base="find" msd="VBD" ne="0" solstl="0" so2ndl="0" so3rdl="0">found</tok> <tok
base="that" msd="DT" ne="0" solstl="0" so2nd="0" so3rdl="0">that</tok> <tok base="restaurant" msd="NN" ne="0"
solstl="ENTITY" so2ndl="0" so3rdl="0">restaurant</tok> <tok base="owner" msd="NN" ne="0" solstl="ENTITY" so2ndl="0"
so3rdl="0">owner</tok> <tok base="loyd" msd="NNP" ne="PERSON" solstl="ENTITY" so2ndl="PHYSICAL" so3rdI="0OBJECT">Loyd</tok>
<tok affix="s" base="jower" msd="NNP" ne="PERSON" solstl="ENTITY" so2nd|="PHYSICAL" so3rdI="OBJECT">Jowers</tok> <tok
affix="ed" base="be" msd="VBD" ne="0" solstl="0" so2ndl="0" so3rdl="0">was</tok> <tok affix="ed" base="involve" msd="VBN"
ne="0" solstl="0" so2ndl="0" so3rdI="0">involved</tok> <tok base="in" msd="IN" ne="0" so1stl="0" so2ndl="0" so3rdl="0">in</tok>
<tok base="a" msd="DT" ne="0" so1stl="0" so2ndl="0" so3rdI="0">a</tok> <tok base="conspiracy" msd="NN" ne="0" solstl="ENTITY"
s02ndl="0" so3rdl="0">conspiracy</tok> <tok base="to" msd="TO" ne="0" solstl="0" so2ndl="0" so3rdl="0">to</tok> <tok
base="kill' msd="VB" ne="0" solstl="0" so2ndl="0" so3rdl="0">kill</tok> <tok base="martin" msd="NNP" ne="PERSON"
solstl="ENTITY" so2ndl="PHYSICAL" so3rdI="OBJECT">Martin</tok> <tok base="luther" msd="NNP" ne="PERSON" solstl="ENTITY"
s02ndI="PHYSICAL" so3rdl="OBJECT">Luther</tok> <tok base="king" msd="NNP" ne="PERSON" solstl="ENTITY" so2ndl="PHYSICAL"
s03rdl="OBJECT">King</tok> <tok base="jr" msd="NNP" ne="PERSON" solstl="ENTITY" so2nd|="PHYSICAL" so3rd|="OBJECT">Jr</tok>
<tok base="." msd="." ne="0" so1stlI="0" s02ndI="0" so3rdI="0">.</tok> </s>

Figure 5. Sentence annotated with the ontological categories.

4. Results

In this section we present the results of the test conducted with the annotator on a text
sample to illustrate the its performance. The system has been tested with 39 sentences and
908 tokens from the text sample mentioned in the previous chapter after it being manually
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annotated. In addition is shown the confusion matrix, precision and recall measurements
performed for each ontological class, assuming the annotation results from the chosen
sub-corpus.

Because of the huge size of the entire chosen corpus used to build the rules, it was
necessary to select a sample text to perform the test. The test was conducted by manually
adding tags to the documents according to the top-level ontology and then comparing it
with the same sample annotated by the application. Although it is a limited fragment
of the corpus, the text exemplifies how the annotator would perform if the corpus was
already manually annotated.

Table 1. Confusion matrix. On the vertical are the classes that should be as-
signed to the tokens and horizontally those that were assigned by the annotator.

OBIEC PROCE QUANT ATTRI SETCL RELAT PROPO GRAPH GRAEL NONON
OBIEC 97 0 0 0 0 0 0 0 0 0
PROCE 0 14 0 0 0 0 0 0 0 0
QUANT 0 0 15 0 0 0 0 0 0 0
ATTRI 0 0 0 46 0 0 0 0 0 0
SETCL 4 0 0 0 1 0 0 0 0 0
RELAT 0 0 0 0 0 0 0 0 0 0
PROPO 0 0 0 0 0 0 0 0 0 0
GRAPH 0 0 0 0 0 0 0 0 0 0
GRAEL 0 0 0 0 0 0 0 0 0 0
NONON | 69 14 7 0 0 0 0 0 0 641

Table 1 shows the confusion matrix for the third-level classes. A special class,
called “NO ONTOLOGY” was added to handle tokens that did not fit into any class.
The vast majority of tokens were annotated correctly. But the result was not good with
the terms related to the class “SET OR CLASS”. A minority of tokens related with the
special class “NO ONTOLOGY” were misclassified. Note that all elements of this class
that were erroneously classified ended up being classified into class "OBJECT”. This
shows that the rule is not distinguishing properly when the concept denoted by a token
focuses more on the aspect of the elements than on the parts.

The annotation accuracy relative to the third level of the SUMO ontology was
89.65%. As one can infer from the confusion matrix the precision, recall and F1 measures
had good results except for the class “SET OR CLASS”.

OBJECT PRECISION: 0.5705882352941176
PROCESS PRECISION: 0.5

QUANTITY PRECISION: 0.6818181818181818
ATTRIBUTE PRECISION: 1.0

SET_OR_CLASS PRECISION: 1.0

RELATION PRECISION: 0.0

PROPOSITION PRECISION: 0.0

GRAPH PRECISION: 0.0
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GRAPH_ELEMENT PRECISION: 0

0.
NO ONTOLOGY PRECISION: 1.0

OBJECT RECALL: 1.0

PROCESS RECALL: 1.0

QUANTITY RECALL: 1.0

ATTRIBUTE RECALL: 1.0

SET_OR_CLASS RECALL: 0.2

RELATION RECALL: 0.0

PROPOSITION RECALL: 0.0

GRAPH RECALL: 0.0

GRAPH_ELEMENT RECALL: 0.0

NO ONTOLOGY RECALL: 0.8768809849521204

OBJECT MEASURE: 0.7265917602996255
PROCESS MEASURE: 0.6666666666666666
QUANTITY MEASURE: 0.8108108108108109
ATTRIBUTE MEASURE: 1.0

SET_OR_CLASS MEASURE: 0.33333333333333337
RELATION MEASURE: 1.0

PROPOSITION MEASURE: 1.0

GRAPH RECALL: 1.0

GRAPH_ELEMENT MEASURE: 1.0

NO ONTOLOGY MEASURE: 0.934402332361516

The statistical results provided in this section refers only to the text sample and it
does not apply to the corpus. The sub-corpus was used only to exemplify the behavior of
the annotator comparing to a manually annotated text. To verify the overall metrics of the
corpus it would be necessary to hand-annotate all files and afterwards compare them with
the rule-annotated documents generated by the application.

5. Conclusions

Semantic annotation allows data to be interpreted by applications in such way that ma-
chines can capture the underlying meaning of an utterance. However, annotating docu-
ments to help express aspects of their semantic meaning is still challenging, due to the
lack of applications that assist the task. Notably, there is some difficulty of finding tools
capable of executing semantic annotation in text documents using ontological concepts,
this was the main reason for the development of this research. Manual annotation is a task
that takes time and knowledgeable staff to carry it out, and the proposal of a rules-based
annotator can be of great help.
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Therefore, the proposal of this research was the creation of a tool that would aid in
the process of semantic annotation based on top-level ontological classes. The tool makes
use of a set of rules elaborated according to the concepts described by the ontology and
by making use of previous annotations layers provided by the corpus.

Although the experiment described in this paper only used a single document to
demonstrate viability of the proposal, it is possible to apply the same technique to the
whole OANC. The annotation of the whole corpus helps to enrich it in an ontological
dimension, so the text files can be used in futures researches on the semantic annotation
field.

The importance of this work is the possibility of increasing the number of anno-
tated corpus with ontological information, which may facilitate the training annotators
based on supervised machine learning techniques, enabling a new generation of semantic
annotators with higher performance and accuracy.

Acknowledgments.
This research is supported in part by the funding agencies FAPEMIG, CNPq, and CAPES.

References

Alec, C., Reynaud-Delaitre, C., and Safar, B. (2016). An ontology-driven approach for
semantic annotation of documents with specific concepts. In International Semantic
Web Conference, pages 609-624. Springer.

Asooja, K., Bordea, G., and Buitelaar, P. (2016). Using semantic frames for automatic
annotation of regulatory texts. In International Conference on Applications of Natural
Language to Information Systems, pages 384-391. Springer.

Finkel, J. R., Grenager, T., and Manning, C. (2005). Incorporating non-local informa-
tion into information extraction systems by gibbs sampling. In Proceedings of the
43rd Annual Meeting on Association for Computational Linguistics, pages 363-370.
Association for Computational Linguistics.

Gruber, T. R. et al. (1993). A translation approach to portable ontology specifications.
Knowledge acquisition, 5(2):199-220.

Guarino, N. (1998). Formal ontology and information systems. In Proceedings of FOIS,
volume 98, pages 81-97.

Handschuh, S. and Staab, S. (2003). Annotation for the semantic web, volume 96. 10S
Press.

Ide, N. and Suderman, K. (2004). The american national corpus first release. In LREC.
Citeseer.

Leech, G. (1997). Introducing corpus annotation. Addison Wesley Longman.

Maedche, A. (2012). Ontology learning for the semantic web, volume 665. Springer
Science & Business Media.

Mitkov, R. (2005). The Oxford handbook of computational linguistics. Oxford University
Press.

61



A Rule-based Semantic Annotator: Adding top-level ontology Tags

Moreira, A., Lisboa-Filho, J., and Oliveira, A. P. (2016). Automatic ontology generation
for the power industry the term extraction step. In Proceedings of the 21 International
Conference on Applications of Natural Language to Information Systems, pages 415—
420. Springer.

Niles, I. and Pease, A. (2001). Towards a standard upper ontology. In Proceedings of the
international conference on Formal Ontology in Information Systems-Volume 2001,
pages 2-9. ACM.

Pease, A., Niles, I., and Li, J. (2002). The suggested upper merged ontology: A large
ontology for the semantic web and its applications. In Working notes of the AAAI-2002
workshop on ontologies and the semantic web, volume 28.

Pham, M., Alse, S., Knoblock, C. A., and Szekely, P. (2016). Semantic labeling: a
domain-independent approach. In International Semantic Web Conference, pages 446—
462. Springer.

Pustejovsky, J. and Stubbs, A. (2012). Natural language annotation for machine learning.
O’Reilly Media, Inc.

Reeve, L. and Han, H. (2005). Survey of semantic annotation platforms. In Proceedings
of the 2005 ACM symposium on Applied computing, pages 1634—-1638. ACM.

Uschold, M. and Gruninger, M. (1996). Ontologies: Principles, methods and applications.
The knowledge engineering review, 11(02):93-136.

62



Proceedings of Symposium in Information and Human Language Technology. Uberlandia, MG,
Brazil, October 2-5, 2017. (©)2017 Sociedade Brasileira de Computacéo.

Processo de construcao de um corpus anotado com Entidades
Geologicas visando REN

Daniela do Amaral’, Sandra Collovini', Anny Figueira',
Renata Vieira', Marco Gonzalez'

'Faculdade de Informatica
Pontificia Universidade Catdlica do Rio Grande do Sul
90619-900 — Porto Alegre — RS — Brasil

{daniela.amaral, sandra.abreu, anny.figueira}@acad.pucrs.br

renata.vieira@pucrs.br, marcoaigonzalez@gmail.com

Abstract. This article presents the building process of GeoCorpus, developed
for the Geology domain, more specifically for the Bacia Sedimentar Brasileira
subarea. The annotation is focused on Geological Entities in Portuguese text,
and aims at Named Entity Recognition in the proposed domain. A case study
validated both the annotation process and a tool which supported the specialists
in the identification and classification of Geological Entities.

Resumo. Este artigo apresenta o processo de construgdo do GeoCorpus, de-
senvolvido para o dominio de Geologia, mais especificamente, para a subdrea
Bacia Sedimentar Brasileira. A anotacdo restringe-se as Entidades Geoldgicas
contidas nos textos em Portugués e visa o Reconhecimento de Entidades Nome-
adas no dominio proposto. Um estudo de caso validou o processo de anotagdo
desse corpus e de uma ferramenta que auxiliou os especialistas na identificagdo
e classificagcdo das Entidades Geologicas.

1. Introducao

Este trabalho apresenta a construgao do corpus GeoCorpus, o qual estd sendo anotado com
Entidades Geoldgicas (EG) e visa o Reconhecimento de Entidades Nomeadas (REN) no
dominio de Geologia. REN consiste na identificacdo e na classificacdo de expressdes
linguisticas, na sua maioria nomes préprios (como pessoa, local ou organizacdo) que
remetem para um referente especifico [Mota et al. 2007]. Essas expressdes sao chama-
das de Entidades Nomeadas (EN), e podem variar conforme os diferentes dominios, por
exemplo, Medicina, Biologia e Geologia. O que constitui um tipo (classe ou categoria)
de EN ¢é sua aplicacdo, ou seja, em Biologia as classes de interesse podem ser os genes,
proteinas [Cohen and Demner-Fushman 2014] e as doengas.

Neste trabalho, o dominio em foco € o da Geologia, em que as ENs de inte-
resse sdo as Entidades Geoldgicas (EG). As EG, consideradas neste estudo, consistem
em termos especificos no texto, desde que esses facam parte das classes definidas de
acordo com a subdrea Bacia Sedimentar Brasileira. A escolha do dominio geoldgico
deve-se ao fato de que o REN para Geologia é pouco encontrado na literatura. En-
quanto REN para Medicina, Biomedicina e Biologia apresenta uma gama bem maior de
trabalhos [Zaccara 2012] [Akhondi et al. 2015] [Collier et al. 2014] [Dénger et al. 2014]
[Majumder and Ekbal 2015] [Ohta et al. 2002].
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Destaca-se que a adequada identificagdo e classificacdo de ENs sob dominios es-
pecificos como o de Geologia, representa um grande desafio aos pesquisadores de PLN.
Em especial, devido a caréncia de bases textuais nesse dominio, em Portugués, e de ferra-
mentas automadticas para captura-las. Logo, o trabalho apresentado aqui descreve o pro-
cesso de anotagcdo manual de entidades geoldgicas visando a constru¢cdo do GeoCorpus
para a tarefa de REN.

Este artigo estd organizado da seguinte forma. A secdo 2 apresenta o estudo do
dominio de Geologia. A constru¢do do corpus € descrita no se¢do 3. Na sequéncia, o
processo de anotagdo do corpus geoldgico, bem como a ferramenta de anotagdo utilizada
sdo detalhados na secdo 4. Um estudo de caso é apresentado na se¢do 5. Por fim, as
consideragdes finais sdo relatadas na secéo 6.

2. Estudo do Dominio

Dentre os dominios de pesquisa estudados para a tarefa de REN, destaca-se o de Geologia
devido a caréncia de trabalhos que envolvam EG, além da falta de ferramentas automati-
zadas para extrair tais informacdes, principalmente para textos do Portugués.

A partir do estudo do dominio de Geologia, verificou-se vérias subdreas, como
Sedimentologia, Cronoestratigrafia, Petrografia e Estratigrafia. Houve assim a necessi-
dade de delimitar uma subdrea de estudo, no caso a subarea Bacia Sedimentar Brasileira,
devido a grande quantidade de EG no dominio em questdo e para se obter uma avaliagdo
mais especializada na tarefa de REN. As bacias sedimentares sdo definidas conforme uma
concepgao geografica, isto €, uma drea caracterizada pelo actimulo espesso de sedimentos
por um grande periodo de tempo geolégico. A “Bacia do Sdo Francisco” é um exemplo
didético para essa defini¢do [Martins-Neto 2005]. Na préxima se¢do as classes geoldgicas
das Bacias Sedimentares Brasileiras consideradas neste trabalho sdo apresentadas.

2.1. Determinacio das Entidades Geoldgicas e suas Classes

Com base no estudo da subdrea Bacia Sedimentar Brasileira, na orientacdo de gedlogos e
professores dessa subdrea foram definidas as classes geoldgicas deste trabalho. A seguir
sdo apresentadas as referidas classes juntamente com alguns exemplos de EG de acordo
com [Cohen et al. 2013] e [Hallsworth and Knox 1999].

e Tempo Geolégico

1. Eon: Maior subdivisdo de tempo dentro da Escala de Tempo Geoldgico,
representadas por Hadeano, Arqueano ou Arcaico (termo usado em Portugal),
Proterozoico e Fanerozoico. Exemplo na sentenga: “Litologicamente, é represen-
tado por rochas graniticas e gndissicas, com nticleos granuliticos e charnoquiticos,
arqueanos a proterozoicos”.

2. Era: Corresponde a subdivisdo de Eon. Sao Eras: Cenozoico, Mesozoico,
Paleozoico. Obs.: Para os Eons Arqueno e Proterozoico, ha subdivisdes de-
nominadas Eras (Eoarqueano, Paleoarqueano, Mesoarqueano e Neoarqueano)
e Paleoproterozoico, Mesoproterozoico e Neoproterozoico. Exemplo: “Este
complexo de rochas vulcdnicas de maior densidade modificou a dindmica
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deposicional dos sedimentos Cenozoicos”.

3. Periodo: E a subdivisio de uma Era. Sdo eles: Quaternario, Neogénico,
Paleogénico, Cretacico (Creticeo), Jurdssico, Tridssico, Pérmico (Permiano),
Carbonico (Carbonifero), Cambrico, Devonico (Devoniano), Sildrico (Siluriano),
Ordovicico (Ordoviciano), Mississipico e Pensilvanico, esses dois ultimos,
apenas para a América do Norte. Exemplo: “Em torno de 180 Milhdes de anos
(Jurassico): diques e derrames de composigdo toleitica”.

4. Epoca: Subdivisio do Periodo na Escala do Tempo Geoldgico. Alguns
exemplos: Holocénico (Holoceno), Pleistocénico (Pleistoceno), Pliocénico
(Plioceno), Miocénico (Mioceno), Oligocénico (Oligoceno), Eocénico (Eoceno),
Paleocénico (Paleoceno), Creticico (Cretidceo) Superior, Creticico (Creticeo)
Inferior, Jurdssico Superior, Jurdssico Médio, Jurdssico Inferior, entre outros.
Exemplo na sentenca: “Durante o Oligoceno, a deformacdo é pequena quando
comparada aos outros periodos de deformagao”.

5. Idade: Subdivisio de Epoca. Alguns exemplos: Pleistocénico (Pleistoceno)
Superior, Pleistocénico (Pleistoceno) Médio, Calabriano, Gelasiano, entre outros.
Exemplo na sentenca: “Maior incidéncia entre 80 Milhdes de anos (Ma) e 90
Ma (Santoniano/Turoniano): — predominam intrusdes de composi¢do basica a
intermedidria”.

e Rochas Sedimentares

6. Rocha Sedimentar Siliciclastica: Origina-se de fragmentos de rochas igneas,
metamorficas ou sedimentares, transportados e depositados para, posteriormente,
formar uma rocha sedimentar Silicicldstica. Alguns exemplos: arenito, argilito,
siltito, conglomerado, folhelho, diamictito, varvito, etc. Exemplo na sentenga:
“Os arenitos da Formacdo Jurud sdo constituidos por minerais provenientes
de rochas-fonte situadas ao Norte da Bacia do Solimdes, transportados por um
sistema de paleodrenagens pleistocénica”.

7. Rocha Sedimentar Carbonatica: Formada, predominantemente, por carbo-
nato de célcio e/ou por fragmentos de organismos (bioclastos), bem como pela
interag@o entre o metabolismo de microorganismos e as particulas sedimentares
presentes no ambiente deposicional. Alguns exemplos: calcario, dolomito, etc.
Exemplo na sentenca: “O calcario é cinza claro e apresenta propor¢des varidveis
de fragmentos detriticos que podem chegar a 40 % da rocha”.

8. Rocha Sedimentar Quimica: Formada por precipitados quimicos: sais,
carbonatos ou sulfatos. Por exemplo: evaporitos, fosforitos, Ironstones. Exemplo
na sentenca: “Na regido da Fazenda Ressaca ocorrem fosforitos associados a
porg¢do superior desta formagdo”.

9. Rocha Sedimentar Organica: Origina-se dos restos de fragmentos dos
organismos vivos, a qual estd relacionada a preservacdo de matéria organica.
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Exemplo: carvdo, etc. Exemplo na sentenca: “Apenas recentemente ocorreu
alguma recuperagdo, com a elevag@o dos precos e o maior consumo de Carvao
no complexo termoelétrico de Tubardao-SC”.

e Outras classes

10. Bacias Sedimentares Brasileiras: Sao grandes dreas de sedimentacdo, ou
seja, deposicdo de sedimentos (agregados de matéria organica e/ou mineral),
formada por rochas sedimentares e, eventualmente, por rochas magmadticas. Sua
formac@o foi a partir do Paleozdico. Sao elas: Bacia do Sdo Francisco, Bacia
do Espirito Santo, Bacia de Campos, Bacia do Parand, entre outras. Exemplo na
sentenca: “Guerra (1989) estudou a influéncia da sobrecarga do Banco Vulcanico
de Abrolhos sobre a estrutura¢do halocinética da Bacia do Espirito Santo”.

11. Contexto Geoldgico de Bacia: E a classificacdo relacionada aos eventos
geologicos (espacial e temporal), ou seja, sdo os estdgios relacionados a Tectonica,
Sedimentagdo e Magmatismo. Por exemplo: Intracraténica ou Sinéclise, Rifte,
Drifte e Margem Passiva. Exemplo na sentenca: “Sequéncia Rifte, constituida
unicamente pela Formacdo Abaiara, de idade neocomiana, formada por sucessao
de arenitos descontinuos lateralmente intercalados em folhelhos calciferos de
coloragdo variegada”.

12. Unidade Estratigrafica: compreende trés componentes estratigraficos:
Formagdo, Grupo e Membro [ESTRATIGRAFICA-SBG 1986]. A Formacio
consiste na unidade principal da litoestratigrafia. Uma formacgdo € constituida
por um corpo rochoso e pode conter um ou mais tipos de rochas, estruturas
sedimentares e fésseis. Ja o segundo, o Grupo, é constituido por duas ou mais
formagdes contiguas associadas, que tenham propriedades litolégicas distintas e
diagnésticas em comum. O terceiro componente, Membro Estratigrafico, repre-
senta a subdivisdo litolégica de uma formacao. Ele consiste de uma entidade que
possui caracteristicas litologicas proprias, as quais permitem diferencid-las das
partes adjacente da formagdo. Exemplos: Formacdo Irati, Formacdo Abrolhos,
Javari, Tapajés, Curud, Arari, Fazendinha, etc. Exemplo na sentenca: “A bacia
do Rio do Peixe tem como substrato rochas sedimentares creticeas dos grupos
Bauru e Caiua e esporadicas e localizadas ocorréncias de basaltos da Formacéo
Serra Geral.”

13. Outro: Esta é uma classe de excecdo, pois o foco estd nas classes definidas
anteriormente. Deve ser utilizada apenas para os casos em que o especialista achar
um termo muito relevante a subdrea Bacia Sedimentar Brasileira, mas que ndo se
enquadra exatamente nas classes anteriores. Exemplos: facies, médulo calcarios,
organismos fosseis.

3. Construcao do Corpus

Para a construgdo do corpus GeoCorpus realizou-se a leitura de trabalhos cientificos
para a identificacdo de EG relacionadas a subarea Bacia Sedimentar Brasileira com
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[Cohen et al. 2013] e [Hallsworth and Knox 1999]. Apds, selecionou-se semimanual-
mente, um conjunto de textos para o dominio de Geologia. Esses textos sdo formados por
teses, dissertagdes, artigos e boletins de Geocié€ncias da Petrobras no idioma portugués do
Brasil. As EG pesquisadas foram: termos geoldgicos de acordo com a tabela Cronoestra-
tigrafia [Cohen et al. 2013], nomes de rochas sedimentares [Hallsworth and Knox 1999],
nomes de bacias sedimentares brasileiras [Martins-Neto 2005] [Bizzi et al. 2003], os
estagios relacionados a Tectonica, Sedimentacdo e Magmatismo e unidades estra-
tigraficas. Dentre os servicos ‘on-line’ utilizados para a formacdo do corpus geoldgico
estdo: bibliotecas digitais, como Portal de Periédicos da Capes, Scielo, ACM Digital
Library, IEEE Xplore, além do Google Scholar.

Obedeceram-se trés critérios para a constru¢do do corpus: relevéncia, sincronici-
dade e homogeneidade. O primeiro critério teve o cuidado de coletar textos teoricamente
importantes dentro da subdrea definida e respeitando o dominio estabelecido. Ja o se-
gundo estabeleceu um ciclo de tempo definido para a sele¢do dos textos, o que ocorreu
num periodo de seis meses. Por fim, a homogeneidade foi estabelecida, principalmente,
para nao misturar textos com outros elementos, como imagens, tabelas e graficos. Como
o objetivo de gerar um corpus de leitura e avaliacdo, foram retirados, semiautomatica-
mente todos os abstracts, figuras, legendas, tabelas, graficos, férmulas e referéncias bi-
bliogréaficas. No caso de teses e dissertacdes, excluiram-se também sumadrios, apéndices
e anexos para que fique um conjunto de dados formado apenas pelo texto propriamente
dito. Apds a eliminag@o de todos os referidos elementos e para garantir a qualidade do
corpus proposto, realizou-se uma revisdo manual texto a texto.

O corpus € constituido de 52 textos, em que cada documento corresponde a um
arquivo de texto com tamanho entre 10 Kbytes e 53 Kbytes (de 1.460 palavras a 7.793
palavras). O processo de anotag@o € descrito na se¢io a seguir.

4. Processo de Anotacao

Nesta secdo € apresentado o processo de anotacdo das EG contidas nos textos do GeoCor-
pus, o qual segue as mesmas etapas de REN: identificar as EG e ap0s, classifica-las em
uma das classes geoldgicas descritas na secdo 2.1. Destaca-se que a etapa de classificagdo
¢ mais complexa devido a ambiguidade das palavras, em que uma mesma EG pode ser
classificada com mais de uma classe dependendo do contexto e do dominio que esta inse-
rida. Por exemplo, na sentenga: “O rio Sao Francisco faz parte da bacia Sao Francisco”,
a primeira EG € classificada como Rio e a segunda como Bacia Sedimentar.

Basicamente, o processo de anotagdo envolve os seguintes passos:

1°) Marcar os termos que referem-se a uma EG no texto, caso ndo tenham sido
anotados e atribuir uma classe;

2°) Verificar a delimitagdo da EG (palavras que formam uma EG) ja marcada no
texto, corrigindo-a caso necessario;

3°) Verificar a classificagdo da EG ja identificada, corrigindo-a caso necessario.

O segundo e o terceiro passos ocorreram, porque o GeoCorpus foi pro-
cessado num modelo de classificacdo, desenvolvido para um experimento inicial
[Amaral and Vieira 2014]. Esse modelo possui vdrias classes de Geologia e nao se res-
tringiu a uma subdrea especifica. A anotacdo dos textos serd realizada com o auxilio da
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ferramenta IdENGeo descrita a seguir.

4.1. IdENGeo

A IdENGeo é uma ferramenta de marcag@o de Entidades Nomeadas em textos do dominio
de Geologia, a qual objetiva auxiliar os anotadores na identificacdo e na classificagdo das
EG, tornando a tarefa de anotacfo o mais intuitiva e simplificada possivel. Os arquivos
de texto que receberdo a anotacio devem estar no formato xml, do contrario a ferramenta
ndo os reconhecerd. Essa ferramenta possui uma interface grafica que permite ao usudrio
a visualizagdo e a edicdo/adi¢do de informagdes relevantes para a tarefa de anotacio.
Dentre as funcionalidades do IdENGeo temos:

e Area de edicdo: painel em que o usudrio visualiza o texto de entrada a ser
marcado com as EG;

e Menu de filtros: menu de funcdes de filtros que servem para facilitar a
visualizagdo das EG classificadas no texto. Esse menu é constituido pelos
botdes “Desmarcar Tudo”, “Marcar Tudo” e a lista de botdes com as 13 classes
geologicas ilustradas em cores diferentes. A aplicagdo dos filtros possibilita: a
visualizag¢@o de todas as EG j4 classificadas no texto (botdo “Marcar Tudo”) e
a visualizacdo das EG por classe (botdo “Desmarcar Tudo” seguido dos botdes
correspondentes a uma ou mais classes de interesse).

e Grupos de acoes: quatro grupos de acdes localizados abaixo da area de edicao
que compreendem as seguintes fungdes: 1) Novo texto: fungdo de sele¢dao do novo
texto a ser anotado e identificagdo do seu anotador; 2) Atualizar texto: fungdo
de selecdo de um texto com a anotacdo ainda nao concluida e assim poder dar
continuidade a mesma; 3) Marcag¢do de texto: funcdo de habilitar o menu de
classificacdo das EG; 4) Salvar texto: funcdo de salvar o texto anotado.

A Figura 1 ilustra a interface grifica do IIENGeo. Nela, um texto inicial foi
carregado na Area de edi¢io, bem como as EG j4 marcadas nas cores correspondentes
a cada classe geoldgica do menu filtro. Além disso, o anotador pode iniciar um nova
anota¢do das EG ou ainda continuar a marcag¢do de um texto ainda nao finalizado através
dos Grupos de acdes. Nesse contexto, o anotador realizard a classificacdo das EG se-
guindo o processo de anotacdo descrito na se¢@o 4. Para realizar a marcacdo de uma EG
ainda ndo classificada deve-se selecionar o trecho do texto que expressa a EG e clicar no
botdo “Adicionar Marcacdo”. Apds, deve-se selecionar a referida classe da EG a partir do
menu de classes, seguido do botdo “OK”. Cabe salientar que, o menu de classes seguiu a
organizacdo de classes por grupos, conforme apresentado na se¢do 2.1. Caso o anotador
necessite remover a classe escolhida, deve utilizar o botdo “Remover Marcacao”.

5. Estudo de Caso

Nesta se¢do descrevemos um estudo de caso com o objetivo de validar o processo de
anota¢do e a ferramenta IdENGeo. Realizou-se esse estudo com base na experiéncia da
anotacdo de um texto do GeoCorpus, o qual corresponde a um arquivo de 5.984 pala-
vras. O texto foi anotado por um gedlogo e o tempo total, estimado pelo anotador, foi
de noventa minutos. A anotag@o resultou num total de 549 EG distribuidas nas seguintes
classes ilustradas na Tabela 1.
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Figura 1. Interface Grafica do IdENGeo

A partir desses resultados, constatou-se que as classes Rocha Sedimentar Sili-
ciclastica e Unidade Estratigrafica foram as mais frequentes no texto, pois o seu assunto
compreende a estratigrafia e a paleogeografia da Formacdo Brejo Santo, na Bacia do Ara-
ripe, com base no estudo de aspectos sedimentolégicos, facioldgicos e paleontoldgicos.

Ja as classes Rocha Sedimentar Quimica e Rocha Sedimentar Organica nio tive-
ram ocorréncia pelo mesmo motivo acima, ou seja, o tema que o texto aborda. Observou-
se também que a classe Outro apresentou varios casos, 0s quais o especialista julgou
relevantes para a subarea Bacia Sedimentar Brasileira. Como por exemplo as EG “orga-

9

nismos fosseis”, “ostracodes” e “conchostraceos”.

O anotador notou que um dos pontos de dificuldade € a delimitacdo das palavras
que formam uma EG. Por exemplo, no trecho da sentenca: “a respeito do rico acervo
paleontoldgico das formagdes Brejo Santo, Crato e Romualdo”, o anotador identificou
trés EG (“Brejo Santo”, “Crato” e “Romualdo”) para a classe Unidade Estratigréfica e
ndo incluiu a palavra “formacdes”, a qual se refere as trés EG. Em contrapartida no tre-
cho “Sugere-se que os sedimentos da Formacgdo Brejo Santo teriam sido depositados”, o
anotador identificou a EG “Formacao Brejo Santo” incluindo a palavra “Formagao”.

Outra questdo analisada refere-se ao aspecto morfolégico das palavras dispostas
nos textos, ou seja, a forma em que o termo geoldgico estd inserido na sentenga. Significa
que, quando uma expressao € constituida por um substantivo seguida de um adjetivo, esse
dltimo ndo configura uma EG, pois ele caracteriza um substantivo. Por exemplo: “Assim,
no Espinhago Meridional os sedimentos paleoproterozdicos t€ém expressao reduzida, pre-
dominando os mesoproterozoicos”, o anotador nao classificou “paleoproterozéicos” como
Era, porque essa palavra exerce a fung@o de adjetivo e ndo de uma EG.

Alguns anotadores testaram as funcionalidades da ferramenta e constataram que
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Tabela 1. Resultado das Entidades Geoldgicas no estudo de caso.

Classes Entidades Geoldgicas
Era 3
Periodo 20
Epoca 3
Idade 2
Rocha Sedimentar Siliciclastica | 140
Rocha Sedimentar Carbonatica | 11
Bacias Sedimentares Brasileiras | 47
Contexto Geoldgico de Bacia 41
Unidade Estratigréafica 121
Outro 161
Total 5.575

o IdENGeo apresenta uma caracteristica importante que define o bom emprego de um
sistema: a usabilidade. Segundo eles, o IdENGeo € de rdpido e facil aprendizado. Adi-
cionalmente, € uma ferramenta que resolve com satisfacdo as tarefas para as quais ela foi
projetada. Destacaram também a importancia de selecionar as EG por classe através do
filtro, uma vez que com esse recurso, ¢ possivel verificar as classes de cada texto.

Para este estudo de caso, o anotador finalizou as suas considera¢des ao expor
que, devido ao tipo de texto ser uma tese, nao foi possivel realizar a anotagdo em tnico
momento. Entdo, para solucionar essa questao, foi inserido no IdENGeo, a nova funcio-
nalidade “Atualizar Texto” (descrita na se¢@o 4.1), com o objetivo de facilitar o trabalho
manual.

6. Consideracoes Finais

Este artigo descreve o processo de anota¢do manual de EG, a fim de construir o GeoCor-
pus com o propoésito de que, a partir dele, seja realizada a tarefa de REN. Apresentamos a
ferramenta de anotag@o e um experimento inicial sobre a tarefa. O dominio do GeoCorpus
¢é Geologia e Bacia Sedimentar Brasileira € a subdrea que o especializa com o objetivo de
tornd-lo mais eficaz na identificagdo das EG. A construcdo do corpus iniciou com a esco-
Iha do dominio, a determinacdo de uma subdrea, a decisdo das EG e de suas classes e os
textos que o compdem. Em sintese, a metodologia que envolveu a sua anota¢do consistiu
da identificacdo e classificacdo dos termos considerados como EG, além da conferéncia
de algumas EG j4 classificadas no texto.

A ferramenta IdENGeo tem por objetivo auxiliar na tarefa de REN, de modo que
o trabalho de anotacdo seja mais simples e eficiente. O processo de anotacdo e o uso
da ferramenta foram analisados com um estudo de caso da anotagdo de um texto. Essa
tarefa resultou num total de 549 EG distribuidas nas classes que semanticamente condis-
seram com o assunto que o texto abordou. Dois importantes desafios deste trabalho sdo:
primeiro, a grande dificuldade de encontrar anotadores com disponibilidade de classifi-
car os textos para gerar um corpus de referéncia; segundo, a confianca na anotacdo, ou
seja, conseguir especialistas que tenham conhecimento na subdrea definida para anotar os
textos.
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Como trabalhos futuros, iremos finalizar a anotagcdo completa do corpus. Atual-
mente, estamos na etapa de geracdo da anotagcdo que estd sendo feita manualmente por
gedlogos, entre eles professores, doutorandos e alunos de graduacdo do curso de Geologia
da UNISINOS do 6° semestre.

Pretende-se melhorar a ferramenta de anota¢do com a modificagdo do acesso da
“funcdo filtro” e a visualizacdo do “menu classificacdo das EG”. Ainda, a conclusio do
GeoCorpus gerard um recurso que serd utilizado em sistemas de aprendizado maquina
para o REN Geoldgicas. O fruto desse corpus é elemento fundamental para uma tese que
estd em desenvolvimento. Sua disponibilidade € relevante para a pesquisa em Geologia,
para tarefas de PLN, como relagdes entre EG e resolucdo de correferéncia. Destaca-se
também a relevancia econdmica com a exploracdo do petréleo, uma vez que o GeoCorpus
compreende um conjunto de textos sobre bacias sedimentares brasileiras. A partir delas,
surgem combustiveis fosseis como carvao mineral, folhelhos oleigenos ou betuminosos,
gés natural e petrdleo. Através do processo exploratdrio nas bacias sedimentares, pode-
se identificar que algumas rochas sedimentares presentes nessas bacias, sdo consideradas
reservatorios de petréleo e de gas.
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Resumo. O presente artigo tem como objetivo descrever as regras envolvidas
na transformag¢do de topénimos em gentilicos, de modo a identificar
regularidades. A partir dessas regularidades, desenvolve-se um algoritmo
capaz de gerar gentilicos de forma automatica. Como base teorica, sdo
considerados conceitos da Morfologia Derivacional e, do ponto de vista
metodologico, toma-se como fonte toponimos e gentilicos do Instituto
Brasileiro de Geografia e Estatistica (IBGE), bem como se criam
procedimentos para tornarem os dados manipulaveis. Realiza-se também um
processo complementar de aprendizado automatico. Como resultado, obtém-se
boa acurdcia na predicdo de gentilicos, revelando regras e atributos novos e
relevantes para a tarefa.

Abstract. This paper aims to describe the rules required in the transformation
of toponyms into demonyms in order to identify regularities. From these
regularities, we developed an algorithm that automatically generates
demonyms for toponyms of interest. As a theoretical basis, the concepts of
Derivational Morphology are considered, and, concerning the methodology,
we used data about cities and demonyms provided by the Brazilian Institute of
Geography and Statistics (IBGE) website, for which we produced procedures
to make this data tractable. A complementary process of automatic learning
was also carried out. As a result, a good accuracy was obtained in the
prediction of demonyms, revealing new and relevant rules and features for the
task.

1. Introducao

Este trabalho surgiu no contexto de elaboragdo do Vocabulario Ortografico Comum da
Lingua Portuguesa' - VOC (Almeida et al, 2013), especificamente durante a insercao,
nessa base lexical, dos gentilicos de todos os paises’ que tém como lingua oficial o

" VOC ¢ uma grande base lexical, organizada numa plataforma web, que hospeda os Vocabularios
Nacionais dos paises de lingua oficial portuguesa, integrantes da Comunidade dos Paises de Lingua
Portuguesa (CPLP). E um instrumento previsto no Acordo Ortografico de 1990. Disponivel em:
<voc.cplp.org>. Acesso em 13/mai/2017.

2 Sdo os seguintes os paises que integram a CPLP: Angola, Brasil, Cabo Verde, Guiné-Bissau,
Mogambique, Portugal, Sdo Tomé e Principe, e Timor-Leste.
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portugués. Pelo fato de constituir-se numa tarefa humana bastante morosa, observou-se
a necessidade de estudar as regularidades morfoldgicas na formagdo dos gentilicos, de
maneira que fosse possivel gerar, de forma automatica, os gentilicos a partir dos
topdnimos inseridos na base do VOC.

Gentilico é a palavra que designa o local (pais, regido, estado, municipio,
povoagdo) onde alguém nasceu. A formagdo do gentilico ocorre a partir do toponimo
(nome proprio dos lugares). Para ilustrar, a partir do toponimo //lbaté, temos o gentilico
ibateense. Constitui nosso objeto de descrigdo e andlise o conjunto dos gentilicos
referentes aos 5.570 municipios brasileiros. A lista contendo todos os municipios bem
como sua forma gentilica correspondente foi obtida a partir do site’ oficial do IBGE em
2014. Esse conjunto foi analisado exaustivamente, com o intuito de observar as regras
de combinacdo morfoldgicas. Assim, pudemos chegar a proposta de algoritmos capazes
de gerar automaticamente gentilicos a partir de topdnimos. Amparados em conceitos da
Morfologia Derivacional, levantamos a produtividade dos morfemas formadores de
gentilicos e encontramos nove sufixos acoplados aos toponimos que sdo responsaveis
pela geragdo dos gentilicos de todos os 5.570 municipios: -ense, -ano, -ino, -ista, -eiro,
-eno, -enho, -ito e -ado.

Neste artigo, em especial, nosso interesse concentra-se nos gentilicos formados a
partir de topdnimos unigramas, cerca de 52% da lista do IBGE, que s3o aqueles
constituidos apenas por uma palavra, tais como Palmas, Uberlandia e Valinhos. Sendo
assim, casos como Sao Paulo (bigrama), Rio de Janeiro (trigrama) e Bardo de Monte
Alto (tetragrama) ndo sdo objeto deste artigo. Em uma primeira linha de trabalho,
mostramos que ¢ possivel descrever e sistematizar os processos morfologicos de
produc¢do da maioria dos gentilicos. De forma complementar & andlise humana,
utilizando aprendizado automatico, demonstramos que é possivel prever o sufixo de
formacdo do gentilico com boa acuracia. O trabalho relatado, com sua abrangéncia e
resultados, é inédito para o portugués.

Na Se¢do 2, introduzimos os conceitos basicos desta pesquisa e os principais
trabalhos relacionados. Na Se¢@o 3, o conjunto de dados trabalhado é descrito. Nas
Secdes 4 e 5, respectivamente, apresentamos as andlises linguisticas ¢ automaticas
realizadas. Algumas consideragdes finais sdo feitas na Secdo 6.

2. Conceitos basicos e trabalhos relacionados

O principal processo na formagdo de gentilicos ¢ a derivag@o sufixal. A derivagdo,
processo muito produtivo de formacao de palavras no portugués, ¢ a adi¢do de um afixo
a uma base ou radical (Alves, 1990; Correia e Almeida, 2012). A derivagdo ¢ sufixal
quando o afixo vem a direita da base (marialvense) e ¢ prefixal quando o afixo vem a
esquerda (desabastecer) (Sandmann, 1992). Um aspecto relevante a considerar na
derivacdo sufixal € o fato de o sufixo determinar a categoria gramatical da palavra
resultante (Kedhi, 1992; Basilio, 2004). Podemos exemplificar por meio da base feliz,
na qual adicionamos o sufixo -mente, que vai transformar o adjetivo feliz no advérbio
felizmente.

3 <www.cidades.ibge.gov.br>.
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Entre os autores que ja trataram dos gentilicos, podemos citar Melo e Gomes
(2000), que tiveram como objeto de seu estudo a analise morfologica da formagio de
gentilicos a partir de toponimos referentes aos 26 estados brasileiros e suas respectivas
capitais. Esse trabalho também da relevo para questdes referentes a toponimia e ao
percurso histérico (pautado em dicionarios) responsavel pelas nomeagdes.

Dignos de nota também sdo os trabalhos de Arean-Garcia (2009, 2012), situados
na morfologia historica, que descrevem a genealogia seméantica dos gentilicos e dos
agentivos formados por -ista ao longo de todo o periodo de criacdo do Estado Brasileiro
em comparagdo com a lingua portuguesa europeia e outras linguas também europeias.

Ressalte-se que, nesses trabalhos citados, ndo havia a abrangéncia e a
preocupacdo de automatizar o processo de formagdo de gentilico a partir de um
topdnimo, o que da o carater de originalidade a pesquisa relatada neste artigo.

3. Conjunto de dados

O site do IBGE foi escolhido como fonte de dados por se tratar de um instituto oficial e
conter diversos tipos de informacdes referentes a todos os municipios brasileiros,
incluindo ai os gentilicos. Ressalte-se que foi utilizada nesta pesquisa uma versdo
anterior do site denominada “Cidades™.

Embora o site seja extremamente rico e traga um conjunto muito diverso e
detalhado de informagdes, ele estd num formato que impede o processamento
computacional, razdo pela qual foram desenvolvidos scripts que possibilitaram a
transformagdo daqueles dados em tabelas, o que nos permitiu total manipulacdo. Assim,
foi construida uma lista em formato de tabela, de toponimos associados aos seus
respectivos gentilicos, contendo 5.570 linhas, correspondendo ao total de municipios
brasileiros. Dos 5.570 municipios, foram considerados neste trabalho apenas as formas
unigramas, como mencionamos na Seco 1.

4. Descricao linguistica

Esta secdo estd dividida em duas partes: a primeira descreve o método de trabalho e os
recursos utilizados, assim como os primeiros apontamentos; ¢ a segunda apresenta os
resultados da andlise e os processos resultantes.

4.1. Método de trabalho e recursos utilizados

Para realizar a descri¢do, iniciamos pelos toponimos que recebem os sufixos -ano, -ino,
-ista, -eiro, -eno, -enho, -ito ¢ -ado, considerados os menos convencionais, ja que, na
maioria dos casos, o que se tém sfo as formagdes em -ense, considerado o sufixo
prototipico para a formacdo de gentilicos. Sendo assim, na primeira etapa, que foi
responsavel pela identificagdo das extremidades dos topdnimos e sua associagdo aos
sufixos gentilicos, o sufixo -ense ndo foi contemplado, por ser considerado o padrio,
com 91,5% de ocorréncias.

Para que fosse possivel diferenciar os toponimos que recebem um ou outro
sufixo formador de gentilico, foram delimitadas suas terminagdes (extremidades),

4 <http://cidades.ibge.gov.br/xtras/home.php>.
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utilizando-se apenas critérios grafematicos de sequéncias finais de letras. Na pratica,
foram separadas as tltimas trés, quatro ou cinco letras dos topénimos, dependendo do
caso, separagdo esta que visou a distingdo das unidades finais. Por exemplo, para o
sufixo -ano (que se apresentou em 4,83% das ocorréncias), agrupamos todas as
extremidades de toponimos cujos gentilicos se formavam com este sufixo, sendo elas:
<aba> (Piracicaba (SP) - piracicabano), <aca> (Mombacga (CE) - mombagano), <aia>
(Atibaia (SP) - atibaiano), etc.

Com esse processo, percebeu-se que, embora as extremidades dos toponimos
fossem responsaveis pela escolha de um ou outro sufixo, muitas delas permitiam a
geracdo de mais de uma forma de gentilico, cada forma realizada com sufixos distintos,
inclusive com o sufixo -ense. Por exemplo, a partir do toponimo Colémbia (SP),
podem-se formar os gentilicos colombiano e colombiense.

Além de observar os grafemas que compunham as terminagdes dos topdnimos,
foi preciso também levar em conta algumas adequagdes morfofonologicas’® responséaveis
pela elisdo ou crase da vogal tematica final, quando as bases recebem o sufixo de
gentilico, como nos casos de: Penedo (AL) - penedense (elisdo: <edo> + -ense),
Morungaba (SP) - morumgabano (crase: <aba> + -ano). Esses padrdes foram chamados
de regras de ligagdo grafematica e sdo identificadas em todas as construgdes de
gentilicos.

4.2. Descri¢iio e andlise linguistica: dados e processos resultantes
Por meio do método apresentado na subsegdo anterior, pudemos observar, que:

1. a derivacdo estd presente em praticamente todos os gentilicos, excetuando-se
apenas casos arbitrarios como Salvador - soteropolitano, ndo tratados aqui;

2. aescolha do sufixo varia conforme a extremidade do topdnimo;

-ense ¢ o sufixo padrdo, e os outros oito sufixos ocorrem em minoria, ainda que
aplicavel em diversos toponimos, o que amplia as possibilidades combinatorias
para a geragdo dos gentilicos;

4. algumas extremidades de toponimos podem receber mais de um sufixo para
formar gentilicos.

Procedemos, entdo, a estruturagdo, na forma de um banco de dados morfologicos, de
todos esses elementos descritos, tais como: as extremidades dos toponimos associadas
aos sufixos gentilicos com que ocorrem, a lista de extremidades que nao se formam com
-ense ¢ a lista de ligacdo grafematica, responsavel pela concatenagdo dos morfemas.
Todos esses dados organizados permitiu-nos gerar os gentilicos a partir das unidades
toponimicas unigramas, seguindo o esquema algoritmico explicitado no Quadro 1.

O algoritmo funciona da forma descrita a seguir. Inicialmente, apresenta-se o
toponimo para o qual se deseja obter os gentilicos possiveis, juntamente com o banco de
dados morfolégicos, no qual se baseia todo o processo. No passo 1, é consultado o

5 “E objeto da morfonologia, forma haplologica de morfofonologia, o estudo das mudangas que se operam

no corpo fonico dos elementos, bases ou radicais e afixos ou flexdes, que se unem para formar vocabulos
ou unidades lexicais novas, compostos ou derivados, ou variantes flexionais de um mesmo vocabulo ou
unidade lexical.” (Sandmann, 1997, p. 50)
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banco de extremidades toponimicas associadas aos oito sufixos gentilicos
(excetuando-se -ense), buscando-se pelos possiveis sufixos associados as extremidades
existentes (de 3, 4 ou 5 letras) do toponimo de interesse. Caso essa consulta retorne
resultados (conforme checagem no passo 2), segue-se para o passo 3. No passo 3,
consulta-se se alguma das extremidades toponimicas pode se associar ao sufixo -ense.
Este passo ajuda a impedir a sobregeragdo dos gentilicos. Se o passo 3 sinalizar
negativamente, deve-se gerar o gentilico somente com o sufixo encontrado na consulta
realizada no passo 1, o que ¢ feito no passo 4. Quando a etapa 3 sinaliza positivamente,
pula-se para o passo 5, que prevé a geragdo de variacdes do gentilico com o sufixo
identificado no passo 1 e também com o sufixo -ense. No caso da consulta do passo 2
ndo retornar resultado, pula-se diretamente para o passo 6, que prevé somente a
utilizagdo do sufixo -ense para a formagdo do gentilico (o que representa o caso padréo,
ou defaulf). No passo 7, depois que ja esti(do) selecionado(s) o(s) sufixo(s) que
formara(rdao) o(s) gentilico(s), had necessidade de consulta ao banco das regras de
adequacdo grafematica, pois, ao concatenar os elementos morfologicos envolvidos na
derivagdo, as vezes, ¢ preciso adicionar ou suprimir letras. No passo 8, as regras
identificadas (se houver alguma) sdo aplicadas, produzindo-se os gentilicos. No passo 9,
removem-se eventuais diacriticos residuais dos gentilicos produzidos. Os gentilicos
resultantes sao retornados/exibidos pelo passo 10.

Quadro 1. Algoritmo de producéao de gentilicos

Dados de entrada: toponimo de interesse, banco de dados morfologicos
Dados de saida: gentilicos possiveis para o toponimo de interesse
Inicio do algoritmo
1. Buscar no banco de dados as extremidades possiveis do toponimo (com 3, 4 ou 5 letras) e,
para cada extremidade encontrada (se houver alguma), o sufixo associado a ela
2. Se a busca acima encontrar extremidades e sufixos no banco de dados, entdo
3. Checar, no banco de dados, se cada extremidade encontrada pode se associar ao
sufixo -ense
4. Se a extremidade ndo se associar a -ense, entdo utilizar o sufixo
encontrado no passo 1 para produzir o gentilico
5. Sendo, se a extremidade puder se associar a -ense, entdo utilizar o sufixo
encontrado no passo 1 e também o sufixo -ense para construir os possiveis
gentilicos
6. Sendo, se a busca ndo encontrar extremidade alguma no banco de dados, entdo utilizar
somente o sufixo -ense para construir o gentilico
7. Buscar no banco de dados por regras de adequagdes grafematicas que devem ser aplicadas
na construgdo de cada possivel gentilico
8. Aplicar as regras de adequagdes grafematicas identificadas (caso haja alguma) para a
adequacdo dos gentilicos
9. Se houver diacriticos nos gentilicos produzidos, remover os diacriticos
10. Retornar os gentilicos produzidos
Fim do algoritmo

[~

Como se nota, a logica do trabalho foi de descrever as excegdes para chegar
regularidade, portanto, tudo que ndo fez parte das particularidades dos oito sufixos ¢é
caracterizado como padrdo, com sua construgao realizada pelo sufixo -ense.

Para exemplificar as etapas do algoritmo, assume-se que o topdnimo Poconé (MT)
¢ fornecido como entrada. No passo 1, busca-se e encontra-se sua extremidade
associada ao sufixo -ano. No passo 2, confirmando que a busca no passo 1 teve sucesso,
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ativa-se o passo 3, que verifica que a extremidade <oné> ndo se liga a -ense, passando,
portanto, para o passo 4, que ¢ a etapa responsavel pela associagdo da base Poconé a
-ano. Passa-se, entdo, ao passo 7, em que se percebe que ndo hd necessidade de
aplicagdo de regras especificas para supressdo ou adigdo de elementos. Entdo, no passo
8, simplesmente concatenam-se os elementos (Poconé + (vazio) + ano). No passo 9,
remove-se o diacritico referente ao acento ("). No passo 10, por fim, é retornado o
resultado, que ¢ o gentilico poconeano.

O algoritmo foi validado manualmente. Todos os toponimos utilizados tiveram
seus gentilicos produzidos pelo algoritmo. Inicialmente, verificou-se na listagem do
IBGE se o gentilico produzido era o esperado. Caso ndo fosse, buscou-se o gentilico
produzido no diciondrio eletrénico Houaiss (2009) e/ou na web (na Wikipedia e no
Google), para atestar sua viabilidade. Com essa forma de validagdo, foi possivel
verificar que: (i) as tarefas realizadas pelo algoritmo sdo capazes de gerar gentilicos a
partir de topdnimos, tomando como base a lista extraida do IBGE; e (ii) nenhuma lista
de gentilicos ¢ tdo completa, no sentido de possuir uma abrangéncia em relagdo a
existéncia de uma forma de gentilico para cada cidade, quanto a do IBGE, pois nem
todos os outros meios de validagdo registram os gentilicos gerados pelo algoritmo e/ou
possuem gentilicos para os topdnimos processados.

5. Aprendizado automatico

O aprendizado automatico foi realizado sobre a base de municipios brasileiros com dois
principais objetivos: (i) verificar, de forma automatica, a regularidade do processo
morfologico para producdo dos gentilicos e (ii) identificar e extrair eventuais padrdes
interessantes de producdo de gentilicos.

No primeiro caso, se o aprendizado realizado pela maquina demonstra uma boa
acuracia, pode-se corroborar a analise humana anterior de que, pelo menos
parcialmente, ha processos regulares, baseados nas caracteristicas dos topénimos, que
podem ser reutilizados. Casos arbitrarios (por exemplo, o topénimo Niterdi e seu
gentilico fluminense) pouco contribuiriam para o aprendizado.

No segundo caso, a maquina, com seus métodos de aprendizado, pode
identificar padrdes que a andlise e introspec¢do humana podem ndo reconhecer. A
andlise humana normalmente ¢ um processo caro e lento, sujeito as falhas e
inconsisténcias humanas. A analise automatica, por outro lado, pode ser executada em
larga escala, de maneira relativamente eficiente, em grandes bases de dados, podendo
identificar conhecimento relevante adicional ndo detectado pelo humano, mesmo que
seu método de busca de padrdes seja significativamente mais limitado do que o nivel
que a cognicdo humana atinge. E essa perspectiva que se destaca, em que os padrdes
identificados pela maquina podem revelar processos interessantes que podem enriquecer
a analise humana e indicar, inclusive, novas possibilidades de analise.

Neste trabalho, como um dos objetivos € explicitar novos conhecimentos, foram
utilizados métodos simbolicos de aprendizado, que podem produzir drvores de decisdo e
regras de classificagdo. Relatamos, principalmente, o resultado produzido pelo método
PART (Frank e Witten, 1998), que produz regras de classificagdo. Ele foi adotado
porque foi capaz de produzir um conjunto mais compacto de regras (em relagdo aos
demais métodos testados) e com boa acuracia.
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Para modelar a tarefa em questdo como um problema de aprendizado de
maquina, cada topdnimo foi considerado uma instancia de aprendizado e caracterizado
por um conjunto de oito atributos, a saber:

1. atributo de tamanho relativo do topdnimo, em que topénimos com 5 letras ou
menos sdo considerados “pequenos”, topdnimos com 6 a 10 letras sdo
considerados de tamanho “médio” e topdnimos com mais de 10 letras sdo
considerados “grandes” (definiu-se empiricamente o intervalo de niimero de
letras para cada tamanho especificado);

2. atributo que armazena os trés ultimos caracteres do toponimo (concatenados),
em linha com parte da descrigdo linguistica relatada anteriormente neste artigo;

3. cinco atributos que consistem, isoladamente, nos cinco ultimos caracteres dos
toponimos (que nomeamos, de forma abreviada, de ¢ a c-4, sendo o ultimo
caractere representado pelo atributo ‘c’, o pentltimo pelo atributo ‘c-1°, e assim
por diante);

4. atributo que armazena o estado onde se localiza a cidade relativa ao toponimo.

A cada instancia de aprendizado foi associada sua classe, que, neste caso, € o sufixo que
deve ser utilizado para constituir o gentilico correspondente. Como ilustragdo, o Quadro
2 mostra como seria a representacdo do topdnimo Piracicaba (cujo gentilico €
piracicabano) como uma instancia para aprendizado de maquina. Todos os toponimos
unigramas foram representados dessa forma. No total, foram utilizados 245 topdnimos
para o aprendizado, nomeadamente aqueles que ndo se formam com o sufixo -ense.

Quadro 2. Exemplo de representacao do toponimo Piracicaba como uma instancia para
aprendizado de maquina

Atributos
Topénimo Classe
tamanho 3 ultimos caracteres c4 [ c3 | c2 |cl c estado

Piracicaba médio aba i c a b a SP ano

O aprendizado de maquina foi realizado na ambiente WEKA (Witten et al., 2011). Em
um primeiro momento, o conjunto completo de instancias foi utilizado para aprendizado
e também avalia¢do da acurdcia, buscando-se confirmar a regularidade do processo de
formacdo de gentilicos.

Utilizando-se somente o atributo de trés ultimos caracteres para o aprendizado
(simulando-se parte da andlise linguistica ja relatada anteriormente), a acurécia atingida
pelo aprendizado foi de 86,5%, ou seja, foi possivel, com base nas regras aprendidas,
prever corretamente o sufixo (a classe) do gentilico correspondente em 86,5% dos casos
(ou seja, 212 casos, no total). Nesse cendrio, foram aprendidas 114 regras, sendo a mais
produtiva (a primeira do conjunto) a seguinte regra: SE os 3 ultimos caracteres do
topdénimo forem Zis, ENTAO a classe é -ano.

Utilizando-se mais atributos da representagdo (o tamanho relativo e os 5 ltimos
caracteres isolados, além do atributo anterior), produziu-se uma acuracia de 88,9% (uma
melhoria de 2,7% em relacdo ao resultado anterior), com 107 regras aprendidas.
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Incorporando-se o atributo de estado (que, em um primeiro momento, poderia parecer
irrelevante), atingiram-se impressionantes 99,1% de acuracia (uma melhoria de 11,4%
em relagdo ao resultado acima), com 100 regras aprendidas, sendo que a maior
diferenca para a versdo anterior foi a previsdo correta dos gentilicos terminados em -ino.
Basicamente, o aprendizado identificou que a maior parte dos gentilicos terminados em
-ino provém dos estados de Goids e Tocantins (das regides Centro-Oeste e Norte do
Brasil, respectivamente). Algumas regras do conjunto aprendido sdo exemplificadas
abaixo:

SE os 3 ultimos caracteres do toponimo forem aba, ENTAO a classe é -ano

SENAO SE o estado for Parand E o ultimo caractere for s, ENTAO a classe é
-ano

SENAO SE o estado for Minas Gerais E os 3 ultimos caracteres do toponimo
forem /is E o tamanho for grande, ENTAO a classe é -ano

SENAO SE os 3 tltimos caracteres do toponimo forem /is E o estado for Goids,
ENTAO a classe ¢ -ino

Corroborando a descricdo linguistica realizada e a relevancia do aprendizado
automatico, ao se realizar a selecdo de atributos no ambiente WEKA, os atributos
relativos aos trés ultimos caracteres do toponimo e ao estado mostram-se como 0s mais
relevantes.

Em outra perspectiva, ao se realizar a avaliacdo sobre conjuntos de dados
diferentes dos utilizados para o aprendizado (que consiste em uma boa pratica em
aprendizado de maquina), utilizando-se o esquema de validagdo cruzada de 10 pastas
(com todos os atributos), atingem-se 69,7% de acuracia, sendo que a maioria dos erros
ocorre para as classes -ano e -ino.

Por fim, vale citar mais um resultado de aprendizado automatico. Avaliando-se
conjuntos de regras aprendidos automaticamente, obteve-se um conjunto de regras
enxuto e elegante com o método JRip (Cohen, 1995), com uma boa acuracia de 88,1%
(utilizando-se todo o conjunto de dados para aprendizado e avaliagdo). O conjunto é
exibido a seguir. Como se pode ver, os trés ultimos caracteres € o estado mantém-se
como atributos muito relevantes na classificacéo.

SE os 3 tltimos caracteres do topdnimo forem aré, ENTAO a classe é -eno
SENAO SE o estado for Goids, ENTAO a classe é -ino

SENAO SE o antepentiltimo caractere do toponimo for ‘n’ e o Gltimo caractere
for ‘e’, ENTAO a classe é -ino

SENAO SE os 3 ultimos caracteres do toponimo forem tes, ENTAO a classe ¢
-ino

SENAO SE o estado for Tocantins e os 3 tltimos caracteres do toponimo forem
lis, ENTAO a classe é -ino
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SENAO a classe é -ano

E relevante adicionar que todos os métodos de aprendizado de maquina investigados
foram executados no WEKA com suas configura¢des padroes. Além disso, ressalta-se
que muitos outros métodos foram avaliados, mas relatamos aqui somente os mais
promissores.

Conclui-se, no geral, que o aprendizado de maquina é relevante para explicitar
conhecimentos interessantes, corroborando resultados manuais e complementando a
analise humana.

6. Consideracoes finais

Pelo que se sabe, o trabalho aqui apresentado ¢ inédito em termos de abrangéncia e
profundidade de analise realizada para a lingua portuguesa. De nosso particular
interesse € a replicacdo desta pesquisa para outros paises de lingua oficial portuguesa,
verificando-se em que medida os processos morfologicos identificados também
ocorrem. Logicamente, nesses casos, o uso de informagdes geograficas especificas do
Brasil (como a informacao de estado) ndo ¢ relevante.

Como proximo passo dessa pesquisa, vislumbra-se o desenvolvimento de uma
interface web de fécil acesso e uso que, (i) além de manter um catélogo dos toponimos e
seus gentilicos, (ii) permita a geracdo de possiveis gentilicos a partir de novos
toponimos apresentados, utilizando-se o algoritmo produzido e as regras de aprendizado
de maquina identificadas.
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Abstract. Glossary visualization in information retrieval system is a useful
feature for their users. This work presents an information retrieval system
component that displays a glossary according to the query results. It also
provides details of its implementation and points out various possibilities of
development.

Resumo. A visualizagdo de um glossario em sistemas de recuperacdo de
informagdo fornece grande auxilio a seus usudrios. Este trabalho apresenta
um componente de sistema de recuperacdo de informagdo que exibe um
glossario de acordo com os resultados das consultas realizadas. Também
fornece detalhes de sua implementagdo e aponta vdarias possibilidades de
evolugdo.

1. Introducao

Segundo o Diciondrio Eletronico Houaiss da Lingua Portuguesa (Versio 1.0 —
Dezembro de 2001), na Idade Média e no Renascimento, os glossdrios representavam a
reunido de anotagdes, antes interlineares (glosas), sobre o sentido de palavras antigas ou
obscuras encontradas nos textos e eram apresentados no final de um manuscrito ou até
em volumes separados da obra original. Atualmente, ndo distante do entendimento
antigo, os glossdrios podem ser definidos como um conjunto organizado de termos de
uma drea de conhecimento e seus significados e defini¢des.

Mais recentemente, os glossdrios passaram a ser reconhecidos como ferramentas
de representacdo do conhecimento, juntamente com lista de termos e vocabuldrios
controlados, sendo todas jd consideradas como Sistemas de Organizacdo do
Conhecimento (SOC) [Souza et al. 2010], [Zeng 2008]. Os SOC (mais conhecidos na
literatura académica como Knowledge Organization Systems ou KOS) t€ém ganhado cada
vez mais atencdo em decorréncia de sua utilidade em aplicacdes para a Web Semantica,
onde vocabuldrios formalizados e menos ambiguos, usados como indexadores de
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recursos informacionais, sdo altamente recomendados [Baracho 2016] por causa dos
consequentes beneficios que proporcionam no processo de recupera¢do da informacao.

No entanto, vocabuldrios controlados nem sempre estdo comprometidos em
apresentar e disponibilizar numa mesma estrutura, seja ela conceitual seja tecnoldgica,
as defini¢des ou as acepg¢des de um determinado termo. Essa funcionalidade € oferecida
pelos glossdrios. Dessa forma, o alinhamento e a convergéncia dessas ferramentas de
representacdo de conhecimento fornecem uma base bastante consistente para enriquecer
sistemas de recuperacdo da informacdo, cujas respostas a eventuais buscas podem se
beneficiar de maior precisdo e menos ambiguidade de um lado e, de outro, podem
fornecer ao usudrio um panorama terminolégico ampliado a ser explorado.

A utilizacdo de um glossdrio por parte de uma comunidade possibilita uma
compreensao homogénea sobre o significado dos termos. A exibicdo frequente das
defini¢des dos termos mais usados por uma comunidade auxilia na consolidacdo da
terminologia e possibilita melhor comunicacdo entre seus membros, além de criar
oportunidades para maior discussdo sobre o significado dos termos utilizados. Agregar
um glossdrio a um sistema de recuperagao de informacdo significa oferecer um recurso
linguistico justamente no momento em que o usudrio estd procurando informagdes
associadas ao tema e, portanto, em que estd mais aberto a receber esse tipo de
informacao.

Além disso, no contexto de um sistema de recuperacdo de informacdo, a
apresentacdo das defini¢des dos termos contribui nas estratégias de busca do usudrio,
uma vez que essas definicdes cont€m palavras que podem ser consideradas na
formulagdo de novas consultas por parte do usudrio, contribuindo assim no refinamento
da busca.

No entanto, ndo hd muitos trabalhos que detalhem a implementacdo de uma
funcionalidade como essa. Um trabalho recente [Bauer et al. 2015] apresenta o
WikiHyperGlossary (WHG), tecnologia que usa glossario para possibilitar uma melhor
compreensdo de documentos da drea de Quimica. Neste sistema, os documentos
apresentam termos em destaque com hiperlinks que levam a abertura de novas janelas
contendo a defini¢cdo do termo e outras informacdes especificas do dominio. No WHG,
os documentos sdao processados por meio de expressdes regulares para que sejam
identificados os termos relacionados ao tema de interesse. Porém, uma abordagem mais
personalizada pode ser utilizada no processamento de documentos, com o uso de
diferentes analisadores de texto e ndo apenas daqueles baseados em expressdes
regulares. Além disso, no escopo de recupera¢do de informacdo, esse processamento
pode ocorrer previamente, na fase de indexac@o, e ndo apenas durante a geracdo da
marcagdo HTML.

Neste trabalho, apresentamos um recurso de visualiza¢do de glossario em um
sistema de recuperacdo de informacgdo e fornecemos detalhes de sua implementacdo.
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Este recurso € baseado em analisadores de texto personalizados para identificar os
termos do glossdrio presentes nos documentos durante sua indexagdo. Esta abordagem
também cria oportunidades para melhorar a interface de usudrio.

2. Metodologia

Elasticsearch [Gormley and Tong 2015] € uma tecnologia para a construcdo de
ferramentas de busca. Oferece interface simples via API e € baseada na biblioteca de
codigo aberto Apache Lucene, que oferece recursos de indexacdo e busca de textos. O
processamento de texto € feito tanto na fase de indexacdo quanto na de busca por
analisadores que recebem uma cadeia de caracteres e retornam uma lista de tokens.
Alguns desses analisadores ja sdo oferecidos pela tecnologia, como, por exemplo, o
baseado em expressdes regulares, mas outros também podem ser personalizados. Sdo
compostos sequencialmente por (i) filtros de caracteres opcionais, que substituem
determinados caracteres por outros, (ii) exatamente um fokenizer, que produz uma lista
de fokens a partir de uma cadeia de caracteres, e (iii) por filtros de fokens, também
opcionais, que podem modificar a lista de fokens. A Figura 1 ilustra a composi¢do de um
analisador para Elasticsearch. Neste trabalho, explicamos os analisadores usados na
implementacdo do recurso de glossdrio do sistema.

Analisador (analyzer)

cadeia de filtro de cadeiade — y5panizer listade  [filtro de token lista de

caracteres < caracteres tokens tokens o
caractere > (filter) 14
(char filter)

Figura 1. Elementos de um analisador

A interface do sistema € baseada em portlets que se comunicam entre si. Os
portlets sdo aplicacdes que fornecem fragmentos especificos de conteido para serem
incluidos em uma pédgina de portal [Hepper 2008]. Assim, cada portlet pode ser
responsavel por uma funcionalidade do sistema de recuperag@o de informagao. Na nossa
solucdo, um portlet foi desenvolvido exclusivamente para expor o glossario.

O modelo de portlet segue o padrio Model-View-Controller (MVC). O
controlador do portlet faz chamadas a API do servidor Elasticsearch para realizar as
consultas. Entdo, os resultados obtidos sdo processados para gerar o conteido do
portlet.

O sistema indexa dados das publicagdes da Empresa Brasileira de Pesquisa
Agropecudria (Embrapa). O glossdrio utilizado tem 86 termos relacionados a recursos
hidricos, mudancas climaticas e agricultura. Sua construcdo foi baseada na metodologia
“OntoMethodus”, apresentada e discutida em detalhes por Di Fillipo et al. (2008), sendo
realizadas algumas adaptacdes e complementacdes ao método. Resumidamente, o
itinerario metodolégico foi assim executado: (1) construgdo, limpeza e compilagdo de
um corpus textual sobre o dominio de interesse, composto pela reunido de textos, no
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caso, publicacdes técnico-cientificas envolvendo temdticas relacionadas aos impactos
ambientais da agricultura e das mudangas climdticas sobre recursos hidricos. O corpus
foi composto de textos na lingua inglesa e totalizou 1.034.534 palavras; (2) extracdo
semiautomdtica de candidatos a termos e validagcdo intelectual dessa lista por
especialistas nas temdticas mencionadas acima. A validacdo incluiu a proposicdo dos
termos equivalentes em lingua portuguesa, os quais foram obtidos por meio de
mapeamento com os dois tesauros agricolas reconhecidos internacionalmente e que
possuem  terminologias em  portugués:  Agrovoc  (http://aims.fao.org/vest-
registry/vocabularies/agrovoc-multilingual-agricultural-thesaurus) e CAB Thesaurus
(http://www.cabi.org/cabthesaurus/). Quando o termo equivalente em portugués nao
constava dos tesauros, considerou-se a sugestdo dos especialistas, que também foram
consultados em relagdo a sele¢@o de termos a serem definidos, resultando uma lista final
de 303 termos; (3) composicdo de uma base definicional com excertos do cérpus textual,
ou seja, trechos do texto onde hd indicacdes linguisticas denotativas da definicdo dos
termos selecionados na etapa 2. Nesta fase, a validacdo dos especialistas também
considerou a traducdo dos excertos do original em inglés para o portugués; (4)
preenchimento da ficha terminolégica (v. modelo na Figura 2) para organiza¢do dos
dados pertinentes a cada verbete do glossdrio, constituido por 86 termos. Como etapa
final do processo, uma nova valida¢do por especialistas foi realizada visando a melhor
adequacdo do enunciado da definicao.

Todo esse itinerdrio metodoldgico foi realizado por meio da utilizagdo do
software e-Termos (https://www.etermos.cnptia.embrapa.br/index.php), um ambiente
computacional colaborativo web de acesso livre e gratuito dedicado a gestdo
terminoldgica. O glossdrio, assim construido, foi salvo em formato JSON e incorporado

ao sistema de recuperagdo de informagao.

86



Visualizag@o de glossdrio em sistemas de recuperagdo de informagao

e TermOS Ambiente Colaborativo Web de Gestao Terminolégica.

‘ Principal “ Etapa 1 “ Etapa 2 ” Etapa 3 ” Etapa 4 “ Etapa 5 “ Etapa 6 l

Projeto Critica

Perfil Gerente de Projeto Qu inta Eta pa

|Pro]eto Recado Mail Base Definicional Termos Ficha Terminoldgica

Preencha os campos da Ficha Terminoldgica e clique em Salvar. Se desejar excluir clique em Excluir Dados

—Dados do Termo

. |water balance
T Ver Genealogia - Ver Relacdes

Cddigo Termo: |[159913

Balango do fluxo de dgua que entra e sai de um sistema
(solo, rios, lagos, vegetacdo Umida e oceanos)em um
Definicao: | determinado periodo de tempo.

Editor de Definicao

Morfologia: || Substantivo Masculina ~

EquivalenciaPTBr: ||Balango hidrico

Na escala macro, o balango hidrico é o préprio ciclo A
hidrolégico, cujo resultado fornecera a agua disponivel
no sistema (solo, rios, lagos, vegetacdo Umida e
oceanos), ou seja, na biosfera. Na escala >
intermedidria, representada por uma microbacia

Expandir campo =%

DataAtualiz: |[2015-11-27
Variante: | [Evaporative demand; Water budget, Water saturation
Responsavel: |[Maiara Barra Rosa

Gladis, em 27/11/15

infoenciclopedica:

. Ivo, em 11/88/2016
Revisor:

Expandir campo =%
Campos em vermelho s30 obrigatérios.

- |Sa|var Excluir Dados

EMBRAPA/CNPTIA - NILC/USP - GETerm/UFSCar - Condicoes de Usg

Frojeto e-Termos - Todos Direltos Reservados - 2009

Figura 2. Ficha terminolégica no e-Termos

3. Resultados e Discussao

Desenvolvemos um componente de glossdrio para um sistema de recuperacdo de
informacdo que exibe definicdes de termos presentes em documentos que fazem parte
dos resultados de uma consulta. A Figura 3 exibe a interface do sistema com o glossario
a esquerda. Este componente foi implementado em um portlet e exibe definicdes de
termos presentes nas publicagdes listadas nos resultados de uma consulta, exibidos em
outro portlet. Os documentos exibidos como resultados podem ser paginados. Assim,
sdo apresentadas apenas as defini¢des dos termos que estdo contidos nos documentos
exibidos na pagina corrente dos resultados. Quando uma determinada publicacdo ¢
selecionada pelo usudrio, as defini¢des exibidas sdo dos termos presentes apenas nesta
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publicacdo.
Formulario Resultados
agua 2 Documentos de 1 a 10. Total: 760
SANTANA, D. P;; BAHIA FILHO, A.F. de C.; COUTO, L.; BRITO, R.A.L. Agua: recurso
natural finito e estratégico. Sete Lagoas: Embrapa Milho e Sorgo, 2001. 2001
L. Agua recurso natural; Agua: recurso natural finito; Bacias hidrograficas; Agua: insumo
Glossario estrategico; Agua: recurso escasso e de qualidade ameacada; Captacao de agua das

Captagao de agua: Processo no qual se utilizam estruturas para coletar, canalizar,
desviar ou extrair &gua com o fim de melhorar a disponibilidade dos recursos hidricos.
Essas estruturas podem ser: barragens, pogos, tanques de armazenamento, cisternas,
canais, aquedutos, tubulagdes, bueiros e esgotos

Bacia hidrogréfica: drea onde ocorre a captagao natural das dguas das chuvas para um
rio principal e seus afluentes, promovida pelo desnivel dos terrenos, que direciona os
cursos da agua das areas mais altas para as mais baixas.

Conservagio da agua; Protecéo dos recursos hidricos; Economia de dgua:
Conjunto de medidas adotadas para a garantia da qualidade e quantidade dos recursos
hidricos disponiveis, de modo que seu uso seja sustentavel

Higroscopicidade; Retencéo de dgua: Propriedade quimico-fisica de um corpo para
absorver gua

Agua salgada: Agua que contém uma igr de sais
(principalmente NaCl)

Agua doce: Agua doce caracterizada por ter um teor mineral relativamente baixo,
geralmente inferior a 500mg/I de sdlidos dissolvidos.

Agua potével; Agua propria para consumo: Agua apropriada para a ingestéo sem que
traga riscos a salde e sem causar rejeigoes por suas caracteristicas organolépticas. Sua
qualidade normalmente é regulada por legislagéo.

Absorgio de dgua: Capacidade ou

¢ de um corpo em consumir dgua

chuvas; Aumento a infiltracao; Enfoque hidroagricola; Agricultura irrigada; Sistema
agrossilvopastoris; Demanda de intervalo; Consideracoes finais

Pal, h; g1 ; Agua; Bacia ; Eficiencia; Insumo
Recurso hidrico; Recursos hidricos; Uso

GAZZONI, D.L. Manejo: agua, um recurso estrategico. Cultivar, Pelotas, v.2, n.17,
p.48-49, jun. 2000. 2000

Palavras-chave: Agricultura; Agriculture; Agua; Conservacao da agua; Environmental;
Meio ambiente; Water; Water conservation

CORDEIRO, G.G. Qualidade da agua para fins de irrigacao. Petrolina: Embrapa
Semi-Arido, 2000. 2000

Palavras-chave: Agua; Irrigacao; Irrigation; Qualidade; Quality; Water

GAZZONI, D.L. Manejo: agua, a proxima vantagem. Cultivar, Pelotas, v.2, n.16, p.52-53,
maio. 2000. 2000

Palavras-chave: Agua; Controle da poluicao; Ecologia; Ecology; Environmental
degradation; Meio ambiente; Pollution control; Water

AZEVEDO, J. A. de; SHIBANO, K.; GOMES, A. C. Analise da qualidade da agua
utilizada para irrigacao em algumas localidades do Distrito Federal. Planaltina: Embrapa
Cerrados, 2002. 2002

Palavras-chave: Avaliacao; Cerrado; ECAGUA130; Evaluation; Irrigacao; Irrigation;
Qualidade da agua; Water quality

ANJOS, J.B. dos Agua de chuva captada para armazenamento em cisternas rurais com
sistema de pre-limpeza. CONFERENCIA INTERNACIONAL SOBRE SISTEMAS DE

Figura 3. Exibicdo do glossario no sistema de recuperacgao de informacéo

Para implementar este componente, dois tipos precisam ser criados no indice
utilizado, um para o glossdrio, em que os termos sdo indexados e suas defini¢des
armazenadas, e outro para as publica¢des, que inclui um campo que identifica os termos
do glossdrio presentes nas publicacdes.

A Figura 4 mostra o exemplo de indexag@o do termo “Bacia hidrografica”. O tipo
“glossario”, portanto, deve conter os campos “TERMO” e “DEFINICAQO”. No exemplo,
o verbete de “Bacia hidrografica” € incluido no tipo “glossario” do indice “idx” com
identificador “1”. De forma andloga, a Figura 5 mostra o exemplo da inclusdo de uma
publicagdo com identificador “10” em “publicacoes” do indice “idx”. Ndo mostramos
aqui todos os campos utilizados no sistema real, mas apenas o suficiente para explicar

nossa solucgdo.

PUT /idx/glossario/1
{

"TERMO": "Bacia hidrogréafica",

"DEFINICAO": "Area onde ocorre a captacdo natural das aguas das chuvas para
um rio principal e seus afluentes, promovida pelo desnivel dos terrenos, que
direciona os cursos da agua das Aareas mais altas para as mais baixas."

}

Figura 4: Exemplo de indexacao de verbete do glossario
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PUT /idx/publicacoes/10
{

"TITULO" : "Titulo do artigo",
"AUTORIA"™ : "VAZ, G. J.; PIEROZZI JR., I.; OLIVEIRA, L. H. M. de.",
"FONTE" : "In: STIL 2017",

"ANO" : 2017,

"PALAVRAS CHAVES" : "Linguistica; Ciéncia da Computac&o",
"RESUMO" : "Resumo do artigo",
"TIPO" : "Artigo em Anais de Congresso"

Figura 5: Exemplo de indexacédo de uma publicacédo

O mapeamento € o que define como os documentos devem ser armazenados e
indexados. No caso do tipo “glossario”, o campo “TERMO” deve utilizar analisadores
apropriados para indexacdo e busca de maneira que se mantenha o termo completo em
apenas um foken. J& o campo “DEFINICAO” ndo € indexado porque ndo oferecemos
buscas diretamente no glossdrio. Nao ¢é disponibilizada, por exemplo, uma
funcionalidade que possibilite busca de termos ou definicdes em funcdo de palavras
isoladas presentes nesses campos. O unico recurso oferecido por enquanto € a obtenc¢ao
de defini¢des para termos completos conforme indexados. Por exemplo, considerando-se
o caso da Figura 4, uma consulta a “Bacia hidrografica” obtém sucesso, mas consultas a
“Bacia” ou a “chuvas” ndo.

O mapeamento das publicacdes é mais complexo. A Figura 6 exibe os trechos
relevantes do mapeamento das publicagdes para o uso do glossdrio. Trechos ocultos sao
representados por “...” e “:”. Vdrios campos, ou propriedades, podem ser utilizados
para indexar publica¢des técnicas e cientificas. No exemplo, utilizamos os mesmos

relacionados na Figura 5 e adicionamos “GLOSSARIO”.

Os campos sao processados conforme seu tipo e seus analisadores de indexacgdo e
de busca. Como estamos tratando principalmente de texto, os tipos sdo “string” para
todos os campos mostrados, exceto para “ANO”, tratado como inteiro.

Os valores de determinado campo podem ser copiados para campos
complementares, o que € representado pelo uso de “copy_to”. Neste caso, copiamos para
“GLOSSARIO” todos os campos em que se deseja identificar os termos do glossdrio:
“TITULO”, “RESUMO” e “PALAVRAS-CHAVE”, pois estdo diretamente relacionados
ao conteido da obra. Campos como nome do autor, por exemplo, nio devem ser
copiados, porque ndo se espera encontrar em nomes proprios termos associados ao tema
de interesse.
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PUT /idx/_mapping/publicacoes
"properties": {
"TITULO": {
"type": "string",
"index_ analyzer": "index content",
"search_analyzer": "search_content",
"copy_to": [..., "GLOSSARIO"]
b
"AUTORIA": {..},
"FONTE": {..},
"ANO":{..},
"PALAVRAS CHAVES":{..},
"RESUMO" : {..},
"TIPO":{..},
"GLOSSARIO": {
"type": "string",
"index_analyzer": "index_glossary",
"search_analyzer": "search glossary",
"term_vector": "yes"
}
b

Figura 6: Mapeamento das publicacoes

A andlise do campo “GLOSSARIO” ¢ feita por “index_glossary” na fase de
indexacdo e por ‘“search_glossary” na de busca. Estes analisadores devem ser muito
parecidos com os utilizados nos campos relacionados ao contetido “index_content” e
“search_content”. Para garantir um processo de andlise equivalente, o “index_glossary”
possui a mesma estrutura do “index_content”, mas adiciona um ultimo filtro de roken
em que apenas termos presentes no glossario facam parte da lista de foken produzida em
sua saida. Desta maneira, o campo ‘GLOSSARIO’ de determinado documento contém
apenas termos que fazem parte do glossdrio. O analisador “search_glossary”, por sua
vez, pode ser igual ao “search_content” ou também adicionar o mesmo filtro de foken.
De qualquer maneira, a busca encontra apenas termos do glossdrio no indice.

O campo “GLOSSARIO” ainda utiliza term vectors, que armazenam
informacdes adicionais sobre os documentos. Neste caso, para cada documento, é
armazenada a lista de termos presentes no texto analisado. Assim, € possivel recuperar
os termos do glossdrio que aparecem em determinada publicacdo a partir de seu
identificador.

Portanto, duas operagdes envolvendo o glossdrio podem ser realizadas uma vez
que seus verbetes e as publica¢des tenham sido indexados: obter os termos do glossdrio
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presentes em uma determinada publicacdo e obter as definicdes dos termos expressos
em uma consulta.

Quando no sistema de recuperagdo de informag@o o usudrio seleciona uma
publicacdo para ver seus detalhes, o controlador do portlet de glossario obtém os termos
presentes na publicacdo e, posteriormente, as definicdes destes termos. Logo, o
contetdo € gerado para o usudrio. Quando vdrias publicagdes satisfazem a uma consulta
realizada, o controlador do portlet obtém os termos do glossdrio de cada publicacdo por
meio de chamadas individuais para depois obter as defini¢des de todos estes termos em
uma tnica chamada. Por fim, o contetido do portlet € gerado.

O recurso implementado utiliza um glossdrio cuidadosamente construido por
profissionais da terminologia, o que garante a confiabilidade das informacdes utilizadas.
A base indexada no sistema descrito neste trabalho inclui muitas dreas da agricultura,
ndo apenas documentos relacionados a temdtica do glossdrio. Além disso, os
documentos sdo publicados predominantemente em lingua portuguesa, enquanto o
glossdrio foi baseado em um coérpus formado por textos e termos em inglés, com
posterior traducdo dos termos para portugués. Ainda assim, dos mais de 80 mil

documentos indexados, cerca de 11% apresentaram pelo menos um termo do glossario.

O portlet apenas exibe o glossdrio, mas pode ser desenvolvido para agregar
outras funcionalidades e viabilizar novas formas de intera¢@o. Links nos proprios termos
podem disparar uma nova consulta ou a execu¢do de um filtro nos resultados ja obtidos.
A oferta de espago para comentdrios sobre as defini¢des estabelecidas podem auxiliar na
sua melhor elaboracdo, provocando debates construtivos. Avaliacdes das defini¢des
provém uma forma de mensurar sua aceitagdo por parte da comunidade de usudrios.
Enfim, hd intimeras possibilidades de desenvolvimento para este recurso em um sistema
de recuperag@o de informagao.

Tanto a ferramenta apresentada neste trabalho quanto o WikiHyperGlossary sdao
extensiveis, devido ao uso de portlets e APIs. Porém, a andlise de texto em nossa
solucdo foi customizada de acordo com as necessidades da aplica¢@o e ndo se restringiu
a expressdes regulares, o que pode ser bastante limitante. Além disso, os termos do
glossdrio ja sdo identificados na fase de indexa¢do dos documentos, o que possibilita a
apresentacdo de informagdes do glossario em conjunto com os resultados de uma busca,
sem necessidade de exibicdo de portlets em novas janelas.

4. Conclusao

Neste trabalho, apresentamos um componente que exibe um glossario em um sistema de
recuperacdo de informacdo, de forma que as definicdes dos termos sejam exibidas de
acordo com os resultados das consultas realizadas. Também fornecemos detalhes de sua
implementacdo, que envolve o uso de portlets para a interface de usudrio e de
analisadores textuais personalizados que identificam termos do glossdrio durante a fase
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de indexacdo dos documentos. Esta abordagem, além de abrir oportunidades para o
desenvolvimento do recurso de visualizacdo de glossdrio, possibilita sua integracdo ao
sistema de recuperagdo de informacdo de maneira a oferecer grande auxilio a seus
usudrios.
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Abstract. The task of evaluating textual semantic similarity is one of the chal-
lenges in the Natural Language Processing area. It is observed in the literature
the experimentation with priority use of probabilistic resources, and linguistic
aspects explored in an incipient way. This paper presents an experiment with a
hybrid approach, in which both resources of distributed representation and also
lexical and linguistic aspects are integrated for the evaluation of semantic simi-
larity between short sentences in Brazilian Portuguese. The proposed technique
was evaluated with a dataset known in the literature and obtained good results.

Resumo. A tarefa de avaliagcdo da similaridade semdntica textual é um dos de-
safios na drea de Processamento de Linguagem Natural. A literatura descreve
a experimentacdo com uso prioritdrio de recursos probabilisticos, sendo que
aspectos linguisticos ainda sdo explorados de forma incipiente. O presente tra-
balho apresenta um experimento com uma abordagem hibrida, na qual tanto
recursos de representagdo distribuida como aspectos léxicos e linguisticos sdo
utilizados em conjunto para a avaliacdo de similaridade semdntica entre frases
curtas em portugués do Brasil. A técnica proposta foi avaliada com datasets
conhecidos na literatura e obteve bons resultados.

1. Introducao

Este artigo trata da andlise de similaridade textual, tarefa que representa um desafio nas
pesquisas relacionadas a drea de Processamento de Linguagem Natural (PLN) [Kao and
Poteet 2007] [Gomaa and Fahmy 2013] [Pradhan et al. 2015]. A identifica¢do de simila-
ridade entre frases e textos ¢ uma parte fundamental para muitas tarefas em PLN [Gomaa
and Fahmy 2013]. Observa-se que boa parte dos métodos atuais para esta tarefa sdo ba-
seados prioritariamente na similaridade entre as palavras, representando as sentencas de
modo simplificado, como um vetor de termos. Ainda, uma parte significativa dos tra-
balhos restringe a andlise ao tratamento da informacgdo léxica, utilizando-se pouco de
outros recursos linguisticos. Ao adotar estas abordagens muitas vezes a ordem das pala-
vras e o seu significados nas sentencas como um todo sdo desconsideradas [Ferreira et al.
2016]. Logo, podem ocorrer falhas quando as frases ndo possuem termos comuns devido
a diversidade do vocabulario. Além disso, a dificuldade na identificagdo do contexto em
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frases curtas € maior do que em documentos, pois estas possuem volume limitado de texto
quando comparadas aos mesmos [Metzler et al. 2007].

Foram analisados estudos de similaridade semantica textual voltados para a lingua
portuguesa brasileira. Observou-se uma linha de desenvolvimento de trabalhos que incor-
poram prioritariamente caracteristicas 1éxicas em suas técnicas [Fialho et al. 2016] e [Al-
ves et al. 2016], valendo-se de materiais disponiveis em bases de dados abertas, tais como
WordNet!, FrameNet? ou VerbNet?, entre outros, devido a qualidade das relacdes descri-
tas nestes recursos. Em outra linha de trabalhos, os Modelos de Espaco Vetorial (MEV)
sdo destacados [Barbosa et al. 2016] e [Freire et al. 2016] devido as possibilidades
da sua abordagem probabilistica, independéncia de dominio e capacidade em obtengdo
automatica de relagdes semanticas dado um espaco de contextos. Ao mesmo tempo, tra-
balhos como [Ferreira et al. 2016] e [Alves et al. 2016] empregam recursos linguisticos
tais como as rela¢des de hiponimia, antonimia e sinonimia, obtendo resultados relevantes.

O trabalho descrito neste artigo consiste em uma abordagem hibrida na qual sdo
integradas técnicas usando um conjunto de recursos linguisticos e probabilisticos. Através
destes, foram definidos e analisados diversos conjuntos de atributos empregados na tarefa
de avaliacdo da similaridade seméantica entre sentengas curtas, através de sua combinagao
em um algoritmo para regressdo linear. Para tanto, foram utilizados recursos como os
Modelos de Espagos Vetoriais, bem como a exploragdo das relacdes semanticas de aspec-
tos como hiponimia e antonimia [Cangado 2013], através das bases Portuguese Unified
Lexical Ontology (PULO) [Simdes and Guinovart 2014] e Thesaurus para o portugués do
Brasil (TeP) [Maziero et al. 2008]. Como forma de realizar uma comparacao dos resul-
tados obtidos com o estado da arte na area, foi utilizado um conjunto de dados anotados
disponibilizado no evento PROPOR 2016*, junto ao workshop de Avaliagio de Similari-
dade Semantica e Inferéncia Textual (ASSIN). Os resultados obtidos foram considerados
competitivos e permitiram também a analise de impacto dos conjuntos de atributos em-
pregados.

2. Trabalhos relacionados

Atualmente a tarefa de avalia¢do de similaridade textual vem recebendo bastante aten¢ao
[Ferreira et al. 2016], [Agirre et al. 2012], [Hartmann 2016], [Barbosa et al. 2016] e
[Freire et al. 2016], o que também é observado em eventos como o SemEval’ e PROPOR®,
os quais possuem tarefas para mensurar a similaridade semantica entre sentengas, tanto
para a lingua inglesa quanto para portuguesa.

Em seu trabalho, [Hartmann 2016] faz o mapeamento de todas as palavras nao
encontradas no vocabuldrio ou com apenas uma ocorréncia no corpus para um foken
genérico UN K. Na sequéncia, o autor expandiu as sentengas utilizando recursos de si-
nonimia para palavras de conteiido que possuiam até dois sindbnimos no TeP e aplicou
Stemming para obter somente o radical das palavras. Apds, o autor calculou a similari-
dade do cosseno entre a soma dos word embeddings obtidos através do word2vec [Miko-

"http://www.nilc.icmc.usp.br/wordnetbr/.
http://www.ufjf.br/framenetbr/.
Shttp://www.nilc.icmc.usp.br/verbnetbr/.
“http://www.propor2016.di.fc.ul.pt

3 International Workshop on Semantic Evaluation

b International Conference on the Computational Processing of Portuguese
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lov et al. 2013], em conjunto com a similaridade dos vetores TF-IDF de cada frase para
estimar o qudo similar sdo as sentencas através do algoritmo de regressdo linear Support
Vector Machines (SVM).

No trabalho de [Barbosa et al. 2016] sao criadas métricas com word embed-
dings e Inverse Document Frequency (IDF) para utilizacdo no algoritmo SVM e também
em uma rede siamesa (Siamese Networks) de [Chopra et al. 2005]. Em [Freire et al.
2016] € um proposto um framework de trés sistemas: STS _MachineLearning, STS HAL
e STS_-WORDNET_HAL. O primeiro utiliza a similaridade entre palavras pelo coeficiente
DICE e pela WordNet, enquanto que os demais utilizam a abordagem simbdlica com o
calculo da similaridade de palavras através da Latent Semantic Analysis (LSA) e possuem
uma variag¢@o que utiliza a WordNet no mesmo calculo.

O trabalho de [Alves et al. 2016] utilizou em sua abordagem o célculo de
heuristicas sob um conjunto de nove redes semanticas (dentre elas PULO e TeP) para ex-
trair relagdes entre as palavras e sentengas. O autor realizou contagens de relagdes 1éxicas,
sintdticas e semanticas, além de empregar recursos como os tipos de entidades nomeadas
e diversas outras medidas de similaridade/distancia entre os nés da rede semantica. Ao
final, todos os atributos gerados foram combinados em trés técnicas de regressao linear
para mensurar a similaridade entre as sentencas.

Com base no estudo realizado, observam-se trabalhos na literatura utilizando ape-
nas recursos probabilisticos ou entdo heuristicos para avaliacdo da similaridade entre
sentencas. Além disso, muitas das pesquisas que fazem uso de recursos linguisticos abor-
dam de forma superficial a capacidade destes, pois utilizam apenas a existéncia ou nao
de relagdes para tratar o problema. Desta forma, o trabalho aqui apresentado € moti-
vado pelo interesse na integracdo destas classes de recursos visando aproveitar de ma-
neira mais efetiva e aprofundada cada uma de suas potencialidades. Além de propor uma
abordagem aplicdvel para mensurar a similaridade semantica entre frases curtas, através
da aplicacdo de contagem em relacdes de antonimia, penalizag¢do de diferenca de tama-
nho entre sentencas, bem como do uso de relagdes de hiperonimia, hiponimia e sinonimia
no apoio de modelos de espago vetorial para reducdo e dimensionalidade e andlise de
similaridade.

3. Materiais e métodos

Para melhor compreensdo da abordagem proposta a metodologia aplicada no presente
trabalho foi dividida em sete passos, os quais tem como inicio (passo 1) a captura de textos
em paginas de noticias através de um Web Crawler’. Na medida em que ocorre a coleta,
a cada pagina visitada o software realiza a extra¢do dos elementos textuais, a remocao de
marcacdes HTML, e apds grava o texto em um arquivo contendo um paragrafo por linha.
Ap6s a coleta de centenas de milhares de paginas (passo 2), € formado o corpus descrito
na Subsec¢do 3.2.

No passo 3 sdo aplicadas operagdes para preparacao do corpus como entrada para
o MEV, o qual obtém os word embeddings e armazena-os no formato Comma Separa-
ted Values (CSV) no servidor (passo 4). Uma vez que o recurso foi gerado, ocorre a
etapa de pré processamento (passo 5) do conjunto de dados para reduzir a esparcidade da

Software destinado a coleta e captura de textos na internet.
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informacao, através da remogao da pontuacdo, transformagdo do texto para caixa baixa
e remocdo de dados numéricos. No passo 6 sdo utilizados os recursos 1éxico-semanticos
(PULO e TeP) para tratar as relacdes de hiperdbnimos, hipdnimos e sindnimos.

Para melhor entendimento da abordagem, considerando as sentencas originais
(ntimeros 1 e 2) descritas a seguir:

1. A comissdo apura dentncias de abuso e exploracédo sexual em meninas da
comunidade quilombola.

2. O grupo apura dentncias de abusos e exploragdo sexual de criangas da
Comunidade Quilombola.

Ap0s o passo de pré processamento (5 e 6), sdo obtidas as seguintes sentencas de
exemplo:

1. comissao apurar denunciar abusar exploracao sexual criancas comunidade
quilombola

2. comissao apurar denunciar abusos exploracao sexual criancas comunidade
quilombola

Por fim, os dados resultantes do processo até este momento sdo utilizados como
entrada para treinamento e teste dos algoritmos de aprendizagem de maquina, onde serdo
gerados os modelos classificadores de similaridade (passo 7).

3.1. Conjunto de dados

O presente trabalho utilizou como base para comparacgdo de resultados o conjunto de da-
dos disponibilizado pelo Workshop ASSIN, pertencente ao evento PROPOR/2016. O ob-
jetivo do workshop € a identificag¢@o da similaridade semantica e classificac@o entre pares
de frases curtas disponibilizados no conjunto de dados. Segundo [Fonseca et al. 2016], o
conjunto de dados disponibilizado foi anotado pelo total de 36 pessoas que participaram
em diferentes quantidades, sendo que cada frase foi avaliada por 4 pessoas.

O conjunto de dados conta com 10.000 pares de sentengas coletadas através do Go-
ogle News (divididos igualmente para o portugués do Brasil e de Portugal), destes 6.000
registros sao dados para treinamento e os demais para teste, ambos os conjuntos contendo
o valor de similaridade entre os pares de sentencgas no intervalo [1,5]. A avalia¢do dos
trabalhos submetidos para a tarefa deu-se através da Correlagdao de Pearson (CP) e do
Erro Médio Quadrado (EMQ), onde as técnicas deveriam possuir a maior CP e o menor
EMQ possivel [Fonseca et al. 2016].

3.2. Corpus para treinamento

Neste trabalho foi obtido um corpus em portugués para identificagdo das word embed-
dings através do algoritmo GloVe. Para tanto, foi desenvolvido um Web Crawler® para
captura de textos em pdginas de noticias como Google News e Wikipédia. No decorrer
do processo de captura de textos, a cada pagina visitada o software realiza a extracao dos
elementos textuais e a remocao de marcacdes HTML. Apds realizar a captura dos textos,
foram removidos caracteres especiais diferentes de: .,; ?!— nas sentencas [Manning and

8http://www.projeto.unisinos.br/pipca_sts/web_service.
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Schiitze 2000], bem como removidas as sentengas compostas somente com nimeros ou
que continham menos de cinco palavras. Na sequéncia, todo o texto foi transformado para
minudsculo com o objetivo de reduzir a esparsidade dos dados e eliminar a redundéancia de
palavras.

Foi disponibilizado o corpus utilizado (em sua forma original) e os word embed-
dings através do endereco http://www.projeto.unisinos.br/pipca_sts,
pois tal ato contribui para o aumento da disponibilidade de recursos na drea de PLN e
possibilita que outras pesquisas possam utilizar os recursos no desenvolvimento de seus
trabalhos.

3.3. Técnica

No presente trabalho foi utilizado o algoritmo GloVe’ [Pennington et al. 2014] para mo-
delagem do espaco de vetores e obtengdo dos word embeddings, devido a disponibili-
dade da técnica word2vec para a linguagem R'°. Apesar do modelo utilizado diferir do
word2vec, pois o primeiro é baseado na contagem de elementos e o segundo é um modelo
de linguagem neural, é possivel observar nos experimentos de [Pennington et al. 2014], o
desempenho do Glove em capturar a semantica das palavras.

O corpus elaborado foi utilizado para o treinamento do GloVe no servidor uti-
lizado para o processamento, o qual conta com dois processadores E5-2620 versdo 4
2.1GHz, 128 gigabytes RDIMM (2400MT/s) e placa de video Matrox G200eR2 com 16
megabytes. O modelo foi treinado durante 10 épocas, com 6 elementos na janela de
contexto, 100 co-ocorréncias e taxa de aprendizagem de 0.15. Além disso, o tamanho dos
vetores foi definido para 600 posi¢des, pois notou-se nos testes realizados por [Pennington
et al. 2014] o aumento da acuricia do algoritmo em capturar as seméanticas das sentengas.
Inicialmente foi realizada a composi¢do de cada frase através dos word embeddings cor-
respondentes a cada palavra e desta maneira foi obtida uma matriz de contextos com W
palavras e 600 dimensdes. Neste ponto, assim como nos trabalhos de [Hartmann 2016]
e [Mikolov et al. 2013], criou-se um atributo através da similaridade do cosseno entre a
soma da matriz de contextos de cada sentenga. Contudo, [Hartmann 2016] comenta que
a soma da matriz de word embeddings cria uma representacio genérica da frase e acaba
por ndo refletir seus contextos. Desta forma, aplicou-se a técnica Principal Component
Analysis (PCA) para reducgdo de dimensionalidade e calculou-se a distancia euclidiana en-
tre o primeiro componente de cada sentenga, o qual contém os itens com maior variagao
na matriz de contextos.

Além dos atributos que fazem uso dos word embeddings, foram elaboradas
mais 10 medidas através do processamento de outros recursos léxicos e semanticos das
sentencas, os quais podem ser observados na Tabela 1. O atributo TF-IDF foi utilizado
com as oracOes originais e também com uma variacdo onde através da base PULO e
do TeP foram utilizados os atributos 9 e 10 (Tabela 1) para a substituicdo de sindnimos,
hiponimos e hiperdnimos. A utilizag@o da variacio do atributo TF-IDF como métrica para
avaliacdo de similaridade ocorre como tentativa para reducdo da esparsidade dos dados,
pois a abordagem TF-IDF utiliza em seu calculo a contagem de palavras compartilhadas
entre as sentencas. Logo, quanto mais elementos compartilhados entre os textos, maior

Disponivel em https://nlp.stanford.edu/projects/glove/
Disponivel em https://www.r-project.org/
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sera a similaridade entre ambos.

Tabela 1. Lista de atributos elaborados

Indice Atributo
1 Similaridade do cosseno entre a soma dos word embeddings
2 Distancia euclidiana entre o primeiro componente principal de cada sentenca
3 Similaridade do cosseno entre os vetores TF-IDF de cada sentenga
4 Coeficiente de penalizac¢@o pelo tamanho das sentengas
5 Propor¢do de palavras em comum entre as sentengas
6 Propor¢ao de ngramas em comum das sentencas
7 Propor¢do de palavras diferentes entre as sentengas
8 Contagem de antdnimos nas sentencas
9 Substitui¢do dos hipdnimos e hiperdnimos nas sentengas
10 Substitui¢cdo de sindbnimos

Utilizou-se a equacdo indicada por [Ferreira et al. 2016] para o célculo da
penalizacdo de sentencas com tamanhos diferentes, porém o valor da similaridade usada
na férmula do autor foi substituido pela média aritmética das similaridades entre os word
embeddings e TF-IDF. A adaptacdo da férmula pode ser vista na Equacdo 1, onde T’
corresponde ao tamanho das sentengas e Sim(frase) é o valor da média.

‘T(frasel%TT((ffT;ﬁ:;);XSim(fmse) se T(fraser) > T(frases) W

T(frase1)—T(frase2)|xSim(frase)
T(frasez)

Penalizacao =

caso contrario

A medida da propor¢do de ngramas deu-se através da busca por bigramas ou trigramas
em ambas as sentengas, utilizando as bibliotecas da ferramenta Weka de [Witten et al.
2016] para encontrar termos compostos € comuns com pelo menos uma ocorréncia.

4. Resultados

Inicialmente foram realizados uma série de experimentos para avaliar a contribui¢do dos
word embeddings na obtengdo da similaridade semantica. Como se pode observar na
Tabela 2, os resultados obtidos com os atributos isolados nao foram suficientes para um
bom desempenho do SVM, resultado também observado no trabalho de [Hartmann 2016].
Entende-se que a utilizagdo de PCA ao invés de soma para obten¢do da similaridade das
embeddings mantém o desempenho ndo satisfatério porque a redu¢do de dimensionali-
dade dos word embeddings pode levar a perda das nuances e peculiaridades das sentengas,
ocasionando assim a perda do contexto.

Analisando os resultados da Tabela 2, observa-se que a maior Correlacio de Pe-
arson (CP) e o menor Erro Quadrado Médio (EQM) foram obtidos através dos experi-
mentos com utilizagdo de recursos linguisticos, tais como os antdnimos e as relacdes de
hiponimia. Entretanto, ao analisar a quantidade de antdnimos por tuplas no conjunto de
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Tabela 2. Experimentos e resultados

Atributos * Correlagdo de Pearson | Erro Médio Quadrado
1 0.3165 0.6847
2 0.2641 0.7226
3 0.4448 0.6174
9 0.0355 0.7754
2,4 0.2672 0.7087
1,3,6,5 0.6364 0.4535
1,3,6,5,7 0.5782 0.5102
2,3,6,5 0.6357 0.4543
2,3,6,5,7 0.6343 0.4622
3,6,5 0.6160 0.4790
1,3,5,6,7,8,9,10 0.6394 0.4499
1,3,5,6,7,8,10 0.6370 0.4522
1,3,5,7,8,10 0.6408 0.4482
1,3,5,7,9,10 0.6410 0.4479

* A primeira coluna representa o indice dos atributos descritos na
Tabela 1.

dados do PROPOR/ASSIN, notou-se que em raros casos foram identificadas uma ou mais
relacdes de antonimia na mesma sentenca, o que € justificado pelo baixo volume de regis-
tros da relacdo na base PULO. Tal fato dificultou a utilizagdo das relacdes linguisticas e
contribuiu para o desempenho da técnica no uso dos atributos de antdnimos e hiponimia.
Além disso, nota-se o baixo desempenho do atributo de penalizagdo pela diferenca de
tamanho entre as sentengas. Apds aplicada uma anélise estatistica, foi constatada a ndo
existéncia de correlagdo com o valor esperado de similaridade (p > 0.05).

Na Tabela 3 sdo apresentados os melhores resultados no estado da arte para
avaliacdo de similaridade seméantica, os quais sdo comparados com o atual trabalho
através do conjunto de dados do PROPOR/ASSIN (Secdo 3.1). Apesar de ser possivel
observar na mesma tabela que este trabalho ndo obteve o melhor resultado para CP ou
EQM, ressaltamos que o nimero de fokens no corpus usado para obtencio dos word em-
beddings foi extremamente reduzido.

Em [Hartmann 2016], o autor utiliza os word embeddings treinados em um corpus
contendo cerca de trés bilhdes de tokens coletados dos websites G1 e Wikipédia, além da
utilizag¢do do corpus PLN-Br de [Bruckschen et al. 2008]. Enquanto que foram utilizados
apenas 1584492 tokens para o treinamento dos word embeddings no atual trabalho, o
que corresponde cerca de 0,05% do que foi usado por [Hartmann 2016]. Deste modo,
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Tabela 3. Comparacao com o estado da arte

Abordagem CP | EMQ
Embeddings com PCA 0,30 | 0,69
Soma dos word embeddings 0,30 | 0,68
Técnica proposta THIDE 0441 06l
Embeddings com PCA + TF-IDF 0.46 | 0.59
Soma dos word embeddings + TF-IDF 0.55 | 0.52
Melhor resultado da Tabela 2 * 0.64 | 0.44
Soma dos word embeddings 0,58 | 0,50
[Hartmann 2016] | TF-IDF 0,68 | 0,41
Soma dos word embeddings + TF-IDF 0,70 | 0,38
Soft TF-IDF
[Fialho et al. 2016] | Similaridades entre palavras 0,73 | 0,63
Sobreposicdo de ngramas
[Alves et al. 2016] | Métricas de similaridade, distancia e contagens | 0,65 | 0,44

* A linha com o titulo "Melhor resultado da Tabela 2”’corresponde a combinagdo dos
atributos: Soma dos word embeddings, propor¢ao de palavras em comum, TF-IDF,
proporcdo de palavras diferentes, contagem de antdnimos, substituicdo de sindnimos e
relacdes de hiponimia.

¢ possivel que a quantidade de fokens pode ser uma das causas para o desempenho dos
experimentos com os atributos derivados dos word embeddings. Porém, os resultados
obtidos foram superiores aos de [Fialho et al. 2016] para portugués do Brasil quando
observado apenas 0 EQM e préximos aos de [Alves et al. 2016] mesmo sem uma andlise
sintdtica ou reconhecimento de entidades nomeadas.

Os melhores resultados obtidos pelo presente trabalho envolveram a substitui¢do
dos sindnimos e relacdes de hiponimia das sentengas. Tal recurso ndo afeta o sentido da
frase e permite a comparagdo direta entre ocorréncias de palavras comuns em ambas as
sentengas. A abordagem descrita maximizou os resultados da técnica TF-IDF, agregando
para esta um papel fundamental na obtencdo da similaridade entre as frases. Entretanto,
€ visto que apesar da métrica dos antonimos ndo apresentar correlacdo com o valor espe-
rado de similaridade (p > 0.05), este demonstrou bom desempenho quando utilizado em
conjunto com outros atributos, tal como € possivel observar na Tabela 2.

5. Conclusoes

Neste trabalho foi apresentada uma abordagem hibrida para avaliar a similaridade
semantica entre frases curtas. Para tanto, foram integrados recursos como Modelos de
Espaco Vetorial e também as relacdes linguisticas de antonimia, hiperonimia, hiponimia
e sinonimia. Através do emprego de recursos linguisticos, foram observados resultados
préximos ao estado da arte apesar do uso de um corpus limitado para o treinamento do
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MEYV (0, 05% da quantidade de fokens que sdo vistos na literatura). Além disso, os expe-
rimentos realizados demonstram que a utilizacdo de relacdes de hiperonimia e hiponimia,
por si s6, ndo apresentam informacdes suficientes para uma melhor avaliacido de similari-
dade. Porém a utilizag@o destas como atributos, auxiliou na generalizacao dos termos das
sentengas e consequentemente trouxe melhores resultados para técnicas como TF-IDF e
word embeddings.

Como trabalhos futuros, apesar da alta exigéncia de hardware para as solucdes
que envolvem aprendizado profundo, € interessante a avaliagdo de desempenho do algo-
ritmo SVM frente as redes neurais multicamadas e Long-Short Term Memory Networks,
pois ja sdo vistos em outros trabalhos como [Mueller 2016], a capacidade destas para
tratar representacdes e modelagens semanticas complexas com o objetivo de mensurar a
similaridade entre sentengas.
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Abstract. Brazilian news media have been accused to be biased over the years,
supporting some political parties and its agendas. To judge this statement as
truth or lie is a hard task due its subjectivity. In election periods, this controversy
become stronger given the influence of the media in the public opinion. Senti-
ment Analysis could be a useful tool for evaluate political news. Here is pro-
posed a comparative study test between three learning algorithms (Naive Bayes,
SVM and MaxEnt) and three feature selection methods (Chi-Square, CPD and
CPPD,) for classifying texts related to president and governor of Sdo Paulo 2014
elections in Brazil.

Resumo. A midia brasileira tem sido acusada ao longo dos anos de favore-
cer algumas entidades politicas e suas campanhas. Avaliar a verdade dessa
afirmagdo ndo é uma tarefa simples dado o grau de subjetividade de quem
avalia. Em periodos de eleicdo, essa controvérsia se torna mais acentuada
visto a influéncia que a midia exerce na opinido publica. Andlise de Senti-
mento pode ser uma ferramenta itil na avaliagdo de noticias politicas. Este
trabalho propde um estudo comparativo de desempenho de trés algoritmos de
aprendizagem (Naive Bayes, SVM e MaxEnt) e de trés métodos de selecdo de
atributos (Qui Quadrado, CPD e CPPD) para classificagdo textos relacionados
as eleicoes de 2014 para presidente e governador de Sao Paulo.

1. Introduction

There is always a claim among brazilian people about the bias in the news media concern-
ing some political agendas [Soares 2004], [Porto 2007]. Today, with wide Internet access,
the population is able to freely expose their opinion related to these subjects as well to
obtain more information to understand the current political scenario [Shirky 2011]. Blogs
and social media have been the place of an endless controversy between left and right
political supporters. Each group accuses the mainstream news agencies of favoring his
opposition. This controversy is highlighted especially in elections period !. Some peo-
ple state that mainstream agencies favor some political parties in this period, while other
media vehicles, self-called independent, are neutral and free of any political bias.

"http://www1.folha.uol.com.br/poder/2014/10/1537985-sede-da-abril-e-pichada-em-protesto-contra-
reportagem-da-veja.shtml, acessado em 15/05/2017
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In this political context, the computational methods provided by Natural Lan-
guage Processing through Sentiment Analysis have building applications addressed to
this political issues. An example could be [Carvalho et al. 2011] which built a corpus
of political online comments for mining positive opinions. [Park et al. 2011] also targets
the online comments for predict political orientation. However, identify an opinion in a
newspaper or online news is a complex task for a human due to the inherent bias present
in the evaluator personal preferences. Sentiment Analysis could bring a less biased view
for evaluate the opinion/sentiment associated to an article.

Under this argument, this work propose to analyze and predict the senti-
ment of a previously labeled corpus found in [de Arruda et al. 2015] which consists
in collection of online news about 2014 Brazil elections. We intend to compare
the performance of three classification algorithms (Naive Bayes, SVM and Max-
Ent) and evaluate three methods of feature selection (Chi-Square, Categorical Propor-
tional Difference [Simeon and Hilderman 2008], Categorical Probability Proportional
Difference[Agarwal and Mittal 2012]) and how it affects the classification task.

This work is organized as follows: the section two expose some works related to
sentiment analysis and its applications on online news and politics, section three introduce
the methodology used in this work emphasizing the methods for feature selection. In the
section four we present the obtained results and its discussions followed by conclusions
in section five.

2. Related Work

Sentiment Analysis is the field of NLP that develop algorithms that are capable to classify
documents according to sentiment/opinion expressed about some topic [Pang et al. 2008]
in them. These algorithms are very often used to analyze product and movie reviews, as
showed in [Pang et al. 2002] and [Pang and Lee 2008]. An extensive review about Sen-
timent Analysis could be found in [Schouten and Frasincar 2016] and [Pang et al. 2008].
There are several works for sentiment analysis using twitter and other plataforms of mi-
croblogging as data source in a wide range of applications. In [Moraes et al. 2015] is built
a corpora from twitter posts about 2014 world cup. It describes how data was collected,
cleaned and annotated for posterior applications. The online newspaper comments are
also a target for some works of SA. One can be found in [Park et al. 2011] which take
the news comments of a online newspaper and predict its political orientation (conserva-
tive, liberal or vague) using a TF-IDF feature transformation and Support Vector machine
to classify data. In [Tumitan and Becker 2014] the comments of a well-known brazil-
ian newspaper, Folha de Sdo Paulo ', were used to build a sentiment time series about
elections for governor, mayor and president in periods from 2010 until 2012. Sentiment
classification for each comment was done by Sequential Minimal Optimization (SMO),
an algorithm for Support Vector Machines (SVM), using unigrams as features and apply-
ing TF-IDF transformation to them. The sentiment classification performance achieved
was 81.37% for 2010’s comments and 83.24% for 2012’s election comments. The work
done by [Jose and Chooralil 2015] present a sentiment analysis enhanced tool for also
predicting election results. The method used for classify data was SentiWordNet, a word
graph which assigns to each english word a mesure for it sentiment (positive, negative or

Thttp://www.folha.uol.com.br/
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neutral) between zero or one.

However these works only targets online comments which are highly subjective
texts, i.e., very opinionated. On the other hand, articles published by news agencies seek
to be more objective than subjective, or less opinionated. Therefore, just a few works
analyze journalistic texts. A plausible explanation can be found in [Padmaja et al. 2013]
stating that this kind of texts are not simple to classify given its intended neutrality and
syntactical similarity with other texts from the same kind.

Though the interest in Sentiment Analysis is growing in the recent years, there
is a lack of research, tools and material and human resources addressing applications
for brazilian portuguese language [Vieira and Lima 2001] [Pardo et al. 2010]. Related
to sentiment analysis in online news processing, there are some works for European
Portuguese as [Morgado 2012] and for Brazilian Portuguese as [Dosciatti et al. 2013],
[Martinazzo et al. 2011] and [Alvim et al. 2010]. In order to build a annotated corpora
for brazilian elections, the work done in [de Arruda et al. 2015] collected 131 articles
from 5 different sources.

There are still a lack of works for analyze political news in Brazil. Regarding this
issue this present work intends to perform a sentiment analysis using the Corpus Viés, a
corpora built and manually annotated by [de Arruda et al. 2015]. This corpus consists in a
set of online news articles splitted by paragraphs where each one is labeled according the
expressed sentiment. We use this dataset in order to evaluate machine learning algorithms
and feature selection methods to deal with this kind of data in Brazilian Portuguese.

3. Methodology

In this section, we describe our approach to compare and evaluate the feature selection
methods and the learning algorithms. We want to classify each labeled paragraph of Cor-
pus Viés correctly in one of used classes postive, negative or neutral. We use three meth-
ods of feature selection: chi-square [Sharma and Dey 2012], categorical proportional dif-
ference [Simeon and Hilderman 2008] and Categorical Probability Proportion Difference
[Agarwal and Mittal 2012]. Three learning algorithms were used to classify preprocessed
data. The chosen classifiers were Naive Bayes, Support Vector Machines and Maxi-
mum Entropy.These algoritms are very popular in text classification tasks as presented
in [Schouten and Frasincar 2016].

We use Python programming language with the SciKit-Learn?, for the applications
of machine learning, and NLTK? packages, for the implemented tools of natural language
processing.

The dataset used here, Corpus Viés, was built by [de Arruda et al. 2015] and it
consists in a collection of 131 online news articles about 2014 elections for governor of
Sao Paulo and for president of Brazil. These articles were obtained from five well-know
sources in Brazil: Veja, Estaddo, Folha, G1 and Carta Capital. The articles are splitted by
paragraphs. Each one was manually labeled by four annotators with respect the sentiment
orientation presented in the text. The used labels are positive ("PO”), negative ("NE”)
and neutral ("NE”). This dataset have 1042 labeled paragraphs which 310 are positive,

2scikit-learn.org
3Swww.nltk.org/
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391 are negative and 341 are neutral. The Corpus Viés is originally stored in XML format
and here was converted and stored in a MySQL database in order to facilitate the access
and queries to the texts and its labels. Before feature extraction and training algorithms,
we remove the stopwords, normalize the text eliminating accents and we also replace all
present numbers by a token “NUMBER”.

In this work, we use the bag-of-ngrams as feature extraction method. The features
extracted can be unigrams, bigrams or both. Trigrams and higher order ngrams are not
used due to exponential increasing in the number of features. This method is described as
follows.

3.1. Feature Extraction with NGrams

All techniques used here to extract features are based in ngrams. A ngram is a sequence of
n words extracted from a given text. When just one word is picked at time, this sequence
is called unigram. We could also pick sequences of two words from text. Each sequence
picked in this way is called bigram.

Here we used the bag of words method, that consist in the frequency that a given
ngram appears in a certain document. For a given unigram (one word) set v, also called
vocabulary, we assign an index number ¢ for each word according to (1), where w; is the
word which has index number 7 and n is the number of words in vocabulary.

v = {w17w27"'wi7"'7wn}7i7nGN (1)

We can represent a given document as vector d with the same dimension n of vocabulary.
Each element ¢; from vector d stores the counting frequency of w; from vocabulary v in
the document as described in (2).

d= [617027637"'7Ci7"'7Cn]7i7nEN (2)

The document vector representation depends directly on the chosen vocabulary. Very
often, the vocabulary used consists in a set of all unigrams extracted from corpora. Using
feature selection methods we can reduce the original vocubuary for smaller set of ngrams
which are more informative for the class distinction.

The Chi-Square method measures the level of dependency between ngram and
classes. If that ngram is frequent in many classes, the Chi-Square value will be
low, if this ngram occurs just in a few classes, then Chi-Square value will be high
[Haddi et al. 2013]. Categorical Proportional Difference (CPD) measure how much a
term contribute in discriminating the class. It was originally designed for text categoriza-
tion tasks [Simeon and Hilderman 2008]. The CPD of a term for a class is between -1 and
1, which -1 indicates that term never occur in that class, and 1 indicates that term occurs
only in that class. So, we select just the ngrams/terms which CPD is above a established
threshold. Categorical Probability Proportional Difference (CPPD) is a improvement of
the former method. CPPD measures the level of belongingness for a ngram/term inside
a given class [Agarwal and Mittal 2012]. It means while CPD measure just how that
ngram/term is spread among the classes, CPPD rank them also by measuring the proba-
bility of same ngram/term occur in that class. So, we select just the ngrams/terms which
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CPD and the probabiliy is above a established thresholds. In this work we use CPD = 1
as a constraint for CPPD and get n best probability ranked terms, where »n is the number
of features that we want to select.

We perform two experiments to evaluate both feature extraction and feature selec-
tion methods. We do not use any feature selection method in the first experiment in order
to evaluate what is the best paragraph representation: unigram, bigram or both. In the
second experiment we intend to evaluate the impact of feature selection on the learning
algorithms. We apply the feature selection methods varying the number of selected fea-
tures. The results for both experiments are obtained by applying cross validation with 10
folds, computing the accuracy for each fold and taking the mean at the end of experiment.
All feature selection methods here are supervised, then we use 90% of corpora for train
each method.

4. Results and Discussion

The obtained results for the first experiment are exposed in Table 1. We note that there is
no improvement when using bigrams instead unigrams. From this experiment we see that
a feature vector composed by both unigrams and bigram is the best representation for the
news paragraphs. This feature combination affects positively all classifiers, but at cost of
high dimensionality.

Table 1. Results for news classification without feature selection

. . . Accuracy
Features Dimensionality Naive Bayes SVM  MaxEnt
Unigram 5344 59.1 55.16  56.12
Bigram 18958 55.46 5277  50.95
Unigram + Bigram 24302 59.3 5718  56.99

In the second experiment, we use just the combination of unigram and bigrams
as features and apply the feature selection methods. The impact of each feature selection
in the paragraphs classification. Each figure describe the performance for all classifiers
varying the number of selected features from 1000 to 5000. Using Chi-Square, we note in
the Figure 1 that the best performance is achieved by Naive Bayes classifier with 71.2%
accuracy and 2000 features.

When using CPD (Figure 2), we get worst performances for all classifiers in this
range of number of features. The maximum is achieved by Naive Bayes again, but with
5000 features, more than twice chi-square features. In other hand, CPPD outperformed
all methods in all range of number of features, as we can see in Figure 3.

The best performance is achieved by MaxEnt model, which has its maximum
using 4000 features. We also note that the accuracy does not vary too much between
2000 and 5000 features. It means that we can use less features without compromising the
accuracy.

The observed results show that MaxEnt using the combination of unigrams and
bigrams selected by the CPPD method is the most efficient method to classify this kind
of texts. However is possible to get some interesting conclusions about the other results
found in table 1.
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Figure 1. The classifiers performance with Chi-Square feature selection varying
the number of selected features.
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Figure 2. The classifiers performance with CPD feature selection varying the
number of selected features.
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The commom sense states that bigram features bear more information than un-
igram features. This information is called context for the fact that bigrams (and other
ngrams, except unigram) includes the word around the principal feature. It could be a
clue about the real meaning of that word [Pedersen 2001]. The result has shown that clas-
sifiers which use just unigrams as features has a better perfomance than those which use
just bigrams. Hence, if the contextual information is important to distinguish these texts,
use only bigrams as feature does not increase the amount of useful information compar-
ing with unigrams. But when this two kind of features are jointly used, the algorithm
perform better than using only one of them. It means that for this kind of texts, we get
more contextual information using both unigrams and bigrams.

5. Conclusions

In this work we presented a comparative study for learning algorithms and feature sele-
tion methods applied to sentiment analysis on elections online news. We conduct two
evaluations: the first one aims to know the best paragraph representation; the second one,
what is the best classifier and the best feature selection algorithm. We conclude that Max-
Ent is the best classifier when is applied to a paragraphs represented by a combination of
unigrams and bigrams selected by Categorical Probability Proportional Difference using
a CPD threshold equals to 1. As future work, we intend to collect more data not only
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Figure 3. The classifiers performance with CPPD feature selection varying the

number of selected features.
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about elections but other subjects related to politics and from more sources. We also aim
to approach the problem of sentiment analysis in a aspect level to make a evalution about
the bias in media vehicles.

Though there are few works related to that subject, the results presented here are com-
parable with the those presented in published works. This reasearch aims colaborate
with brazilian sentiment analysis scenario in online news, providing preliminary results
through comparison of machine learning tools and feature extraction techiniques also
serving as baseline for applications of political opinion mining in online news and bias
assesment.
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Abstract. Flexible document organization consists of handling uncertainty and
imprecision, which are characteristics of natural language’s nature and there-
fore, of texts. In this task, fuzzy clustering has been a powerful allied. However,
clustering performance usually is negatively affected by document representa-
tion in sparse and high-dimensional vectors, besides the presence of noisy terms.
Based on this, the present study seeks to investigate the impact, on fuzzy cluste-
ring performance, of dimensionality reduction by using unsupervised methods.
The results show that good fuzzy structures are obtained with very few features
which can identify the latent semantic aspects within the texts.

Resumo. A organizagdo flexivel de documentos consiste em agregar tratamento
de imprecisdo e incerteza, caracteristicas da natureza da linguagem natural e,
por conseguinte, dos textos. Nessa tarefa, o agrupamento fuzzy tem sido um
poderoso aliado. Porém, a performance do agrupamento geralmente é afetada
negativamente pela representagdo dos documentos em vetores esparsos e de
alta dimensionalidade, além da presenca de termos ruidosos. Com base nisso,
o presente estudo busca investigar o impacto, na performance do agrupamento
Jfuzzy, da redugdo de dimensionalidade utilizando técnicas ndo-supervisionadas.
Os resultados mostram que boas estruturas fuzzy sdo obtidas com muito poucos
atributos que conseguem identificar os aspectos semdnticos latentes nos textos.

1. Introducao

A organizacdo e o gerenciamento de documentos digitais tornaram-se tarefas de suma im-
portancia nos ultimos anos, juntamente com o desenvolvimento de diversos modelos de
Sistemas de Recuperacdo de Informag@o (SRIs). Dentre eles, estd o modelo flexivel,
no qual os sistemas sdo capazes de representar e interpretar a subjetividade humana
[Bordogna and Pasi 2000].

Documentos textuais sdo inerentemente incertos e imprecisos, visto que podem ser
interpretados de varias formas por diferentes pessoas. Desse modo, para que usudrios re-
cuperem a informacao contida nesses documentos de maneira mais intuitiva, € necessario
que haja uma organizacdo flexivel dos mesmos.

Essa flexibiliza¢do pode ser obtida por meio de agrupamento fuzzy. Nesse tipo de
agrupamento, cada documento pode pertencer a mais de um grupo, com diferentes graus
de pertinéncia, considerando, dessa forma, a possibilidade de existirem caracteristicas
semelhantes entre instancias de grupos distintos. Além disso, a abordagem fuzzy € dita
que consegue tratar as imperfei¢des caracteristicas de dados textuais [Kraft et al. 2006].
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De modo que o algoritmo de agrupamento possa identificar padrdes nos textos,
¢ preciso antes estruturd-los adequadamente. Devido a diversidade de usos, muitas ve-
zes redundantes, das palavras em uma colegdo, a representacdo vetorial para documen-
tos geralmente € esparsa e possui alta dimensionalidade, o que causa impactos nega-
tivos no custo computacional e na performance da tarefa de agrupamento. Para con-
tornar essa situacdo, técnicas de reducdo de dimensionalidade ndo-supervisionadas tém
sido bastante empregadas. Andlise Semantica Latente (Latent Semantic Analysis - LSA)
[Deerwester et al. 1990, Landauer et al. 1998] e Fatoragdo de Matriz Nao-negativa (Non-
negative Matrix Factorization - NMF) [Lee and Seung 1999, Lee and Seung 2001] sao
métodos ndo-supervisionados de redugdo comumente aplicados na mineracio de textos
por conseguirem identificar bem os conceitos semanticos adjacentes nesses dados.

Embora estudos anteriores com LSA e NMF demonstrem que, de maneira ge-
ral, os resultados melhoram a medida que a quantidade de dimensdes aumenta, até
alcancarem um resultado 6timo geralmente em torno de algumas centenas de dimensdes
[Deerwester et al. 1990, Schiitze and Silverstein 1997, Tsuge et al. 2001], nossos experi-
mentos com agrupamento fuzzy mostram um comportamento contrario. Além disso, nao
existem muitos casos na literatura para andlise da influéncia, em agrupamento fuzzy, de
técnicas mais robustas no pré-processamento de documentos, como investigado por este
trabalho, apesar de ser de grande relevancia para a construcao de SRIs flexiveis.

Visando apresentar a investigacao realizada, este artigo apresenta a seguinte es-
trutura. Na sec@o 2, é fornecida uma visdo geral das técnicas LSA e NMFE. A Secdo
3 descreve brevemente o algoritmo de agrupamento fuzzy mais conhecido e escolhido
para realizar as investigacdes aqui apresentadas, o Fuzzy C-Means (FCM), bem como
os indices utilizados para avaliar os resultados. Os experimentos e seus resultados sdo
discutidos na Sec¢ao 4. Por fim, na Se¢ao 5, sdo feitas as consideracgdes finais.

2. Reducio de Dimensionalidade Nao-supervisionada

A “maldi¢do” da dimensionalidade ¢ um dos maiores desafios associados a descoberta de
conhecimento em textos [Zervas and Ruger 1999]. A representacdo de documentos em
vetores de alta dimensionalidade torna o agrupamento mais dificil de ser realizado visto
que quaisquer pares de vetores desse tipo tendem a apresentar distidncias constantes uns
dos outros no espago vetorial. Motivadas por esse problema, vdrias técnicas t€ém sido
investigadas com o intuito de reduzir o nimero de dimensdes no modelo espago vetorial.

Dentre os métodos de reducao de dimensionalidade, estao os ndo-supervisionados,
que derivam novos atributos, em menor quantidade, a partir de um vetor inicial de atri-
butos, por meio de relagdes adjacentes observadas do comportamento dos dados. Essa
abordagem ¢ dita ndo-supervisionada visto que nenhuma informagao acerca de rétulos
dos dados ¢ utilizada.

Andlise Semdantica Latente (LSA) e Fatoracdo de Matriz Nao-negativa (NMF)
sdo dois exemplos bem conhecidos de técnicas ndo-supervisionadas que tém sido apli-
cadas com sucesso em andlises textuais, como, por exemplo, na sumarizacdo au-
tomatica de textos [Lee et al. 2009], recuperagdo de informacdo [Deerwester et al. 1990,
Tsuge et al. 2001, Muflikhah and Baharudin 2009] e agrupamento de documentos
[Schiitze and Silverstein 1997, Shafiei et al. 2007, Yang and Watada 2011].

Ambos os métodos consistem em aglomerar termos semanticamente similares em
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um mesmo conceito latente, permitindo, por exemplo, associar a documentos atributos
que ndo estavam antes associados devido a variagdo de usos de uma mesma palavra
através do emprego de sindnimos e polissemia. Além disso, LSA e NMF conseguem
reduzir a influéncia de termos ruidosos. Portanto, mais do que diminuir o custo compu-
tacional por causa do uso de uma menor quantidade de termos, essas técnicas auxiliam a

obter um conjunto de atributos melhores.

2.1. Analise Seméantica Latente (LSA)

Suponhamos que um determinado corpus seja composto por t atributos e d documen-
tos e seja representado por uma matriz termos-documentos X € R**?, LSA aplica a
Decomposicdo em Valores Singulares (Singular Values Decomposition - SVD) tal que
X = TyupSpxpDyyq> onde p = min(t,d), T e D sdo matrizes ortogonais e S é uma
matriz diagonal de valores singulares positivos e ordenados em decrescéncia.

A redugdo de dimensionalidade ocorre por meio de uma aproximagdo de baixo
posto (rank) tal que X ~ X = Ttkakkaztcx 4~ Nesse caso, considera-se que apenas
os k maiores valores singulares em S, sendo k < p, sdo suficientes para conseguir uma
boa aproximagdo de X. Essa abordagem conhecida como SVD truncada permite que X
seja transformada em uma nova matriz termos-documentos X de rank k. Assim, cada
documento passa a ser descrito como uma combinagao linear dos k£ componentes LSA.

2.2. Fatoracao de Matriz Nao-negativa (NMF)

Enquanto que no LSA ndo existem restri¢des para os valores nas matrizes 7' e D, o método
NMF gera apenas matrizes ndo-negativas no processo de decomposi¢do. Por esse mo-
tivo, o NMF pode ser considerado mais intuitivo, principalmente para dreas em que essa
restricao € importante para interpretagdo dos novos atributos, como em anélise de imagens
e mineragdo de textos [Lee and Seung 1999].

Dada uma matriz X;., ndo-negativa, NMF obtém a decomposi¢do aproximada
X =~ WixkHpxq tal que W, H € R,. Como os vetores em I ndo sdo ortogonais, pode
haver sobreposicdo entre os novos atributos extraidos, também chamados de tépicos ou
conceitos latentes.

3. Agrupamento fuzzy

Para organizar as cole¢des de documentos de maneira flexivel neste trabalho, foi escolhido
o algoritmo mais utilizado de agrupamento fuzzy, Fuzzy C-Means (FCM) [Bezdek 1981].
O FCM determina a melhor particdo fuzzy ao minimizar sua fun¢o objetivo, onde os ob-
jetos, aqui tratados como documentos, sdo atribuidos aos grupos (clusters) através do seu
grau de pertinéncia em cada um dos c clusters. A soma dos graus de pertinéncia de todos
os documentos em um cluster € igual a 1, assim como a soma dos graus de pertinéncia
de um documento em todos os clusters. A dissimilaridade entre um documento € um
protétipo foi medida, neste trabalho, utilizando a distancia Euclidiana.

No presente trabalho, o FCM foi executado para cada conjunto de dados utilizando
como parametros o valor de c¢ igual ao nimero de classes com o qual cada corpus foi
rotulado previamente; nimero de inicializagdes randdmicas RS = 10 para limitar o risco
de acertar um 6timo local; critério de convergéncia conv = 0,01 e valores padrdo dos
pardmetros fator de fuzzificagio m = 2 e niimero méaximo de iteragdes mazit = 10°
adotados pela fungdo FKM do pacote felust do R [Ferraro and Giordani 2015].
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3.1. Indices de Validacio

Para avaliar as particdes fuzzy obtidas pelo FCM nos experimentos, foram utilizados os
indices de validacdo de agrupamento fuzzy mais comumente empregados: Coeficiente da
Particdo (PC) [Bezdek 1974b], Entropia da Particdo (PE) [Bezdek 1974a], Coeficiente da
Particdo Modificado (MPC) [Dave 1996], Xie-Beni (XB) [Xie and Beni 1991] e Silhueta
Fuzzy (SF) [Campello and Hruschka 2006]. Cada um deles é explicado brevemente a
seguir.

PC é um indice de maximizagdo e pode assumir valores entre [1/c, 1].

Pe =13 S (adayr m

i=1 j=1

PE é um indice de minimizacdo que mede o montante de fuzzificagdo em uma
particdo U e pode assumir valores entre [0, log, c] onde, neste trabalho, foi utilizado o
valorde a = e.

PE= 133" Ad;)log, (A(4))) @

i=1 j=1

MPC € um indice de maximizacd@o e foi proposto para corrigir a tendéncia mo-
notdnica do PC. Os resultados obtidos com o uso desse indice variam entre [0, 1].

MPC =1——F

1-PC 3
(1= PC) @)

XB ¢é um indice de minimiza¢do onde um valor de XB pequeno indica que os
clusters sdo compactos e bem separados.

2o 20 (Ai(dy)™ld; — i |*

c n
i=1j=1

XB = “)

X ming4 || vi — v;|?

SF € a versdo fuzzy do indice Silhueta. E um indice de maximizagdo que considera
os dois clusters em que d; tem os dois maiores graus de pertinéncia.

B(d;, gi) — d(d;, g:)

) =z (6. 9), (a9} ®
S (Ay(d;) — Ax(d;))S(d;)
SF =i (6)
P (A1(dj) — Ax(dy))

onde d; pertence ao cluster g;, g; € (g1, g2, .-, §c). 0(d;, g;) € a média da distancia
entre d; e todos os documentos pertencentes a g;, i.e. a distincia intra-cluster. 5(d;, g;) é
a distancia entre d; e seu vizinho mais préximo a g;, i.e. a distancia inter-cluster.
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4. Experimentos

Os experimentos' foram conduzidos com 4 bases reais e bem conhecidas (Ta-
bela 1)[Rossi et al. 2013], representadas com variadas dimensdes. A nomenclatura uti-
lizada para essas representacdes seguem o padrdo LSA-k e NMF-k, em que k corres-
ponde ao rank das matrizes reduzidas, isto é, k € a quantidade de atributos extraidos pelas
técnicas de reducdo. Empiricamente alguns valores para k foram testados e, de maneira
geral, melhores resultados foram obtidos com valores muito baixos. Dessa forma, foi
definido que k deveria variar entre 2 e 10. Ou seja, a representagdo LSA-10, por exem-
plo, corresponde a uma matriz documentos-termos com 10 conceitos latentes extraidos
pela técnica LSA. Assim sendo, os resultados obtidos foram analisados sob a seguinte
perspectiva:

E possivel obter uma estrutura satisfatéria de grupos fuzzy utilizando muito pou-
cos atributos extraidos pelos métodos LSA e NMF?

Acreditamos que o questionamento acima leva a realizar escolhas importantes
para se obter uma organizagao e recuperacao flexivel dos documentos bem sucedidas.

4.1. Corpora

As principais caracteristicas das quatro bases? escolhidas para realizar os experimentos
estdo descritas na Tabela 1.

Tabela 1. Caracteristicas das colecées

Base Dominio #documentos  # atributos  # classes
CSTR Cientifico 299 1725 4
IrishSentiment  Andlise de Sentimentos 1660 8658 3
Hitech Noticias 2301 12941 6
Lals Noticias 3204 13195 6

Apesar das colecdes estarem rotuladas, essa informacao s6 € utilizada na defini¢ao
do nimero de grupos que € passado para o algoritmo FCM. Além disso, é da natureza dos
textos serem incertos e imprecisos, isto €, um mesmo texto pode discorrer sobre vdrios
temas com diferentes graus de abordagens. Na base CSTR, por exemplo, um relatério
técnico pode ter um foco maior na area de Robética, sendo por isso rotulado com a classe
Robotics, mas tratar eventualmente de conceitos de Sistemas (classe Systems). E partindo
dessa intuicao que acreditamos que o agrupamento fuzzy é adequado para esse cendrio.

Antes de aplicar os métodos LSA e NMF, os documentos foram convertidos em
vetores de atributos unigramas, os quais foram extraidos apds remogdo de stopwords
e stemming. Por fim, o esquema de peso escolhido foi o #f-idf, devido a sua capaci-
dade de reduzir a importancia de termos que sdo muito comuns na cole¢do e também
devido aos bons resultados alcangados com esse esquema no agrupamento de textos
[Singh et al. 2011].

'Foram utilizados nos experimentos os pacotes do R Isa [Wild2015], NMF
[Gaujoux and Seoighe 2010] e fclust [Ferraro and Giordani 2015].

2As bases estio disponiveis no repositério de colegdes textuais do LABIC-USP em http://sites.
labic.icmc.usp.br/text_collections/.
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Esses vetores iniciais formam a representacdo baseline denominada TFIDF, que
aqui € tratada como a matriz documentos-termos sem reducdo de dimensionalidade. A
matriz TFIDF de cada colecdo possui a quantidade de atributos descrita na Tabela 1.
Sendo assim, para cada base foram realizados testes com 19 representacdes diferentes:
LSA-2, ...,LSA-10, NMF-2, ..., NMF-10 e TFIDF.

4.2. Resultados

Os indices de validacdo de agrupamento fuzzy descritos na Secdo 3.1 foram utilizados
para avaliar os agrupamentos realizados sobre cada uma das bases com as 19 diferentes
representacdes explicadas anteriormente. Os resultados obtidos podem ser visualizados
nos gréficos da Figura 1.

E possivel verificar pela Figura 1 que os indices de validacio PC, PE e MPC nio
conseguiram identificar boas estruturas de clusters em nenhuma colecdo agrupada com
a representacdo TFIDF, dado que todos estes indices obtiveram valores muito proximos
dos seus respectivos limites. Para os indices de maximiza¢do PC e MPC, os valores
encontrados foram muito préximos dos respectivos limites inferiores de 1/¢ (CSTR =
1/4, TrishSentiment = 1/3, Hitech e Lals = 1/6) e 0. Para o indice de minimizagdo PE,
os valores encontrados para todas as cole¢des também foram muito préximos do limite
superior de In ¢ (CSTR = In 4, IrishSentiment = In 3, Hitech e Lals = In 6).

Os resultados dos indices, ao avaliarem colecdes representadas pelo TFIDF, foram
inferiores aos gerados pelos métodos LSA e NMF, com excecdo aos agrupamentos das
cole¢des CSTR e IrishSentiment avaliadas pelo SF e Lals avaliada pelo XB, como pode
ser visto na Tabela 2. Isso confirma a capacidade de ambos LSA e NMF em descobrirem
conceitos semanticos intrinsecos nos dados que descrevem melhor as caracteristicas dos
mesmos do que os atributos iniciais TFIDF, inclusive no contexto de organizacdo flexivel
desses documentos.

Tabela 2. Representagdes avaliadas com os melhores e piores resultados

PC PE MPC SF XB
Melhor  Pior Melhor  Pior Melhor  Pior Melhor  Pior Melhor  Pior
CSTR LSA-3 TFIDF LSA-3 TFIDF LSA-3 TFIDF NMF-4 NMF-8 NMF-2 TFIDF
IrishSentiment LSA-2  TFIDF LSA-2 TFIDF LSA-2 TFIDF LSA-8 NMF9 NMF-2 TFIDF
Hitech LSA-2 TFIDF LSA-2 TFIDF LSA-2 TFIDF NMF-2 LSA-9 NMEF-2 TFIDF
Lals LSA-2 TFIDF  LSA-2 TFIDF  LSA-2 TFIDF NMF-2 LSA-8 NMF-2  NMF-9

Contudo, ndo foi somente com a avaliagdo do agrupamento nas cole¢des represen-
tadas pelo TFIDF que os indices ndo obtiveram valores satisfatérios. Pelos valores apre-
sentados pelos indices PC, PE e MPC (Figura 1) percebe-se que, a partir de um nimero
k de dimensdes, as representacdes com LSA e com NMF tiveram comportamento seme-
Ihante ao TFIDF ao apresentarem novamente valores muito proximos aos limites destes
indices para todas as cole¢des de documentos, com excecdo da Lals que apresentou va-
lores satisfatdrios a partir de k£ = 10 para ambos LSA e NMF.

A partir da Figura 1, foi possivel identificar os valores de k em que estes comecam
a encontrar uma boa estrutura nas coleg¢des. Esta mudanga pode ser vista a partir do ponto
em que os valores dos indices PC, PE, MPC comegam a se distanciar no minimo em 0,01

117



Influéncia de Técnicas Nao-supervisionadas de Reducdo de Dimensionalidade para Organizacio
Flexivel de Documentos

PC PE

Resultados
Resultados

04

Representagdes

MPC

Resultados
Resultados

05

Representaces

Resultados

Representacdes

Figura 1. Cada grafico corresponde aos resultados obtidos por um indice de
validagao. As linhas descontinuas entre as representagoes no grafico do SF in-
dicam valores nao numéricos (NaN). Devido a alta amplitude dos valores obtidos
pelo XB (com valor minimo obtido de 0,11 para a colecao CSTR e valor maximo
4,63e+13 para o Lats), seu grafico foi limitado de 0 a 10 para que o comporta-
mento apresentado pelas representacoes para cada colecao fosse perceptivel.
As bases estao representadas com cores e linhas diferentes, como mostram as
legendas. No eixo x se encontram os nomes de cada uma das 19 representagoes
em ordem crescente no nimero de dimensoes.
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dos seus limites. Para o XB, os valores de k foram identificados a partir da diferenca
exponencial entre as representacdes com k e k — 1 dimensdes. Os respectivos valores de
k para cada colecdo dado os indices PC, PE, MPC e XB sdo apresentados na Tabela 3.

Tabela 3. Numero & de dimenso6es para o qual os valores dos indices apresen-
taram uma melhora significativa. O indice SF nao foi considerado por nao ter
apresentado valores discrepantes ao variar o valor de k.

PC PE MPC XB
LSA NMF LSA NMF LSA NMF LSA NMF
CSTR k<8 k<T k<8 k<7 k<8 k<7 k<7 k<6
IrishSentiment &k < 9 k<6 k<9 k<6 k<9 k<6 k<8 k<6
Hitech k<10 k<6 k<10 k<6 k<10 k<6 k<10 k<6
Lals k<10 k<10 k<10 k<10 k<10 k<10 k<10 k<6

Pela Tabela 3 pode-se assumir que para as colecdes representadas pelo NMF, o
valor de k = 5 ja permite um bom agrupamento assim como o valor de k = 6 para as
cole¢des representadas pelo LSA.

Quando comparados os nimeros de dimensdes, principalmente com a avaliacdo
pelos indices PC, PE e MPC que foram uninimes ao avaliarem as mesmas representacoes
como as de resultado superior e inferior, percebe-se que os resultados pioram a medida
que a quantidade de dimensdes cresce. A maior parte das melhores estruturas fuzzy fo-
ram encontrados em um espago vetorial com apenas £ = 2 dimensdes, como mostra a
Tabela 2.

5. Conclusao

Organizar documentos de maneira flexivel € uma alternativa importante para uma
recuperagdo da informagdo que atenda melhor as necessidades dos usudrios. Os resul-
tados discutidos na Secdo 4.2 sdo encorajadores por mostrarem que € possivel obter uma
organizacao flexivel para colecdes de documentos utilizando pouquissimos atributos. Isso
traz melhorias considerdveis no tempo de processamento dos documentos e, por conse-
guinte, na performance de um SRI flexivel.

Além disso, pdde-se atestar a superioridade dos conceitos latentes obtidos com
as técnicas LSA e NMF, provavelmente devido a capacidade de lidarem com sindnimos
e termos polissémicos. Desse modo, os documentos textuais podem ser representados
de maneira mais realistica, sobressaindo as suas caracteristicas naturais de imprecisio e
incerteza, o que torna a organizacgdo flexivel com agrupamento fuzzy bastante adequada
nesse contexto.

Para o futuro, € importante tornar o contexto completamente ndo-supervisionado e
testar diversas quantidades de grupos em vez de usar a informagao do ndmero de classes.
Nesse sentido € promissor investigar a extragdo de descritores dos grupos fuzzy a fim de
obter uma andlise mais detalhada dos mesmos.
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Abstract. Word embeddings have been found to provide meaningful represen-
tations for words in an efficient way; therefore, they have become common in
Natural Language Processing systems. In this paper, we evaluated different
word embedding models trained on a large Portuguese corpus, including both
Brazilian and European variants. We trained 31 word embedding models using
FastText, GloVe, Wang2Vec and Word2Vec. We evaluated them intrinsically on
syntactic and semantic analogies and extrinsically on POS tagging and sentence
semantic similarity tasks. The obtained results suggest that word analogies are
not appropriate for word embedding evaluation instead task-specific evaluations
may be a better option; Wang2Vec appears to be a robust model; the increase in
performance in our evaluations with bigger models is not worth the increase in
memory usage for models with more than 300 dimensions.

1. Introduction

Natural Language Processing (NLP) applications usually take words as basic input units;
therefore, it is important that they be represented in a meaningful way. In recent years,
word embeddings have been found to efficiently provide such representations, and con-
sequently, have become common in modern NLP systems. They are vectors of real val-
ued numbers, which represent words in an n-dimensional space, learned from large non-
annotated corpora and able to capture syntactic, semantic and morphological knowledge.

Different algorithms have been developed to generate embeddings
[Bengio et al. 2003,  Collobert et al. 2011,  Mikolov et al. 2013,  Ling et al. 2015,
Lai et al. 2015, inter alia]. They can be roughly divided into two families of methods
[Baroni et al. 2014]: the first is composed of methods that work with a co-occurrence
word matrix, such as Latent Semantic Analysis (LSA) [Dumais et al. 1988], Hyperspace
Analogue to Language (HAL) [Lund and Burgess 1996] and Global Vectors (GloVe)
[Pennington et al. 2014]. The second is composed of predictive methods, which try
to predict neighboring words given one or more context words, such as Word2Vec
[Mikolov et al. 2013].

Given this variety of word embedding models, methods for evaluating them be-
comes a topic of interest. [Mikolov et al. 2013] developed a benchmark for embedding
evaluation based on a series of analogies. Each analogy is composed of two pairs of words
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that share some syntactic or semantic relationship, e.g., the names of two countries and
their respective capitals, or two verbs in their present and past tense forms. In order to
evaluate an embedding model, applying some vectorial algebra operation to the vectors
of three of the words should yield the vector of the fourth one. A version of this dataset
translated and adapted to Portuguese was created by [Rodrigues et al. 2016].

However, in spite of being popular and computationally cheap,
[Faruqui et al. 2016] suggests that word analogies are not appropriate for evaluat-
ing embeddings. Instead, they suggest using task-specific evaluations, i.e., to compare
word embedding models on how well they perform on downstream NLP tasks.

In this paper, we evaluated different word embedding models trained on a large
Portuguese corpus, including both Brazilian and European variants (Section 2). We
trained our models using four different algorithms with varying dimensions (Section 3).
We evaluated them on the aforementioned analogies as well as on POS tagging and sen-
tence similarity, to assess both syntactic and semantic properties of the word embeddings
(Section 4). Section 5 revises recent studies evaluating Portuguese word embeddings. The
contributions of this paper are: i) to make a set of 31 word embedding models publicly
available' as well as the script used for corpus preprocessing and embedding evaluations?;
and ii) an intrinsic and extrinsic evaluation of word embedding models, indicating the lack
of correlation between performance in syntactic and semantic analogies and syntactic and
semantic NLP tasks.

2. Training Corpus

We collected a large corpus from several sources in order to obtain a multi-genre
corpus, representative of the Portuguese language. We rely on the results found by
[Rodrigues et al. 2016] and [Fonseca and Aluisio 2016], which indicate that the bigger
a corpus is, the better the embeddings obtained, even if it is mixed with Brazilian and
European texts. Table 1 presents all corpora collected in this work.

2.1. Preprocessing

We tokenized and normalized our corpus in order to reduce the vocabulary size, under the
premise that vocabulary reduction provides more representative vectors. Word types with
less than five occurrences were replaced by a special UNKNOWN symbol. Numerals were
normalized to zeros; URL’s were mapped to a token URL and emails were mapped to a
token EMATL.

Then, we tokenized the text relying on whitespaces and punctuation signs, paying
special attention to hyphenation. Clitic pronouns like “machucou-se” are kept intact.
Since it differs from the approach used in [Rodrigues et al. 2016] and their corpus is a
subset of ours, we adapted their tokenization using our criteria. We also removed their
Wikipedia section, and in all our subcorpora, we only used sentences with 5 or more
tokens in order to reduce noisy content. This reduced the number of tokens of LX-Corpus
from 1,723,693,241 to 714,286,638.

'Available at nilc.icmc.usp.br/embeddings.
2Available at github.com/nathanshartmann/portuguese_word_embeddings.
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Corpus Tokens Types Genre Description

LX-Corpus . A huge collection of texts from 19 sources. Most of them are
[Rodrigues et al. 2016] 714,286,638 2,605,393 Mixed genres written in European Portuguese.

Wikipedia 219,293,003 1,758,191  Encyclopedic Wikipedia dump of 10/20/16

GoogleNews 160,396,456 664,320 Informative News crawled from GoogleNews service

SubIMDB-PT 129,975,149 500,302 Spoken language Subtitles crawled from IMDb website

Gl 105,341,070 392,635 Informative News crawled from G1 news portal between 2014 and 2015.
PLN-Br Large corpus of the PLN-BR Project with texts sampled from

31,196,395 259,762 Informative 1994 to 2005. It was also used by [Hartmann 2016] to train

[Bruckschen et al. 2008] word embeddings models

Literacy works of A collection of 138,268 literary works from the Dominio

public domain 23750521 381607 Prose Piblico website

Lacio-web Texts from various genres, e.g., literary and its subdivisions

[Aluisio et al. 2003] 8,962,718 196,077 Mixed genres (pr05§, poetry and drama), informative, scientific, law, didactic
technical

Portuguese e-books 1,299,008 66.706 Prose Collection of classical ﬁcuon books .wr.men in Brazﬂlan Por-
tuguese crawled from Literatura Brasileira website

Mundo Estranho 1,047,108 55,000 Informative Texts crawled from Mundo Estranho magazine

CHC 941,032 36,522 Informative Texts crawled from Ciéncia Hoje das Criangas (CHC) website

FAPESP 499,008 31,746 Science o Brazlh.an science divulgation texts from Pesquisa FAPESP

Communication magazine

Textbooks 96200 11,597 Didactic Texts for children between 3rd and 7th-grade years of elemen-
tary school

Folhinha 73575 9.207 Informative News-wmlen [or_chlldrem crawled in 2015 from Folhinha is-
sue of Folha de Sdo Paulo newspaper

NILC subcorpus 32,868 4,064 Informative Texts written for children of 3rd and 4th-years of elementary
school

Para Seu Filho Ler 21,224 3,942 Informative News written for children, from Zero Hora newspaper

SARESP 13.308 3203 Didactic Text questions of l\./lz.nhematlcs, Human Sciences, Nature Sci-
ences and essay writing to evaluate students

Total 1,395,926,282 3,827,725

Table 1. Sources and statistics of corpora collected.

3. Embedding Methods

In this section, we describe the four methods we used to train 31 word embedding models:
GloVe, Word2Vec, Wang2Vec, and FastText.

The Global Vectors (GloVe) method was proposed by [Pennington et al. 2014],
and obtained state-of-the-art results for synfactic and semantic analogies tasks. This
method consists in a co-occurrence matrix M that is constructed by looking at context
words. Each element )M;; in the matrix represents the probability of the word 7 being
close to the word j. In the matrix M, the rows (or vectors) are randomly generated and
trained by obeying the equation P(w;, w;) = log(M;;) = w;w; + b; + b; , where w; and
w; are word vectors, and b; and b; are biases.

Word2Vec is a widely used method in NLP for generating word embeddings. It
has two different training methods: (i) Continuous Bag-of-Words (CBOW), in which the
model is given a sequence of words without the middle one, and attempts to predict it; (ii)
Skip-Gram, in which the model is given a word and attempts to predict its neighboring
words. In both cases, the model consists of only a single weight matrix (apart from the
word embeddings), which results in a fast log-linear training able to capture semantic
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information [Mikolov et al. 2013].

Wang2Vec is a modification of Word2Vec made in order to take into account
the lack of word order in the original architecture. Two simple modifications were pro-
posed in Wang2Vec expecting embeddings to better capture syntactic behavior of words
[Ling et al. 2015]. In the Continuous Window architecture, the input is the concatenation
of the context word embeddings in the order they occur. In Structured Skip-Gram, a dif-
ferent set of parameters is used to predict each context word, depending on its position
relative to the target word.

FastText is a recently developed method [Bojanowski et al. 2017] in which em-
beddings are associated to character n-grams, and words are represented as the summa-
tion of these representations. In this method, a word representation is induced by sum-
ming character n-gram vectors with vectors of surrounding words. Therefore, this method
attempts to capture morphological information to induce word embeddings.

4. Evaluation

In order to evaluate the robustness of the word embedding models we trained, we per-
formed intrinsic and extrinsic evaluations. For the intrinsic evaluation, we used the set of
syntactic and semantic analogies from [Rodrigues et al. 2016]. For extrinsic evaluation,
we chose to apply the trained models on POS tagging and sentence similarity tasks. The
tasks were chosen deliberately since they are linguistically aligned with the sets of analo-
gies used in the first evaluation. POS tagging is by nature a morphosyntactic task, and
although some analogies are traditionally regarded as synfactic, they are actually mor-
phological — for example, suffix operations. Sentence similarity is a semantic task since
it evaluates if two sentences have similar meaning. It is expected that the models which
achieve the best results in (morpho-)syntactic analogies also do so in POS tagging, and the
same is true for semantic analogies and semantic similarity evaluation. We trained embed-
dings with the following dimensions: 50, 100, 300, 600 and 1,000. Because Wang2Vec’s
implementation suffers from the vanishing gradient problem for high dimension matrices,
it was not possible to train its CBOW models for 600 and 1,000 dimensions.

4.1. Intrinsic evaluation

We evaluated our embeddings in the syntactic and semantic analogies provided by
[Rodrigues et al. 2016]. The benchmark contains five types of semantic analogy: (i) com-
mon capitals and countries, (ii) all capitals and countries, (iii) currency and countries, (iv)
cities and states, and (v) family relations. Moreover, nine types of syntactic analogy are
also represented: adjectives and adverbs, opposite adjectives, base adjectives and compar-
atives, base adjectives and superlatives, verb infinitives and present participles, countries
and nationalities (adjectives), verb infinitives and past tense forms, nouns in plural and
singular, and verbs in plural and singular. Since our corpus is composed of both Brazilian
(PT-BR) and European (PT-EU) Portuguese, we also evaluated the models in the test sets
for both variants, following [Rodrigues et al. 2016].

Table 2 shows the obtained results for the intrinsic evaluation. On average, GloVe
was the best model for both Portuguese variants. The model which best performed on syn-
tactic analogies was FastText, followed by Wang2Vec. This makes sense since FastText
is a morphological model, and Wang2Vec uses word order, which provides some minimal
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Embedding Models Size PT-BR PT-EU
Syntactic Semantic All ‘ Syntactic Semantic All
50 352 4.2 19.6 35.2 4.6 19.8
100 45.0 6.1 25.5 45.1 6.4 25.7
CBOW 300 52.0 8.4 30.1 52.0 9.1 30.5
600 52.6 59 29.2 524 6.5 29.4
FastText 1,000 50.6 4.8 27.7 50.4 5.4 279
50 36.8 18.4 27.6 36.5 17.1 26.8
100 50.8 30.0 404 50.7 289 39.8
Skip-Gram 300 58.7 322 454 58.5 31.1 44.8
600 55.1 24.3 39.6 55.0 239 39.4
1,000 45.1 14.6 29.8 452 13.8 29.4
50 28.7 13.7 27.4 285 12.8 27.7
100 39.7 28.7 342 39.9 26.6 332
GloVe 300 45.8 45.8 46.7 459 423 46.2
600 423 48.5 454 423 43.8 43.1
1,000 39.4 459 42.7 39.8 425 41.1
50 28.4 9.2 18.8 284 8.9 18.6
CBOW 100 40.9 26.2 335 40.8 24.4 32.6
Wang2Vee 300 49.9 40.3 45.1 50.0 36.9 435
50 30.6 12.2 21.3 30.6 11.5 21.0
100 43.9 222 33.0 44.0 212 32.6
Skip-Gram 300 533 339 428 534 323 43.6
600 529 35.0 439 53.0 332 43.1
1,000 47.3 332 40.2 47.6 309 39.2
50 9.8 22 6.0 9.7 1.9 5.8
100 16.2 3.6 9.9 16.0 35 9.7
CBOW 300 24.7 4.6 239 245 4.5 23.6
600 25.8 52 23.1 254 5.1 229
Word2Vee 1,000 26.2 4.9 229 26.2 4.5 22.7
50 17.0 54 11.2 16.9 4.8 10.8
100 252 8.0 16.6 24.8 74 16.1
Skip-Gram 300 33.0 15.6 29.2 322 14.1 29.8
600 35.6 20.0 334 353 17.6 335
1,000 34.1 21.3 32.6 33.6 18.1 31.9

Table 2. Intrinsic evaluation on syntactic and semantic analogies.

syntactic knowledge. In semantic analogies, the model which best performed was Glo Ve,
followed by Wang2Vec. GloVe is known for modeling semantic information well and
Wang2Vec potentially captures semantics because it uses word order. The position of a
negation word in a sentence can totally change its semantics. If this negation is shuffled
in a bag of words (Word2Vec CBOW), sentence semantic is diluted.

All CBOW models, except for the Wang2Vec ones, achieved very low results
in semantic analogies, similarly to the results from [Mikolov et al. 2013]. Wang2Vec
CBOW differs from traditional CBOW in that it takes word order into account, and then
we can speculate that an unordered bag-of-words is not able to capture a word’s semantics
so well.

We exemplify with our best (GloVe) and worst (Word2Vec CBOW) models using
600 dimensions. Dealing with the well known analogy “king to queen”, in Portuguese
“rei - homem + mulher ~ rainha”, our best model produced “rainha” as the most similar
embedding (0,62 cosine similarity) and our worst model produced “esposa” (0,50 cosine
similarity) with “rainha” in the 7th place (0,41 cosine similarity).

4.2. Extrinsic Evaluation

In this section we describe the experiments performed on POS tagging and Semantic
Similarity tasks.
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POS Tagging

POS tagging is a very suitable NLP task to evaluate how well the embeddings capture
morphosyntactic properties. The two key difficulties here are: i) correctly classifying
words that can have different tags depending on context; and ii) generalizing to previ-
ously unseen words. Our experiments were performed with the nlpnet POS tagger? using
the revised Mac-Morpho corpus and similar tagger configurations to those presented by
[Fonseca et al. 2015] (20 epochs, 100 hidden neurons, learning rate starting at 0.01, cap-
italization, suffix and prefix features). We did not focus on optimizing hyperparameters;
instead, we set a single configuration to compare embeddings.

Table 3 presents the POS accuracy results*. As a rule of thumb, the larger
the dimensionality, the better the performance. The exception is the 1,000 dimensions
Word2Vec models, which performed slightly worse than those with 600. GloVe and Fast-
Text yielded the worst results, and Wang2Vec achieved the best. GloVe’s poor perfor-
mance may be explained by its focus on semantics rather than syntax, and FastText’s
performance was surprising in that despite its preference for morphology, something
traditionally regarded as important for POS tagging, it yielded relatively poor results.
Wang2Vec resulted in the best performance — actually, its 300 dimension Skip-Gram
model was superior to Word2Vec’s 1000 model.

Embedding Models Size Accuracy Embeddings model Size Accuracy
50 91.18% 50 93.13%
100 92.57% 100 93.72%
CBOW 300 93.86% GloVe 300 94.76%
600 93.86% 600 95.23%
FastText 1000 94.27% 1,000 95.57%
50 93.15% 50 95.00%
100 93.78% 100 95.27%
Skip-Gram 300 94.82% CBOW 300 95.58%
600 95.25% 600 95.65%
1000 95.49% Word2Vec 1,000 95.62%
50 95.33% 50 94.79%
CBOW 100 95.59% 100 95.18%
Wang2Vee 300 95.83% Skip-Gram 300 95.66%
600 95.82%
30 95.07% 1,000 95.81%
100 95.57% . .
Skip-Gram 300 95.89%
600 95.88%
1,000 95.94%

Table 3. Extrinsic evaluation on POS tagging.

Semantic Similarity

ASSIN (Avaliagdo de Similaridade Semdntica e Inferéncia Textual) [Fonseca et al. 2016]
was a workshop co-located with PROPOR-2016. ASSIN made two shared-tasks avail-
able: i) semantic similarity; and ii) textual entailment. We chose the first one to evaluate
our word embedding models extrinsically in a semantic task. ASSIN semantic similarity

3More info at nilc.icmc.usp.br/nlpnet/.

“Note that accuracies are well below those reported by [Fonseca et al. 2015]. The probable cause is that
the embedding vocabularies used here did not have clitic pronouns split from verbs, resulting in a great
amount of out of vocabulary words.
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shared task required participants to assign similarity values between 1 and 5 to pairs of
sentences. The workshop made training and test sets for Brazilian (PT-BR) and European
(PT-EU) Portuguese available. [Hartmann 2016] obtained the best results for this task.
The author calculated the semantic similarity of pairs of sentences training a linear regres-
sor with two features: i) the cosine similarity between the TF-IDF of each sentence; and
ii) the cosine similarity between the summation of the word embeddings of the sentences’
words. We chose this work as a baseline for evaluation because we can replace its word
embedding model with others and compare the results. Although the combination of TF-
IDF and word embeddings produced better results than only using word embeddings, we
chose to only use embeddings for ease of comparison. [Hartmann 2016] trained the word
embedding model using Word2 Vec Skip-Gram approach, with 600 dimensions, and a cor-
pus composed of Wikipedia, G1 and PLN-Br. Only using embeddings, [Hartmann 2016]
achieved 0.58 in Pearson’s Correlation (p) and a 0.50 Mean Squared Error (MSE) for
PT-BR; and 0.55 p and 0.83 MSE for PT-EU evaluation.

Table 4 shows the performance of our word embedding models for both PT-BR
and PT-EU test sets. To our surprise, the word embedding models which achieved the
best results on semantic analogies (see Table 2) were not the best in this semantic task.
The best results were achieved by Wang2Vec Skip-Gram using 600 dimensions for PT-
EU and using 1,000 dimensions for PT-BR. Wang2Vec also achieved the best results
for POS tagging what shows its potential. Neither FastText nor GloVe models beat the
baseline results achieved by [Hartmann 2016]. FastText poor results are expected since it
has a morphological bias, but GloVe poor results are surprising since it achieved the best
results in semantic analogies.

Embedding Models Size PT-BR PT-EU Embedding Models Size PT-BR PT-EU
p MSE » MSE p MSE p» MSE
50 036 0.66 | 0.34 1.05 50 042 0.62 | 0.38 1.01
100 0.37 0.66 | 0.36 1.04 100 045 0.60 | 0.42 098
CBOW 300 0.38 0.65 | 0.37 1.03 GloVe 300 049 058 | 045 095
FastText 600 0.33  0.68 | 0.38 1.02 600 050 0.57 | 045 094
1,000 0.39 0.64 | 0.41 0.99 1,000 0.51 0.56 | 046 0.94
50 045 061|043 098 50 047 059|046 095
100 0.49 0.58 | 047 094 100 050 0.57 | 049 0091
Skip-Gram 300 055 053 | 040 1.02 CBOW 300 055 053|054 0.87
600 0.40 0.64 | 0.40 1.01 600 0.57 051|055 086
1,000 0.52 0.56 | 0.54 0.86 Word2Vee 1,000 0.58 0.50 | 0.55 0.86
50 053 055|051 089 50 046 0.60 | 0.43 097
CBOW 100 056 052|054 0.85 100 048 0.58 | 045 095
Wang2Vec 300 0.53 055|051 089 Skip-Gram 300 052 056|048 093
50 0.51 0.56 | 047  0.92 1 ggg ggi 822 8;8 gg?
100 0.54 0.54 | 0.50 0.89 2 . = . i,
Skip-Gram 300 0.58 050|053 085
600 059 049 | 054 0.83
1,000 0.60 0.49 | 0.54 0.85

Table 4. Extrinsic evaluation on Semantic Similarity task.

5. Related Work

The research on evaluating unsupervised word embeddings can be divided into in-
trinsic and extrinsic evaluations. The former relying mostly on word analogies (e.g.
[Mikolov et al. 2013]) and measuring the semantic similarity between words (e.g. the
WS-353 dataset [Finkelstein et al. 2002]), while extrinsic evaluations focus on practical
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NLP tasks (e.g. [Nayak et al. 2016]). POS tagging, parsing, semantic similarity between
sentences, and sentiment analysis are some commonly used tasks for this end.

To the best of our knowledge, only a few works attempted to evaluate Portuguese
word embeddings. [Rodrigues et al. 2016] collected a corpus of Portuguese texts to train
word embedding models using the Skip-Gram Word2Vec technique. The authors also
translated the benchmark of word analogies developed by [Mikolov et al. 2013] and made
it available for both Brazilian and European Portuguese. They report a 52.8% evaluation
accuracy of their word embedding model in both syntactic and semantic analogies.

[Sousa 2016] investigated whether Word2Vec (CBOW and Skip-Gram) or GloVe
performed best on the benchmark in [Rodrigues et al. 2016]. The author compiled a sam-
ple of texts from Wikipedia in Portuguese, searching for articles related to teaching, ed-
ucation, academics, and institutions. The best results were obtained using Word2Vec
CBOW to train vectors of 300 dimensions. This model achieved an accuracy of 21.7% on
syntactic analogies, 17.2% on semantic analogies and 20.4% overall.

[Fonseca et al. 2015] compared the performance of three different vector space
models used for POS tagging with a neural tagger. They used Word2Vec Skip-Gram,
HAL, and the neural method from [Collobert et al. 2011]; Skip-Gram obtained the best
results in all tests.

Concerning the differences between embeddings obtained from Brazilian and Eu-
ropean Portuguese texts, [Fonseca and Aluisio 2016] present an extrinsic analysis on POS
tagging. They trained different embedding models; one with only Brazilian texts, one
with only European ones and another with mixed variants; and trained neural POS tag-
gers which were evaluated on Brazilian and European datasets. One of their findings is
that, as a rule of thumb, the bigger the corpus in which embeddings are obtained, the
better. Additionally, mixing both variants in the embedding generation did not decrease
tagger performance in any of the POS test sets. This supports the hypothesis that a sin-
gle, large corpus comprising Brazilian and European texts can be useful for most NLP
applications in Portuguese.

6. Conclusions and Future Work

In this paper, we presented the word embeddings we trained using four different tech-
niques and their evaluation. All trained models are available for download, as well as
the script used for corpus preprocessing and evaluation. The results obtained from intrin-
sic and extrinsic evaluations were not aligned with each other, contrary to the expected.
GloVe produced the best results for syntactic and semantic analogies, and the worst, to-
gether with FastText, for both POS tagging and sentence similarity. These results are
aligned with those from [Faruqui et al. 2016], which suggest that word analogies are not
appropriate for evaluating word embeddings. Overall, Wang2Vec vectors yielded very
good performance across our evaluations, suggesting they can be useful for a variety of
NLP tasks. Our results also suggest that the increase in performance is not worth the
increase in memory usage for models with more than 300 dimensions. As future work,
we intend to try different tokenization and normalization patterns, and also to lemmatize
certain word categories like verbs, since this could significantly reduce vocabulary, al-
lowing for more efficient processing. An evaluation with more NLP tasks would also be
beneficial to our understanding of different model performances.
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Resumo. A quantidade de textos gerados diariamente na web torna cada
vez mais dificil a andlise e extracdo de informagdes desses dados. Retirar
informagdo util de forma automdtica de textos é uma tarefa dificil, dada a
complexidade e infinidade de formas com que as pessoas podem se expressar
utilizando a linguagem natural. A tarefa de Extragcdo de Informagdo Aberta
tem o papel de automatizar o processamento de repositorios tais como a Web.
Esta abordagem pode ser classificada em duas etapas: (i) extracdo e (ii)
classificagdo. A proposta desse trabalho é, na etapa de classificacdo, utili-
zar um conjunto de features genéricas que ndo contém termos presentes em um
idioma especifico. Experimentos foram realizados em Portugués do Brasil nos
quais as features genéricas obtiveram uma acurdcia média de 70% contra 55%
das features propostas em [Fader et al. 2011].

1. Introducao

Mais de 80% das informagdes da Web sdo armazenadas em formato de texto nos mais di-
ferentes idiomas [Barion and Lago 2008]. Estima-se que 50% do contetido disponivel
em websites estd escrito em Inglés'. Os principais trabalhos da drea de Extracdo
da Informacdo (IE, do Inglés Information Extraction) utilizam metodologias desenvol-
vidas com base no Inglés [Banko et al. 2007] [Wu and Weld 2010] [Fader et al. 2011]
[Schmitz et al. 2012] [Del Corro and Gemulla 2013] [Angeli et al. 2015]. Os dados tex-
tuais em diferentes idiomas, que somam a outra metade do conteddo disponivel, t€m
recebido pouca ateng@o [Gamallo et al. 2012] e muitos esfor¢os t€ém sido realizados na
tentativa de analisd-los [Fader et al. 2011]. A Extrag¢do da Informacdo (IE) é a tarefa
de aquisi¢do de informacdo a partir de dados ndo estruturados ou semi-estruturados.
E possivel classificd-la em aberta ou tradicional. A IE tradicional tem como obje-
tivo a extragdo de informacdo em um dominio especifico, geralmente um conjunto pré-
especificado de expressdes [Schmitz et al. 2012]. J4 a IE aberta (OIE, do Inglés Open
Information Extraction) tem como principais objetivos: (i) independéncia de dominio,
(ii) extracdo nd@o supervisionada e (iii) escalabilidade para grandes bases de dados
[Del Corro and Gemulla 2013].

As tarefas de Processamento de Linguagem Natural (NLP, do Inglés Natural Lan-
guage Processing) tais como: Tokenization, Sentence Splitting e Part-of-Speech tagging -

Thttps://w3techs.com/technologies/overview/content _language/all
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POS [Manning et al. 2014] sdo essenciais para a IE em dados textuais, porém, sdo depen-
dentes do idioma no qual o texto foi escrito.

Os trabalhos recentes em OIE podem ser classificados em quatro tipos. Sdo eles (i)
dados de treinamento e andlise rasa, (ii) dados de treinamento e analise de dependéncia,
(iii) baseado em regras e andlise rasa e (iv) baseado em regras e andlise de dependéncia
[Gamallo 2014]. Essa classificacdo é feita de acordo com a metodologia empregada para
a extracdo das triplas relacionais.

Os métodos de OIE baseados em andlise rasa sdo realizados em duas etapas,
sendo a primeira etapa a extracdo e, posteriormente, a classificacdo das relagdes ex-
traidas. A classificacdo é a tarefa que define se uma extracdo realizada é valida ou
invélida com o objetivo de conferir a0 método uma melhor precisdo nos resultados. Al-
guns trabalhos encontrados na literatura utilizam métodos de classificacdo baseados em
features dependentes de caracteristicas linguisticas [Fader et al. 2011] [Xu et al. 2013]
[Pereira and Pinheiro 2015]. Entende-se por dependéncia de idioma a utilizagdo de
funcdes linguisticas que estdao presentes no idioma alvo do estudo, mas nao fazem parte
de outros idiomas. Por exemplo, o Portugués nao apresenta nenhum recurso similar a
apostrofe (genitive marker (’s)) do Inglés. Com isso, a utilizacdo dessa fun¢do linguistica

em alguma feature tornaria dificil a adaptagdo do método para o Portugués.

O Inglés possui ferramentas e recursos linguisticos sofisticados que outros idiomas
ainda ndo possuem. Em geral, as ferramentas construidas para o Inglés ndo sdo aplicdveis
a outros idiomas. Assim, este trabalho propde um método de classificacdo baseado em
features independentes do idioma. A hipétese € de que features genéricas em relagdo
ao idioma podem apresentar resultados superiores a features dependentes. As principais
contribui¢des do presente trabalho sdo: (i) desenvolver um método para classificacdo de
triplas relacionais através de features genéricas independentes de idioma e (ii) avaliar este
método para outro idioma diferente do Inglés, neste trabalho o Portugués do Brasil.

Este trabalho estd organizado como segue: a Se¢do 2 traz os trabalhos relaciona-
dos. A secdo 3 define o problema que este trabalho trata e a Sec¢ao 4 descreve a meto-
dologia utilizada. Na Se¢@o 5 os experimentos realizados sdo apresentados. A Se¢do 6
apresenta os resultados obtidos para cada experimento e por fim a Secdo 7 apresenta as
conclusdes e trabalhos futuros.

2. Trabalhos Relacionados

Os primeiros trabalhos em OIE faziam uso da metodologia de dados de treinamento e
andlise rasa (categoria (i)). Tendo como o pioneiro o TextRunner [Banko et al. 2007],
que usava uma abordagem baseada em etiquetagem morfossintatica (POS, do inglés Part-
of-Speech) e etiquetagem de sintagmas nominais (NP, do inglés Noun Phrase). O Tex-
tRunner utilizava como método de classificacdo das extracdes realizadas o Naive Bayes,
tendo como base de treino exemplos gerados a partir do Penn Tree Bank. Outros sis-
temas como o ReVerb [Fader et al. 2011] e o WOE"?5 [Wu and Weld 2010] utilizaram
uma abordagem similar ao TextRunner, apresentando melhorias como o desenvolvimento
de classificadores mais robustos.

Em seguida, foram introduzidos trabalhos na literatura baseados em anélise de de-
pendéncia (categoria (ii)). Os trabalhos mais conhecidos nesta classe sio o0 WOEF%s¢ ¢
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0 OLLIE. O WOE"? faz uso de dados etiquetados do Wikipedia como treinamento para
a detec¢do de triplas relacionais [Wu and Weld 2010]. O OLLIE € baseado em extracdes
de alto grau de confianca obtidos pelo ReVerb para detec¢do de padrdes derivados da
analise de dependéncia [Schmitz et al. 2012]. Na categoria (iii) os trabalhos mais rele-
vantes sdo o ExtrHech [Zhila and Gelbukh 2013] e o LSOE [Xavier et al. 2013] que sdo
baseados em padrdes 1éxicos e sintdticos extraidos manualmente a partir de etiquetagem
morfossintatica.

Utilizando regras extraidas manualmente a partir do método de andlise de
dependéncia (categoria (iv)) destacam-se o CSD [Gamallo et al. 2012] e o ClausIE
[Del Corro and Gemulla 2013]. Em [Angeli et al. 2015] uma abordagem similar ao Clau-
sIE € utilizada, com a diferenca das sentencas serem separadas em nucleos semanticos,
de forma que as relacdes extraidas possuam a menor quantidade de fokens possivel. Isso
resulta no aumento da qualidade das extracdes e facilita a utilizagao das triplas resultantes
para outros fins (e.g. construgdo de ontologias e sistemas de pergunta e resposta).

Os trabalhos recentes baseados em metodologias mais robustas (andlise de de-
pendéncia e anotagdo de papéis semanticos) ndo utilizam a tarefa de classificacio
[Del Corro and Gemulla 2013][Gamallo et al. 2012][Schmitz et al. 2012]. Estes traba-
lhos extraem um nimero muito maior de triplas relacionais quando comparados a outros
baseados em andlise rasa, porém, em termos de acuricia ambos possuem desempenho
similar [Del Corro and Gemulla 2013].

O presente trabalho pode ser aplicado as triplas extraidas pelos trabalhos citados
nesta secdo, aumentando a qualidade em seus resultados através da classificacdo bindria
(valida ou invalida), evitando que informagdes invdlidas sejam disponibilizadas no resul-
tado final.

3. Definicao do Problema

Sistemas de OIE extraem triplas do tipo (EI, SR, E2), onde El e E2 sdo sintagmas
nominais reconhecidos no texto, e SR ¢ um sintagma relacional que relaciona EI e E2
[Gamallo 2014]. Para ilustrar, tem-se a sentenca:

“A cidade de Sdo Paulo detém 15% das industrias de produtos quimicos do pais, parte
dos 53% do total de empresas desse setor instaladas no Estado.”

Considera-se uma extracao vélida:
(Sdo Paulo, detém, 15% das indiistrias de produtos quimicos do pais)

A seguinte extracdo é considerada invdlida pois traz em E/ uma string contendo uma
porcentagem ao invés de um sintagma nominal, o que a torna incoerente:

(53%, instaladas no, Estado)

O presente trabalho tem como objetivo classificar em vélidas e invalidas através
de algoritmos de aprendizado de méquina as relagdes extraidas a partir de sentengas es-
critas em linguagem natural. A finalidade do método de classificagdo desenvolvido € ser
utilizado por qualquer sistema que realiza extracdes em textos, garantindo a este maior
acurdcia em seus resultados. O intuito é que o método de classificacdo baseado em fe-
atures genéricas possa ser aplicado a alguns dos principais idiomas do mundo (Inglés,
Espanhol, Francés e Portugués).
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4. Metodologia Proposta

A Figura 1 descreve o fluxo da experimentag@o das features genéricas propostas neste
trabalho. Ela estd dividida em (1) pré-processamento e (2) experimentagdo. O Corpus da
Folha de S@o Paulo foi utilizado como fonte de dados [CETENFOLHA 2008]. A primeira
etapa realiza a reorganizacdo das relagdes, a etiquetagem morfossintatica e a indexagao
com o objetivo de preparar o banco para o cdlculo das features. Em seguida, o banco
de dados € utilizado para treinamento e classificagdo. Na classificagdo sdo avaliados os
métodos de aprendizado de maquina Logit, SVM, NaiveBayes e a Arvore de Decisdo
C5.0. Os resultados obtidos na etapa 2 sdo avaliados através das métricas de Acurécia,
Precisdo, Revocagado e F1 [Forman 2003].

Figura 1. Fluxo da experimentacgdo das features genéricas.
Pré-processamento (1) Experimentagdo (2)

Features

e(1) (E1, SR, E2, Y)

e(3) (E1, SR, E2,Y)

~ e(n) (E1, SR, E2, Y)
Indexagdo

i
I
I
I
I
I
I
I
I
I
I
I
I
I

e(2) (E1, SR, E2, Y) i
I
I
I
I
I
I
I
I
I
I
I
I
I
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4.1. Conjunto de Dados

A quantidade de recursos disponiveis em NLP para o Inglés é consideravelmente maior
do que para Portugués. Nao foram encontrados conjuntos de dados manualmente eti-
quetados em Portugués do Brasil para a tarefa de OIE. Assim, para viabilizar o ex-
perimento foi utilizado um conjunto de dados com 500 sentencas aleatdrias obtidas do
[CETENFOLHA 2008], denominado CETENFOLHA-500.

A partir de (CETENFOLHA-500) foram extraidas 904 triplas relacionais utili-
zando uma ferramenta baseada em uma adaptacdo do ReVerb para Portugués do Brasil.
A base de dados resultante estd organizada como segue: (i) uma linha contendo a sentenca
original S; e N linhas subsequentes contendo as relagdes extraidas a partir de Sy, sendo
este padrdo repetido para as sentencas Sy até S,,. As triplas extraidas foram avaliadas por
dois especialistas e uma coluna contendo o resultado da andlise foi adicionada a base de
dados (1 = valida, 0 = invalida)

4.2. Features Genéricas

As Tabelas 1 e 2 apresentam uma comparagdo das features apresentadas por
[Fader et al. 2011] e as features genéricas avaliadas neste trabalho para o Portugués.
Como as features presentes em [Fader et al. 2011] foram aplicadas apenas ao Inglés, é
possivel observar que a maioria delas refere-se as caracteristicas especificas deste idioma.
Por exemplo, observa-se as features 2-4, que possuem palavras do Inglés e dificilmente
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terdo correspondentes em outras linguas ('for’, "on’, *of”). J4 a feature 6 cita palavras do
tipo “WH” (e.g. "What’, "Why’, "Where’), que sdo marcadores de perguntas comuns no
Inglés. Isso dificulta a adaptacdo de um classificador baseado nessas features para outro
idioma, por exemplo, o Portugués.

As features genéricas apresentadas em [Barbosa et al. 2016] foram adaptadas do
ReVerb para ndo ter dependéncia de caracteristicas do Inglés. Cada feature dependente
na Tabela 2 foi analisada e, quando possivel, uma feature considerada nao dependente foi
proposta em seu lugar, dando origem as features da Tabela 1.

Feature Feature

1 | Tamanho de S - Tamanho de E1+SR+E2 1 EXL"‘??’O cobre ‘?‘ias as pala‘fras) fla S?men?a
2 | Namero de verbos na SR g i un?ma PIeposi¢do na relagéo ° ,for,

ultima preposicéo na relagio ¢ *on
3 | Tamanho de SR 4 | A ultima preposic¢do na relagio € ’of”
4 | Existe uma pergunta a esquerda da SR em S 5 | A sentenga tem 10 palavras ou menos
5 | A sentenca tem 10 palavras ou menos 6 lestle uma palavra com "WH" a esquerda

1cta : a relac@o na sentenca

6 D1§tdnC1a entre El,e~SR 7 |A relaggio corresponge ao padrio VW*P
7 | Existe uma preposicdo a esquerda de E1 8 | A ultima preposicao na relagio é '’
8 | Tamanho de E2 9 | A ultima preposigdo na relagio é ’in’
9 |Distancia entre E2 e SR 10 | A sentenga tem entre 10 e 20 palavras
10 | Ndmero de preposi¢des na SR 11| A sentenga comega com E1
11 | Ndmero de substantivos a direta de E2 12| El ?um nome pr‘:’P‘?O
12 [ Tamanho de El 13 gZetum nome pmp‘rlo _

xiste um sintagma nominal a esquerda
13 | Tamanho de S 14 de E1 na sentenca
14 | Nimero de nomes préprios em E1 15 | A sentenga tem mais de 20 palavras
15 | Nimero de nomes préprios em E2 16 | A relagdo corresponde ao padrdo V

17 | Existe uma preposi¢do a esquerda de E1 na sentenga
Tabela 1. Features genéricas propostas em 18 E:::i ﬂz:‘:éifﬂi:odlf;‘jlgjjidni sentenga
[B arbosa et al. 201 6] 19 querda da relagdo na sentenca
S: sentenca na qual é feita a extragdo
FEle E2: sintagmas nominais da tripla da relagio Tabela 2. Features utilizadas no ReVerb
SR: sintagma relacional da extra¢do [Fader et al. 2011].

4.3. Pré-processamento

Neste trabalho foi avaliado o desempenho das features genéricas propostas por
[Barbosa et al. 2016] para o Portugués. A Figura 2 detalha a etapa de pré-processamento.
A primeira etapa consiste na reorganizacdo do conjunto de dados presente na Figura 1,
onde S = sentenga, E1 e E2 sdo os sintagmas nominais e Y € a coluna contendo o resul-
tado da andlise manual (1 = valido e 2 = invdlido). Na etapa 2, o conjunto de dados é
etiquetado e na etapa 3, ele é indexado para tornar possivel o cdlculo de algumas features.
Na etapa 4 as features sio calculadas.

Para que algumas features fossem calculadas, foi necessario empregar tarefas de
NLP (etapa 2 na Figura 2) no conjunto de dados citado na Secdo 4.1. Para as features 2,
7,10, 11, 14 e 15 na Tabela 1 que necessitam de etiquetagem morfossintatica foi utilizado
a ferramenta CoGrOO [Kinoshita et al. 2006]. As células em cinza na etapa 2 indicam
colunas com as etiquetas morfossintaticas da sentenca e da tripla relacional. Cada palavra
dentro da sentenga/relagao ¢ etiquetada individualmente.

A Tabela 2 apresenta features que usam o posicionamento das palavras de E1, SR
ou E2 dentro da sentenca como entrada para o cdlculo (features 4, 6, 7,9, e 11). Por essa
razio, faz-se necessario o calculo dos indices de inicio e fim de E1, E2 e SR dentro de S
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Figura 2. Pré-processamento da base original

L %‘};‘:::gﬁo 2. Etiquetagem 3. Indexacdo d‘:;s (t;eéaltc:ll-zs
i ey E
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|
|
|
|
|
|
|
|
|
|
|
I

antes da etapa do cdlculo das features. Esses indices sdo adicionados a base na etapa 3
(Figura 2, destacados em cinza).

O célculo de cada feature consiste em executar a operagdo sintetizada em sua
descri¢do e armazenar o valor obtido para ser utilizado mais tarde nas etapas de treina-
mento e teste (Figura 2, destacados em cinza). Apenas os valores de cada feature e 0 Y
sd0 necessdrios a etapa de experimentagao.

Por fim, o etiquetador CoGroo faz a separagdo de algumas palavras durante a eti-
quetagem (Tabela 3). Isso resulta em um nimero de etiquetas maior do que o de palavras
presentes na sentenca. Com isso, a introdugdo dos indices na etapa de indexacao fica pre-
judicada. Para solucionar este problema, as duas etiquetas das palavras divididas foram
re-mapeadas em apenas uma. Este mapeamento estd descrito na Tabela 3. As palavras na
coluna “Exemplo” foram divididas em duas pelo CoGrOO (eg. “no” = “em” + “0”). A
funcdo de mapeamento baseada na Tabela 3 uniu as classes gramaticais das duas palavras
de acordo com a coluna “Categorias” e a divisdo da palavra foi desfeita.

Tabela 3. Palavras divididas na etiquetagem morfossintitica via CoGrOO

Palavras Exemplo | Palavra_ POS 1| | Palavra_POS 2 | Categoria

no na nos nas no em_prp o_art

dai daf de_prp ai_art

pelo pela pelos pelas pelo por_prp o_art prpart

20 208 a0 a_prp o_art

do da dos das do de_prp o_art

num numa num em_prp um_art

um uma uns umas num em_prp um_num prp+num
dele dela deles delas dele de_prp ele_pron-pers prp+pron-pers
neste nesta nestes nestas neste em_prp este_pron-det

naquele naquela naqueles naquelas | naquele | em_prp aquele_pron-det prp+pron-det
daquele daquela daqueles daquelas | daquele | de_prp aquele_pron-det

nesse nessa nesses nessas nesse em_prp esse_pron-det

a a a_prp a_prp prp+prp
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5. Experimentos

Dois experimentos foram realizados com a finalidade de verificar a hipdtese de que o
conjunto de features genérico apresentava acuracia mais alta que o ReVerb. O pri-
meiro experimento objetivou verificar a significancia estatistica dos resultados obtidos
em [Barbosa et al. 2016] para o Inglés. O segundo experimento teve por objetivo verifi-
car o desempenho das features genéricas para Portugués e comparar seu resultado com as
do ReVerb. Os testes estatisticos foram feitos utilizando a ferramenta R na versdo 3.1.1.
Os experimentos de classificagdo utilizaram o Scikit?, uma ferramenta que disponibiliza
uma implementagao de alguns dos algoritmos de Aprendizado de Maquina (ML, do Inglés
Machine Learning) mais populares nos dias atuais.

Na tentativa de apresentar maior generalizacdo, as features foram testadas com
varios métodos para observar o comportamento em diferentes abordagens de ML. Fo-
ram eles: Arvore de Decisdo, SVM, Regressdo Logistica e NaiveBayes. Os algoritmos
foram escolhidos baseados na descri¢do de desempenho encontrada em [Nikam 2015].
O algoritmo Logit foi considerado por fazer parte do artigo utilizado como referéncia
[Fader et al. 2011].

A. Teste de significancia estatistica

As features genéricas utilizadas neste trabalho foram obtidas do trabalho de
[Barbosa et al. 2016]. Porém, observou-se que os autores [Barbosa et al. 2016] ndo reali-
zaram um teste que demonstrasse a significincia estatistica dos resultados apresentados.
Assim, com o intuito de validar as features genéricas que foram utilizadas neste trabalho
para o Portugués do Brasil, o teste de Wilcoxon foi aplicado para comparar as medianas
dos valores obtidos por cada conjunto de feature, avaliando se um dos conjuntos tende a
ter valores maiores do que o outro. Para a realizacdo desse teste, o experimento Cross-
fold Validation utilizando as bases descritas em [Barbosa et al. 2016] foi refeito. No teste,
foram comparadas as métricas de acurécia do classificador que apresentou o melhor re-
sultado para acurdcia nos dois conjuntos de features (Logit).

B. Cross-fold Validation utilizando (CETENFOLHA-500)

O segundo experimento avaliou as features genéricas para o Portugués do Brasil, compa-
rando os conjuntos das features das Tabelas 1 e 2 através de validacdo cruzada (10-fold
cross-validation) utilizando as extra¢des feitas no CETENFOLHA-500. Foram calcula-
das as métricas de Acurdcia, Precisdo, Revocacdo e Medida-F (F1) [Forman 2003].

6. Resultados

Nesta secdo sdo apresentados os resultados das avaliacdes dos conjuntos de features
genéricos e do ReVerb. A média aritmética das métricas de Acurdcia, Precisdo, Revocacgdo
e Fl-score sdo apresentados para cada um dos Algoritmos testados, bem como o teste de
Wilcoxon para as acuricia do classificador Logit.

A. Teste de significancia estatistica

A Tabela 4 apresenta os resultados obtidos em [Barbosa et al. 2016] para o Inglés. A par-
tir da reexecucdo desse experimento, foram obtidas as acurécias de cada um dos K-Folds
que compde a média apresentada para cada métrica. Dadas as medidas de acuricia do

Zhttp://scikit-learn.org/
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classificador Logit, o teste de Wilcoxon evidenciou que, ao nivel de 5% de significancia,
as features genéricas propostas em [Barbosa et al. 2016] apresentaram desempenho supe-
rior as do ReVerb (p=0.01).

Tabela 4. Comparagdo entre as features utilizando validacdo cruzada em Inglés
[Barbosa et al. 2016].
Algoritmo | Acurécia Precisdo Revocagio F1
Logit 0.689 + 0.042 | 0.707 + 0.034 | 0.851 + 0.060 | 0.772 4+ 0.033
Features Genéricas | SVM 0.685 + 0.025 | 0.698 + 0.019 | 0.864 + 0.053 | 0.771 4+ 0.022
C5.0 0.648 + 0.049 | 0.727 + 0.038 | 0.701 + 0.062 | 0.718 &+ 0.039
Logit 0.653 + 0.037 | 0.672 + 0.027 | 0.853 + 0.036 | 0.752 4+ 0.026
Features ReVerb SVM 0.643 +0.023 | 0.639 + 0.014 | 0.967 + 0.017 | 0.770 + 0.013
C5.0 0.607 + 0.036 | 0.659 + 0.025 | 0.743 + 0.039 | 0.698 + 0.025

B. Cross-fold Validation utilizando (CETENFOLHA-500)

A Tabela 5 apresenta o desempenho do experimento realizado utilizando a base de
dados (CETENFOLHA-500). Os resultados obtidos pelas features genéricas sao superio-
res aos do ReVerb em todos os classificadores e métricas avaliadas. O teste de Wilcoxon
foi realizado e, ao nivel de 5% de significancia, observa-se que o desempenho das fea-
tures genéricas, em relacdo a acurdcia, € superior ao desempenho das features ReVerb
(p=0.0001).

Tabela 5. Resultados obtidos utilizando features genéricas e validagdo cruzada para Por-

tugués.

Algoritmo | Acurdcia Precisdo Revocagdo Fl1
SVM 0.703 £ 0.037 | 0.712 £ 0.023 | 0.932 + 0.041 | 0.807 + 0.024
Features Genéricas Logit 0.707 £ 0.046 | 0.736 &= 0.029 | 0.879 & 0.086 | 0.798 + 0.041
C5.0 0.667 £ 0.046 | 0.759 £ 0.028 | 0.720 & 0.084 | 0.749 £ 0.038
NaiveBayes | 0.668 & 0.043 | 0.742 £ 0.034 | 0.731 £ 0.104 | 0.743 &+ 0.030
SVM 0.548 £ 0.067 | 0.559 & 0.103 | 0.370 & 0.060 | 0.440 =+ 0.060
Features ReVerb Logit 0.551 £0.065 | 0.551 &= 0.093 | 0.399 4 0.086 | 0.458 + 0.081
C5.0 0.522 £0.063 | 0.515 £ 0.088 | 0.360 & 0.087 | 0.415 £ 0.073
NaiveBayes | 0.525 +0.062 | 0.519 + 0.086 | 0.357 +0.089 | 0.416 + 0.072

7. Conclusao e Trabalhos Futuros

Neste trabalho foi avaliado o desempenho de um conjunto de features genéricas para
classificagdo de triplas relacionais para o Portugué€s do Brasil. Esse conjunto tem a fi-
nalidade de ser aplicado a métodos de extracdo de relacdes garantindo-lhes uma melhor
precisio, reduzindo o nimero de extragdes invalidas. Foram realizados experimentos com
o Portugués do Brasil, no qual as features genéricas apresentaram um resultado superior
no Inglés, quando comparados a um conjunto de features dependentes do idioma. Um
teste estatistico demonstrou que as features genéricas apresentam resultados superiores as
features dependentes de caracteristicas do idioma (p=0.0001).

A falta de grandes conjuntos de dados etiquetados para Portugués diminui as
evidéncias de experimentos com este idioma. Como trabalho futuro, pretende-se utili-
zar métodos que ndo necessitem de conjuntos de dados etiquetados grandes, como, por
exemplo aprendizado de maquina semi supervisionado.
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Abstract. Automatic processing of user-generated content on the Internet is a
major challenge. Informal writing is one reason for this difficulty. This infor-
mality motivated the research on methods for text normalization. Text normali-
zation is a step that precedes the usual processing, converting the text from user
into a ’standard’ (more formal) writing format. In this work, we prototype a nor-
malizer for the Portuguese Language that is based on language model. In this
approach, we use the machine translation technique to normalize the texts. We
tested our normalizer in a corpus on Politics and compared the results obtained
with those of another normalizer.

Resumo. O processamento automdtico de textos gerados pelo usudrio na in-
ternet tém sido um grande desafio. A escrita informal é uma das razoes dessa
dificuldade. Essa informalidade tém motivado a pesquisa por métodos para
normalizacdo de textos. A normalizacdo de texto é uma etapa que precede o
processamento usual, convertendo o texto gerado pelo usudrio em um formato
‘padrdo’ (mais formal). Neste trabalho, prototipamos um normalizador para a
Lingua Portuguesa que é baseado em modelo de linguagem. Nessa abordagem,
usamos a técnica de tradugcdo automdtica para normalizar os textos. Testamos
nosso normalizador em um corpus sobre politica e comparamos os resultados
obtidos com os de outro normalizador.

1. Introducao

Os avancos tecnoldgicos das dltimas décadas propiciaram a criacdo de novos ambientes
de comunicagdo virtual, nos quais o emprego de uma linguagem mais informal € uma
prética muito comum. Os chats e as midias sociais, por exemplo, seguem essa tendéncia.
No ambito social, a informalidade na escrita € tolerada, tornando-se aceitavel o uso de
expressoes reduzidas (ex. 'vc’ ao invés de ’vocé’); erros de ortografia, de pontuacdo e de
concordancia (ex: ’... saiba escalr muda isso ai e poe gente que sabe jogar’); bem como
a repeticdo de letras com fins de énfase (ex: *Goooooool’), além do uso de girias e de
expressdes em outras linguas (ex: ’esse note é show’). Essa liberdade de escrita dificulta
0 processamento automatico desses textos, sendo necessdrio um tratamento preliminar
para os mesmos afim de viabilizar a extra¢do correta das suas informagdes. A drea que
tem se preocupado com esse tratamento € conhecida como Normalizag¢ao de Textos. Ela
visa transformar a escrita informal’ de um texto em uma forma ’padrdo’ (mais formal e
mais adequada para uma determinada aplicacdo) [Duran et al. 2014].

A Normalizagao de Textos € util em diversas aplicacdes. Ela é necessaria, por
exemplo, em sistemas de busca; de reconhecimento de fala; de didlogo; de andlise de
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contetido gerado por usudrios na web; tradugdo automatica; etc. E importante ressaltar
que embora existam diversas ferramentas para o processamento e andlise dos textos com
altos niveis de acertividade, tais ferramentas ndo conseguem trabalhar adequadamente
com textos da web gerados pelos usudrios. Mesmo quando conseguem, hd uma redugdo
significativa da acertividade. Isso acontece, principalmente, porque tais ferramentas fo-
ram definidas ou treinadas a partir de textos jornalisticos, nos quais a escrita € mais formal,
ou seja, procura seguir de forma mais fiel a gramatica da lingua.

Neste trabalho propomos e analisamos um normalizador de textos baseado em mo-
delo de linguagem. O objetivo € usar técnicas de traducdo de texto, mas com a finalidade
de normalizar textos em uma mesma lingua. Semelhante a traducdo automadtica de texto,
usamos um corpus paralelo para treinar o normalizador. O corpus usado contém duas
versdes dos mesmos textos: uma contendo os textos originais (sem qualquer corre¢ao
gramatical) e outra contendo os textos normalizados (traduzidos para uma forma mais
padrdo de escrita). O corpus usado foi chamado de Impeachment-BR e possui 500 tweets
em portugués. Esses tweets foram coletados durante o processo de admissdo do Impeach-
ment da ex-Presidente Dilma Rousseff na camara dos deputados.

O normalizador foi desenvolvido para a lingua portuguesa, principalmente, por-
que os estudos nessa drea para essa lingua ainda sdo recentes. Encontramos apenas um
normalizador de textos para o portugués, o UGCNormal [Duran et al. 2015]. O UGC-
Normal segue uma abordagem baseada em 1éxico, na qual sdo aplicadas vdrias regras
de transformacdo (reescrita) ao texto. Embora o normalizador UGCNormal, nesse es-
tudo, tenha obtido resultados melhores, consideramos a abordagem proposta promissora.
Acreditamos, baseados em nossa andlise, que o tamanho reduzido do corpus testado foi
determinante para tal desempenho.

2. Normalizacao de Texto

A Normalizagdo de Texto € o processo no qual o formato de um texto é convertido em um
formato considerado padrdo [Jurafsky and Martin 2009, Duran et al. 2014]. Por padrao
entende-se como o formato mais adequado para uma determinada aplicagdo. De acordo
com [Duran et al. 2014], a normaliza¢do de texto pode variar conforme: o género do
texto de entrada; o formato desejado de saida; o propdsito da normalizacdo, e o método
utilizado para executar essa tarefa. E importante levar em consideracio tais caracteristicas
para definir claramente o que a *normalizagdo de texto’ significa em cada contexto.

Apesar dos avangos na drea de linguistica computacional sejam notaveis, podemos
observar algumas defici€ncias quando o processamento envolve textos curtos escritos de
forma mais livre, em que os padrdes usuais de escrita ndo sdo respeitados. As técnicas
tipicas para processamento de texto estdo preparadas para lidar com poucos géneros de
texto, em sua maioria, textos jornalisticos, que usam uma linguagem mais formal. Logo,
como esperado, tais técnicas ndo provéem um bom resultado quando aplicadas a géneros
de texto mais informais, com estruturas de constru¢do mais livres[Sproat et al. 2001].
Técnicas que se baseim em algoritmos de aprendizagem podem ser treinadas para tra-
balhar com esses novos géneros de texto. Entretanto, o problema é que dados anotados
para esse tipo de abordagem nao estdo prontamente disponiveis e sdo dificeis de serem
criados. Uma das dificuldades € a rapida evolugdo da linguagem usada nos textos gerados
pelos usudrios na web [?]. O dinamismo da linguagem permite uma mudanga continua na
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forma como as pessoas se expressam. A falta de corpus é um problema com o qual con-
vivemos. Por isso, tivemos que criar um corpus paralelo que atendesse as necessidades
de nosso estudo.

As abordagens para normalizacdo de texto usualmente dividem-se em dois gru-
pos [Schlippe et al. 2010]: baseadas em léxicos e baseadas em modelos de linguagem.
A abordagem baseada em léxico é mais tradicional e trata o problema de normaliza¢ao
como uma sequéncia de subproblemas que devem ser resolvidos[Duran et al. 2015]. E
comum o uso de um conjunto de regras de substitui¢do que vao transformando palavras
’desconhecidas’ (Out-of-Vocabulary - OOV) em suas formas padrdes correspondentes.
Esta abordagem € utilizada pela ferramenta UGCNormal [Duran et al. 2014]. Nesta fer-
ramenta, inicialmente o texto € quebrado em sentencas e, posteriormente, em fokens. Na
etapa seguinte de verificacdo ortografica, os tokens sdo corrigidos. A ferramenta trata
ainda acronimos, girias e nomes proprios.

Ja nas abordagens baseadas em modelo de linguagem, a normalizagdo ¢ tratada
como um problema de traducdo e exige um corpus paralelo. Nessa abordagem, o texto
informal € traduzido para uma forma padrao. Exige que as sentencas ndo normalizadas es-
tejam alinhadas com aquelas que sao as suas versdes normalizadas. As etapas mais usuais
nesse tipo de abordagem consistem em pré-processamento, alinhamento e treinamento. A
etapa de pré-processamento dos textos € responsavel por limpar e uniformizar a tipografia
do texto (caixa alta ou baixa), bem como por segmentd-lo em sentencas e, posteriormente,
em termos’. Nessa etapa pode ser usado um analisador morfolégico para detectar nimeros
e datas, bem como para reconhecer termos compostos € nomes proprios. Pode ser incluido
também algum processamento de natureza semantica para desambiguacgdo de sentido. Na
etapa de alinhamento, os textos nao normalizados e normalizados sdo perfilados, tornando
a tradugdo vidvel. Esse alinhamento pode ser um-para-um’ (correspondéncia direta entre
palavras do texto ndo normalizado com as do normalizado), 'nulo-para-um’ (a palavra
ndo normalizada ndo tem influéncia no texto e é descartada) ou 'muitos-para-um’ (uma
sequéncia de termos - uma expressao- na versao nao normalizada corresponde ao signifi-
cado de uma unica palavra da versdo normalizada). E, por fim, na etapa de treinamento,
os dados alinhados sdo usados para ensinar o tradutor. A coocorréncia de palavras e fra-
ses nesses dados costuma ser usada para inferir correspondéncias de traducdo entre duas
linguas de interesse ou, no nosso caso, entre as formas de escrita dos textos normalizado
e ndo normalizado.

Usamos em nosso estudo ferramentas estatisticas de tradugao automadtica. Logo ,
a abordagem investigada € independente de linguagem.

3. Trabalhos Relacionados

Como ja mencionado, UGCNormal foi um dos poucos normalizadores de texto que en-
contramos para a Lingua Portuguesa. Nao € de nosso conhecimento a existéncia de nor-
malizadores baseados em modelo de linguagem para este idioma. Sendo assim, nessa
secdo descrevemos normalizadores que seguem a abordagem baseada em modelo de lin-
guagem, mas construidos para outras linguas. Schilippe et al em [Schlippe et al. 2010]
tratam a normalizag@o de texto como um problema de tradugdo. O estudo teve como

!Termos podem ser simbolos, palavras ou n-gramas (sequéncia continua de tokens com comprimento
igual a n)
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alvo a lingua francesa. Nele foi usada a ferramenta Moses?, sendo que o alinhamento
do texto foi realizada pela ferramenta GIZA++* ¢ o modelo de linguagem gerada pela
ferramenta SRILM*. Os autores notaram que enquanto as normaliza¢des manuais feitas
pelos falantes nativos levaram cerca de 11 horas durante 3 dias, o normalizador foi me-
lhorando o seu tempo de processamento. As primeiras 100 sentengas foram normalizadas
em 114 minutos; o segundo grupo de 100 sentengas em 92 minutos e o terceiro grupo
em apenas 10 minutos. Isso gerou uma média de 39,48 segundos por sentenca. Lu-
dena et al [Lopez Ludefia et al. 2012] também propuseram uma arquitetura baseada em
traducdo automdtica para normalizar textos, mas para a lingua inglesa. Essa arquitetura
era composta por: um moédulo tokenizador responsavel por segmentar o texto de entrada
e transforma-lo em um grafo de tokens; um médulo tradutor que convertia os tokens para
uma linguagem alvo e verificava se havia palavras fora do padrao (OOV) e, por fim, um
moddulo de pds-processamento para remogao de tokens desnecessarios. Os autores igual-
mente usaram o Moses, sendo que Giza++ como alinhador e SRILM para geracdo do
modelo de linguagem. Os resultados do normalizador foram considerados satisfatorios.

Na secdo seguinte descrevemos os corpora utilizados em nosso estudo.

4. Corpora usados

Foram utilizados 2 corpora nessa investigagao: Impeachment-BR e o Computer-BR. O
primeiro é um corpus paralelo, que é o alvo de nosso estudo em normalizagdo. E o
segundo foi usado para melhorar o desempenho do normalizador, provendo mais termos.

4.1. Corpus Impeachment-BR

O desenvolvimento de um normalizador baseado em um modelo de linguagem exige um
corpus paralelo. Nesse corpus devem existir duas versdes dos mesmos textos: uma nor-
malizada e outra ndo normalizada. Como ndo conheciamos um corpus desse tipo para a
lingua portuguesa, foi parte do nosso estudo a constru¢do de um. Para isso, trabalhamos
sobre um subconjunto dos 157.420 tweets, em portugués, que foram coletados no dia 17
de abril de 2016. Os tweets eram sobre a votacdo da admissao do impeachment da ex-
presidente Dilma Roussef. Como a normalizag@o desses tweets seria manual e o corpus
era muito grande, optamos, inicialmente, por anotar apenas as mensagens postadas du-
rante o horario da votacdo, ou seja, entre 13h30 e 16h. No entanto, esse recorte resultou
em 20 mil rweets. Decidimos, entdo, por reduzir ainda mais esse nimero e normalizamos,
preliminarmente, 500 tweets. Esses tweets formam o corpus Impeachment-BR. A Tabela
1 apresenta um exemplo de tweets paralelos extraidos do corpus Impeachment-BR. Cabe
mencionar que os tweets foram normalizados de forma colaborativa. Construimos uma
ferramenta web especialmente para esse fim. Para que as contribui¢des fossem de algum
modo padronizadas e houvesse poucas divergéncias quanto a forma de normalizacio, dis-
ponibilizamos um guia para os anotadores. Infelizmente, ndo tivemos a colaboragdo espe-
rada no processo de normalizacdo. Por essa razdo, ele contou com apenas trés anotadores
que eram falantes nativos da lingua portuguesa.

Zhttps://github.com/moses-smt/mosesdecoder/tree/RELEASE-2.1.1
3https://github.com/moses-smt/giza-pp
“http://www.speech.sri.com/projects/srilm/
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Corpus Informal Corpus Formal
Vcs n tdo entendendo Vocés nido estdo entendendo
Eu queria ta em Brasilia agr Eu queria estar em Brasilia agora
#RespeiteAsUrnas Nio vai ter golpe!Vai ter luta! | Respeite as urnas! Nao vai ter golpe!Vai ter luta!

Tabela 1. Trecho do corpus Impeachment-BR

4.2. Corpus Computer-BR

O corpus Computer-BR € do dominio de Tecnologia e foi utilizado para otimizar (tuning)
o normalizador. A fun¢@o desse corpus de otimizacdo é expandir os termos conheci-
dos, ndo deixando o normalizador restrito apenas aos termos que aparecem Nho corpus
Impeachment-BR. O corpus Computer-BR possui 2.317 tweets em portugués, extraidos
do Twitter durante o ano de 2015 [Moraes et al. 2016]. Nao é um corpus paralelo e ele foi
construido para estudos na drea de Andlise de Sentimentos. O uso desse corpus contri-
buiu para reduzir as OOV (palavras fora da lingua padrao), melhorando o desempenho do
normalizador. Do corpus Computer-BR foram usados apenas 200 tweets, os quais foram
normalizados manualmente também.

5. Arquitetura do Normalizador

O normalizador foi implementado usando o framework Moses. O Moses € um sistema
integrado de ferramentas de natureza estatistica para o processo de traducido de maquina.
A Figura 1 apresenta a arquitetura do normalizador proposto. Inicialmente, na fase de pré-
processamento, os textos sdo tokenizados e tém sua tipografia normalizada (Truecasing)
pelo Moses. Essa etapa € necessdria tanto para o treinamento do normalizador quanto
para o seu uso. Na fase de treinamento, foram usadas as ferramentas KenLM? para gerar
um modelo de linguagem baseado em n-gramas, e MGIZA® para alinhar, em nivel de
n-gramas, os textos correspondentes do corpus paralelo Impeachment-BR. A etapa de
Tuning é executada pelo Moses e faz uso do corpus Computer-BR.

Corpus Paralelo _y.| Tokenizaco L,‘ Truecasting | . Modelode ,.,m
Impeachment-BR | | Traducéo i

Sentenca —w- Tokenizacdo .| Truecasting |

|

Informal Treino
Corpus Tokenizaca T - ; TY
Computer-BR —#| Tokenizacdo | .| Truecasting . >’un7mg
‘ |

Pré-processamento Traducdo | Sentenca
Formal

Figura 1. Arquitetura utilizada para o normalizador

Shttp://kheafield.com/code/kenlm/
Shttps://github.com/moses-smt/mgiza
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6. Analise dos Resultados

Nés realizamos dois tipos de andlise: uma quantitativa, que procura medir a acer-
tividade do normalizador e outra qualitativa, que visa uma avaliacdo intrinseca dos
resultados. Em nossa andlise, usamos a métrica bilingual evaluation understudy
(BLEU)[Papineni et al. 2002], que é bem usual na drea de traduc@o automatica.

6.1. Analise Quantitativa

Nessa andlise, testamos 3 configuracdes de conjuntos de treino e teste (ver Tabela 2).
Os conjuntos de cada configuracdo foram gerados aleatoriamente. A diferenca entre as
configuracdes € a quantidade de tweets no conjunto de treino. A cada nova configuracio
sdo acrescidos 50 rweets ao conjunto de treino. Nosso objetivo, nesse caso, era verificar
se o tamanho do corpus de treino influenciava nos resultados.

Caso de Teste | #Tweets para treino | #ITweets para teste
1 350 150

2 400 100

3 450 50

Tabela 2. Casos de teste e a proporgao de tweets utilizada

Usamos validacdo cruzada k-fold, onde k=10, portanto foram executadas 10
configuracdes diferentes de conjuntos de treino e teste em nosso normalizador. A Fi-
gura 2 apresenta o resultado médio da medida BLEU referente a essas execugdes. Para
fins de comparacao o arquivo de teste de cada configurag@o analisada foi testado também
no normalizador UGCNormal.

80

74.87
71.83
70
65
62.715
60
55
50

350/150 400/100 450/50

BLEU Score

Treino/Teste

I riosso Normalizador [ UGCNormal

Figura 2. Comparativo entre os normalizadores estudados
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O UGCNormal obteve resultados melhores que o nosso normalizador. Uma
das razdes € certamente o tamanho do corpus Impeachment-BR. Como a abordagem
usada pelo Moses € estatistica, uma frequéncia irrelevante de termos torna inexpres-
siva a possivel correlacdo na qual esse termos estejam envolvidos. Como o corpus
Impeachment-BR € relativamente pequeno, varios termos apresentaram baixa frequéncia,
o que justifica o desempenho apresentado. J4 o UCGNormal por ser baseado em regras,
consegue tratar de forma satisfatéria esses mesmos casos. Por outro lado, é possivel no-
tar que os resultados para o nosso normalizador vao crescendo lentamente a cada nova
configuracdo testada. Isso indica que de fato existe uma tendéncia na obtencdo de resul-
tados cada vez melhores a medida que o tamanho do corpus utilizado aumenta. Cabe
mencionar que essa expectativa de melhora nao é esperada para o UCGNormal.

6.2. Analise Qualitativa

Nessa andlise, avaliamos alguns casos de normalizacdo de forma intrinseca a fim de de-
terminar os pontos fortes e fracos da abordagem usada. Analisando algumas sentengas,
observamos diferencas entre as abordagens baseada em modelo de linguagem (nosso nor-
malizador) e baseada em léxico (UGCNormal). Por exemplo, para a sentenca *Vcs n
tdo entendendo’, os normalizadores geraram saidas diferentes . Ambos normalizadores,
transformaram ’vcs’ em ’vocés’, no entanto o verbo 'tao’ foi mantido pelo UGCNormal,
mas alterado para ’estdo’ no caso do nosso normalizador. Modificacdo semelhante ocor-
reu na sentenga "Nao vai rolar, essa roubalheira tem que acabar ... *. Nosso normalizador,
também trocou o verbo, substituindo ’rolar’ por ’acontecer’. Em aplica¢des que exigem
tratamento semantico, as transformagdes providas pelo nosso normalizador podem ser
mais convenientes, pois a abordagem estatistica garante que o termo gerado seja 0 mais
frequente. Sendo o mais frequente, ele terd uma grande chance de corresponder a forma
mais comum de sua escrita cujo significado também € mais usual. Isso contribui para
reducdo de ambiguidade. Por exemplo, as normalizacdes geradas pelo UCGNormal ’tao’
e ’rolar’ podem ser confundidas com um advérbio e com a expressao ’fazer girar’, res-
pectivamente. J4 no caso dos termos ’estdo’ e *acontecer’ a ambiguidade no significado é
menor.

Observamos também que o UGCNormal ndo conseguiu tratar adequadamente al-
guns nomes préprios. Por exemplo, a sentenca A deputada mariadorosario condena as
tentativas de impeachment contra dilmabr’ foi convertida em A deputada mariadorosa-
rio condena as tentativas de impeachment contra filmar’. O normalizador ndo conseguiu
decompor o nome préprio ’Maria do Rosario’ e, ainda, substituiu ’Dilma’ incorretamente
por ’filmar’. Nosso normalizador ndo produziu a transformacdo mais adequada, no en-
tanto foi mais coerente ao gerar a saida. Ele produziu como saida: ’a deputada do Rosario
condena as tentativas de impeachment contra Dilma’.

Ja, no caso da sentenga 'Eu queria ta em Brasilia agr’, o normalizador UGCNor-
mal foi melhor. Nosso normalizador ndo conseguiu transformar ’agr’ em ’agora’. Havia
poucas ocorréncias do termo *agr’ nos corpora usados. Logo, o normalizador acabou pre-
servando o termo integralmente, dado que o alinhamento entre os termos ’agr’ e "agora’
ndo existia.
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7. Conclusao

Apesar do nosso normalizador de texto baseado em modelo de linguagem nao ter gerado
transformacdes melhores que as do UGCNormal, seus resultados sdo promissores. Acre-
ditamos que o desempenho apresentado foi uma consequéncia do tamanho reduzido do
corpus Impeachment-BR. Acreditamos também que a abordagem baseada em modelo de
linguagem € mais adequada para acompanhar o dinamismo da lingua natural, pois exige
menos esfor¢o quanto a atualizacdo do normalizador. Para novas formas de escrita, basta
treinar o normalizador novamente. Por outro lado, a auséncia de corpora paralelos para
a tarefa de normalizag@o, principalmente para a lingua portuguesa, ainda € um problema
com o qual precisamos conviver. Por essa razdo, consideramos o corpus Impeachment-
BR uma de nossas contribui¢des. Como trabalhos futuros, pretendemos estender o corpus,
bem como testar a abordagem para outros dominios.
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Abstract. This paper is motivated by the automation of neuropsychological tests
involving discourse analysis in the retellings of narratives by patients with po-
tential cognitive impairment. In this scenario the task of sentence boundary
detection in speech transcripts is important as discourse analysis involves the
application of Natural Language Processing tools, such as taggers and parsers,
which depend on the sentence as a processing unit. Our aim in this paper is to
verify which embedding induction method works best for the sentence boundary
detection task, specifically whether it be those which were proposed to capture
semantic, syntactic or morphological similarities.

1. Introduction

The concept of a sentence in written or spoken texts is important in several Natural Lan-
guage Processing (NLP) tasks, such as morpho-syntactic analysis [Kepler and Finger
2010, Fonseca and Aluisio 2016], sentiment analysis [Brum et al. 2016], and speech
processing [Mendonca et al. 2014], among others. However, punctuation marks that
constitute a sentence boundary are ambiguous The Disambiguation of Punctuation Marks
(DPM) task analyzes punctuation marks in texts and indicates whether they correspond to
a sentence boundary. The purpose of the DPM task is to answer the question: Among the
tokens of punctuation marks in a text, which of them correspond to sentence boundaries?

The Sentence Boundary Detection (SBD) task is very similar to DPM, both of
which attempt to break a text into sequential units that correspond to sentences, where
DPM is text-based and SBD can be applied to either written text or audio transcriptions
and often for clauses, which do not necessarily end in final punctuation marks but are
complete thoughts nonetheless. However, performing SBD in speech texts is more com-
plicated due to the lack of information such as punctuation and capitalization; moreover
text output is susceptible to recognition errors, in case of Automatic Speech Recognition
(ASR) systems are used for automatic transcriptions [Gotoh and Renals 2000]. SBD from
speech transcriptions is a task which has gained more attention in the last decades due to
the increasing popularity of ASR software which automatically generate text from audio
input. This task can also be applied to written texts, like online product reviews [Silla Jr
and Kaestner 2004, Read et al. 2012, Lépez and Pardo 2015], in order to better their
intelligibility and facilitate the posterior use of NLP tools.

It is important to point out that the differences between spoken and written texts
are notable, mainly when we take into consideration the size of the utterances and the
number of disfluencies provided in speech. Disfluencies include filled pauses, repetitions,
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modifications, repairs, partial utterances, nonword vocalizations and false starts. These
phenomena are very common in spontaneous speech. [Liu 2004].

Figure 1 shows the result of a transcript from a neuropsychological retelling task
that does not include either capitalization or sentence segmentation, preventing the direct
application of NLP methods that rely on these marks for their correct use, such as taggers
and parsers. One can easily note that this type of text differs greatly in style and form from
written/edited text (on which most NLP tools are trained), such as text found in novels or
a newspaper.

cinderela a histéria da cinderela... ela:: encontra um cavaleiro
com com um cavalo dai ela fica amiga desse cavalo tudo isso é
proximo de um castelo e ela vai pro castelo pro castelo na
verdade ela vai trabalhar no castelo né e ela comeca a fazer la...

Figure 1. Narrative excerpt transcribed using the NURC annotation manual’

These tests are applied by clinicians who tell a story to patients who are instructed
to try and remember as many details as possible so that they may retell it. The evalua-
tion of language in discourse production, mainly in narratives, is an attractive alternative
because it allows the analysis of linguistic microstructures and phonetic-phonological,
morpho-syntactic, semantic-lexical components, as well as semantic-pragmatic macrostruc-
tures. Neuropsychological tests are used in clinical settings for detection, progress moni-
toring and treatment observation in patients with dementias. In an ideal scenario we would
like to automate the application of neuropsychological tests and the discourse analysis of
the retellings.

NLP applications generally receive text as input; therefore, words can be consid-
ered the basic processing unit. In this case, it is important that they are represented in
a way which carries the load of all relevant information. In the current approach used
here, words are induced representations in a dense vector space. These representations
are known as word embeddings; able to capture semantic, syntactic and morphological
information from large unannotated corpora [Mikolov et al. 2013, Ling et al. 2015, Lai
et al. 2015]. Various studies show that textual information is important for SBD [Gotoh
and Renals 2000, Batista et al. 2012, Che et al. 2016]. Even though textual information is
a strong indicator for sentence delimitation, boundaries are often associated with prosodic
information [Shriberg et al. 2000, Batista et al. 2012], like pause duration, change in pitch
and change in energy. However, the extraction of this type of information requires the use
of high quality resources, and consequently, few resources with prosodic information are
available. On the other hand, textual information can easily be extracted in large scale
from the web. Textual information can also be represented in various ways for SBD,
for example, n-gram based techniques have presented good results for SBD [Gotoh and
Renals 2000, Kim and Woodland 2003, Favre et al. 2008]; however, in contrast to word
embeddings, they are induced representations in a sparse vector space.

Our aim in this paper is to verify which embedding induction method works best
for the SBD task, specifically whether it be those which were proposed to capture seman-

"http://www.letras.ufrj.br/nurc-rj/
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tic, syntactic or morphological similarities. For example, we imagine that methods that
capture morphological similarities may benefit the SBD performance for impaired speech,
since a large number of words produced in this type of speech are out-of-vocabulary
words.The paper is organized as follows. Section 2 presents related work on SBD us-
ing word embeddings; Section 3 describes the word embedding models evaluated in this
paper; Section 4 presents our experimental setup, describing the datasets, method, and
preprocessing steps used; Section 5 presents our findings and discussions. Finally, Sec-
tion 6 concludes the paper and outlines some future work.

2. Related Work

The work of [Che et al. 2016] and [Tilk and Alumée 2015] use word embeddings to detect
boundaries in prepared speech sentences, more specifically in the corpus from 2012 TED
talks2. [Che et al. 2016] propose a CNN (Convolution Neural Network)-based method
with 50 dimensions using GloVe [Pennington et al. 2014]. In [Klejch et al. 2016, Klejch
et al. 2017] the authors show that that textual information influences the retrieval of punc-
tuation marks more than prosodic information, even without the use of word embeddings.

The work in [Tilk and Alumée 2015] is expanded in [Tilk and Alumie 2016], us-
ing bidirectional neural networks with attention mechanisms to evaluate a spontaneous
telephone conversation corpus. The authors point out that the bidirectional vision of the
RNN (Recurrent Neural Network) is a more impacting feature than the attention mecha-
nism for SBD; with only the use of word embeddings, the achieved results yielded only
10% less than when prosodic information was used together. In [Hough and Schlangen
2017] a system that uses RNNs with word embeddings is proposed for the SBD task
in conjunction disfluencies, where results are competitive with the state of the art are
achieved on the Switchboard corpus [Godfrey et al. 1992], showing that the simultaneous
execution of these tasks is superior to when done individually.

Recently, the work of [Treviso et al. 2017] proposed an automatic SBD method
for impaired speech in Brazilian Portuguese, to allow a neuropsychological evaluation
based on discourse analysis. The method uses RCNNs (Recurrent Convolutional Neural
Networks) which independently treat prosodic and textual information, reaching state-of-
the-art results for impaired speech. Also, this study showed that it is possible to achieve
good results when comparing them with prepared speech, even when practically the same
quantity of text is used. Another interesting evidence was that the use of word embed-
dings, without morpho-syntactic labels was able to present the same results as when they
were used; this indicates that word embeddings contain sufficient morpho-syntactic in-
formation for SBD. It was also shown that the method gains the better results than the
state-of-the-art method used by [Fraser et al. 2015] by a great margin for both impaired
and prepared speech (an absolute difference of ~0.20 and ~0.30, respectively). Beyond
these findings, the method showed that the performance remains the same when a differ-
ent story is used.

3. Word Embeddings Models

The generation of vector representations of words (or word embeddings) is linked to the
induction method utilized. The work of [Turian et al. 2010] divides these representations

’https://www.ted.com/talks
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into three categories: cluster-based, distributional and distributed methods. In this paper,
we focus only on distributed representations, because generally they are computationally
faster to be induced. These representations are based on real vectors distributed in a
multidimensional space induced by unsupervised learning. In the following paragraphs,
we describe the three induction methods for word embeddings utilized in our evaluations.

A well-used NLP technique, Word2vec [Mikolov et al. 2013] follows the same
principle as the natural language model presented in [Collobert and Weston 2008], with
the exception that it does not use a hidden layer, generating a computationally faster
log-linear model. This technique is divided into two modeling types: (i) Continuous Bag-
of-Words (CBOW), which given a window of words as input, the network tries to predict
the word in the middle as output and (ii) the Skip-gram model, which tries to predict the
window given the center word as input.

As Word2vec does not consider the word order in the window, this make the pro-
cess less syntactic in nature, since word order is an essential phenomenon for syntax. In
order to deal with this, a modification of Word2vec was proposed which is able to deal
with word order by concatenating inputs in the CBOW model (instead of using the sum)
and incremental weighting for Skip-gram. This technique is known as Wang2vec [Ling
et al. 2015].

A recent induction technique called FastText [Bojanowski et al. 2016, Joulin et al.
2016] uses n-grams of characters of a given word in the hope of capturing morphological
information. In order to do this, the Skip-gram Word2vec model was modified so that that
the scoring function of the network’s output is calculated basing itself on the character
n-gram vectors, which are summed with the context vectors in order to represent a word.

4. Experimental Setup
4.1. Corpora/Datasets

The datasets were divided into two categories: impaired speech and prepared speech.
Impaired speech is not only spontaneous, but also noisy. The noise is produced inter-
nally due to the impaired neuropsychological condition of the participants studied. When
people participate in neuropsychological tests, they produce the following phenomena:
syntactically malformed sentences; mispronounced words (modifying the original mor-
phology); low quality prosody (due to the shallow voices of the participants and/or abnor-
mal fluctuations in vocal quality); and in general a great quantity and variety of types of
disfluencies.

The first dataset of discourse tests is a set of impaired speech narratives, based on
a book of sequenced pictures from the well-known Cinderella story. This dataset consists
of 60 narrative texts told by Brazilian Portuguese speakers; 20 healthy subjects, called
controls (CTL), 20 patients with Alzheimer’s disease (AD), and 20 patients with Mild
Cognitive Impairment (MCI), diagnosed at Medical School of the University of Sdo Paulo
(FMUSP) and also used in [Aluisio et al. 2016]. The second dataset was made available
by the FalaBrasil project, and its contents are structured in the same way as the Brazilian
Constitution from 1988 [Batista et al. 2013]. The speech in this corpus can be categorized
as prepared and also as read speech. To use these files in our scenario a preprocessing
step was necessary, which removed lexical tips which indicate the beginning of articles,
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sections and paragraphs. This removal was carried out on both the transcripts and the
audio. In addition, we separated the new dataset organized by articles, yielding 357 texts
in total. Both datasets’ properties are presented in Table 1.

Property Cinderela Constitution

# Transcipts 60 357
# Words 23807 63275
# Sentences 2066 2698

Duration 4h 11m 7h 39m

Table 1. Summary of corpora utilized in the experiments.

The corpus used to induce the vectors is made up of text from Wikipedia in 2016, a
news crawler which collected articles from the G1 portal® and the PLN-BR [Bruckschen
et al. 2008] corpus. We also executed some basic preprocessing steps on this corpus,
being that we forced all of the text to lowercase forms and separated each token from
punctuation marks and tokenized the text using whitespace. We do not remove stopwords.
After these steps, the embedding induction on the corpus returned ~356M tokens, of
which ~1.7M were distinct.

4.2. Method

In order to automatically extract new features from the input and at the same time deal
with the long dependency problems between words, we propose a method based on RC-
NNs which was inspired by the sentence segmentation work done by [Tilk and Alumée
2015] and [Che et al. 2016], and also by the work on text classification utilizing RCNNs
by [Lai et al. 2015], where we made some adaptations so that the basic unit of classifi-
cation was a data sequence. The architecture of our RCNN is the same as the one used
in [Treviso et al. 2017] and can be seen in Figure 2.

000

G O ®

input CNN 1D max-pooling BRNN fully connected with

@xd @ xn h, =3 @ xn, softmax predictions
Figure 2. Architecture adapted from [Treviso et al. 2017]

The final model in [Treviso et al. 2017] consists of a linear combination between
a model which deals only with lexical information and another which treats only prosodic
information. In this paper, we ignore the prosodic model and focus only on the textual
information provided by the word embeddings. The strategy to utilize only this informa-
tion is based on the idea that one can train a text-based model with a large amount of data,
since text is readily found on the web.

3http://gl.globo.com/
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The model’s input is a tridimensional word embedding matrix E € R™*#xd,
where m is equal to the vocabulary size used for training the embeddings. Once we
have an input matrix composed by word embeddings, the convolutional layer extracts n ¢
new features from a sliding window with the size h., which corresponds to the size of
the filter applied to the concatenated vectors [ey, ..., e, ] corresponding to a region of A,
neighboring embeddings [Kim 2014].

The convolutional layer produces features for each ¢-th word as it applies the
shared filter for a window of h. embeddings e;_;_41.; in a sentence with the size ¢. Our
convolutional layer moves in a single vertical dimension (CNN 1D), one step at a time,
which results in a quantity of filters g; equal to ¢ — h, + 2 * p + 1. And since we want
to classify exactly ¢ elements, we added p = | h./2| elements of padding to both sides
of the sentence. In addition, we applied a max-pooling operation on the temporal axis fo-
cusing on a region of h,,, words, with the idea of feeding only the most important features
to the next layer.

The features selected by the max-pooling layer are fed to a recurrent layer. The
values of the hidden units are computed utilizing n,, LSTM cells [Hochreiter and Schmid-
huber 1997] defined as activation units. As in [Tilk and Alumie 2016], our recurrent
layer is based on anterior and posterior temporal states using the bidirectional recurrent
mechanism (BRNN). With the use of a bidirectional layer which treats convolutionized
features, the network is adept at exploring the principal that nearby words usually have a
great influence, while considering that distant words, either to the left or right, can also
have an impact on the classification. This frequently happens in the SBD task, for exam-
ple, in the case of interrogatives, question words like “quem” (“who”), “qual” (“what”)
and “quando” (“when”) can define a sentence.

After the BRNN layer, we use dropout as a regularization strategy, which attempts
to prevent co-adaptation between hidden units during forward and back-propagation,
where some neurons are ignored with the purpose of reducing the chance of overfit-
ting [Srivastava et al. 2014]. Finally, the last layer, receives the output of the BRNN
for each instance ¢, and feeds each into a simple fully connected layer which produces
predictions using the softmax activation function, which gives us the final probability that
a word precedes a sentence boundary (B) or not (N B).

The word embeddings matrix E was adjusted during training. Our RCNN uses the
same hyperparameters described in [Treviso et al. 2017] and the same training strategy,
which consists of cost-function minimization utilizing the RMSProp procedure [Tieleman
and Hinton 2012] with back-propagation, considering the unbalanced task of sentence
segmentation by penalizing errors from the minority class harsher (B).

5. Results and Discussion

We ran a 5-fold cross-validation for each group analyzed (CLT, MCI or AD), which left
about 10% of the data for testing, the rest for training.

The performance results of the RCNN in terms of F; on each type of patient and
on the Constitution dataset are shown in Figure 3, for which we vary the embedding
methods and its training strategies along with the induced vector dimensions between the
values of: d € {50, 100, 300, 600}.
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Figure 3. Results for different embedding methods and dimensions

In most cases Word2vec achieved better performance than other methods. Specif-
ically, for CTL with Skip-gram and FastText with CBOW, yielding an F} of 0.76, On the
other hand, we see that for MCI patients, Wang2vec with Skip-gram was the best tech-
nique, yielding an I of 0.74. For the AD subjects the best technique was Word2vec with
CBOW, returning an Fj of 0.66. As expected, results for CTL were higher than for MCI
and AD, since the CTL narratives contain less noise. For Constitution data our method
performs better using Wang2vec with Skip-gram strategy: F of 0.62.

It is possible to see in Figure 3 that our method tends to better its performance with
increasing dimension size. Furthermore, the Skip-gram strategy generally returned better
results than CBOW for the FastText and Wang2vec methods, whereas for Word2 Vec there
were some variations when strategies were switched. Still, the Word2vec Skip-gram with
600 dimensions and CBOW with 300 dimensions were those which returned the best
results for spontaneous and/or impaired speech (CTL, MCI and AD). In the case of the
Constitution dataset, which is characterized as prepared and read speech, the best results
were achieved by Wang2vec Skip-gram with 300 dimensions.

Contrary to the results reported in [Treviso et al. 2017] using textual and prosodic
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information, our method obtained better performance for impaired speech transcriptions
than for prepared speech. This is probably due to the fact that the Constitution in-
cludes more impacting prosodic clues, whereas for spontaneous/impaired speech, the
lexical clues are of greater influence for classification. This difference between lexical
and prosodic features for prepared and spontaneous speech is consistent with the finding
reported in other studies [Koldr et al. 2009, Fraser et al. 2015, Treviso et al. 2017].

6. Conclusion and Future Work

Our objective in this work was to identify the embedding with the best performance for
SBD, specifically whether it would be one which captures semantic information, like
Word2vec; syntactic, like Wang2vec; or morphological, like FastText. Still, we were not
able to discern which type was most influential in general, since the differences from
one to another are very small. Also even when one technique was superior to another
for a particular set, we still need to investigate whether this was actually the fault of the
technique or due to secondary factors, like hyperparameters, random initialization, or even
the conditions of the data used.

In general, our results show that using only embeddings the RCNN method achieved
similar results (difference of 1%) to the state of the art in terms of F}, using the same
method published in [Treviso et al. 2017] for both classes: CTL and MCI using em-
beddings with 600 dimensions and prosodic information*. However, the results for the
Constitution dataset were considerably lower (a difference of 17%) than the results of the
model which uses both lexical and prosodic information in conjunction, but the difference
is less (4%) for the models which used only prosodic information. Summing up, this in-
dicates that by using a good word embedding model to represent textual information it is
possible to achieve similar results with the state-of-the-art for impaired speech.

Future work will include some investigation of the lexical and prosodic clues
which impact the classification. Also, we would like to investigate whether disfluency
detection in conjunction with SBD can yield better results. Since the method presented
in this paper can easily be applied to any language, we plan to evaluate it using English
language corpora in order to directly compare the results with the related work.
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Abstract. In this work, we present a feature-based approach to the RTE (Re-
cognizing Text Entailment) task that verifies the similarity between two senten-
ces including syntactic and semantic aspects. The selected features come from
the winning work of the RTE task of the workshop ASSIN (Semantic Similarity
Evaluation and Textual Inference) with some changes and addition of other se-
mantic feature. The evaluation methodology consisted in replicating the task
with the database used in the workshop, analyzing the results with and without
the semantic features. Besides the numerical approach, we mention a symbolic
one with its characteristics and limitations.

Resumo. Neste trabalho, apresentamos uma abordagem baseada no uso de fe-
atures para a tarefa de RTE (Recognizing Text Entailment) que verifica a simila-
ridade entre duas frases incluindo aspectos sintdticos e semadntico. As features
selecionadas sdo oriundas do trabalho vencedor da tarefa de RTE do workshop
ASSIN (Avaliagdo de Similaridade Semdntica e Inferéncia Textual) com algu-
mas alteragdes e adig¢oes de outra feature semdntica por nds. A metodologia
de avaliagdo consistiu em replicar a tarefa com a base de dados usada no
workshop, analisando os resultados com e sem as features semdnticas. Além
da abordagem numérica, citamos uma simbdlica com suas caracteristicas e
limitagoes.

1. Introducao

No uso de linguagem natural, um fendmeno comum € a existéncia de varias maneiras de
se expressar, de forma idéntica ou similar, um significado [Sha et al. 2015]. Para desco-
brir a equivaléncia ou relag@o entre textos ou sentengas, a tarefa de Reconhecimento de
Implicacdo Textual (em ingles, Recognizing Textual Entailment - RTE) é proposta como
uma forma de avaliar se o significado de um texto “H” pode ser inferido de outro texto
“T” [Dagan et al. 2006]. Ela é mais relaxada que a tarefa de inferéncia légica pura, pois
podemos considerar que “T infere H” (1" — H) se, tipicamente, um ser humano que ler T
puder inferir que H € uma verdade provavel, e ndo que T € condicao suficiente para H (ou
seja, sempre que T € verdade entdo H € verdade). A relagdo é direcional porque mesmo
que “T infere H” seja verdade, o reverso “H infere T” é bem menos provavel. Como
exemplo de implicacdo textual, temos o par: (“Edgar Freitas Gomes da Silva nasceu no
Funchal a 25 de Setembro de 1962, tem 53 anos, € casado e com um filho.”, “Edgar Silva
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nasceu em 1962 no Funchal.” ) e, como contraexemplo, o par: (“Eram doentes que esta-
vam internados e debilitados pelas suas patologias.”, “Estao identificados 30 doentes com
a bactéria.”).

Muitas aplicacdes de Processamento de Linguagem Natural (PLN), tais como:
Resposta automadtica a perguntas, Recuperaciao de Informagdo, Sumarizagcdo ou Tradugdo
automatica de textos, Classificacdo de textos, dentre outras [Fialho et al. 2016], necessi-
tam de sistemas eficientes para reconhecimento de implicagdo textual.

Para lingua inglesa, desde 2005 sao propostas competi¢cdes de RTE. Como exem-
plo, tem-se as tarefas do eventos SEMEVAL — Semantic Evaluation ! e PASCAL Re-
cognizing Textual Entailment (RTE) Challenges > [Dagan et al., 2006]. Ambos reu-
niram excelentes sistemas para RTE que, principalmente, empregam técnicas superfi-
ciais (shallow techniques) tais como: sobreposicdo de termos, analise morfossintatica
e andlise de dependéncia sintatica [Vanderwende et al. 2006, Jijkoun and Rijke 2005,
Malakasiotis and Androutsopoulos 2007, Haghighi et al. 2005]. O vencedor do ultimo
SEMEVAL atingiu uma acurécia de 77% com o uso de um algoritmo de méxima entropia
e features sintaticas. Uma abordagem hibrida proposta em - simbdlica e probabilistica -
de [Sha et al. 2015] atingiu uma acurécia de 85.16%.

Para lingua portuguesa, o primeiro evento que propds a tarefa RTE foi o
Workshop ASSIN 2016 3 , o qual reuniu 6 sistemas participantes para as variacdes
do portugués brasileiro (PT-br) e o portugués de Portugal (PT-pt). O sistema proposto
em [Fialho et al. 2016] foi o vencedor da competi¢do e usa aprendizagem automadtica
supervisionada, algoritmo SVM [Malakasiotis and Androutsopoulos 2007], explorando
propriedades lexicais como Maior Subsequéncia Comum, Distancia de Edi¢do, Compri-
mento etc das sentencas T e H. O resultado de tal sistema, em termos de f-measure, foi de
0.69 e representa o estado da arte desta tarefa para o Portugués.

Neste trabalho, apresentamos uma andlise de medidas de similaridade semantica
para a tarefa RTE em textos da lingua portuguesa, usando como referéncia o corpus de
sentencas do ASSIN 2016. Uma série de experimentos foram realizados, visando anali-
sar a relevancia das métricas para RTE e a influéncia de bases de conhecimento 1éxico-
semanticas como WordNet [Miller 1995]. Ao final, verificamos a influéncia das métricas
semanticas e discorremos sobre os resultados.

2. Fundamentacao Teérica

A tarefa de RTE busca identificar se um dado texto pode ser inferido de outro. Como
exemplo, dadas as sentencas “Taciana trabalha na UNIFOR que fica em Fortaleza.” e
“UNIFOR esta em Fortaleza”, podemos afirmar que a segunda pode ser inferida da pri-
meira? Quais as relacdes entre as sentencas que indicam a inferéncia? Varios dos sistemas
propostos, tanto para lingua inglesa como para o portugués, se baseiam em técnicas super-
ficiais que com suporte em caracteristicas sintaticas e lexicais dos textos. Nas subsecdes
seguintes, apresentamos as principais métricas usadas e o estado da arte da RTE.

'"http://alt.qcri.org/semeval2014/
nttp://u.cs.biu.ac.il/~nlp/RTELl/Proceedings/
Shttp://propor2016.di.fc.ul.pt/?page_id=381
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2.1. Métricas de RTE

Dentre as funcdes para a tarefa de RTE, segundo [Fialho et al. 2016], as que obtiveram os
melhores resultados foram:

1. Soft TF-IDF: mede a similaridade entre representagdes vetoriais das frases, mas
considera a métrica Jaro-Winkler como métrica de similaridade interna para en-
contrar palavras equivalentes, com um limiar de 0.9. A métrica Jaro-Winkler atri-
bui maior peso quando hd um prefixo em comum [TeamCohen 2016];

2. Jaccard: distincia entre os dois conjuntos como a razdo entre o tamanho da
interse¢do e o da unido. Portanto, um valor 1 significa que as frases sdo iguais
e 0, totalmente diferentes [TeamCohen 2016];

3. Comprimento: representa a diferenca de comprimento absoluta (niimero de
simbolos) entre o texto e a hipdtese. Os comprimentos maximo e minimo sdo
também considerados (separadamente) como caracteristicas;

4. LCS (Longest Common Subsequence): representa o tamanho da maior sub-
sequéncia comum entre o texto e a hipdtese. O valor é definido en-
tre 0 e 1, dividindo-se o tamanho da LCS pelo tamanho da frase mais
longa [Hirschberg 1977];

5. Numérica: consiste no resultado da multiplicacdo de duas similaridades de Jac-
card. Uma entre os caracteres numéricos no par texto-hipdtese, e outra entre as
palavras em torno de tais caracteres numéricos. O resultado é um valor continuo
entre 0 e 1, com o valor 0 indicando que as frases sdo, possivelmente, contra-
ditdrias;

6. Sobreposi¢do NE: mede a similaridade de Jaccard considerando apenas as entida-
des mencionadas (NE - Named Entities), ou seja, que contém letras maitsculas;

7. ROUGE-N: representa a sobreposi¢do de n-gramas com base em estatisticas de
co-ocorréncias [Lin and Och 2004];

8. ROUGE-L: representa uma variacdo da métrica ROUGE-N baseada em skip-
bigrams [Lin and Och 2004].;

9. TER (Taxa de Erros de Tradugdo): consiste em uma extensdo da Taxa de Erros
em Palavras (ou Word Error Rate - WER), que é uma métrica simples baseada em
programacdo dindmica e que é definida como o nimero de alteracdes necessarias
para transformar uma sequéncia em outra [Snover et al. 2006].

2.2. Trabalhos Relacionados

[Lai and Hockenmaier 2014] descreve o sistema vencedor da tarefa de RTE no SEME-
VAL em 2014 para lingua inglesa. O sistema combina diferentes fontes semanticas
para predizer a relacdo e implicacdo textual. Foram usadas features de similari-
dade distribuidas, similaridade denotacional e de alinhamento baseadas em estrutu-
ras sintdticas superficiais. Houve combinagdes de multiplas métricas, dentre elas:
negacdo, sobreposicdo de palavras, sindnimo, hiperdnimo. Para a tarefa, foi usada MAL-
LET [McCallum 2002] com um algoritmo de maxima entropia. O resultado final foi de
uma acuricia de 77% sobre a base fornecida.

O sistema de [Sha et al. 2015] propde uma abordagem hibrida, também para o
inglés, que utiliza o sistema ReVerb [Fader et al. 2011] para extrair rela¢des verbais na
forma relacao (objeto;, objetos) de cada frase do par T/H. Com essas relagdes ex-
traidas, ocorre um mapeamento com a base de conhecimento Yago [Suchanek et al. 2007]
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de onde também sdo obtidas regras de relacionamento, atraves de um sistema de rule
learner — AMIE [ref]. Um exemplo de regra aprendida pelo AMIE é “se uma pes-
soa mora na cidade A e trabalha na empresa B, a localizacdo da empresa B é a ci-
dade A”. Esse conjunto de informacdes é a entrada para uma Rede Logica de Mar-
kov [Richardson and Domingos 2006] que avalia a probabilidade do conjunto de rela¢des
com as regras da base de conhecimento resultar em uma situacdo de entailment entre T
e H. Em testes para reproduzir o trabalho de [Sha et al. 2015],encontramos uma série de
limitagdes como restricdes as sentencas com pelo menos um verbo e dois objetos; es-
parsidade da base de dados que ndo permite o correto mapeamento da relacdo verbal e a
extracdo das regras, ao extrair a relagcdo da frase “The dog should sleep in the bed with
you”, o verbo sleep ndo existia na base para que a relagdo fosse mapeada.

No Workshop ASSIN, a tarefa de RTE foi proposta para as duas variantes da
lingua portuguesa. L2F/INESC-ID [Fialho et al. 2016] atingiu 0,70 em termos de f-
measure de 0.7 e foi o vencedor para a variacdo do portugués europeu. O sistema é
baseado no uso de features sintdticas e aprendizado supervisionado com SVM.

[Barbosa et al. 2016] apresenta o sistema da equipe Blue Man Group, que
também ¢ baseado em um classificador supervisionado (SVM). A diferenga de aborda-
gem € que este sistema usa como caracteristica a similaridade seméntica baseada nas
palavras anteriores e posteriores relativas a palavra analisada na frase. A base usada para
aprendizado foi a Wikipedia [Wikipedia 2014] em portugués com um total aproximado
de 540.000 palavras distintas. A ferramenta word2vec * foi utilizada para o cédlculo dos
vetores. Embora outras técnicas tenham sido testadas,o algoritmo SVM foi o que apre-
sentou melhor desempenho com f-measure de 0,52 para o portugués europeu e f-measure
de 0,61 para o portugués brasileiro.

Como  melhor resultado geral em  acurécia, a  abordagem
de [Oliveira Alves et al. 2016], ASAPP, obteve um valor de 80.27% e f-measure de
0.54. Perdendo apenas na f-measure para Blue Man Group que obteve, no geral,
acuracia de 79.62% e f-measure de 0.58. ASAPP [Oliveira Alves et al. 2016] é baseado
em multiplas features lexicais, sintdticas, semanticas - semelhanga entre a vizinhanca
das palavras, estrutura das redes de palavras, presenca e pertenca em synsets difusos;
aplicando o classificador Vote e AdditiveRegression . Apresentou desempenho com
f-measure de 0,54 e um valor de 80.27% para acuracia.

Como estado da arte para a tarefa de RTE para o portugués, temos o sistema
L2F/INESC-ID com f-measure de 0.7 (portugués europeu) e o sistema Blue Man Group
com f-maesure de 0.52 (portugués brasileiro).

3. Similaridade Seméantica Aplicada a RTE

A figura 1 ilustra o fluxo do processo de RTE com adi¢do de features semanticas. Em
resumo, inicialmente uma etapa de Pre-Processamento realiza a limpeza - remogdo de
stopwords e pontuacao - ou formatacdo - transformando todos os termos em mindsculos
ou na simbologia do Metaphone 3. Em seguida sdo calculadas as features sintaticas e
semanticas, com uso de uma base de conhecimento (Knowledge Base — KB). Por fim, é
gerado o conjunto de exemplos para treinamento e submetido a um algoritmo de aprendi-
zagem supervisionada.

“http://code.google.com/archive/p/word2vec/
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Figura 1. Fluxo para geracao das features semanticas.

3.1. Similaridade Semantica Textual

Cada feature semantica € calculada a partir de uma funcdo de similaridade seméantica
textual, variando-se a métrica de similaridade entre palavras.

A funcdo de similaridade semantica textual ST'S implementa a férmula 1, pela
qual calcula-se a média aritmética da similaridade semantica entre as palavras ou termos

deTe H. Assim,se T' = {t1,ts, ... ,tn} € H={hy, ha, ... ,hy,}, 0 produto cartesiano
T x H,n x m, denotado por w, é o conjunto das combina¢des dos termos de 7', denotado
por Cw = {Cl . (wt1 ) wh1)7 Cy ! (wt1 ) wh2)7 C3: (wt1 ) wh3) yoeee 5 Cyy t (wtn7 whm)}; Temos

que f(c;) é uma funcdo de similaridade entre palavras que representa uma das métricas
descritas na se¢do a seguir.

> /()
STS(T, H) = =4 —— 1)

w

3.2. Métricas de Similaridade Semantica entre Palavras

A seguir sdo descritas as métricas de similaridades entre palavras, calculadas na base
léxico-semantica WordNet [Miller 1995]. A WordNet é um grande banco de dados 1éxico
da lingua inglesa. Substantivos, verbos, adjetivos e advérbios sdo agrupados em conjun-
tos de sindnimos cognitivos (synsets), cada um expressando um conceito distinto. Os
synsets estdo interligados por meio de relacdes conceituais semanticas e lexicais. Ela se
assemelha superficialmente a um diciondrio de ideias afins, na medida em que agrupa
as palavras em conjunto com base em seus significados. No entanto, existem algumas
distingdes importantes. Primeiramente, a WordNet interliga ndo apenas palavras, mas
sentidos especificos. Como resultado, palavras que sdo encontradas em estreita proximi-
dade umas com as outras na rede estardo semanticamente préximas. Em segundo lugar, a
WordNet rotula as relacdes semanticas entre palavras, enquanto que os agrupamentos em
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um dicionario de sindbnimos ndo seguem nenhum padrao explicito alem da similaridade
de significado.

1. HirstStOnge: dois conceitos lexicalizados sd@o semanticamente préximos se
seus conjuntos de sindnimos (ou synsets) na WordNet sdo conectados por um
caminho que ndo € muito longo e que ”ndo muda de direcdo com muita
freqiiéncia” [Hirst et al. 1998].;

2. LeacockChodorow: esta medida baseia-se no comprimento do caminho mais curto
entre dois conjuntos de synsets para sua medida de similaridade. Limitando-se as
relacdes do tipo E-UM e escalando o comprimento do percurso pela profundidade
total da taxonomia [Leacock and Chodorow 1998];

3. Lesk: em 1985, Lesk, propds que a relagdio de duas palavras ¢é
proporcional a extensdo das sobreposi¢des de suas definicdes de di-
ciondrio [Banerjee and Pedersen 2002] estenderam essa nocao para usar o Word-
Net como diciondrio para as defini¢des de palavras;

4. WuPalmer: a medida proposta por [Wu and Palmer 1994] calcula o relaciona-
mento considerando as profundidades dos dois synsets nas taxonomias da Word-
Net, junto com a profundidade do LCS;

5. Resnik: [Resnik 1995] define a similaridade entre dois synsets para ser o contetido
de informacdo de seu superordenado mais baixo;

6. JiangConrath: também usa a nocdo de contetido de informagado (IC), mas sob a
forma da probabilidade condicional de encontrar uma instancia de um synset filho
dado uma instincia de um synset pai: m onde jcn_distance € igual a
IC (synsety) + IC (synsety) — 2 % IC(les) [Jiang and Conrath 1997];

7. Lin: a equag@o matematica proposta por [Jiang and Conrath 1997] é modificada
e o valor de relacionamento serd maior ou igual a zero e menor ou igual a
um [Lin et al. 1998];

8. Path: esta métrica assume o valor de -1 se ndo houver distancia entre os synsets e,

, se a distancia for maior que 0.

1
distancia
4. Avaliacao Experimental

Neste trabalho, a hipdtese de pesquisa é que a adi¢do de conhecimento semantico me-
lhora a performance da tarefa de RTE e os experimentos realizados visaram verificar esta
hipétese.

4.1. Configuracio e Metodologia de Avaliacao

O procedimento adotado para a avaliagdo consistiu em:

1. Iniciamos com a verificacdo da base de dados fornecida pelo workshop ASSIN;

2. Usamos um algoritmo de balanceamento para equilibrar as classes fornecidas pela
base;

3. Testamos nossa hipétese com o algoritmo de aprendizagem automaética.

As features elaboradas por [Fialho et al. 2016] s@o uma combinagdo entre uma
representacdo que pode alterar o estados das palavras da frase, como os termos estarem
em mindsculas ou convertidos a uma forma fonética, com uma funcdo. Em relacdo as
representacdes citadas na secdo 4, optamos por uma unica alteragdo: no lugar do Double
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Metaphone, usamos o Metaphone 3 (M3) [Philips 2010]. M3 foi projetado para retornar
uma chave fonética “aproximada” - e uma chave fonética alternativa quando apropriado -
que deve ser a mesma quando o idioma for o inglés.

Os cendrios definidos para a avaliacao foram:

1. Cendrio 1 - Execuc¢do com as features sintaticas usadas em [Fialho et al. 2016];

2. Cendrio 2 - Execucdo com todas as features sintdticas e todas as features
semanticas calculadas para toda variagdo de métrica de similaridade entre pala-
vras, definidas em 3.2;

3. Cenirio 3 - Execucdo com todas as sintdticas e uma feature semantica por vez.

Os seguintes pardmetros e ferramentas foram adotados para realiza¢do dos expe-
rimentos:

e SMOTE: algoritmo de balanceamento entre as classes da base de
teste [Chawla et al. 2002]. Unico atributo alterado foi o percentage valorado em
181;

e Base de dados fornecida pelo workshop ASSIN. A base de testes que usamos
consistia de 3000 entidades anotadas, mas a classe de “Entailment” representava
24% do total das instancias. Para nossos experimentos, foram mantidas as classes
“None” e “Entailment”;

e SVM: o algoritmo de aprendizagem automatica. Usamos a implementagao forne-
cida no Weka com as configurag¢des padrdes, cross validation folds valorado em
10;

e As combinacdes entre fungdes e representagdes: alteracdes nas palavras das
frases - que mais contribuiram na classificacdo foram: a) Soft TF-IDF, em
simbolos originais, b) Jaccard, sobre Metaphone 3, c) Jaccard, sobre simbolos
em mindsculas, d) Comprimento absoluto, em Metaphone 3, e) Maior sub-
sequéncia comum (LCS), sobre simbolos em mintsculas, f) Numérica, em
simbolos originais, g) Sobreposi¢do NE, em Metaphone 3, h) ROUGE-N, em
simbolos originais, i) ROUGE-L, sobre simbolos em mintsculas e j) TER, sobre
simbolos em mintsculas.

A tabela 1 resume os resultados dos trés cenarios em termos de das medidas de
precisio, recall e f-measure.

Conforme coletado, embora exista ganho, foi bem reduzido o acréscimo nas
métricas observadas: para a precisdo, nao houve acréscimo em quaisquer casos; no recall,
uma ténue variacdo; na f-measure, uma variacao ligeiramente maior que as anteriores.

5. Analise dos Resultados

Pelos resultados obtidos, nao houve confirmacao forte da hipétese levantada, ou seja, adi-
cionar informagdes semanticas ndo importa em acréscimo de performance significativo
da tarefa de RTE. No Cenario 1 foi obtido f-measure de 0,706, e o melhor cendrio com
adicdo de feature semantica foi a variagdo do CENARIO 3 (Sint + PATH), que resultou
f-measure de 0,710. Com o objetivo de identificar razdes para a irrelevancia de conheci-
mento semantico, foi analisado o corpus de referéncia usado no Workshop ASSIN.

Por observagdo através de andlise grafica no corpus, verificamos a distribui¢ao
de valores. A funcgfo projetada foi valor da varidvel PATH em relacdo ao nimero de
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Cendrio Configuracdo Precisdo Recall F-Measure
1 Todas as Sintaticas (S) 0,710 0,707 0,706

2 S + Todas Semanticas 0,708 0,702 0,708
3 S + Hirststonge 0,705 0,706 0,701
3 S + Lesk 0,707 0,705 0,704
3 S + Leacockchodorow 0,709 0,709 0,706
3 S + Wupalmer 0,710 0,710 0,708
3 S + Jiangconrath 0,710 0,709 0,709
3 S + Lin 0,710 0,709 0,709
3 S + Resnik 0,710 0,710 0,709
3 S + Path 0,710 0,708 0,710

Tabela 1. Resultados dos cenarios de avaliagao, considerando features
semanticas e sintaticas.

sobreposicdes dos termos em comum entre 7' e H. Verificamos uma concentracdo de
valores préximos ao quartil inferior por toda a amostra e um incremento de valores com
areducdo da sobreposi¢do, implicando em alto valor de relacionamento semantico.

6. Conclusao

Neste artigo, realizamos o levantamento da importancia da tarefa de RTE para a drea
de PLN. Levantamos os melhores trabalhos desenvolvidos em workshops e competi¢des
tanto para lingua inglesa, quanto para a portuguesa. Dentre os trabalhos para o portugués,
citamos as abordagens dos vencedores do dltimo workshop que abordou a tarefa. Imple-
mentamos a solug¢do do vencedor desse workshop com as features sintéticas adicionando
combinacgdes de semanticas - nossa feature de teste para este trabalho. Coletamos os
resultados e os apresentamos para andlise.

Seguindo as hipéteses levantadas na secdo 5, prosseguiremos os testes com 0
auxilio de bases maiores e, possivelmente, mais representativas para verificar se ha
evolucdo nos resultados por adi¢do do conhecimento semantico da nossa feature ou se
ha necessidade de ajustes dessa para agregar valor ao processo de classificagao.
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Resumo. Este artigo descreve a base de conhecimento de Frames Semanticos
Forenses - FrameFOR. Demonstramos através de avaliacGes experimentais
que a aplicacdo das técnicas de Anotacdo de Papéis Semanticos (APS) e
Processamento de Linguagem Natural (PLN), em pericias de informatica,
aumenta o desempenho em relacéo as ferramentas utilizadas para andlise por
peritos forenses em termos de agilidade, preciséo e recall.

Abstract. This article describes a knowledge base of Forensic Semantic
Frames - FrameFOR. We demonstrate through experimental evaluations that
the application of the Semantic Role Labeling (SRL) techniques and Natural
Language Processing (NLP) in digital forensic increases the performance of
the forensic experts in terms of agility, precision and recall.

1. Introducao

O trabalho pericial é de extrema relevancia para investigacao policial, pois pode produzir
importantes provas materiais para suportar o processo penal. Com a popularizagdo dos
smartphones e do uso intensivo de aplicativos de mensagens instantaneas, é comum
encontra-los em locais de crimes e contendo indicios do crime. Segundo [Cellebrite
2015], as investigacfes criminais hoje tém cada vez mais uma coisa em comum -
evidéncia em dispositivos moveis. Nessa pesquisa, 95% dos pesquisados afirmam que
dispositivos moveis sdo sua fonte de informagdo mais significante. Um problema
colateral é que, sem as ferramentas adequadas, os laboratdrios forenses de informatica
ndo conseguem acompanhar o crescimento da demanda. Em [Cellebrite 2015], 80% dos
entrevistados disseram ter pericias pendentes, e 44% disseram que havia acumulo de
servico superior a 1 més. Em um estado especifico do Brasil, h& um acimulo de
aproximadamente 8 mil dispositivos mdveis que demandardo um prazo 5 anos para
conclusdo de seus exames. Um Unico dispositivo mével pode chegar a ter 100 mil linhas
de mensagens instantdneas de aplicativos como WhatsApp, Telegram, Facebook
Messenger, Kik etc, que deverdo ser revisadas pelo perito, podendo demandar varias
semanas de leitura.

Além disso, em mensagens de textos instantaneas hd predominancia de linguagem
informal e abreviada, sem o uso de letras maitsculas e mindsculas adequadamente, com
muitos erros de grafia e pontuagdo. Por exemplo, no trecho de mensagem “q eu tou
pidino uma presesa de fumo jk e sal.” tem-se erros ortograficos como em “pidino”
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[correcdo: “pedindo”]. Observa-se ainda o uso de deception, ou termos substitutos,
como forma de ocultar, de alguém que interceptar a mensagem, a real intencdo do
falante. No texto anterior, temos o uso da palavra “sal” com o significado de cocaina.
Outro exemplo encontrado nessa pesquisa foi na frase “beisso era pro nego ficar era
com uma caneta aki mah.”, onde “caneta” é palavra substituta para arma de fogo, pois
suas mengdes normalmente vém seguidas de calibres, 380 e 357.

Atualmente, as duas principais ferramentas utilizadas pelas pericias forenses para
analise de dispositivos moveis — UFED [Cellebrite] e XRY [Microsystemation] -
possibilitam apenas que o perito forense adicione palavras-chave a serem pesquisadas nas
mensagens de texto, ndo dispondo de fungdes de PLN para pesquisa por radicais ou
palavras relacionadas, corre¢do gramatical do texto original, ou descoberta de novas
palavras para compor o Iéxico. Além disso, em pesquisa interna realizada em
departamentos forenses do Brasil, apenas 20% possuem um léxico com palavras-chave
para diferentes tipos de crimes e 40% criam léxicos de acordo com o caso, sem usar uma
base uniforme e padronizada. Percebe-se entdo que ha pouco uso de palavras-chave
pelas pericias no Brasil, e ndo h4 uma padronizacdo nas palavras utilizadas entre os
estados.

Uma alternativa inovadora é a aplicacdo de técnicas de Anotacdo de Papéis
Semanticos (APS) [Chisman 2008] na andlise de mensagens extraidas de dispositivos
mobveis. APS é uma tarefa de PLN que permite identificar os papéis semanticos
(entidades e objetos participantes e seus relacionamentos) envolvidos num evento ou
situagdo. Nessa pesquisa, ndés propomos uma base de Frames Semanticos Forenses —
FrameFOR, desenvolvida a partir da FrameNet [Baker et al, 1998]. As informagdes na
base de conhecimento FrameFOR permite identificar, por exemplo, além de que ha o
relato de um evento de compra e venda, qual objeto foi comprado ou vendido e o0s
sujeitos envolvidos na agdo - quem compra e quem vende.

A base FrameFOR, aplicada a pericias de informatica, permite ainda a identificagdo de
novos termos ou expressdes usadas pelos criminosos para dificultar o entendimento de
quem interceptar a mensagem. Por exemplo, a seguinte mensagem extraida de um celular
apreendido no estado do Ceard - “ei man um brother meu chegou aqui com umas
gramas do kunk.”, foi identificada como relevante por conter a unidade Iéxica “gramas”
do frame “Quantidade”, o qual possui como elemento de frame “entidade da medida”,
que, por sua vez, pode ser identificada como o substantivo comum que segue a unidade
Iéxica “gramas”. Neste exemplo, o termo “kunk”, que se refere a um tipo de maconha,
ndo estava presente nas palavras-chave utilizadas pelas pericias do Brasil e nem nas
unidades lexicais do frame Intoxicantes.

Nossa proposta se baseia no argumento de que a possibilidade de investigar um maior
ndmero de fontes de informag&o, juntamente com uma melhoria na analise semantica de
tais fontes, alavancara a qualidade das a¢Bes empreendidas para a seguranca publica.
Neste trabalho, realizamos uma avaliagdo extrinseca da base de conhecimento
FrameFOR comparando com dois outros cenarios - um em que se usou uma ferramenta
tradicional baseada em palavras-chave e outro em que foram aplicados algoritmos de
aprendizagem por maquina para inferir se uma mensagem é relevante ou ndo. Com base
nos resultados das avaliagBes experimentais, podemos verificar nossa hip6tese - 0 uso de
uma ferramenta que implementa a tarefa APS e uma base de frames semanticos forenses
aumentam a agilidade e cobertura do processo de andlise de dados de dispositivos
moveis por peritos forenses.
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2. A base de conhecimento FrameFOR

Neste trabalho, propomos a base de conhecimento FrameFOR com uma centena de
frames semanticos em portugués, adaptados da FrameNet [Baker, 1998], para o dominio
de pericias de informatica. A FrameFOR contém um conjunto de generalizagdes
semanticas, denominadas frames semanticos [Fillmore 1976], expressando varias
situagBes préticas, cada uma contendo um vocabulario especifico e suas realizagbes em
um corpus anotado com exemplos. Este conhecimento é utilizado principalmente na
tarefa de Anotacdo de Papéis Semanticos (APS). O objetivo da tarefa APS é analisar um
texto para identificar as entidades que participam de uma determinada situacdo préatica
ou evento e quais papéis ou funcbes essas entidades desempenham [Wang 2012].
Conforme relatado por [Giuglea 2006], os papéis semanticos podem ser usados para
identificar palavras que ndo eram conhecidas anteriormente, simplesmente porque a
identificac8o de palavras € realizada considerando o contexto do evento.

O uso da tarefa APS na éarea forense possibilita os seguintes avangos na analise
semantica destes textos: (1) a identificacdo dos elementos (entidades, objetos, pessoas)
envolvidos na agdo ou evento e seus relacionamentos com a agdo ou evento; (2) a
identificagdo de novos termos que sdo constantemente atualizados pelos criminosos,
principalmente para tentar disfarcar situagdes delituosas (uso de deception).

2.1 Construcado da base de conhecimento FrameFOR

A base FrameNet possui mais de 1.000 frames que, em sua grande maioria, ndo tém
relagdo com atividades ilicitas. Como exemplo, tem-se o frame IDADE, que identifica
quando ha no texto mengdo de idade, ou o frame COR, que identifica a cor mencionada
em uma conversa. Por esta razdo, a base de conhecimento ndo poderia ser aplicada
diretamente nos textos extraidos dos dispositivos moveis, uma vez que seriam
recuperados uma grande quantidade de mensagens sem qualquer relacdo com os
objetivos das investigagdes forenses (ou seja, falso-positivos).

Neste trabalho foi construida a base de frames forenses FrameFOR por um processo
de anélise e selecdo manual realizado por um perito criminal, especialista em computagao
forense. O perito analisou pontualmente cada frame da FrameNet, especificamente o
objetivo do frame e suas unidades léxicas, com o intuito de selecionar aqueles que
tivessem relevancia com os crimes que sdo normalmente objetos de solicitagcbes de
investigacéo pericial. Observou-se que em diversas situacdes 0 mesmo frame poderia ser
utilizado para identificar mais de um tipo de crime, como também o mesmo tipo de crime
poderia ser identificado por mais de um frame. Ao final, a base FrameFOR foi composta
por 113 frames, relacionados a diversos tipos de crimes, como formacdo de quadrilha,
trafico de drogas, sequestro, corrupgédo, receptagdo, contrabando, pedofilia, estupro,
agressdo, tortura, falsificacdo, ameaca, porte ilegal de arma, estelionato, extorséo, entre
outros. A Tabela 1 apresenta uma parte da base FrameFOR com os frames que possuem
relacdo aos crimes mais investigados pela Pericia Forense do Estado do Ceard, Brazil.

A base FrameFOR est4 representada em linguagem XML e foi traduzida para a lingua
portuguesa, pois 0 conteldo das mensagens que tinhamos disponiveis eram mensagens
nesta lingua natural. Portanto, a base FrameFOR constitui uma base bilingue de frames
semanticos para o dominio de pericias de informatica. A Figura 1 mostra um exemplo do
frame Cenario Comeércio. Este frame contém elementos de frame principais ou
fundamentais, que contém os atores ou objetos das acfes: Vendedor, Comprador,
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Mercadoria [0 objeto que foi comprado ou vendido] e Dinheiro. Os elementos de
frame secundérios ou ndo essenciais consistem em elementos que podem ser encontrados
na situa¢do, mas ndo sdo obrigatérios: Taxa de Troca e Unidade. As unidades lexicais
sdo as palavras que evocam os frames, usadas para identificar a situacdo ou evento em
questdo. Os elementos principais e unidades lexicais foram anotados com a classe
gramatical de seus complementos para possibilitar a identificacdo das realizacGes
sintaticas nas frases. Por exemplo, a unidade lexical "prego™ pode ser complementada
com um ndmero, marcado como "Z" pelo analisador. O elemento principal cujo
complemento é um numero, é "dinheiro", entdo, se uma frase for identificada com a
palavra "preco” seguida de um nimero, a frase sera rotulada como expressando uma
situagdo de “Cenéario de Comércio”, contendo um preco, € 0 nimero é anotado com o
papel semantico "dinheiro".

TABELA 1. FRAMES FORENSES MAIS IMPORTANTES DA BASE FRAMEFOR.

Frame Elemento de Frame Crime
Comércio Compra Comprador/Mercadoria/Dinheiro trafico/contrabando
Comprador/Mercadoria/Dinheiro/Vendedor/Taxa -
o - ) P / / / / / trafico/contrabando
Comeércio Cenario Unidade
Comércio Venda Comprador/Mercadoria/Dinheiro/Vendedor trafico/contrabando
Ingestdo de - -
A . - R ~ A suicidio/trafico/envenenamento
Substancia Dispositivo de ingestdo/Ingestor/Substancia / /
Intoxicantes Intoxicante suicidio/trafico/envenenamento
Assassinato Causa/Intrumento/Assassino/Vitima homicidio/ameaca
Quantidade Quantidade/Valor trafico/contrabando/receptagdo
Tiro projéteis Agente/Arma de Fogo homicidio/ameaca/lesdo
Armas Arma posse de arma/ameaga/homicidio
1 <?xml wversion="1.0" sncoding="i=sc-8859-1"72>
2 <frame>
3 <nome>Comércio Cenario</nome>
3 <elementos>
= —J<principai=s>

<principal complemento="NC,NP'>Comprador</principal>
<principal complemento="HC,NP'>Mercadoria</principal>
<principal complemento="E'>»Dinheiro</principal>
“principal complemento="HNC,NP'>Vendedor</principal>
10 F</principais>

[H<secundarios>

<secundaric>Taxa de troca</secundario>
<zsecundario>lnidade</secundario>

F</secundarios>

F</elementoss

[H<unidadeslexicas>

1 sunidadercomércio</unidade>

<unidade complemsento="NC,NP'>mercadoria</anidade>
<unidade complemento='Z'">prego</unidade>

<unidade complemento="%Z'>valor</unidade>

<unidade complemento='%Z">gumanto</unidade>

Zunidade complemento="ZIZ'>dinheiro</unidade>
F</unidadeslexicas>

Le/frame>

[ Y O W S B e B T

VI S B T
O oo =

e I e e I

[}*]

%]
e LA R

}%)

Figura 1. Representacdo em XML do frame Comércio_Cenario.
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Em cada frame, o perito incluiu as palavras-chave do léxico usado pelos
departamentos forenses no Brasil. Por exemplo, o frame Quantidade ndo tinha as
palavras "grama" ou "quilo”, de modo que foram adicionados devido a sua importancia
para identificar a quantidade em frases relacionadas a droga. No quadro Intoxicantes
também foram adicionadas algumas palavras, para representar melhor as expressdes

"o Zn

usadas em portugués, como "pé" e "pedra”, comumente usadas para cocaina e crack.

2.2. Uma ferramenta de analise semantica usando base FrameFOR

Para avaliar a base FrameFOR em casos reais de andlises forenses, desenvolvemos um
protdtipo de uma ferramenta de analise semantica em linguagem C# que possui uma
interface grafica simples, pela qual o especialista forense seleciona um ou mais frames, de
acordo com o(s) crime(s) investigado(s) e solicitado(s) pela autoridade, e carrega o texto
processado, apds a limpeza e os processos de analise superficial. A analise semantica
consiste na busca no texto pelas unidades lexicais (elementos evocativos dos frames
selecionados). As mensagens de texto que contém as unidades lexicais sdo anotadas - as
expressdes ou palavras que satisfazem a estrutura sintatica dos elementos do frame (ou
papéis semanticos) sdo marcadas com o papel semantico correspondente. Nesta fase, é
possivel identificar, por exemplo, 0 agente que ingeriu algo, a substancia que é ingerida,
a pessoa que compra algo e o que é comprado, etc. As linhas do texto identificadas
como relevantes sdo apresentadas ao perito com a identificagdo do frame forense que
justifica a anotagdo da mensagem. Como resultado, um relatério é gerado em um
formato de arquivo HTML, com as mensagens e palavras de interesse destacadas,
informando os possiveis crimes identificados e com um link que indica a linha do texto
onde a mensagem foi encontrada, para que 0 perito possa identificar rapidamente o
contexto no qual a mensagem foi escrita. A Figura 2 apresenta parte de um relatorio
apds o processo de anotacdo semantica forense.

1 - [Quantidade ] - (NCMS)-fabrico (VMIP3S)-separar (Z)-50 (NCMS)-grama (SPS)-pra (NCMS)-q (NCMS)-v
(VMIP1S)-1r (NCMS)-at (NCES)-busca (NCMS)-meto (NCEFS)-semana (VMIP1S)-ligar (SPS)-pra (VIMN)-confirmar
(NCMS)-flwmayrton (NCEFS)-itapipoca

fabrico separa 50 grama pra sabado q vem v eu vou a1 busca no meio da semana eu te ligo pra confirmar flwmayrton
itapipoca.

29 - [Intoxicantes ] - (VMIP3S)-1r (VIMIP35)-agilizar (NCMS)-at (£)-730 (NCMS)-ng (VMIP35)-chegar (NCMS)-a1
(NCES)-letra (AQ)-fl (NCMS)-angelo (NCMS)-q (VMIS3S)-tou (NCMS)-prdino (NCES)-presesa (NCMS)-fumo (AQ)-1k
(NCMS)-sal

val agiliza ai 730 o ng chega ai na tua letra {l 0 angelo g eu tou pidino uma presesa de fumo jk e sal.

31 - [Intoxicantes | - (RG)-e1s (AQ)-pvt (VMIP35)-pq (NCMS)-ng (VMII3S)-querer (NCMS)-conto (NCMS)-fumo
el pvt pq o ng queria 25 e 10 conto de fumo.

41 - [Comércio Cenario | - (VMIP15)-estar (NCFS)-sala (NCFS)-aula (VMIP35)-sair (RG)-aqui (VMIP1S)-dizer (RG)-
onde (VMN)-pegar (NCMS)-dinheiro
eu estou na sala de aula sai daqui t1 digo onde pegar seu dinheiro

89 - [Comércio Cenirio | - (NCMS)-dro (NCMP)-gonalves (NCMS)-nascimento (VMIP3S)-lumiere (NCMS)-art
(NCMS)-valor (NCVP)-juro (Z)-10000 (NCMP)-aps
dro gonalves nascimento me lumiere art valor sem juros 10000 aps.

Figura 2. Relatério final da analise semantica baseada na base de conhecimento
FrameFOR.
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3. Avalicdo Experimental

Nesta avaliagdo experimental, queremos verificar nossa hipotese de que a aplicacdo da
base FrameFOR, na analise de evidéncias, aumenta o desempenho dos peritos forenses
em termos de agilidade, precisdo e recall. Para isso, definimos trés cenarios de avaliag&o:

e CENARIO 1 - Uso do software Physical Analyzer, da Cellebrite, que procura
palavras-chave em textos extraidos de dispositivos mdveis pela ferramenta UFED
[Cellebrite]. Neste software, ndo ha funcionalidades avancadas disponiveis como
correcdo gramatical, extragdo de radical, agrupamento de palavras, entre outros.
As Unicas fungbes disponiveis sdo a possibilidade de diferenciar entre maiusculas
e minlsculas e a busca exata ou parcial da palavra-chave. O conjunto de
palavras-chave utilizadas foi o Iéxico com 156 palavras-chave, usado por
departamentos forenses no Brasil.

e CENARIO 2 — Uso de algoritmos de aprendizado de maquina para classificacdo
supervisionada, treinados em um conjunto de exemplos cujas caracteristicas sdo
as palavras unigramas das mensagens, e a classe indica se a mensagem é ou ndo
de interesse para a analise por um perito forense. Foram selecionados os
seguintes algoritmos - Naive Bayes, J48, Random Tree e Sequential Minimal
Optimization (SMO).

e CENARIO 3 - Uso da base FrameFOR, descrita e proposta neste documento.
Utilizamos apenas os nove frames semanticos forenses (ver Tabela 1),
relacionados aos crimes mais analisados na Pericia Forense do Estado do Ceara.

Para desenvolver um padrdo-ouro (gold standard) para comparagdo dos resultados
obtidos nos trés cenarios de avaliagdo, foram selecionados doze (12) smartphones reais e
as mensagens de texto extraidas deles foram analisadas e anotadas manualmente por um
perito forense. O perito forense identificou as mensagens de interesse para investigacéo
policial e os possiveis tipos de crimes cometidos. No total, o perito identificou 89
mensagens de interesse, de um total de 5491 linhas de mensagens (ou seja, apenas 1,6%
das mensagens). A Tabela 2 apresenta, para cada smartphone, 0 nimero de mensagens
existentes, o numero de mensagens relevantes identificadas pelo perito, o crime
inicialmente investigado e os possiveis crimes identificados pela leitura das mensagens.

A Tabela 3 apresenta, em termos de precisdo (P), cobertura (R) e Fl-score, 0s
resultados do CENARIO 2 para cada algoritmo de classificagdo, com conjunto de dados
de treinamento balanceado, e os resultados do CENARIO 1 e CENARIO 3.
Comparando 0s trés cenérios, o resultado da cobertura (R) do CENARIO 3
(FrameFOR) foi de 87% (média) e foi maior do que dos outros cenarios (56%). A
cobertura do algoritmo baseado na FrameFOR (CENARIO 3) foi melhor na maioria dos
smartphones, chegando a ser 100% em trés smartphones. Em termos de precisdo, o
melhor resultado foi alcancado pelo CENARIO 2 com o algoritmo SMO — balanceado,
com 91% de precisio. O CENARIO 3 alcancou 60% em termos de precisdo. Em
conclusdo, avaliamos que o CENARIO 3, com o valor de rcobertura mais alto - 87%, foi
o melhor cendrio. Argumentamos que, para a analise forense, é de grande importancia
que uma ferramenta de analise de texto forense recupere 0 maximo possivel de
mensagens relevantes, aumentando a confiabilidade do perito forense de que poucas ou
nenhuma mensagem relevante tenha sido deixada de fora. Além disso, mesmo com alto
valor de recuperagdo, apenas 187 mensagens recuperadas foram consideradas como
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relevantes, ou seja, 3,40% do volume original de mensagens contidas em smartphones
(5491 mensagens), reduzindo consideravelmente o trabalho de andlise de mensagens
pelos peritos. Comparando o CENARIO 3 com 0 CENARIO 1 (ferramentas tradicionais
baseadas em palavras-chave), que atingiu apenas 26% em termos de F1-Score, podemos
verificar nossa hipotese inicial - o uso de uma ferramenta que implementa a tarefa APS e
uma base de frames semanticos forenses, aumenta a agilidade e cobertura do processo
real de analise de dados moveis por especialistas em forense.

TABELA 2. DATASET EXTRAIDO DE SMARTPHONES E ANOTADO PELO PERITO (GOLD

STANDARD).
Linhas relz\lnes\?asn Crime Crime Linhas Msgs Crime Crime
Celular | de msgs . . identificado Celular de msgs | relevantes | investiga identificado
tes investigado 3 )
(atd) (td) pelo perito (atd) (qtd) do pelo perito
1 92 |5 Trafico Tréfico 7 495 |6 Porte de | Homicidio,
arma tréafico
Tréfico,
- porte de Homicidi | Nao
2 700 20 Trafico arma, 8 84 0 o identificado
homicidio
Trafico, porte
3 42 4 Trafico Tréfico 9 1037 5 Tréfico de arma,
homicidio
- - - Néo
4 1891 8 Homicidio Homicidio 10 91 0 Tréfico identificado
Homicidio,
o tréfico, - Néo
5 522 32 Homicidio porte de 11 53 0 Tréfico identificado
arma
- Néo Porte de | Porte de arma,
6 i 0 Trafico identificado 12 387 9 arma tréfico
Total 5491 89

TABELA 3. RESULTADOS DA AVALIAGAO EXPERIMENTAL EM TERMOS DE PRECISAO (P),
COBERTURA (R) E F1-ScoreE (F1).

Mensagens Mensagens Meétrica ‘
. identificadas | identificadas
CENARIO (qtd) corretamente P% R% F1%
(qtd)
Naive Bayes
Balanceado 77 50 65 56 60
J48
Balanceado 17 10 59 11 19
Random Tree
Balanceado 83 48 58 54 56
SMO
Balanceado 55 50 91 56 69
RESUMO DOS RESULTADOS
CENARIO 1 (média) | 304 34 27 56 27
CENARIO 2 (SMO
balanceado) 55 50 91 56 69
CENARIO 3 (média) | 1g7 7 60 87 |63
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4, Trabalhos Relacionados

De acordo com [Ferrara 2014], um aspecto importante da analise de dispositivos méveis
¢ a possibilidade de encontrar grupos de individuos relacionados que cometem crimes.
Com o uso de dados relacionados, Ferrara diz que é possivel criar redes de contato que
facilitam a identificacdo de organizagGes criminosas, grupos terroristas e gangues, entre
outros. Em [Belbeze 2009], o autor discute como, a partir de um dispositivo celular, é
possivel montar essa rede de contatos e grupos estabelecidos. Para permitir exames mais
rapidos, seria importante adotar metodologias confidveis e ferramentas computacionais
na andlise de textos extraidos de dispositivos mdveis, que é uma das tarefas mais
demoradas no processo de elaboracdo do laudo dos peritos. Houve alguns trabalhos na
area de identificacdo de pedofilia, nas comunicagdes na Internet [Pendar 2007] e na troca
direta de arquivos entre usuarios (P2P) [Belbeze 2009].

Em [Pendar 2007], os dados foram utilizados a partir de conversas coletadas de um
site especializado em identificar e levar a justica predadores sexuais de criancas e
adolescentes. No banco de dados, houve varias conversas entre um adulto que fingia ser
uma crianga e predadores sexuais, que posteriormente foram condenados usando essa
conversa como evidéncia. Para realizar a identificacdo, as palavras mais importantes
foram extraidas e, em seguida, utilizou-se um classificador de Support Vector Machine
(SVM).

Em [Belbeze 2009], os autores pretendiam identificar novas palavras-chave para a
identificacdo da pedofilia em nomes de arquivos, ja que € comum que novos termos
sejam usados na identificacdo desses arquivos, para mascarar seus verdadeiros
contedidos. A solucdo adotada foi analisar a frequéncia das palavras em arquivos que ja
tinham um termo conhecido e depois tentar identificar novos termos que estavam sendo
usados para complementar 0 nome desse mesmo arquivo.

Ha também alguns trabalhos na area de andlise de conversacdo, mas ndo diretamente
relacionados a area forense, como, por exemplo, em [Reynolds 2011], onde vérios
algoritmos de aprendizado de maquina foram usados para identificar o comportamento
do cyberbullying em conversas na internet. Enquanto isso, [Hancock et al. 2009]
desenvolveu um método para identificar o uso de deception na troca de mensagens
instantaneas. No entanto, primeiro foi necessario anotar manualmente vérias situacdes
em que isso ocorreu. Este trabalho foi aplicado principalmente em mensagens que
continham mentiras, ndo necessariamente palavras substitutivas, ou deceptions, que sdo
mais importantes para a presente pesquisa. Em [Derrick et al. 2013], tem-se um método
gue ndo requeria um corpus anotado para deteccdo de deception. Em seu experimento,
foi utilizado um robd de conversagdo para entrevistar voluntarios que deveriam
responder de forma verdadeira ou falsa de acordo com as instrugdes transmitidas na tela.
No final, um algoritmo fez a classificagio de verdadeiro ou falso com base no tempo de
resposta, nimero de edigdes feitas nas respostas, quantidade de palavras usadas e
diversidade lexical.

5. Concluséao

Neste artigo, apresentamos uma base de conhecimento de Frames Forenses - FrameFOR,
que permite identificar expressdes ou palavras, e contextualizd-las na investigagdo
criminal. A proposta da base de conhecimento do FrameFOR € inovadora, uma vez que
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ndo existe uma base especifica para o dominio de pericias de informatica, que equilibra o
trade-off entre precisdo e cobertura na recuperacdo de mensagens relevantes. Em uma
avaliacdo experimental, comparamos a andlise seméantica com base no conhecimento
representado na FrameFOR com outros dois cenarios - um que usou uma ferramenta
tradicional baseada na pesquisa de palavras-chave e um segundo cenario que aplicou
algoritmos de aprendizado de maquina para inferir se uma mensagem € relevante ou néo.
A Dbase FrameFOR obteve os melhores resultados em termos de cobertura - 87%.
Argumentamos que, para a analise pericial de informatica, é de grande importancia que
uma ferramenta de andlise de texto forense recupere o maximo possivel de mensagens
relevantes, aumentando a confiabilidade do perito forense de que poucas, ou nenhuma,
mensagens relevantes tenham sido deixadas de fora.
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Preface

Evento satélite do XI Brazilian Symposium in Information and Human Language Technology
(STIL 2017), em Uberlandia.

A Jornada de Descri¢do do Portugués (JDP), mais uma vez, visa aproximar as comunidades de
linguistas e de pesquisadores da drea da Computag@o. A intencdo € integrar, ainda mais efetiva-
mente, essas duas dreas que, especialmente no ambito brasileiro, precisam reforcar a atuacdo de
forma interdisciplinar para promover avanc¢os no processamento automético da lingua portuguesa.
A Linguistica Descritiva, em especial, tem enorme potencial para aportar conhecimentos ao Pro-
cessamento Automatico de Lingua Natural (PLN), de maneira a colocar a lingua portuguesa numa
posi¢do de destaque no cendrio mundial, fazendo frente a grande producio de recursos computa-
cionais para outras linguas (como o inglés, francés ou espanhol), que vislumbraram essa interdis-
ciplinaridade jd na década de 1960.

Os trabalhos aqui apresentados vinculam-se aos grandes temas da descricdo linguistica do por-
tugués, a saber: Estudos de Fonética e Fonologia, Estudos do Léxico (Lexicologia, Lexicografia
e Terminologia), Estudos de Sintaxe, Estudos de Semantica, Estudos de Texto e Discurso, nas
mais diversas correntes tedricas. Os trabalhos selecionados sdo apresentados em formato de
comunicagdo oral ou de pdster, segundo a orientacdo do nosso Comité Cientifico. Esperamos
que os trabalhos aqui reunidos inspirem novas participagdes no nosso evento.

Nesta edi¢cdo da JDP, temos os seguintes trabalhos, apresentados por colegas de diversas regides
do Brasil e de Portugal.

Organization Committee

Oto Araujo Vale (UFSCar, Sao Carlos, SP, Brasil)

Taisa Peres de Oliveira (UFMS, Trés Lagoas, MS, Brasil)
Guilherme Fromm (UFU, Uberlandia, MG, Brasil)

Talita de Cassia Marine (UFU, Uberlandia, MG, Brasil)

Scientific Committee

Amanda Pontes Rassi (Lionbridge-Brasil)

Angélica Rodrigues (Universidade Estadual Paulista, Araraquara, SP, Brasil)

Ariani Di Felippo (Universidade Federal de Sdo Carlos, Sao Carlos, SP, Brasil)

Claudia Dias de Barros (Instituto Federal de Sao Paulo, Sertaozinho, SP, Brasil)

Edson Rosa Francisco de Souza (Universidade Estadual Paulista, Sdo José do Rio Preto, SP,
Brasil)

Eric Laporte (Université Paris Est, Marne-La-Vallée, Franga)

Flavia Bezerra de Menezes Hirata-Vale (Universidade Federal de Sdo Carlos, Sdo Carlos, SP,
Brasil)

Gladis Maria de Barcellos Almeida (Universidade Federal de Sao Carlos, Sao Carlos, SP, Brasil)
Guilherme Fromm (Universidade Federal de Uberlandia, Uberlandia, MG, Brasil)
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Juliano Desiderato Antonio (Universidade Estadual de Maringd, Maring4, PR, Brasil)

Leonel Figueiredo de Alencar (Universidade Federal do Cear4, Fortaleza, CE, Brasil)

Marcelo Médolo (Universidade de Sao Paulo, Sao Paulo, SP, Brasil)

Margarita Correia (Universidade de Lisboa, Lisboa, Portugal)

Maria José Bocorny Finatto (Universidade Federal do Rio Grande do Sul, Porto Alegre, RS,
Brasil)

Marize Mattos Dall’ Aglio-Hattnher (Universidade Estadual Paulista, Sao José do Rio Preto, SP,
Brasil)

Oto Aratjo Vale (Universidade Federal de Sao Carlos, Sdo Carlos, SP, Brasil)

Pablo Arantes (Universidade Federal de Sao Carlos, Sdo Carlos, SP, Brasil)

Renato Basso (Universidade Federal de Sao Carlos, Sdo Carlos, SP, Brasil)

Taisa Peres de Oliveira (Universidade Federal de Mato Grosso do Ssul, Trés Lagoas, MS, Brasil)
Talita de Cassia Marine (Universidade Federal de Uberlandia, Uberlandia, MG, Brasil)

Tiago Torrent (Universidade Federal de Juiz de Fora, Juiz de Fora, MG, Brasil)
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Abstract. This paper describes the implementation of a grammar fragment of
Brazilian Portuguese (BP) in the Lexical-Functional Grammar (LFG)
formalism using the XLE system. This fragment analyses, among other
phenomena, verbal and nominal agreement, adjective syntax, passive, verbal
valence, complement clauses, prepositional phrases functioning as adjuncts,
grade adverbs and control verbs. For the evaluation of this grammar, a
parser was compiled in XLE and applied to a positive and a negative test set.
The former contains 72 grammatical sentences, all of which were correctly
analyzed. The latter contains 88 non-grammatical sentences, of which none
were analyzed.

Resumo. Este artigo descreve a implementagdo de um fragmento de
gramdtica do Portugués Brasileiro (PB) no formalismo da Gramdtica Léxico-
Funcional (LFG), usando o sistema XLE. Essa minigramdtica do PB analisa,
entre outros, os fenomenos de concordancia verbal e nominal, a sintaxe de
adjetivos, a passiva, a valéncia verbal, os complementos oracionais com ‘que’
e ‘se’, a fungdo de adjunto exercida por sintagmas preposicionais, advérbios
de gradagdo e verbos de controle. Para avaliagdo dessa gramdtica, foram
testadas 72 sentengas gramaticais, das quais todas foram analisadas, e 88
sentengas agramaticais, das quais nenhuma foi analisada.

1. Introducao

O presente trabalho descreve a constru¢cdo de uma minigramdtica computacional para o
portugués brasileiro (doravante PB). Esse fragmento de gramdtica do PB segue o
formalismo da Gramadtica Léxico-Funcional (LFG, do inglés Lexical Functional
Grammar) (KAPLAN e BRESNAN, 1982; BUTT, 1999; FALK, 2001; DALRYMPLE,
2005) e foi implementado no sistema XLE (Xerox Linguistic Environment), que
constitui o estado da arte para a implementagao e teste de gramdticas nesse formalismo
(CROUCH et al., 2011).!

1 O XLE ¢ a base do Projeto de Gramaticas Paralelas (do inglés Parallel Grammar Project), que
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Para nossa implementacdo, nos baseamos no fragmento de gramadtica do francés
desenvolvido no capitulo 6 de Schwarze e Alencar (2016), que segue o formalismo
LFG/XLE, variante notacional da LFG implementada no ambiente XLE (ALENCAR,
2017). Esse fragmento implementa os seguintes fendmenos do francés, entre outros: (i)
concordancia verbal e nominal, (ii) pronomes cliticos com fun¢do de sujeito, (iii)
sintaxe dos adjetivos, (iv) voz passiva, (v) passado composto, (vi) valéncia verbal, (vii)
complementos oracionais com que e si, (viii) sintagmas preposicionais na fun¢do de
adjuntos, (ix) advérbios de gradag@o e (x) verbos de controle.

Nosso artigo se estrutura em mais trés se¢des, além desta introdug@o. Na secdo
2, apresentamos os principios da LFG. Na secdo 3, descrevemos a constru¢do de um
fragmento da nossa minigramédtica do PB de acordo com o formalismo LFG/XLE. Na
secdo 4, apresentamos os resultados dessa implementagdo. Na secdo 5, finalmente,
expomos as consideracdes finais.

2. A Gramatica Léxico-Funcional

A LFG surgiu como alternativa gerativa a Teoria Padrdo Estendida de Chomsky
(DAVIES, W. D. e DUBINSKY, S., 2004), refutando a existéncia de transformagdes
sintdticas. Continuou sendo desenvolvida como alternativa ndo transformacional aos
modelos chomskyanos posteriores, como o Minimalismo. Dalrymple (2005) afirma que
a LFG ¢ uma teoria da estrutura da lingua e de como diferentes aspectos da estrutura
linguistica sdo relacionados.

A LFG se caracteriza, principalmente, por dois aspectos, distinguindo-se das
vertentes gerativas transformacionais: (i) por estruturar ricamente o 1éxico, codificando
as relacdes lexicais em vez de transformagdes ou operacdes nas drvores de estrutura
sintagmadtica; e (ii) por assumir as fun¢des gramaticais (sujeito, objeto, etc) como
primitivos da teoria (cf. FALK, 2001).

Uma gramdtica léxico-funcional de uma lingua particular se constréi
minimamente a partir de duas especificacdes: regras sintagmadticas e entradas lexicais,
ambas providas das chamadas anotacoes funcionais (FALK, 2001, p. 68; BUTT et al.,
1999, p. 23).

Na LFG, a representacdo das informagdes acerca da estrutura sintdtica de uma
lingua particular consiste, por um lado, da estrutura de constituintes (doravante
estrutura-c, do inglés c-structure) e, por outro, da estrutura funcional (doravante
estrutura-f, do inglés f-structure)’.

A estrutura-c é gerada diretamente do médulo das regras sintagmadticas, tendo
itens lexicais como nds terminais, e € nessa estrutura que sdo codificadas “as rela¢des de
precedéncia, dominéncia e constituicdo, as quais definem a boa-formacdo gramatical
das sentencas” (ALENCAR, 2004, p. 3). A estrutura-f, por outro lado, é gerada a partir
da estrutura-c por meio das anotacdes funcionais das regras sintagmadticas e dos itens
lexicais, em que cada né da drvore projeta uma estrutura funcional. Trata-se, segundo
Alencar (2004, 2017), de um nivel mais abstrato de andlise, representando aspectos

desenvolve gramaticas para o inglés, francés, alemao, noruegués, japonés, urdo etc (SULGER et al.,
2013).

2 Kaplan e Bresnan (1982) afirmam que € impossivel construir uma teoria da sintaxe apenas com um
formalismo de regras sintagmadticas, uma vez que elas ndo dao conta da complexidade sintatico-
semantica das linguas naturais.
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universais da linguagem e constituindo input para o processamento semantico.

A estrutura-f € representada por meio de uma matriz de atributos e valores
(AVM, do inglés atribute-value matrix) (cf. FALK, 2001). As AVMs formalizam a
nogdo de trago (feature)® e desempenham papel fundamental na descri¢io de linguas
naturais, uma vez que um atributo de uma AVM pode ter como valor uma outra AVM,
modelando, dessa forma, a recursividade das estruturas sintdticas das linguas naturais
(ALENCAR, 2017, p. 356). Na secdo seguinte, descrevemos a implementacdo da nossa
minigramdtica LFG/XLE para o PB.

3. A implementacao de uma gramatica léxico-funcional no XLE

A construgdo de gramdticas computacionais tem duas vantagens na descri¢ao de linguas
naturais: (i) o uso da gramdtica em aplicacdes tecnoldgicas, como em tradutores
automadticos, programas de extracdo de informacdes, de perguntas e respostas etc; e (ii)
a possibilidade de testar automaticamente a coeréncia interna e a adequac@o empirica
das andlises em conjuntos de dados em grande escala (ALENCAR, 2017, p. 356).

Além disso, a implementacdo de uma gramitica léxico-funcional no XLE se
aplica também a medicdo da complexidade de abordagens distintas de fendmenos
gramaticais (ALENCAR, 2017, p. 355), ao permitir testar automaticamente hipéteses
distintas sobre o0 mesmo fendmeno gramatical.

Com base na implementacdo de Schwarze e Alencar (2016), adaptamos nossa
minigramdtica do PB para analisar, entre outras, sentencas como: a fada é amdvel, o
corajoso cavaleiro chega, a fada é esperada por um cavaleiro, o cavaleiro cré ver a
fada e a fada pergunta ao cavaleiro se a rainha quer que a dama saiba que o ando é
mau.

As sentencas supramencionadas exemplificam os seguintes fendmenos
implementados: (i) concordincia de género e nimero entre determinantes, adjetivos e
nomes; (ii) concordincia entre sujeito e verbo; (iii) relacdo dos verbos com seus
argumentos; (iv) sintaxe de adjetivos; (v) verbos de controle; (vi) sintaxe da passiva; e
(vii) complementos oracionais com que e se.

Nossa minigramadtica consiste de 213 entradas lexicais, 8 regras, 29 estados, 44
arcos e 49 disjuntos. Essas informagdes indicam a complexidade espacial da gramética.
O numero de regras, estados, arcos e disjuntos sdo fornecidos apds a leitura da
gramadtica pelo sistema XLE.

Na figura 1, exemplificamos a estrutura-c:

3 Na LFG, um traco consiste de um atributo e seu valor (cf. ALENCAR, 2017, p. 358). Por exemplo, o
item fadas possui as propriedades ‘feminino’ e ‘plural’. Nesse caso, o atributo ‘género’ tem o valor
‘feminino’, enquanto o atributo ‘nimero’, o valor ‘plural’.
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amavel

Figura 1. Exemplo de estrutura-c

Essa estrutura-c é gerada a partir de uma gramatica de estrutura sintagmadtica
(PSG, do inglés phrase structure grammar) com anotagdes funcionais. Em (1)*, segue
um fragmento das regras sintagmadticas que geram a estrutura-c da figura 1.

1) S -->NP: (» SUBJ)=! ; VP.
NP --> D N.
VP --> V AP: (* XCOMP)=!.
AP -> A.

Essas regras codificam os constituintes das sentencas e as funcdes sintdticas
exercidas pelos argumentos do verbo. O fendmeno de concordancia, por outro lado, ndo
é codificado nas regras sintagmadticas, mas no 1éxico. Os exemplos (2)-(5) exibem as
entradas lexicais da sentencga a fada é amdvel:

2 a D * (* GEN)=FEM
(* NUM)=SG
(» SPEC)=DEF.

3) fada N * (* PRED)=FADA'
(» GEN)=FEM
(" NUM)=SG.

@ & V * (A PRED)='SER<(* SUBJ)(* XCOMP)>'
(» SUBJ)=(* XCOMP SUBJ)
(» SUBJ PERS)=3
(» SUBJ NUM)=SG.

(5) amdvel A * (* PRED)='AMAVEL<(* SUBJ)>'
(* SUBJ NUM)=SG.

Codificadas as regras sintagmdticas e o léxico de nossa minigramatica,

4 As abreviagdes usadas nesse exemplo sdo as seguintes: AP = sintagma adjetival, NP = sintagma
nominal, VP = sintagma verbal, D = determinante, S = senten¢a, N = nome, V = verbo, GEN =
género, NUM = niimero, PERS = pessoa, PRED = predicado, 3 = terceira pessoa, DEF = definido,
FEM = feminino, MAS = masculino, SG = singular, SUBJ = sujeito e XCOMP = predicativo.
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apresentamos, na figura 2, um exemplo de estrutura-f, gerada automaticamente pelo
XLE:

"a fada é amavel"

PRED "SER<[1:FADA], [7:AMAVEL]>'
SUBJ PRED 'FADA'
1|GEN FEM, NUM SG, PERS 3, SPEC DEF]

PRED 'AMAVEIL<[1:FADA]>"'
XCOMP
5 7[SUBJ [1:FADA] ]

Figura 2. Exemplo de estrutura-f

Nessa estrutura-f, a sentenga consiste de um SUBJ, um PRED e um XCOMP. O
SUBJ tem o significado lexical ‘FADA’, é definido e suas propriedades de
concordancia sdao FEM, SG e PERS 3. O verbo tem o significado lexical ‘SER’, sua
valéncia exige um SUBJ e um XCOMP, realizados, respectivamente, pelas AVMs 1 e 7,
cujos predicados sio ‘FADA’ e ‘AMAVEL’. O XCOMP tem o significado lexical
‘AMAVEL’ e sua valéncia exige um SUBJ, realizado por ‘FADA’.

Para avaliar nossa minigramdtica, criamos um conjunto-teste positivo e um
conjunto-teste negativo (cf. BUTT, 1999, p. 212). O conjunto-teste positivo consiste de
um corpus com sentencas gramaticais, ou seja, sentencgas que a gramdtica deve analisar
e gerar. Conforme Alencar (2017, p. 361), “o conjunto-teste positivo define o recorte
gramatical implementado”. Esses conjuntos-teste foram construidos a partir de uma
adaptacdo dos conjuntos-teste de Schwarze e Alencar (2016).

Em relacdo a construcdo do conjunto-teste positivo, as sentencas foram
adaptadas de acordo com os fendmenos gramaticais em andlise. Por exemplo, a
sentenga em (6), tradugdo nossa do francés cette dame est dans la chambre, nio
representa a estrutura do sintagma preposicional em andlise na lingua francesa. A
sentenga adaptada em (7), por sua vez, representa com exatidao a estrutura do sintagma
preposicional dans la chambre.

(6) esta senhora estd no quarto
(7) esta senhora estd sob a ponte

O conjunto-teste negativo consiste de um corpus com sentengas agramaticais,
que ndo devem ser analisadas e geradas pela gramdtica, evitando dessa forma
hipergeracdo. Esse conjunto-teste também ¢é uma adaptacdo da minigramdtica do
francés. Vale ressaltar que em cada sentenca do conjunto-teste negativo € infringida
apenas uma regra por vez. Dessa forma, verifica-se com exatiddo o tipo de ma formacao
da sentenga’.

Para essa implementacdo, o conjunto-teste positivo consiste de 72 sentencas
gramaticais, enquanto o conjunto-teste negativo de 88 sentencas agramaticais. Em

5 No formalismo LFG, ha trés condi¢des de boa formacao da sentenga: (i) completude, (ii) coeréncia e
(iii) unicidade (cf. KROEGER, 2004, p. 20). A primeira condic@o pressupde que a estrutura-f de uma
sentenca contenha todas as relagdes gramaticais exigidas pelo PRED(icado). A segunda pressupde
que a estrutura-f de uma sentenca ndo contenha nenhuma relacao argumental nao exigida pelo PRED.
A terceira, finalmente, pressupde que "nenhuma relagdo argumental deve ser atribuida mais de que
uma vez em uma Unica estrutura-f" (KROEGER, 2004, p. 20).
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seguida, apresentamos nossos resultados em relag@o aos testes realizados.
4. Resultados

A avaliacdo da gramaética, realizada por meio do conjunto-teste positivo e do conjunto-
teste negativo, foi satisfatdria.

Nossa minigramatica analisa corretamente todas as 72 sentengas gramaticais do
conjunto-teste e ndo analisa nenhuma das 88 sentengas agramaticais do conjunto-teste
negativo. Em (8)-(15), apresentamos um recorte do teste positivo:

(8) A fada é amavel. (1 0.007 15)

(9) O corajoso cavaleiro chega. (1 0.004 15)

(10) A fada € esperada por um cavaleiro. (1 0.007 42)

(11) O cavaleiro cré ver a fada. (1 0.004 22)

(12) A fada pergunta ao cavaleiro se a rainha quer que a dama saiba que o ando ¢ mau.
(10.009 61)

(13) A fada vé o cavaleiro passar. (1 0.005 21)

(14) A fada pede ao cavaleiro para combater o gigante. (1 0.007 34)

(15) A rainha exige que a fada espere o cavaleiro. (1 0.006 31)

As informacdes que se seguem a cada sentenga entre parénteses sao geradas pelo
XLE apéds andlise do arquivo de teste. A primeira informagdo indica o nimero de
andlises da sentenca. Espera-se que, quando hd ambiguidade, a sentenca tenha mais de
uma analise. Nos casos supra, ndo identificamos ambiguidades e, por isso, o resultado é
satisfatério. A segunda informacdo indica o tempo de processamento para andlise da
sentenga. E, finalmente, a terceira informacdo especifica o niimero de subtrees®.

Em (16)-(23), apresentamos um recorte do conjunto-teste negativo:

(16) A fada € sob a ponte. (0 0.006 24)

(17) O cavaleiro brancos chega. (0 0.004 7)

(18) A fada € esperado por um cavaleiro. (0 0.007 42)

(19) O cavaleiro cré vé a fada. (0 0.003 0)

(20) O gigante pergunta para a rainha se a fada espere. (0 0.006 31)
(21) A fada quer espera o cavaleiro. (0 0.004 0)

(22) A fada vé passa o cavaleiro. (0 0.003 0)

(23) A fada pede ao cavaleiro a combater o gigante. (0 0.005 34)

Como observado acima, nenhuma sentenga € analisada pela gramatica. Uma
vez que essas sentengas sao agramaticais em PB e nossa minigramética ndo as analisa, o
resultado do teste negativo também ¢ satisfatério.

Esses testes foram realizados em uma maquina com sistema operacional Linux
Ubuntu 16.04, 64 bit, processador Intel® Celeron (R) CPU N2830 @ 2.16GHz x 2,
com memoria de quatro gigabytes (4GB).

6 O niumero de subtrees da ao implementador uma indicagido da complexidade do sistema de regras.
Por exemplo, quando sentencas muito simples aparecem com um nimero alto de subtrees, isso € uma
indicac@o de que hd algo de errado com a escrita das regras (BUTT, 1999, p. 167).
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5. Consideracdes finais

Apresentamos uma minigramdtica do PB no formalismo LFG/XLE, implementada a
partir da adaptagdo para o PB da gramatica do francés do capitulo 6 de Schwarze e
Alencar (2016). Apesar de constituir um fragmento, nossa minigramdtica analisa
sentencas relativamente complexas, como, por exemplo, sentengas passivas, com verbos
de controle e/ou estruturas de complementacao oracional. Os resultados da avaliacdo da
gramdtica em um conjunto-teste positivo de 72 sentencas gramaticais € um conjunto-
teste de 88 sentencas agramaticais foram satisfatérios.

Disponibilizamos nossa gramadtica on-line de forma livre, como uma alternativa
a BrGram, de Alencar (2013), e a gramdtica de Santos (2014), as duas propostas
alternativas recentes de gramdticas do PB no formalismo LFG/XLE’. Uma gramética
mais antiga do PB nesse formalismo, e ndo disponivel livremente, é o fragmento de
Alencar (2004), que foca as estruturas oracionais de complementacdo verbal. Como a
nossa proposta se relaciona com as duas alternativas mais recentes? Nossa gramatica
constitui, ao lado da de Santos (2014), a primeira gramdtica do PB no formalismo
LFG/XLE com cédigo aberto e livremente disponivel para download. A vantagem de
nossa gramdtica em relacdo a de Santos (2014) é que, apesar de menos abrangente, é
mais adequada para utilizagdo em cursos introdutérios sobre a LFG e o sistema XLE,
por ser mais simples e seguir de perto o manual introdutério de Schwarze e Alencar
(2016). A BrGram (ALENCAR, 2013) é também mais abrangente que O noSsO
fragmento, mas ndo estd disponivel on-line e apresenta um nivel de complexidade
sintdtica que a torna inadequada para iniciantes.

O nosso proximo passo € a adaptacdo da gramadtica final do francés de Schwarze
e Alencar (2016), que é a gramdtica do capitulo 8, a qual integra um componente
morfoldgico de estados finitos para andlise de um conjunto de verbos da gramatica,
componente esse desenvolvido no capitulo 7 desse livro. Em seguida, adaptaremos a
gramdtica do francés de Alencar (2017), a qual representa um avango em relagdo a
gramdtica final de Schwarze e Alencar (2016). Finalmente, expandiremos a cobertura de
nossa gramdtica para cobrir fendmenos do PB sem correspondéncia nos fragmentos do
francés de Schwarze e Alencar (2016) e Alencar (2017). Com isso, acreditamos
contribuir, por um lado, para a difusdo dos estudos e pesquisas sobre o desenvolvimento
de gramdticas computacionais da lingua portuguesa e, por outro, para tornar mais
acessivel o formalismo LFG/XLE para estudantes e pesquisadores do portugués.
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Abstract. This paper presents the methodology used for the creation of a
frame-based trilingual terminological dictionary for the Tourism domain. This
dictionary is one of the functions of a virtual assistant app designed for
tourists. The work involved the compilation of a trilingual comparable corpus
for Brazilian Portuguese, Spanish and English, composed of 1 million words
per language. The extraction of candidate terms is carried using the
TERMOSTAT tool and the electronic dictionary relies on FrameNet Brasil
infrastructure and methodology.

Resumo. Este trabalho apresenta a metodologia utilizada para a constituicédo
de um dicionario terminolégico trilingue fundado em frames para o dominio
do Turismo. Tal dicionario constitui uma das funcGes de um aplicativo
desenvolvido para funcionar como um assistente virtual para turistas. O
desenvolvimento do dicionario envolveu a constituicdo de um corpus
especializado trilingue comparavel para o portugués brasileiro, o espanhol e
0 inglés, composto por 1 milhdo de palavras por lingua. A extragdo dos
candidatos a termos é realizada a través da ferramenta TERMOSTAT e a
modelagem do diciondrio eletronico, através da FrameNet Brasil.

1. Introducao

O trabalho aqui apresentado tem como escopo principal realizar a prospec¢@o de termos
para o dominio do Turismo, de modo a aperfeicoar recurso lexical eletronico ja
existente, denominado m.knob (Multilingual Knowledge Base), produzido para atender
as demandas das Olimpiadas de 2016, sediadas no Rio de Janeiro. Tal recurso é uma
aplicacdo computacional da Semantica de Frames [Fillmore 1982; 1985] cuja funcdo
primaria ¢ disponibilizar para o turista um guia turistico multilingue (portugués, inglés e
espanhol), combinado a um tradutor de sentengas e um diciondrio de dominio
especifico, a Diciopédia.

Quando do langamento da versao alfa para os Jogos Olimpicos, a Diciopédia do
m.knob contava com 2.316 termos, sendo 1.153 em portugués, 777 em inglés e 386 em
espanhol. Tais nimeros apontam para a necessidade de melhoria desse recurso, de modo
a equilibrar o quantitativo de termos. E visando a atender a esta necessidade e também a
relatar o uso e as limitagdes de uma metodologia automatica para a extragdo de termos,
aquela possibilitada pelo software TERMOSTAT [Drouin 2003], que este trabalho se
desenvolve.
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2. Terminologia Baseada em Frames

O enfoque teodrico-pratico denominado Terminologia baseada em Frames, doravante
TDbF [Faber et al. 2005; 2006] apresenta como um dos principais objetos de estudo as
unidades lexicais e terminoldgicas, que sdo determinadas de acordo com o contexto e
estdo intrinsicamente relacionadas a um dominio especializado. Tais unidades sdo
consideradas como configuragdes de eventos complexos e estdo interligadas através dos
conceitos do dominio [L’Homme 2010]. Neste sentido, ao tratarmos de um dominio
especifico, considera-se primordial identificar as entidades e as agdes basicas desse
campo de especialidade, que se interconectam através de diversos tipos de relagdes
conceituais. Partindo dessa premissa, podemos considerar o conhecimento especializado
como uma subdivisdo do conhecimento geral.

Segundo Faber e colaboradores (2005), as areas especializadas devem ser
organizadas em frames, ou seja, “qualquer sistema de conceitos relacionados de tal
forma que, para entender um deles, ¢ necessario compreender toda a estrutura na qual
ele se encaixa” [Fillmore 1982:111], de modo que estes sirvam tanto de bases para a
localizagdo de conceitos hierarquicos dentro de um dominio especializado, quanto de
um modelo de defini¢ao. Outro aspecto importante ressaltado por Faber e colaboradores
(2005), no que diz respeito a nogao de frame, € que através dele os conceitos definidos
podem ser situados dentro de um contexto em que as categorias sdo relacionadas entre
si. Dessa forma, ao vincularmos tais embasamentos tedricos na constitui¢do de produtos
lexicograficos e terminologicos, teremos, segundo Faber et al (2005:8),

...uma organizagdo de areas especializadas baseada em frames em que um
frame dindmico orientado para o processo fornece as bases conceituais para a
localizagdo das sub-hierarquias de conceitos dentro de um evento de dominio
especializado, e a elaboracdo de um modelo de defini¢do, abrindo assim a

porta para uma representagdo mais adequada dos campos especializados, bem
como fornecendo uma maneira melhor de ligar os termos aos conceitos'.

Com base nesses principios tedricos da Terminologia baseada em frames [Faber et
al. 2005; 2006] e na Semantica de Frames [Fillmore 1982; 1985], alguns aspectos
tornam-se relevantes na constru¢do de um modelo de evento para um dominio de
conhecimento especializado, como, por exemplo, auxiliar o usuario a processar o
conteido conceitual com mais facilidade, ja que fundamentadas na gestdo da
terminologia, as informagdes essenciais serdo configuradas através de redes, que, por
sua vez, sdo divididas em dominios e, estes, em frames, que poderdo passar por varios
niveis de especificidade usando heranga hierarquica. Tais aspectos demonstram como o0s
eventos podem ser considerados dindmicos e modelaveis, uma vez que sdo considerados
flexiveis, além de configurarem entidades do mundo real, que podem desempenhar
diferentes papéis.

Segundo Krieger e Finatto (2004:17), os termos transmitem contetidos especificos
de cada area, com a finalidade de representar e transmitir o conhecimento especializado.

1 (..)) a frame-based organization of specialized fields in which a dynamic process-oriented frame
provides the conceptual underpinnings for the location of sub-hierarchies of concepts within a specialized
domain event, and the elaboration of a definition template, thus opening the door to a more adequate
representation of specialized fields as well as supplying a better way of linking terms to concepts.
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Sob o enfoque da Terminologia Sociocognitiva [Temmerman 1997; 2000], hda um
aspecto relevante, que ¢ assim considerado também pela TbF: tomar os termos como
unidades de compreensdo e representagdo, configurando-os como modelos cognitivos e
culturais, que designam categorias de uma estrutura prototipica delimitavel.

Além das bases tedricas ja mencionadas, a Terminologia também se ancora nos
dados empiricos fornecidos pela Linguistica de Corpus, uma vez que os corpora sao
considerados como fonte de selecdo dos termos. De acordo com Cabré (1999:298), o
corpus deve cumprir uma série de condi¢cdes para garantir a confiabilidade dos
resultados, tais como: ser pertinente, isto &, representativo do campo pesquisado; ser
completo, incluindo, assim, todos os aspectos que devem estar relacionados com o tema
investigado; ser atual, para que a lista de termos extraida reflita a realidade linguistica
do ambito em questdo, e, por ultimo, ser original, ou seja, estar expresso na lingua com
que se pretende trabalhar.

Desde a década de 80, temos obtido avangos tecnologicos relacionados tanto aos
trabalhos terminologicos quanto lexicograficos realizados com base em corpora
automatizados. Podemos enumerar diversas vantagens dessa abordagem, tais como,
manusear maior quantidade de textos e dados, conferindo maior flexibilidade e uma
proje¢do multipla destinada a diferentes usudrios, além de proporcionar o
armazenamento em grandes bancos de dados.

Para a extracdo automatica de candidatos a termos para o dominio do Turismo
relatada neste trabalho, utilizou-se a ferramenta TERMOSTAT [Drouin 2003], a qual ¢
um software destinado a extragdo de termos simples e complexos. A ferramenta
compara um corpus de especialista submetido pelo usudrio a um corpus de dominio
genérico de referéncia e extrai aqueles termos e colocagdes cujas frequéncia e
colocagdes no corpus de especialista destoam daquelas encontradas no corpus genérico.
A principal finalidade do TERMOSTAT ¢ diminuir a quantidade de “ruidos”, ou seja,
de termos que ndo sdo correspondentes a area especializada em analise.

3. Aplicativo Multilingual Knowledge Base (mknob)

A extracdo de candidatos a termos do Turismo esta sendo realizada com a finalidade de
aperfeicoar a modelagem ja existente e auxiliar na prospecgdo de novos termos a serem
acrescentados no aplicativo mknob?, que se caracteriza por ser uma aplicacio para
usuarios nao especialistas nos dominios do Turismo e dos Esportes, que foi produzido
para atender as demandas das Olimpiadas de 2016, sediada no Rio de Janeiro. E
importante ressaltar que, mesmo depois do evento, o aplicativo pode ser usado como um
guia turistico multilingue. Tal recurso é uma aplicagdo computacional legivel tanto por
maquina quanto por homens, cuja funcdo primaria é disponibilizar para o turista um
guia turistico multilingue (portugués, inglés e espanhol), que recomenda locais e sugere
atividades com base na interpretacdo semantica de inputs do usuario, além de traduzir
sentencas (En, Es, Pt) nos dominios do Turismo e dos Jogos Olimpicos. O tradutor
automatico esta em desenvolvimento, e o seu diferencial estd em propor tradugdes com
base na Semantica de Frames [Fillmore 1982; 1985], que elege os padrdes de valéncia
das Unidades Lexicais no ranqueamento das escolhas, além da implementacao de novas

2 http://www.ufjf.br/framenetbr/m-knob
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relagbes ancoradas nas estruturas qualia [Pustejovsky 1995], em interface com
Ontologias, Web Semantica e Dados Ligados.

De maneira mais elucidativa, explicamos a seguir as 3 funcdes principais do
aplicativo:
a) Sistema de Recomendagdo baseado em busca semantica (Guia Local): esta
funcdo sugere atividades turisticas e de entretenimento, com base nos inputs que o
usuario insere, em lingua natural, na interface conversacional do aplicativo. Desse
modo, a partir da definicdo dos interesses do turista, ele recebera informagdes
pertinentes a eventos e atragBes turisticas correspondentes ao que foi assinalado. A
partir das recomendacBes, 0 usuario poderd acessar mais detalhes sobre os locais
sugeridos, como mapas, horarios, site oficial, descrigcdo, assim como avaliar o nivel da
recomendacdo. Essas informacfes sdo extraidas automaticamente de bases de dados
abertos disponiveis online, como Google Places e WikiData; ja o processamento
semantico, 0 armazenamento e o tratamento dessas informagBes séo realizados pela
FrameNet Brasil.

b) Tradutor hibrido (Intérprete Pessoal): esta funcdo ainda esta em desenvolvimento.
A proposta inicial parte da premissa de que tanto a FrameNet quanto o Constructicon
podem contribuir significativamente para a Traducdo Automatica, pois, em suas bases
de dados, encontra-se um modelo do conhecimento acerca dos frames e da gramatica de
uma lingua. Portanto, nossa proposta € a de que tais bases de conhecimento (frames e
construcdes) possam alimentar os sistemas de traducdo automética, aperfeicoando a
construcdo de equivalentes de traducdo, a partir da anotacdo de valéncias sintatico-
semanticas, da organizacdo ontoldgica do léxico e da incorporacdo das Estruturas
Qualia [Pustejovsky 1995].

c) Diciopédia: esta fungdo é considerada um repositorio multilingue, uma vez que o
usudrio pode acessar os dados em portugués, inglés ou espanhol. Nele encontrara
conceitos e palavras relacionados aos dominios especificos do Turismo e dos Esportes,
abarcados pelo m.knob. Cada entrada da diciopédia estd vinculada a uma unidade
lexical que evoca um frame um frame. Nela encontramos a definicdo e os possiveis
equivalentes de traducdo nas linguas mencionadas. Também encontraremos outras
palavras relacionadas ao frame em andlise ou interligados a um outro frame préximo.
Serd possivel, durante a interacdo, sugerir novas palavras, conceitos, tradugdes, assim
como propor correcdes as tradugdes inadequadas. As traducdes que sdo apresentadas na
Diciopédia sdo geradas automaticamente, seguindo duas metodologias distintas:
i.para nomes de entidades, ou seja, que se referem as pessoas, objetos e lugares,
os dados sdo extraidos automaticamente de uma base de dados ligados,
denominada BabelNet e a posteriori sdo validados pelos linguistas do projeto
FrameNet Brasil. A BabelNet é um recurso computacional que liga informac6es
extraidas de bases de dados como a Wikipédia a bases lexicais como a WordNet.
Conforme descreve Navigli (2012:2), a BabelNet tem como resultado “um
‘dicionario enciclopédico’ que fornece babel synsets, ou seja, conceitos e
entidades nomeadas lexicalizados em muitas linguas e conectados através de
uma grande quantidade de relagdes semanticas.” Esse recurso visa a fornecer
uma cobertura lexicogréfica e enciclopédica completa, incluindo 14 milhGes de
entradas em 271 linguas.
ii.para os verbos e 0s nomes que indicam evento, os dados sdo calculados tomando
como base as anotagBes lexicograficas do projeto FrameNet Brasil, que
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consideram as valéncias sintaticas e semanticas, de acordo com 0 uso destas em

textos reais [Peron-Corréa et al. 2016].

O trabalho de prospeccdo de termos relatado neste artigo tem por primeira
aplicacéo enriquecer a Diciopédia.

4. Metodologia

O corpus de especialista utilizado foi constituido pela FrameNet Brasil e para o
Portugués contém 536.918 palavras retiradas de guias turisticos e 551.932 palavras de
blogs de viagem; para o Espanhol 605.782 palavras de guias e 500.183 palavras de
blogs e para o Inglés sdo 589.203 palavras de guias e 502.510 palavras de blogs.

Apds a analise automatica do corpus de especialista pelo TERMOSTAT, cabe
aos lexicografos da FrameNet Brasil validar os candidatos a termos. Tal validagao
consiste em um processo de trés estagios:

1. Busca-se o candidato a termo na base corrente do mknob:
a.Caso ele ja tenha sido incluido, ele ¢ considerado vélido.
b.Caso contrario, passa-se ao estagio 2.
2. Buscam-se no corpus sentencas que contenham o candidato a termo e realiza-se
uma pré-anotagdo semantica das sentengas:
a.Caso as anotagdes se enquadrem em um frame ja incluido na base corrente
do mknob, o termo ¢ considerado valido.
b.Caso contrario, passa-se ao estagio 3.
3. Discutem-se com a equipe de lexicografos as anotagdes ndo-conformes:
a.Caso elas constituam um frame relevante, o termo € considerado valido.
b.Caso contrario, ele é descartado.

5. Resultados Preliminares da Analise do TERMOSTAT

A comparacdo realizada pelo TERMOSTAT gera quatro arquivos de saida: (i)
Frequency: que mostra a lista de candidatos a termos em ordem decrescente de
probabilidade; (ii) Percentage: que mostra os candidatos a termos agrupados
percentualmente de acordo com a suas propriedades morfossintaticas; (iii) Collocations:
que mostra os candidatos a termos verbais seguidos dos seus argumentos prototipicos
no corpus; (iv) Bigrams: que mostra os bigrams mais frequentes. Para este trabalho,
realizamos uma andlise apenas do arquivo de frequéncia tanto para o Portugués quanto
para o Espanhol. No Portugués obtivemos 15217 termos selecionados, nos quais
encontramos substantivos, adjetivos, verbos, advérbios e expressdes. No Espanhol,
foram 16697 termos, também distribuidos nas diversas classes mencionadas acima.

Esse primeiro resultado da tabela de frequéncia mostra em ordem decrescente os
termos, com suas respectivas frequéncias, ao lado de sua especificagdo, ou seja, o
resultado que contrasta essa frequéncia e as propriedades colocacionais encontradas
com 0s mesmos parametros nos corpora de referéncia. Quanto maior a especificagio,
maior a chance de a palavra encontrada ser um termo do dominio em andlise.

Tabela 1: Candidatos a termos do Dominio do Turismo extraidos pelo TERMOSTAT

Candidato Frequéncia | Especificacio | Frame do termo no mknob Frame candidato no mknob
praia 5207 165.02 Locais_naturais
rio 3728 123.33 Locais_naturais
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hotel 2924 117.59 Acomodagio

passeio 2384 1133 Deslocar-se

pousada 1834 105.41 Hospedagem

cidade 4499 103.49 Locais_politicos

Onibus 1497 97.71 Meios_de_transporte

restaurante 1694 93.62 Alimentagdo

dica 1159 85.63 nulo

viagem 1962 84.57 Viagem

prato 1169 78.54 Alimentos_e_bebidas

6timo 921 76.62 Ser_desejavel

bar 1271 74.77 Alimentagio

parque 1690 71.85 Locais_naturais
café 1186 71.7 Alimentagdo

ficar 3949 71.15 Hospedar-se

pegar 1000 68.76 Usar_veiculo
trilha 700 66.6 Vias

opcdo 1340 65.94 Possibilidades

endereco 721 64.92 nulo

atracdo 649 64.3 Turismo_de atragdo

restaurante 789 62.36 Alimentagao

aeroporto 1035 61.77 Transporte

lindo 691 61.71 Estética

mapa 836 61.68 Texto

café da manha 585 60.97 Servigo_turistico

oferecer 1281 60.51 Atrair_turista

localizar 822 60.37 Ser_localizado

mar 1350 59.54 Locais_naturais
bom 2548 59.23 Ser_desejavel
gratuito 706 58.35 Custo

quarto 1052 57.3 Subpartes_de_prédios_e_locais
lagoa 650 57.17 Locais_naturais
cachoeira 507 56.82 Locais_naturais

centro 2198 56.69 Locais_por_uso
morro 530 56.4 Locais_naturais

taxi 588 54.1 Meio_de_transporte

praca 1046 54.02 Locais_por_uso

A titulo de ilustragdo, fizemos um recorte dos primeiros quarenta termos
extraidos do TERMOSTAT para a Lingua Portuguesa, conforme constam na Tabela 1.
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Na primeira coluna, temos os candidatos a termos; na segunda, temos a numeragao que
indica a frequéncia deles; na quarta temos os niimeros que indicam a especificidade.’
Acrescentamos duas colunas que apresentam os resultados encontrados na validagao dos
candidatos a termos. Para os termos que ja se encontram no aplicativo mknob,
indicamos o nome do frame evocado; caso o termo ndo esteja no aplicativo, realizamos
o processo descrito nos passos 2 ¢ 3 da metodologia.*

Conforme se observa na Tabela 1, dos 40 termos extraidos pelo TERMOSTAT,
apenas dois (5%) ndo devem ser incluidos na base do mknob, sendo que 11 novos
termos (27.5%) foram descobertos e adicionados a base. Os resultados obtidos tém nos
auxiliado no aperfeicoamento da modelagem computacional ja realizada, na
implementacdo de novos dados que se fizerem necessarios, na proposicao de um padrao
para construg@o de dicionarios eletronicos fundados em frames, assim como na proje¢ao
de novos projetos lexicograficos que atendam outros dominios especializados.

6. Consideracoes Finais

Neste artigo, apresentamos as principais bases tedricas que foram fundamentais para o
desenvolvimento do aplicativo mknob, que visa atender a usuérios ndo especialistas, nos
dominios do Turismo e do Esporte. Realizamos um recorte curto dos dados fornecidos
pela ferramenta TERMOSTAT para a lingua portuguesa, com o objetivo de apresentar
seu potencial para a extracdo de termos em lingua portuguesa. O mesmo procedimento
realizado para a lingua portuguesa esta sendo realizado para as linguas espanhola e
inglesa. Com a analise desses termos, nossa proposta é equiparar os dados nas trés
linguas do aplicativo de modo a torna-lo ainda mais eficiente para que foi desenhado,
mostrando assim uma maior cobertura de pesquisa e dados sobre os dominios
especializados tanto do Turismo quanto do Esporte. Além disso, a prospeccao de termos
para um determinado dominio colabora no sentido de compreendermos e identificarmos
a diferenga do uso de tais palavras em dominio mais genérico ou especifico, uma vez
que 0 processo e a constituicdo dos termos de dominio especifico requerem maior
cuidado, pois ndo se trata apenas de listar, e sim de compreender os empréstimos
linguisticos dentro de um contexto.
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Abstract. This paper aims to describe the linguistic-computational modeling of
Frames [Fillmore 1982] and Qualia [Pustejovsky 1995] for the Sports domain,
carried out in the FrameNet Brasil database. The modeling relied on a domain-
specific corpus. By adding Qualia roles to the database, this work promoted the
densification of FrameNet Brasil, focusing on its use in tools that deal with
Natural Language Processing, such as parsers and machine translators.

Resumo. Este trabalho busca descrever a modelagem linguistico-
computacional de frames [Fillmore 1982] e relagdes Qualia [Pustejovsky,
1995], realizada na base de dados da FrameNet Brasil para o dominio dos
Esportes. A modelagem se sucedeu a partir de uma pesquisa em corpus. Ao
adicionar papéis Qualia a base de dados, este trabalho promoveu o
adensamento da FrameNet Brasil, visando a sua utilizagcdo em ferramentas que
lidam com o Processamento de Lingua Natural, tais como parsers e tradutores
por maquina.

1. Introducéo

A interag@o entre os seres humanos e maquinas t€m se tornado cada vez mais frequente
ao longo dos anos. Para que tal interagdo apresente €xito, se fazem necessarias melhorias
nas ferramentas computacionais que envolvem a linguagem. Tarefas comuns no
Processamento de Lingua Natural incluem a Tradugdo por Maquina, o Reconhecimento
e o0 Processamento de Fala, Sistemas de Pergunta e Resposta, Parsing, entre outras. No
intuito de contribuir para essa melhoria das tarefas de Compreensdo de Lingua Natual,
este trabalho busca descrever a modelagem linguistico-computacional de frames
[Fillmore 1982] e relagdes Qualia [Pustejovsky, 1995], realizada na base de dados da
FrameNet Brasil para o dominio dos Esportes. A modelagem se sucedeu a partir de uma
pesquisa em corpus constituido no ambito deste trabalho através da compilacdo de
noticias esportivas, manuais de esportes, além de sites de associa¢des brasileiras de
esportes e sites oficiais dos Jogos Olimpicos Rio 2016. Ao adicionar papéis Qualia a base
de dados, este trabalho promoveu o adensamento da FrameNet Brasil, visando a sua
utilizagdo em ferramentas que lidem com a Compreensao de Lingua Natural.

2. A FrameNet Brasil

A FrameNet Brasil é uma base de descricdo lexicografica sustentada por dados em
corpora para o Portugués do Brasil fundada a partir dos desenvolvimentos da FrameNet
de Berkeley para a lingua inglesa. O conceito de frame é essencial para esse projeto, sendo
definido como “qualquer sistema de conceitos relacionados de tal modo que, para
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entender qualquer um deles, é preciso entender toda a estrutura na qual se enquadram”
[Fillmore 1982: 111].

Como um exemplo de frame modelado na FrameNet Brasil referente ao dominio
dos esportes, podemos citar o frame Infragdes_diretas. llustrado na Figura 1, constatamos
0 nome do frame, seguido de sua definigdo por extenso, seus Elementos de Frame (EFs)
Nucleares e N&o-nucleares, as relagdes que o frame possui com outros frames e as
Unidades Lexicais (ULs) que o evocam. O frame em questdo, Infracdes_diretas, designa
“uma infragdo contra um adversario, considerada imprudente, temeraria ou com uso de
forca excessiva. Essas infragdes podem gerar como penalidade o tiro livre direto no
futebol, conforme o lugar onde ocorreram”. Os Elementos de Frame (EFs) sdo papéis
semanticos definidos especificamente no frame, sendo seus constituintes basicos. Eles
oferecem informacGes seménticas a estrutura da sentenca. Os EFs nucleares séo
definidores e essenciais ao sentido do frame, enquanto que os EFs n&o-nucleares
caracterizam mais de um frame e normalmente apresentam condi¢cbes comuns a varios
frames com ideias que expressam tempo, lugar e maneira, entre outras. Os EFs nucleares
do frame de InfracBes_diretas sdo o Adversario e o Infrator e 0s ndo-nucleares séo Lugar,
Tempo e Tipo. As Unidades Lexicais (ULs), que sdo pareamentos entre lemas e frames,
possuem cada uma um significado especifico e evocam o frame em que estdo modeladas.
Algumas ULs que evocam Infragfes_diretas sdo carrinho.n e derrubar.v. As defini¢des
dessas ULs no dominio especifico dos esportes sdo “no futebol, é a infragdo em que um
jogador, com a finalidade de retirar a bola do adversério, atira-se ao chao e desliza com
as pernas para frente” e “no futebol, é a infragdo em que um jogador derruba algum de
seus adversarios”, respectivamente.

Infragdes_diretas

Definigdo

Designa uma infrag3o de um | § contra um 4§ considerada imprudente, temerdria ou com o uso de forga excessiva. Essas infragdes podem gerar
como penalidade o tiro livre direto no futebol, por exemplo, conforme o M onde ocorreram.

Exemplo(s)
Elementos de Frame Nucleares

T O atleta da equipe adversaria que sofre a penalidade.

O atleta que infringe uma regra do esporte.

Elementos de Frame N3o-Nucleares
Parte da instalagdo esportiva em que a infrag3o a regra do esporte acontece.

O momento em que a infragdo ocorre.

MUY O tipo dainfragao.

Relagdes

Herda de | 7' InfragBes

Unidades Lexicais

" carrinho.n | | (' derrubar.v| | entrada.n||Z pénaltin| | (£ splashing.n

Figura 1. Frame InfracBes_diretas na FrameNet Brasil.

Essa representacdo da lingua em termos de frames se faz til na estruturacéo
linguistica para fins computacionais e de tarefas de Processamento de Lingua Natural
(PLN). A proposta de adensamento da base de dados da FrameNet Brasil surge com o
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proposito de viabilizar e otimizar certos tipos de tarefas que envolvem a lingua e a
maquina. Entretanto, para certas tarefas de processamento como a Tradugéo por Maquina,
Compreensdo de Lingua Natural e Desambiguacédo, se faz necessaria a existéncia de
relacBes mais locais e especificas entre as ULs, visto que os frames sdo mais gerais.
Passemos entdo as relagdes criadas e modeladas entre ULs na FrameNet Brasil através
dos papéis Qualia.

3. Papéis Qualia

A Teoria do Léxico Gerativo (TLG), proposta por Pustejovsky (1995), surge como uma
abordagem que lida com a semantica das palavras, como elas se combinam, o que
denotam, além de mecanismos peculiares como a polissemia e a coer¢do de tipos. O
avanco da teoria se deve a uma insatisfagdo de muitos linguistas tedricos e
computacionais com a caracterizagéo do Iéxico como um conjunto fechado e estatico de
tragos sintaticos, morfolégicos e seménticos. Os papéis ou relagbes Qualia sdo aspectos
essenciais do significado das palavras. O autor busca lidar com o aspecto criativo de
combinagdes lexicais e a representagdo semantica a partir da descricdo de uma série de
componentes primitivos do significado. Essa abordagem sofre fortes influéncias de
fatores situacionais e contextuais.

O quale constitutivo propde a relagdo entre um objeto e suas partes ou materiais
constituintes. O quale formal é o que distingue um objeto dentro de um dominio maior.
Ele inclui caracteristicas como a orientacdo, forma, dimensdes, cor, posi¢ao, tamanho etc.
Cada atributo pode ser preenchido por um valor. O quale télico se relaciona & fungéo ou
proposito da entidade, sendo ela um objeto, uma pessoa ou um lugar. E por fim, o quale
agentivo se coloca nos fatores envolvidos na origem ou no vir a existir do objeto.
Caracteristicas inclusas nessa relacdo sdo o criador, o artefato, o tipo natural e uma
corrente causal.

Inicialmente, no dominio dos esportes dentro da FrameNet Brasil, foram
modeladas as relagdes Télico_de e Constitutivo_de, dado que essas relagdes contribuiam
para tarefas de desambiguacéo e extragdo de representacdes semanticas. Em um momento
posterior, prevé-se a modelagem das outras duas relagdes qualia, quais sejam
Agentivo_de e Formal_de. Vejamos um exemplo da modelagem da relagdo Qualia
Télico_de na Figura 2.
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2 B Atles _por_esporte
. r .

# arqueiro.n

# arremessador.n
# atirador.n

# boxeador.n

# caiaquista.n

# canoista.n

# cavaleiro.n

# ciclista.n

# corredor.n

# esgrimista.n

Atletas_por_esporte
Definicdo
Esse frame envolve todo tipo de :,". % que incorpora o0 nome do em uma competigdo.
Exemplo(s)

Elementos de Frame Nucleares

Individuo que pratica o esporte.

Atividade fisica praticada por um [X{%} podendo ser realizada em forma de uma competigao. Tal atividade
é regida por regras, faz uso de equipamentos esportivos e ocorre em uma instalagdo esportiva. Pode ser
praticada individualmente ou em equipes.

# ginasta.n
# golfista.n Elementos de Frame N3o-Nucleares
# grequistan
# halterofilista.n
# jogador de badminton.n
# jogador de basquete.n
4 # jogador de futebol.n
€ tlc_falha.n
€ tlc_falta.n

Relagbes

Unidades Lexicais

@ tic_infragdo.n 7 arqueiro.n | | 4 arremessador.n || (£ atirador.n | |[Z' boxeador.n | |[Z caiaquista.n || [Z' canoista.n || (7 cavalei
€ tlc_carrinho.n
€ tlc_derrubar.v
< tic entrada.n

Figura 2. Frame Atletas_por_esporte e a modelagem da relagdo Télico_de (tlc_).

Na Figura 2, temos ilustrado o frame de Atletas_por_esporte com sua definicéo,
seus EFs nucleares e as ULs que evocam este frame. Ao lado esquerdo da imagem, temos
a representacdo do frame em uma barra vertical com as ULs contidas nesse frame tais
como jogador de futebol.n. Na UL jogador de futebol.n temos modelada a relagdo
Télico_de (tlc_) apontando para algumas ULs dos frames de Jogadas e de Infragdes, visto
que essa relagdo é estabelecida para mostrar o propdésito ou a funcdo de uma entidade,
sendo ela o jogador de futebol nesse exemplo. Portanto, o ato de cometer falha.n, falta.n,
infracdo.n, carrinho.n, derrubar.v e entrada.n seriam télicos de jogador, ou seja, sua
funcdo ou prop6sito em uma partida de futebol. A ideia original criada por Pustejovsky
(1995) atribui o papel télico as fungbes ou propoésitos da entidade. No &mbito desta
pesquisa, pretende-se ampliar o conceito desse papel, levando-o a cobrir todos o0s
movimentos e acdes realizadas especificamente pela entidade, sendo ela um objeto, uma
pessoa ou um lugar. Partindo desse principio, a relacdo télico_de estabelecida para a UL
jogador de futebol.n conecta essa UL ndo apenas as jogadas pertinentes a ela, mas
também as infragdes que sdo a¢des cometidas por esse atleta em especial.

Como se pode ainda observar na coluna vertical lateral a esquerda, na modelagem
das ULs que evocam o frame de Atletas_por_posi¢do, optou-se pela criagdo de ULs
polilexémicas tais como jogador de futebol.n, jogador de badminton.n, jogador de
basquete.n, entre outras, na tentativa de cobrir mais dados peculiares a cada esporte em
si, facilitando o reconhecimento por maquina das diferengas entre cada especificagdo dos
tipos de jogador. A UL jogador.n, mais genérica, foi modelada no frame mais genérico
de Atletas, a partir do qual foi herdado Atletas_por_esporte. Essa UL jogador.n apresenta
a relacdo télico_de mapeada a todos os diversos tipos de a¢des, movimentos ou jogadas
realizadas por todas especificagcbes de cada esporte que utiliza a UL. Na segdo 4,
detalharemos como essa relacdo Qualia local entre ULs pode contribuir para o
adensamento da base da FrameNet Brasil e para tarefas de PLN.
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4. A Modelagem Computacional do Dominio dos Esportes na FrameNet
Brasil

Os Jogos Olimpicos sdo eventos em que pessoas de paises e culturas distintos se
encontram em um mesmo local. Essa situacdo viabiliza o contato e a troca em um
ambiente multilingue que ndo envolve apenas esportes, mas também comidas, bebidas,
acomodacdo, linguas e culturas em contato. A modelagem computacional do dominio dos
Esportes na FrameNet Brasil surge como uma extenséo ao dominio do Turismo, visto que
0 evento base que incitou essa pesquisa, 0s Jogos Olimpicos Rio 2016, lidavam com
turistas em busca de informacfes relacionadas ao Turismo em geral e aos Esportes
Olimpicos. Consequentemente, essa area fornece um dominio linguistico especifico
parcialmente controlado em que tecnologias de comunicacéo vem sendo desenvolvidas
com o intuito de minimizar as diversas diferencas linguisticas existentes.

Em 2014, a FrameNet Brasil (http://www.framenetbr.ufjf.br) desenvolveu um
dicionério trilingue baseado em frames para a Copa do Mundo realizada no Brasil. Ja em
2016, comecou a desenvolver o m.knob (Multilingual Knowledge Base), sendo uma
aplicagdo computacional que funciona como guia turistico multilingue e intérprete
pessoal, com um algoritmo de traducéo enriquecido semanticamente com frames e papéis
qualia. Uma das funcdes basicas da aplicagdo é um sistema de recomendacéo baseado em
técnicas de geolocalizagdo que pode ser utilizado por turistas para se localizarem e sugere
a eles locais especificos conforme suas necessidades e sua interagdo com o aplicativo.

Uma outra fungdo do aplicativo ainda em desenvolvimento relaciona-se a um
tradutor semanticamente melhorado baseado em frames, papéis qualia e ontologias,
abarcando os idiomas portugués, inglés e espanhol. Pretende-se, com esse tradutor que
fara uso de redes neurais, gerar melhores equivalentes de tradugdo a partir de uma base
de dados semanticamente enriquecida, tornando-se diferente de algoritmos de traducéo
que utilizam apenas estatistica e sintaxe.

nirio_do_esporte
Pessoas- Pessoas_por_atividade_de_lazer

Torcida

50a5_por_vocagao
- /M Comissao_técnica

™ MDolegacso

Instalagoes_esportivas

Subpartes_de_instalagoes_esportivas
Jogadas_individuals Divisio_temporal_do_esporte

Jogadas_interativas
Jogadas_pontuadas

Atletas_por_posicao
Atlotas_por_esporte

Infragdes_indiretas

Figura 3. Rede de Frames que comp&em o Cenério_do_Esporte.

Para a modelagem do dominio, inicialmente constituiu-se um corpus de dominio
especifico dos esportes, contendo textos de manuais esportivos, websites de associacdes
brasileiras de esportes, noticias esportivas, além de websites oficiais dos Jogos Olimpicos
Rio 2016. A partir do corpus e de um agrupamento prévio das diversas modalidades
esportivas, suas peculiaridades e caracteristicas em comum, realizado pelos linguistas da
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FrameNet Brasil, foi proposta a modelagem de uma rede de frames para o
Cenaério_do_Esporte, observada na Figura 3.

A base de dados, no dominio do Turismo, incluindo frames genéricos com
relagdes aos frames do mesmo dominio, conta com aproximadamente 52 frames e 425
unidades lexicais previamente modeladas conforme se pode conferir em Torrent et. al.
(2014b), Gamonal (2013), Gomes (2014) e Souza (2014). No ambito dessa pesquisa, 0
dominio especifico dos Esportes foi modelado até 0 momento através de 32 frames e 640
ULs. Com excegdo dos frames de Pessoas, Pessoas_por_vocacao, Local e Competigao,
todos os demais frames foram criados no ambito deste trabalho, a partir da observagéo do
comportamento linguistico dos itens vocabulares do dominio dos Esportes nos corpora.

O processo de criagao dos frames, EFs e ULs no dominio dos Esportes partiu de
uma pesquisa em corpora através da ferramenta SketchEngine. Apos a compilagéo dos
dados, analisaram-se as ocorréncias de possiveis candidatas a ULs. Através dos padroes
de valéncia apresentados pelas ULs e a frequéncia de ocorréncia em corpus especifico,
criaram-se os frames e estabeleceram-se frames filhos com certas especificidades. Como
exemplo desse processo de criacdo, podemos mencionar os frames de Jogadas,
Jogadas_individuais, Jogadas_interativas e Jogadas_pontuadas. Ao observar o0
comportamento sintatico-semantico das jogadas e movimentos relacionados aos atletas,
o frame Jogadas ficou sendo mais genérico e possuindo os trés frames filhos ligados a ele
por relagdo de heranca. No frame de Jogadas_individuais, o perfilamento se deu na
movimentacao individual do atleta. J& no frame Jogadas_interativas, a perspectiva se
coloca na interagdo de um atleta com outro na realizagdo do movimento. Ja o ultimo,
Jogadas_pontuadas, a pontuacdo gerada pelo movimento incitou a criagdo desse frame
especifico. O mesmo processo se deu ao longo da criagdo dos demais frames dos Esportes,
seus EFs e as ULs que os evocam. Passemos agora & se¢do 5, na qual discutiremos as
implicagdes de uma modelagem computacional enriquecida semanticamente para a
realizacdo de tarefas de Compreenséo de Lingua Natural.

5. Implicagdes de uma modelagem computacional enriquecida no uso de
ferramentas que lidam com a linguagem

No PLN, a traducdo por maquina apresenta-se como uma tarefa que busca cada vez mais
melhorias na geracdo de melhores equivalentes de traducdo. Dentro das tarefas de
Processamento e Compreensdo de Lingua Natural, a tradugdo por maquina é uma das
areas que se constitui como uma das mais desenvolvidas no momento.

Os estudos tradutorios que envolvem algoritmos de tradugdo passaram por
diversas etapas. Inicialmente, analisava-se palavra por palavra, passou-se aos
agrupamentos de sintagmas, considerando posteriormente a colocacdo sintatica dos
elementos e a transposicéo entre eles nas linguas traduzidas. Ainda mais a frente, comeca-
se a trabalhar com ocorréncias em corpora e a tratar de n-grams. Nessa abordagem,
grandes quantidades de textos traduzidos sdo analisados observando estatisticamente 0s
padrdes de ocorréncia de palavras e suas fronteiras, que elementos as acompanham.
Individualmente, tais palavras foram tratadas como unigrams. A colocagao estatistica de
duas palavras que ocorrem com frequéncia juntas s&o chamadas bigrams, e assim por
diante [Koehn 2010].

Atualmente, os sistemas e algoritmos de traducdo tém sido melhorados
substancialmente com a utilizacdo de redes neurais. As redes neurais tentam emular o
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funcionamento do cérebro humano e levam em consideragdo sua caracteristica de
processamento em que as informagdes sdo tomadas de forma descentralizada. As redes
neurais trabalham com a capacidade de compreensao de padrdes e contexto. Uma grande
quantidade de textos é submetida a inteligéncia que os processa, e se retroalimenta dos
mesmos, gerando melhores equivalentes de tradugdo [Bahdanau et al. 2014]. Isso tem
ocorrido de forma satisfatéria. Entretanto, para certas instancias de dominios especificos
como o Turismo e os Esportes, ainda existem algumas inconsisténcias que buscamos
solucionar através de um algoritmo que apresente relagcdes semanticas adensadas entre
frames, EFs e ULs, a fim de que uma rede densa com relagdes qualia e ligada a dados
abertos de ontologias possa melhorar ainda mais a tarefa de geragdo de equivalentes de
tradugdo.

Demonstrada a modelagem dos frames para o dominio especifico dos Esportes e
o0s papéis qualia que adensam e estreitam a relagéo entre as ULs, analisemos a Figura 4
que propde uma traducdo de uma sentenca do portugués para o inglés no dominio dos
esportes em um algoritmo conhecido de traducéo.

Poruguese  English  Spanish  Detect language - ©, | Engisn Portuguese Spanish -

O jogador deu um carrinho no meia Ederson ¥ The player gave a stroller to midfielder Ederson.

O 4m- o< 7 sosgertanest

Figura 4. Tradugdo de uma sentenga do dominio dos esportes do Portugués para
o Inglés em uma ferramenta online.

Na Figura 4, em “O jogador deu um carrinho no meia Ederson”, temos uma UL
que apresenta ambiguidade, a palavra carrinho.n. A mesma forma lexical carrinho.n
poderia remeter a ULs diferentes, como, por exemplo, “um carrinho de bebé&”, “um
brinquedo em forma miniatura de um carro”, ou ainda “um objeto utilizado no transporte
de mercadorias em um supermercado”. Para cada sentido diverso da UL carrinho.n, um
frame diferente seria evocado. Percebemos que, no dominio especifico dos esportes, 0
frame InfracOes é evocado pela UL carrinho.n, sendo atribuido ao jogador o EF Infrator
e ao meia 0 EF Adversério.

E proposta uma sentenca traduzida em inglés: “The player gave a stroller to
midfielder Ederson”. Temos como sugestdo de tradugdo para carrinho.n a UL stroller.n
em inglés. A palavra stroller designa um carrinho de bebé e ndo uma infragcdo cometida
no futebol. A expressdo que seria o equivalente mais adequado dentro do dominio dos
esportes seria slide tackle. Uma tradugdo da sentenca apropriada seria, portanto, “the
player made a sliding tackle to midfielder Ederson”.

Considerando-se a rede proposta de modelagem dos Esportes, através da
modelagem da relagdo local Télico_de entre a UL jogador.n do frame Atletas ou da UL
jogador de futebol.n do frame Atletas_por Esporte e da UL carrinho.n do frame
Infragdes_diretas, é estabelecida uma relagdo in loco entre as ULs contribuindo para uma
melhor representacdo seméantica de nomes comuns de entidade como carrinho.n. A partir
dessa andlise baseada em uma rede de frames, os frames que evocariam os outros sentidos
possiveis de carrinho estariam mais distantes na rede do que a relacdo estabelecida entre
as ULs dos frames de Atletas, Atletas_por_Esporte e Atletas_por_posi¢do com os frames
relacionados a Jogadas e InfragGes. Essa relacdo local modelada com os papéis qualia
traria ao algoritmo de traducdo informacgdes semanticas que outros sistemas baseados
apenas em estatistica ou sintaxe ndao conseguiram ainda fornecer. Portanto, com este
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trabalho, oferecemos uma alternativa linguistico-computacional para a geracdo de
melhores equivalentes de traducdo conforme o frame, as relagdes semanticas e o contexto
de dominio especifico em que estdo inseridos.

6. Consideracdes Finais

Este trabalho apresentou uma proposta de enriquecimento da base de dados lexicais da
FrameNet Brasil com a modelagem de relagdes Qualia entre ULs. Como aplicagdo
sugerida, discute-se de que maneira a traducdo por maquina poderia se beneficiar da
referida base de dados, em especial para melhorar escolhas lexicais em Iéxicos de dominio
especifico, tais como o Turismo e os Esportes.
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Abstract. This paper aims to present the description and the linguistic-
computational modeling of Wh-interrogative constructions in Brazilian
Portuguese with the aim to support the development of a chatbot for the m.knob
app.

Resumo. Este trabalho tem por objetivo apresentar a descri¢do e a modelagem
linguistico-computacional das construgoes interrogativas QU- do Portugués
brasileiro com vias a sustentar o desenvolvimento de um chatbot para o
aplicativo web m.knob.

1. Introducao

O trabalho que aqui serd apresentado insere-se no projeto Multilingual Knowledge Base
ou simplesmente m.knob (www.mknob.com), o qual tem por objetivo criar um aplicativo
web e vem sendo desenvolvido no Laboratério FrameNet Brasil de Linguistica
Computacional — FN-Br — [Salomao 2009].

A FN-Br visa explorar a semantica do Portugués do Brasil (PB), baseada em
pressupostos tedricos relacionados a Linguistica Cognitiva, tais como a Semantica de
Frames [Fillmore 1982] e a Gramadtica das Construcdes de Berkeley [Kay & Fillmore
1999)] e seguindo a metodologia de andlise da Berkeley FrameNet [Fillmore et al. 2003].
De forma mais geral, a FN-Br vem explorando a implementaga@o dessas teorias através da
criacdo de recursos linguisticos computacionais, como o Lexicon e o Constructicon.

Nesse contexto, o objetivo do presente artigo é apresentar a descricdo e a
modelagem linguistico-computacional [cf. Dias-da-Silva 1996] das construcdes
interrogativas QU- em PB de modo a viabilizar e sustentar o desenvolvimento de um
chatbot para o aplicativo web m.knob. Para tanto, apresentamos, na secdo 2, os
pressupostos tedricos que dao sustentagcdo ao modelo; completar.

2. Frames e Construcoes
Nosso aporte teérico fundamenta-se na Semantica de Frames associada a Gramdtica das
Construcgdes de Berkeley. Abordaremos essas teorias nesta secao.

2.1. Semantica de Frames

A Semantica de Frames é uma abordagem para a semantica lexical que toma como
pressuposto a maxima de que os significados sdo relativizados a cenas [Fillmore 1977],
isto €, a frames.
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Fillmore (1985) estabelece uma semantica fundamentada na compreensdo da
lingua, conhecida como Seméntica do Entendimento, em oposicio a Semantica
Vericondicional. Ele argumenta que, enquanto a Seméantica Vericondicional se interessa
pelas condicdes de verdade a que uma dada sentenca se submete, a Semantica do
Entendimento se preocupa em analisar as escolhas linguisticas que fazemos para formar
o enunciado de forma que seja possivel, através dele, transmitir nossas crengas sobre o
mundo, nossas experiéncias e a maneira Como vemos as coisas.

Sendo assim, Fillmore (1985) considera que os significados sdo associados as
nossas experi€ncias particulares com o mundo e podem ser explicados a partir de
estruturas complexas de conhecimento baseadas em cenas partilhadas socialmente,
chamadas de frames, as quais, podem, portanto, variar em diferentes culturas.

Os frames s3o definidos como um sistema de conceitos relacionados de tal
maneira que “para entender um deles, € necessdrio entender toda a estrutura na qual ele
se encaixa” [Fillmore 1982:111]. Nesse contexto, a Semantica de Frames abre espaco
para um projeto em lexicografia que busca alinhar a Linguistica Cognitiva a descri¢do da
lingua sob uma perspectiva computacional, como vem sendo feito na FN-Br.

2.2. Gramatica das Construcoes de Berkeley

A Gramitica das Constru¢des de Berkeley (BCG) proposta por Kay e Fillmore (1999)
analisa fendmenos da lingua considerados como periféricos, idiomadticos, ja que as
gramdticas baseadas em regras ndo conseguem dar conta das muitas irregularidades
existentes nas linguas, uma vez que o significado de uma constru¢do € visto como
independente, em parte, das palavras que a constituem. Entretanto, propdem que o mesmo
aparato tedrico-metodoldgico necessdrio para dar conta das construgdes periféricas de
uma lingua deve servir aquelas constru¢des mais nucleares. Com base nesse pensamento,
os autores defendem que

a fun¢do de um gramdtico das construgdes seria desenvolver um sistema de
representacdes capaz de uma codificagdo econdmica e sem perda em generalizagio
de todas as construgdes (ou padroes) da lingua, do mais idiomatico ao mais geral [Kay
& Fillmore 1999:2].!
Essa abordagem construcional assume que construg¢des sdo unidades bésicas da
lingua que se constituem em correspondéncias entre forma e significado [Goldberg 1995;
Kay & Fillmore 1999]. Nas palavras de Fillmore (2013:112):

Complementarmente, a Gramdtica das Construgdes postula que a gramdtica de uma
lingua € o conjunto de suas construgdes gramaticais, as regras que unificam
informacdes formais e semanticas em virios tipos de objetos linguisticos, juntamente
com os principios que os restringem e conectam.

A BCG apresenta um modelo baseado em unificagdo pelo fato de as construgdes,
seus constituintes e as especificagdes destes estarem coindexados de modo a constituir
Matrizes de Atributo e Valor (AVMs), o que proporciona um maior grau de formalidade
ao modelo. E através da unificacio que as AVMs — construcdes e seus signos filhos —
combinam-se, projetando uma nova AVM, a qual contém exatamente os valores e
atributos das AVMs que se uniram [Goldberg 2006]. Essas AVMs correspondem a
conjuntos de tragos que especificam as caracteristicas de cada elemento, bem como as

" Todas as citagdes neste artigo foram traduzidas do original em inglés para o portugués pelos autores.
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restricdes de combinagdes de dois ou mais elementos em uma construgdo. Desse modo,
a tarefa principal da unifica¢do € assegurar que os atributos com valores contraditérios
falhem ao se combinar, ndo chegando a licenciar uma construcao.

A aplicabilidade da teoria se mostra na constituicdo do Constructicon. De uma
forma mais geral, o Constructicon € o repertério de constru¢des do PB, desenvolvido em
concomitancia com o Lexicon da FrameNet Brasil e fundado da Gramdtica de
Construcdes de Berkeley [Kay & Fillmore 1999] e na Semantica de Frames [Fillmore
1982], conforme se mostrard na secio que se segue.

3. A FrameNet Brasil

A FrameNet Brasil (doravante FN-Br) € a contraparte brasileira da Berkeley FrameNet e
compreende dois recursos principais: o Lexicon e o Constructicon.

O Lexicon € um recurso online que objetiva criar uma representacdo
computacional de frames, definidos por seus participantes e instrumentos, conectados
entre si via relagdes entre frames; definir Unidades Lexicais (ULs), pareamentos entre um
lema e um significado definido em termos de um frame; e, por fim, anotar sentencas que
exemplifiquem os padrdes de valéncia sintdticos e semanticos em que as ULs ocorrem. A
titulo de exemplo, considere-se o frame de Colocacdo_espacial, na Figura 1.

Colocagdo_espacial
Definigao
Uma estd localizada essencialmente na mesma localizagdo que o [EMEE. que é visto como pontual, ou desprovido de qualquer estrutura interna ou externa importante.
Exemplo(s)

Elementos de Frame Nucleares

A & percebida como estando localizada em relagdo a alguma localizagdo de m A pode ser uma entidade ou um evento.

e O FMNR serve como base para descrever a localizagdo da

Elementos de Frame Nao-Nucleares
Relagdes

Unidades Lexicais

7 la.adv

Figura 1. Frame de Colocacao_espacial

Cada frame ¢é definido através de uma descricdo em prosa e dos elementos que o
compdem: os Elementos de Frame ou EFs. Na Figura 1, veem-se os EFs nucleares do
frame em questdo, quais sejam a Figura e Fundo, também definidos em prosa. E possivel
ainda definir EFs ndo-nucleares, ou seja, que ndo sejam absolutamente necessarios para
a instancia¢do do frame. Na tltima aba, vemos que a UL adverbial /d evoca o frame de
Colocacdo_espacial.

O Constructicon, por sua vez, tem por objetivo a criacdo de um recurso online
para a descri¢do das caracteristicas semanticas e gramaticais de construcdes do PB,
incorporando descri¢des interpretdveis computacionalmente para cada construgdo,
oferecendo informacdes semanticas e especificando as relagdes entre as construgdes.
Ambos os recursos encontram-se interligados, na medida em que tanto o Lexicon como
o Constructicon foram desenhados para lidar com todos os tracos linguisticos relevantes
para a identificacdo de um frame e de uma constru¢cdo. A FN-Br assume, portanto, que o
Iéxico e a gramdtica ndo sdo modulos estritamente separados, mas que, na verdade, sdo
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parte de um continuo de constru¢des que variam de elementos mais especificos a padrdes
mais abstratos [Fillmore 2008]. Na se¢do 5, apresentamos exemplos de modelos de
construgdes propostos no Constructicon. Antes, entretanto, apresentaremos
resumidamente o projeto m.knob e a proposta de interface conversacional em
implementacdo.

4. O Aplicativo m.knob

O aplicativo mknob é um assistente pessoal de viagem desenvolvido em plataforma
mobile e tem por objetivo auxiliar turistas que viajam pelo Brasil. Assim, além de servir
como um guia turistico de bolso multilingue, oferece aos usudrios mais autonomia na
hora de viajar. Apesar de focalizar o dominio do Turismo, inclui também esportes e
gastronomia (Torrent no prelo).

O mknob fornece contetido turistico para o usudrio através de um sistema de
recomendacdo baseado em filtros personalizados derivados automaticamente da interacao
usudrio-aplicag¢do e de um mecanismo de busca semantica fundado na base de dados da
FrameNet Brasil. Nesse contexto, o desenvolvimento de uma Interface Conversacional
de Usudrio — CUI - para o aplicativo culminara na produgdo de um chatbot com o qual o
usudrio poderd interagir através de perguntas.

Atualmente, o avango tecnoldgico voltado a linguistica e o avango nos estudos
voltados a Inteligéncia Artificial (Al), favoreceram o desenvolvimento de muitos recursos
computacionais que tém por finalidade facilitar a interacdo entre humanos e méaquinas.
Assim, € possivel identificar um vasto nimero de aplicativos, de redes sociais e de sites
de busca que procuram estabelecer uma maior interacdo com os usudrios com base em
sistemas de Interface Conversacional de Usudrio — CUI. Uma CUI € uma interface que
tem por finalidade facilitar a interac@o entre humanos e miquinas imitando uma conversa
com um ser humano real.

Assistentes pessoais virtuais (APVs), tais como a Siri da Apple, o Google Now e
0 M do Facebook, sdo exemplos de interfaces conversacionais. Aqui, seguindo McTear
et al. (2016), “usamos o termo interface conversacional para nos referirmos a tecnologia
que dd suporte a interagdo conversacional com APVs através da fala ou outras
modalidades”.

No momento, existem basicamente dois tipos de interfaces conversacionais. Ha
assistentes de voz, com as quais a interacdo se d4 na forma de uma conversa na forma
oral, e ha chatbots, sistemas com os quais a intera¢do se dd na forma escrita, digitando as
informagdes. McTear et al. (2016) consideram que sistemas que operam por meio de CUIs
se mostram muito interessantes, visto que permitem que as pessoas conversem com seus
dispositivos (como os smartphones, por exemplo) de forma intuitiva e natural.

Os chatbots sao um tipo de CUI e, nesse caso, a interacdo se d4 na forma escrita,
digitando as informacdes. De modo geral, chatbots “s@o programas que simulam uma
conversa, como as estabelecidas entre seres humanos” [Comorella & Café 2008:55],
assim, essa interface lida com dados e interage em linguagem natural.

No contexto deste trabalho, chatbots sdo considerados como aplicacdes de
métodos em Compreensao de Lingua Natural [Allen 1985], ou seja, para além de sistemas
baseados em regras semanticamente vazias, como o ELIZA, sdo desenvolvidos para lidar
com dados e interagirem em lingua natural, dessa forma, essas interfaces sao capazes de
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analisar e interpretar a lingua humana, de modo que esse processo gere uma resposta
semanticamente bem-sucedida. Com vias a auxiliar nesse processo, este trabalho se
debruca sobre a modelagem de construcdes interrogativas QU-, de modo que elas possam
ser reconhecidas pelo chatbot e gerar especificacdes semanticas tteis para esta aplicagao.

5. Descricio e Modelagem de Construcoes Interrogativas QU-

No primeiro estdgio da pesquisa realizou-se o levantamento bibliografico acerca das
construgdes QU- em PB. Para esse levantamento, estabelecemos quais pronomes QU-
eram mais recorrentes e atestamos essas ocorréncias buscando-as no corpus m.knob. O
corpus mknob possui aproximadamente 1.000.000 de palavras e foi constituido por
textos que abrangem o dominio do Turismo, extraidos de guias turisticos, de sites
governamentais de fomento a atividade turfstica e de blogs de viagem.

O levantamento das ocorréncias das constru¢des QU- no corpus informou a
modelagem inicial proposta para as constru¢des, juntamente com o levantamento

bibliogréfico. Para a extracdo das construcdes QU- utilizou-se a ferramenta Word Sketch
do Sketch Engine.

ApOs essa etapa, passou-se a uma proposta de descricdo das construgdes QU-
baseada na Gramadtica das Construgdes de Berkeley, através da elaboragdo de Matrizes de
Atributo e Valor. Posteriormente, as andlises feitas no estdgio anterior foram convertidas
em modelos linguistico-computacionais. Subsequentemente, utilizou-se a ferramenta
FrameNet Brasil WebTool 3.0 para armazenar esses modelos na base de dados da
FrameNet Brasil, na forma de construcdes.

A modelagem de constru¢cdes no Constructicon € feita de modo que cada
construcdo seja definida em termos de suas partes constituintes, as quais sdo chamadas
de Elementos da Construcdo (EC). Assim, o processo de modelagem das construgdes
interrogativas QU- deu-se, primeiramente, pela definicdo das propriedades sintéticas
externas destas construgdes, as quais, no caso, sdo compostas por dois ECs, sendo um a
Estrutura Argumental Base e o outro o pronome QU-. Como exemplo considere-se a
construcdo Interrogativa_onde na Figura 2.

Interrogativa_onde [Onde(where)_interrogative]
Definigao
Esta construgdo licencia sentengas interrogativas em que o objeto da pergunta é um lugar.
Exemplo(s)
Elementos da Construgao
Sentenca sobre a qual 0 atua na definigdo do tdpico da pergunta como um lugar.

Palavra interrogativa que define o objeto da pergunta como um lugar.

Relagbes

Evoca  Colocagdo_espacial

Herda de Interrogativa_QU

Figura 2. Construcao Interrogativa_onde

Na Figura 2 € possivel ver a defini¢cdo da construcéio, os ECs e suas respectivas
definicdes, além disso, conforme mostrado na aba Relagdes, a construcdo
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Interrogativa_onde € um subtipo da construcdo mais geral Interrogativa_QU e evoca o
frame de Colocacdo_espacial, mostrado na Figura 1.

A partir da definicdo dos ECs, é possivel estabelecer restri¢des de constituéncia
para a construgdo. A constituéncia tipifica os signos filhos — os CEs — da constru¢do em
termos de outras construcdes. Dessa forma, os signos filhos da construgdo sdo criados
considerando seus aspectos formais, enquanto a informacao semantica € atribuida através
da unificacdo da constru¢do com um frame. A Figura 3 mostra a aplica¢do das restrigdes
a construg@o em questao.

4 jlnterroéativa_onde
43
€ cxn_Sujeito_predicado
43
€ cxn_Pronome_QU
Figura 3. Restricoes aplicadas a construcéo Interrogativa_onde

Na Figura 3 podemos ver que o EC Estrutura_Argumental_Base € licenciado pela
construcdo Sujeito_predicado, isto €, € uma instancia de um dos subtipos da construcio
Sujeito_predicado. J4 o EC Pronome_onde € licenciado pela constru¢do mais genérica
Pronome_QU.

Para tornar as descri¢des apresentadas legiveis por maquina, a FN-Br incluiu um
editor de restri¢cdes na ferramenta WebTool 3.0 que gerencia o banco de dados. Desse
modo, através desse editor, € possivel modelar que um EC de uma dada construcdo seja
licenciado por uma outra construgao.

Outro aspecto importante da modelagem de construcdes, diz respeito a unificacao.
A unificacdo mapeia as correspondéncias semanticas da construgdo e de seus signos-
filhos. Conforme observado na Figura 2, a constru¢éo Interrogativa_onde evoca o frame
de Colocacao_espacial. Aqui a relagdo de Evocacdo cumpre a fungdo de mapear
computacionalmente o CE Pronome onde ao EF Fundo e o CE
Estrutura_argumental_base ao EF Figura, jd que, em interrogativas iniciadas por onde o
que se deseja saber € o Fundo em relacdo ao qual a Figura se coloca.

Além darelagdo de Evocagdo que se estabelece entre uma construcao e um frame,
outra relacdo relevante para a representacdo dos casos em que uma constru¢io se
relaciona com outras construgdes da rede € a relagdo de Heranga. Para que essa relagdo
se estabeleca é preciso que as construgdes em todos os niveis herdem caracteristicas do
item hierarquicamente superior. Assim sendo, “todas as informacdes especificas para
cada n6 que domina direta ou indiretamente um determinado né sdo herdadas” [Goldberg
1995:74]. E possivel modelar, portanto, a relagio entre os ECs da construgdo
Interrogativa_QU e aqueles da sua herdeira locativa. Tal modelo pode ser representado
através de um grafo, conforme ilustra a Figura 4.

Note-se que a os circulos preenchidos representam construgdes diferentes, ao
passo que os circulos vazados representam os ECs. As setas conectando os circulos,
representam a relacdo de Heranca estruturada em termos dos constituintes das
construcdes. Complementarmente, o quadrado representa o frame evocado pela
construcdo e a seta que o conecta a ela, representa a relagdo de Evocagdo.
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.InterrogativanU

Estrutura_argumental_base
Pronome_QU

Owde /O Estrutura_argumental_base

‘Interrogaﬁva, onde

[colocagao_espacial

Figura 4. Representacao grafica da construcao Interrogativa_onde

No estdgio atual da pesquisa, j4 contamos com oito construgdes interrogativas
QU- modeladas no banco de dados, sendo a Constru¢do Interrogativa_QU- mais abstrata,
a qual € herdada pelas demais construgdes: Interrogativa_Que; Interrogativa_Qual;
Interrogativa_Quem; Interrogativa_Quando; Interrogativa_Quanto; Interrogativa_Onde e
Interrogativa_Como.

6. Consideracoes Finais

Ao longo deste artigo buscou-se apontar uma proposta para a descricdo e modelagem das
Construgdes Interrogativas QU- em PB com vias a sustentar o desenvolvimento de uma
CUI para o aplicativo m.knob, uma vez que essas construcdes fornecem informacdes
relevantes tanto em relac@o a sintaxe quanto a semantica empregada na composicdo de
perguntas. Ademais, procuramos apresentar como a modelagem de construgdes se dd no
Constructicon da FN-Br, demonstrando como a integracdo de aspectos da BCG e da
Semantica de Frames enriquecem a representacdo formal e semantica das sentencas.
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Abstract. This paper aims to present the modeling of argument structure
constructions in the FrameNet Brasil Constructicon. We assume that
constructions are basic units of language that constitute correspondences
between form and meaning [Goldberg, 1995; Kay & Fillmore 1999]. Therefore,
we model the Active Direct Transitive Construction, the Ergative Construction
and the Split Argument Construction according to their syntactic-semantic
characteristics. The results indicate how constructional modeling can
contribute to Natural Language Processing tasks.

Resumo. O presente trabalho visa apresentar a modelagem de construgoes de
estrutura argumental no Constructicon da FrameNet Brasil. Assumimos que
construgoes sdo unidades basicas da lingua que se constituem em
correspondéncias entre forma e significado [Goldberg 1995; Kay & Fillmore
1999]. Diante disso, buscou-se modelar as Constru¢oes Transitiva Direta
Ativa, Ergativa e Argumento Cindido de acordo com suas caracteristicas
sintdtico-semdnticas. Os resultados indicam como a modelagem construcional
pode contribuir para tarefas de Processamento de Lingua Natural.

1. Introdugao

A FN-Br ocupa-se do desenvolvimento de dois grandes recursos computacionais: um
Lexicon e um Constructicon. O Lexicon tem por objetivos: criar uma representacao
computacional de frames, definidos por seus participantes e instrumentos e conectados
entre si via relagdes entre frames; definir Unidades Lexicais (ULs), pareamentos entre um
lema e um significado definido em termos de um frame, e anotar sentencas que
exemplifiquem os padrdes de valéncia sintaticos e semanticos em que as ULs ocorrem.

Ja o Constructicon visa a criagdo de um recurso para a descrigdo das caracteristicas
gramaticais de construgdes do PB, incorporando descrigdes interpretaveis
computacionalmente para cada construcdo, oferecendo informagdes semanticas e
especificando as relagdes entre as construgdes.

Por essa razao, o Constructicon abarca o conhecimento linguistico que excede a
valéncia simples de palavras simples [Fillmore 2008]. No contexto desses recursos,
apresentaremos a modelagem linguistico-computacional de trés construgdes de estrutura
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argumental do PB, a saber, Constru¢do Transitiva Direta Ativa, Constru¢do Ergativa e
Construg@o de Argumento Cindido.

2. Lexicon e Constructicon na FrameNet Brasil

Uma vez que partimos do principio de que construgdes sdo unidades basicas da lingua
constituidas pela correspondéncia entre forma e significado [Goldberg 1995; Kay &
Fillmore 1999], assumimos também a existéncia de um continuum entre 1éxico e sintaxe
[Fillmore 2008]. Assim, ndo se trata de haver médulos rigidamente separados, mas, sim,
um continuum de constru¢des que partem de elementos mais lexicalmente especificos
para padrdes mais abstratos. Isso significa dizer que Lexicon e Constructicon ndo sdo dois
recursos totalmente separados, ambos se conectam na medida em que: (a) itens lexicais
sdo construcdes e sdo, portanto, licenciados por construgdes lexicais; (b) tanto itens
lexicais quanto construgdes ndo lexicais evocam frames, os quais constituem a categoria
analitica primeira da FrameNet. Dessa forma, as duas frentes estdo interligadas a fim de
proporcionar, tanto no ambiente lexical como no construcional, uma descrigdo adequada
dos fendmenos linguisticos.

Assim, a FN-Br realiza tanto anotagdes lexicograficas, quanto construcionais.
Tais anotagdes sdo realizadas em camadas que contribuem com informagdes sobre as
propriedades semanticas e sintaticas dos elementos em analise. A Figura 1 apresenta um
exemplo de anotagio.

[ Save £ Refresh (=) Hide AS 3 Remove AS ? Label Help

[13679] = AST_MS_APP NI 0 cabo da panela quebrou.
- EAE S A e e a {cha

Ser_afetado.FE
CstxPT

€) (O Quebrar.quebrar.v

Sifdn
FE Subparte

FE
.
PT NP

Figura 1. Anotacdes lexicogréfica e construcional na FrameNet Brasil

A Figura 1 apresenta a sentenca O cabo da panela quebrou anotada tanto
construcionalmente, para a constru¢do Ergativa, quanto lexicograficamente, para a UL
verbal quebrar. Nesse exemplo, observamos, na primeira camada, os Elementos da
Construgdo (CEs), o cabo da panela e quebrou anotados respectivamente como Sujeito e
Predicado. Na segunda camada, encontramos a relacdo entre a construgdo e o frame que
ela evoca, Ser_afetado, através da unificagdo entre os CEs e o FEs (Elementos de Frame)
do mesmo frame, e a ultima camada anotada corresponde ao Tipo Sintagmatico do
construto.

Ja para a anotagdo lexicografica, apresenta-se a UL que evoca o frame Quebrar,
cujos FEs Parte e Todo sdo ambos instanciados no SN O cabo (Parte) da panela (Todo).
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A anotag@o registra, ainda a Fun¢do Gramatical (GF) e o Tipo Sintagmatico (PT) do
material linguistico que instancia os FEs anotados.

Enquanto a anotacéo lexicografica produz, no conjunto das sentengas, os padrdes
de valéncia de cada UL, o método construcional mapeia uma constru¢do formalmente,
unificando-a a um frame especifico que resulta no licenciamento de um construto. Nesse
exemplo, o construto O cabo da panela quebrou € licenciado pela construgdo Ergativa,
unificada ao frame Ser_afetado. Através dessa tarefa, pode-se modelar adequadamente a
continuidade entre o 1éxico e a gramatica para que as informagdes sintatico-semanticas
das estruturas linguisticas sejam analisadas a partir das contribuigdes de cada elemento
descrito.

3. A Modelagem de Construcdes

A fim de realizar um experimento especifico de descoberta construcional por maquina,
descrito em Almeida (2016), apresentamos a modelagem de trés construcdes de estrutura
argumental. A construgdo Transitiva Direta Ativa, a constru¢do Ergativa e a constru¢ao
de Argumento Cindido.

As construcdes analisadas nesse trabalho sdo herdeiras da constru¢do X Ntcleo,
composta por um nucleo que ¢ especificado por um elemento a esquerda, o que significa,
de acordo com Kay e Fillmore (1999), que a constru¢do herdeira contém toda a
informacdo da construgdo herdada e outras informagdes acrescidas, referentes aos
elementos que preenchem a construgao.

A partir das descrigdes realizadas por Ferreira (2009), Castilho (2010), Perini
(2010), que apresentaram estudos sobres as Constru¢des Transitiva Direta Ativa e
Ergativa, ¢ de Sampaio (2010) para as Construgdes de Argumento Cindido, nossa
proposta ¢ modelar essas construgdes linguistico-computacionalmente com o intuito de
mostrar como essa modelagem pode contribuir para trabalhos na area de Linguistica
Computacional.

Perini (2010) define constru¢do como uma estrutura gramatical composta por seus
constituintes sintaticos e pela relacdo semantica que cada um deles tem com verbo da
oracdo. Nesse sentido, a construcdo Transitiva Direta Ativa é definida pela sequéncia [SN
[V SN]] em que o primeiro sintagma nominal designa quem praticou uma agao e o
segundo sintagma nominal designa quem sofreu a agdo, como em (1). J& a construcao
Ergativa tem como caracteristica o fato de o sujeito ser paciente, ou seja, ndo pratica
nenhuma acdo e sim sofre o efeito do evento expresso pelo verbo. Pode ser definida como
a sequéncia [SN [V]], como em (2). Por fim, conforme Sampaio (2010), as constru¢des
de Argumento Cindido (CACs) sdo constru¢cdes que apresentam dois argumentos
sintaticos e apenas um argumento semantico, com fun¢@o paciente, juntamente com uma
relagdo Parte_Todo entre eles. Assim, temos um desencontro (mismatch) entre estruturas
sintaticas e estruturas semanticas como em (3).

(1) [[A criangasn/agente] [furouy [0s baldessn/paciente] ]

(2)  [[O pneusn/paciente] [furouy]]
(3)  [[O pedreirosn/paciente-Todo] [furouy [0 dedosn/paciente-parte]]

A partir de suas caracteristicas sintatico-semanticas, as relagdes fundamentais
entre trés as constru¢des foram modeladas em uma rede integrada. Assim sendo, serdo
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explicitadas, de um lado, as relagdes fundamentais para a constituicio de um
Constructicon como uma rede integrada de construgdes e frames, quais sejam, a relagao
de Heranga — entre construgdes — e a de Evocacdo — entre construgdes e frames. De outro,
apresentam-se as restri¢des, as quais remetem as caracteristicas sintaticas e semanticas
que sdo especificas de cada construgdo. Isso implica que um Elemento da Constru¢ao
pode ser de um determinado tipo semantico, ou seja, deve ser um Elemento de Frame do
frame evocado pela construgdo que desempenhe fungdes sintaticas especificas, e também
de um determinado tipo sintatico, isto ¢, tem sua defini¢do ancorada em construgdes
sintagmaticas ou lexicais mais genéricas, também estas definidas no Constructicon.

Como afirma Goldberg (1995), as constru¢des estdo normalmente relacionadas
entre si, integrando redes construcionais que podem apresentar diferentes tipos de
relagdes. A ideia ¢ que cada constru¢do tem um significado proprio e uma forma
esquematica e convencional que é capaz de fornecer as mais abstratas generaliza¢des para
o licenciamento de outras constru¢des. Por exemplo, uma Constru¢do Transitiva, que
licencia sentengas como A4 professora rasgou o papel, definida formalmente por [SN [V
SN]], fornece um padrdo formal para uma Constru¢do de Argumento Cindido, que
licencia construtos como 4 cal¢a rasgou o bolso, a0 mesmo tempo em que compartilha a
informagdo semantica de uma Construgdo Ergativa, que, por sua vez, licencia O lengol
rasgou. A Figura 2 mostra as relagdes entre as trés construgdes, todas herdeiras da
Construgdo Sujeito_Predicado, que, por sua vez, ¢ herdeira da Construgdo X Nucleo.

.X_n ucleo

/.Sujeito_predicado
~ B & 3

\

- \ ~
.ﬁ'ansltlva Direta Ativa .Ergaliva .Argumento cindido
| / ” |
\ ”~ |
|

.Aqﬁo_transitlva .Ser_afetado -Parte_todo

Figura 2. Relagdes entre frames e construcdes

As relagdes de heranga sdo representadas por linhas conectadas aos circulos, que
representam as constru¢des. O compartilhamento de estrutura semantica entre a CAC e a
Ergativa ¢ representado pela relagdo de Evocacdo entre essas construgdes e o frame
Ser_afetado, representado por um quadrado.

O principio que estrutura a relacdo entre construgdes ¢ o Principio da Nao
Sinonimia, que afirma que, se duas constru¢des sdo sintaticamente distintas, tais
construgdes devem ser também distintas semantica ou pragmaticamente [Goldberg 1995].
A situagdo da CAC em relag@o a Ergativa é exatamente aquela prevista neste principio.
CAC e Ergativa sdo sintaticamente diferentes, mas semanticamente sindnimas, assim
sendo, devem ser pragmaticamente distintas. Os exemplos (1), (2) e (3) mostram que,
apesar de a CAC e a Ergativa serem semanticamente sindnimas, ha uma diferenca entre
elas, uma vez que, enquanto na Ergativa encontramos uma estrutura monoargumental, em
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que uma entidade é afetada por um evento, a CAC apresenta uma estrutura em que seus
dois argumentos possuem uma relagao Parte-Todo.

Por outro lado, a CAC ¢ semelhante a Transitiva Direta Ativa sintaticamente,
portanto, mesmo sendo semanticamente distintas, deve haver algum grau de motivagdo
entre elas, o que é capturado através do fato de que ambas herdam da construgdo de
Sujeito_predicado.

A Figura 3 apresenta as relagdes da CAC com as outras constru¢des, como
também sua configuracgdo sintatico-semantica. Na Constru¢ao de Argumento Cindido os
CEs, Sujeito e Predicado, que se constituem das construgdes Sintagma Nominal e
Sintagma Verbal com Complemento, correspondem as restri¢des sintaticas. Os frames
Ser_afetado e Parte_Todo, que estdo representados pelos quadrados, estao relacionados a
construgdo pela relagdo de Evocagdo, seus FEs, que estdo unificados aos CEs, constituem
a Entidade e o Evento no frame Ser_afetado, enquanto no frame Parte_Todo constituem
o Todo e a Parte. A unificagdo entre os CEs e os FEs representa as restrigdes semanticas.

cxn‘Determinm_no"’tm”/QUnderguing~Entify
Subject \

.spln;obifpx
Unde’r’g‘oing:Evanl—.p,ﬁ_whole
Predicate

.cxn_CompIemen'_Taking_Verb_Phrase\o,le whole.Part

Figura 3. Modelagem da Construgédo de Argumento Cindido

Na Figura 4, encontramos a modelagem da Constru¢do Transitiva Direta Ativa,
que também ¢ herdeira da Construg@o Sujeito_Predicado e possui como CEs as mesmas
constru¢des da Construgdo de Argumento Cindido. Apesar de a contraparte sintatica da
CAC ser idéntica a da Transitiva Direta Ativa, notamos, pela relacdo de Evocagdo, que a
disting@o entre elas se encontra na contraparte semantica, ja que o frame aqui evocado ¢
de Ac¢do_ Transitiva, em que um Agente ou uma Causa afeta um Paciente. Esses FEs,
estdo unificados aos CEs, que se licenciam pelas constru¢des de Sintagma Nominal e
Sintagma Verbal com Complemento.

cxn_Determined_noun_phrase

Subject————————@Jransitive_action.Cause
T T——»-@.Transitive_action.Agent

Active-Transitive >Transmve action
Predicate ———————» @ Transitive_action.Patient

cxn_Complement _Taking Verb_ Phrase

Figura 4. Modelagem da Construgdo Transitiva Ativa

Por fim, a Construgdo Ergativa, representada pela Figura 5, também ¢é herdeira da
construgdo Sujeito Predicado, porém a Construgdo Ergativa ¢é constituida pelas
construgdes de Sintagma Nominal e Sintagma Verbal sem Complemento, ja que a possui
uma estrutura monoargumental. Na contraparte semantica, evoca, assim como a CAC, o
frame Ser_afetado, cujo FE Entidade esta unificado ao Sujeito da construgdo. O Predicado
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esta unificado ao FE Evento porque, apesar de a construgdo apresentar dois CEs, a
Construgdo de Sintagma Verbal sem Complemento indica que esse CE é apenas um
nucleo verbal, que ndo é manifesto sintaticamente na forma de um novo argumento.

/ e N

rgative

\O Subject Enmy

Figura 5: Modelagem da Construcéo Ergativa

.Undergolng

4. Consideracdes finais

Com a elabora¢do de uma rede, foi possivel demonstrar a unificagdo entre a
contraparte semantica e sintatica dessas construgdes, que foi representada através do
mapeamento dos CEs para os FEs dos frames evocados por elas. A modelagem das
constru¢des conseguiu mapear que, de um lado, a CAC e a Ergativa sdo semanticamente
sindnimas, mas com uma diferenga entre elas, pois, enquanto a Ergativa apresenta uma
estrutura monoargumental, em que uma entidade ¢ afetada por um evento, a CAC
apresenta uma estrutura de dois argumentos com a mesma informacdo semantica da
ergativa, acrescida por uma relagdo parte-todo entre eles. Por outro lado, foi possivel
demonstrar como a CAC ¢é semelhante a Transitiva Direta Ativa sintaticamente, devido a
uma motivagdo que se manifesta pelo fato de ambas as constru¢des herdarem de um tipo
especifico da construgdo Sujeito-Predicado, que especifica a transitividade do nicleo do
Predicado como direta.

Os resultados obtidos apontam para a importancia da interagdo entre os recursos
disponiveis na FN-Br. Conforme apresentado, o Lexicon e o Constructicon precisam
funcionar juntos para que a continuidade entre o léxico e gramatica seja modelada de
forma satisfatoria. A perspectiva de tratar os fendmenos semanticos via frames e
formalizar o significado das sentengas juntamente com seus aspectos sintaticos fornece a
modelagem de construgdes apresentada nesse trabalho um alinhamento entre um modelo
de descrigdo linguistica e a implementa¢ado computacional da FN-Br ambos com potencial
de contribuir para tarefas de Processamento de Lingua Natural.
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Abstract. The following article presents a preliminary study based on corpora
about the semantic prosody of discendi verbs in Brazilian Portuguese. Thos
study was based on a glossary of discendi verbs in Portuguese built by Freitas
(2016) and on Ebeling’s research (2014) about the semantic prosody of verb
phrases. At first, the verb “confessar” was selected from the glossary in order
to test a possible methodology. Based on the results generated by this
methodology, we were able to identify the semantic prosody of “confessor”
and identify gaps and obstacles for possible unfoldings for this study.

Resumo. Neste artigo, apresentamos primeiros olhares para a investiga¢do da
prosddia semdntica de verbos de elocugcdo em lingua portuguesa, com base
em corpora. O trabalho foi inspirado na dissertacdo de Mestrado de Freitas
(2016) que elaborou um glossdrio de verbos de elocucdo em portugués, e na
pesquisa de Ebeling (2014), que investiga a prosddia semdntica de sintagmas
verbais. A principio, selecionamos o verbo “confessar” no glossdrio de
Freitas (2016) para testarmos uma possivel metodologia. Em conclusdo,
Jjulgamos que a metodologia desenvolvida gerou resultados e, a partir dela,
pudemos identificar a prosodia semdntica do verbo “confessar” e apontar
lacunas e dificuldades para o desdobramento da pesquisa.

Introducao

Muito ja foi dito sobre prosddia semantica, principalmente por pesquisadores nas areas
de estudos com corpus, ensino-aprendizagem de lingua estrangeira e estudos da
tradugdo (HUNSTON, 2007; SINCLAIR, 1996). Em sintese, prosodia semantica ¢ o
termo que descreve a tendéncia semantica positiva ou negativa que unidades de sentido
expressam quando ocorrem combinadas com outras unidades de sentido.

O estudo mais conhecido sobre prosddia semantica feito no Brasil é o de Berber
Sardinha (2004). Essa pesquisa foi de cunho contrastivo e estudou as combinagdes do
verbo “causar” em inglés (cause) determinando que ele carrega uma prosddia semantica
negativa. Berber Sardinha (2004) concluiu, em seu trabalho, que a prosddia semantica
de causar também € negativa em portugueés.

No entanto, em reflexdes mais recentes sobre usos informais do verbo causar, é
possivel observar a fluidez da lingua em relagdo ao uso de verbos e como os sentidos
podem variar de acordo com sua transitividade. O verbo “causar” tem prosodia
semantica negativa quando usado como verbo transitivo direto, pois geralmente ¢
combinado com um complemento de polaridade negativa. Atualmente, 0 mesmo verbo
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vem sendo encontrado na lingua como verbo intransitivo, principalmente em contextos
informais e em publicacdes de redes sociais; mas com um novo sentido, dessa vez,
positivo. A intengdo seria dizer que a pessoa “causou uma presenga positiva’, ou
“chamou ateng¢@o de um jeito bom”, indo na contramdo da preferéncia semantica dos
contextos nos quais o verbo “causar” normalmente esta inserido.

O que aconteceu com o verbo “causar” nos mostra que a prosddia semantica ¢
fluida e instavel. Ela esta ligada ao sentido do verbo que, por si sd, ndo existe dissociado
do contexto, que o determina positivo ou negativo. A partir do momento que “causar”
passou a ser usado como verbo intransitivo, seu sentido mudou, tornando-se quase um
novo verbo.

O presente trabalho tem por objetivo iniciar uma investigacdo sobre a prosodia
semantica de verbos de elocucdo de acordo com as combinagdes encontradas nos
corpora escolhidos para andlise. Para isso, o ponto de partida foi tomar como referéncia
o glossario de verbos de elocugdo em portugués construido por Bianca Freitas (2016)
que, além de ser resultado de uma pesquisa com amplo levantamento, foi dividido em
secdes de acordo com o sentido e proposito comunicativo de cada verbo de elocucdo.

Além disso, o trabalho de cunho contrastivo de Signe O. Ebeling (2014) inspirou
o desenho da metodologia para este artigo, descrita mais adiante. Ebeling (2014)
desenvolve um estudo de caso com trés unidades de sentido que possuem uma prosodia
semantica negativa na lingua inglesa, sendo elas “commit”, “signs off” e “utterly”. A
partir da analise de correspondentes no ENPC (English-Norwegian Parallel Corpus), a
autora se propde a preencher uma tabela com informacdes referentes as unidades de
sentido, cuja reproducdo estd abaixo, na figura 1:

| (Core: commit)

Collocation commit (the/a/an/@) murder/suicide, etc.
Colligation commit NP

Semantic preference | word or phrase to do with an unpleasant event
Semantic prosody bad/negative

Figura 1. Ebeling (p. 164, 2014).

Na figura 1, hd quatro categorias para descrever informacdes encontradas sobre
as unidades de sentido que estdo sendo investigadas: coloca¢do (“collocation’),
coligagdo (“colligation”), preferéncia semantica (“semantic preference”) e, por fim,
prosodia semantica (“semantic prosody”). E importante explicar de forma mais
detalhada a inten¢do das nomenclaturas “collocation” e “colligation” utilizadas pela
autora.

“Colocag@o” ndo ¢ levado em conta como seu uso padrdo, mas sim como sendo
exemplos de texto que co-ocorrem com mais frequéncia e aparecem imediatamente apds
a unidade de sentido que estd sendo estudada. As colocagdes se tornam parte de
expressdes multipalavras, pois ndo precisam ter opacidade semantica a elas associadas.
Por exemplo, na colocagdo “dizer respeito”, “respeito” ¢ uma colocagdo de “dizer”. Ja
“dizer a verdade” ndo é uma colocagdo, apesar de “verdade” ser um colocado muito
comum para o verbo “dizer”. Em Ebeling (2014), apesar de “verdade” ndo ser opaco,
seria considerado uma coloca¢do de “dizer” pois, em geral, co-ocorre com muita

frequéncia no corpus. Como as colocagdes dizem respeito ao ambiente lexical, vale
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ressaltar que trabalhos com corpus tratam de frequéncia de uso, convengao e surgimento
de fendmenos na lingua, como operadores conceituais e novas categorias de analise. O
pesquisador tem acesso a grandes quantidades de dados, que fornecem inumeros
exemplos de utiliza¢do real na lingua.

“Coligac@o” ¢ a classe de forma das palavras que vém apos a unidade de sentido
que, em Ebeling (2014), sdo “commit”, “signs off” ou “utterly”. “Coliga¢do” diz
respeito, portanto, ao ambiente gramatical e sintdtico, a natureza gramatical e
morfossintatica do complemento. Para este artigo, tomamos como referéncia a tabela de
Ebeling (2014), mesmo ndo se tratando de um estudo contrastivo, na tentativa de
preenchermos uma tabela do mesmo feitio em relagao a verbos de elocucdo.

Sendo assim, para analisar a prosédia semantica dos verbos do dizer, fez-se
necessaria a escolha do corpus de andlise. Optamos por trabalhar com o projeto ACDC
por trés motivos. O primeiro motivo da-se pelo fato de os corpora que constituem o
ACDC estarem totalmente disponiveis online e de forma gratuita. O segundo motivo ¢
que o ACDC conta com anotagdo sintatica, facilitando a pesquisa, que pode contar com
os filtros de busca. E o terceiro motivo, por ter como base o glossario dos verbos de
elocugdo, que esta descrito na Gramateca, mantendo um mesmo ambiente de pesquisa,
pois acreditamos que pode trazer consisténcia ao trabalho.

Como corpus de analise foi o escolhido o CHAVE, que ¢ constituido por textos
de jornais. Além disso, ¢ importante destacar que estamos trabalhando apenas com a
variante do portugués brasileiro, apesar de o CHAVE contar, também, com textos
escritos em portugués de Portugal. Essa selecdo se faz possivel através das formulas de
busca disponibilizadas pelo ACDC. Para iniciarmos a investigacdo dentro do CHAVE,
escolhemos um verbo da se¢gio CONCORDANCIA/DISCORDANCIA: “confessar”.
Essa secdo foi escolhida pelo fato de os verbos contidos nela expressarem algum grau
de opinido dentro do contexto do discurso relatado.

O Verbo “Confessar”

Na tentativa de tragarmos uma metodologia, iniciamos a analise com o verbo confessar,
por acreditarmos que tradicionalmente, até por seu uso em contexto religioso, é
acompanhado por um argumento negativo, como “crimes” ou “pecados”. Para acharmos
os complementos dos verbos, montamos a seguinte formula de busca:

[lema="confessar" & variante="BR"] [pos!="V"]* @[pos="N" & func="<ACC"] within s

Ao separarmos os elementos da formula de busca, significa que estamos
procurando por ocorréncias com o verbo confessar ([lema="confessar") na variante do
portugués do Brasil (& variante="BR"]). Ap6s o verbo, pode ou nido haver palavras,
desde que ndo sejam iguais a verbo ([pos!="V"]*). Quanto ao complemento do verbo,
procuramos por substantivos que funcionem como objeto direto do verbo (@[pos="N"
& func="<ACC"]), que ¢ o foco da busca quando acessamos a lista de distribuigcdo
(representado pelo @). Todos os elementos sdo parte da mesma frase (within s).

Ja nos momentos iniciais da pesquisa, deparamo-nos com alguns obstaculos:
alguns verbos de elocugdo sdo polissémicos, isto é, possuem sentidos diferentes. Logo, a
menos que o corpus esteja anotado para as diferencas de sentido dos verbos, como ¢
possivel separarmos apenas os significados referentes ao discurso relatado? Outro
obstaculo encontrado inicialmente foi que, apesar de a formula excluir da busca os
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complementos que contenham verbos, incluindo apenas objetos diretos, a lista de
distribuicdo fornece nucleos que, na realidade, fazem parte de oragdes subordinadas
substantivas objetivas diretas. Trata-se de uma conclusdo a qual s6 podemos chegar
ap6s um olhar mais profundo, que parta da lista de distribuigdo para as linhas de
concordancia, observando o contexto em que cada resultado esta inserido, em vez de
confiarmos totalmente nos resultados obtidos pela ferramenta.

A lista de distribuicdo dos complementos acusativos do verbo confessar ¢
constituida por 156 lemas diferentes. Inicialmente, 59 deles pareciam carregar uma
polaridade explicitamente negativa. Desses 156 lemas, apenas oito eram palavras com
sentido positivo. Independente de as palavras terem um sentido mais ou menos
negociavel, de acordo com o senso comum (“doenga” é negativa, “alegria” é positiva),
as linhas de concordancia de todas as entradas foram acessadas, de modo que aquela
polaridade pudesse ser confirmada ou alterada. Para as palavras que tém o sentido mais
negociavel, ou cuja polaridade sera determinada pelo contexto, s ¢ possivel acharmos a
polaridade quando acessamos as linhas de concordancia. De forma descontextualizada,
elas aparentam ter uma polaridade neutra, como os casos dos lemas “autoria” e
“participacao”.

Ao analisarmos os exemplos nas linhas de concordancia, vemos que esses lemas
sdo combinados com palavras como “crime”. H4 15 entradas nas quais a palavra
“autoria” funciona como objeto direto. Elas aparecem abaixo na tabela 1, com seus
complementos.

Tabela 1. Entradas do lema “autoria”

Entradas do lema “autoria” Quantidade
autoria dos disparos 01
autoria do crime 09
autoria do homicidio 01
autoria do livro-bomba 01
autoria dos furtos 01
autoria de mais de 25 mortes 01
a autoria 01

Na ultima linha da tabela 1, o lema “autoria” aparece sem complemento. A linha
de concordancia da qual ele faz parte aparece abaixo, no exemplo 01:

[Exemplo 01] F951115-043-502: Yigal Amir, 25, confessou a autoria.

O exemplo 01 que corresponde a linha de concordancia ndo foi suficiente para
determinarmos a polaridade da frase. Portanto, ao acessarmos o contexto, que nesse
caso € a noticia de jornal de onde a frase foi tirada, € possivel vermos que se trata de
autoria do crime: “Sete judeus ja foram presos por ligagdo com o crime. Yigal Amir, 25,
confessou a autoria”.

O mesmo acontece com o lema “participagdo”, que aparece catorze vezes, COmo
mostra a tabela 2:

Tabela 2. Entradas do lema “participacao”
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Entradas do lema “participagio™ Quantidade
participagdo em atividades terroristas | 01
participagdo no crime 07
participagdo em orgias homossexuais | 01
participagdo no atentado 03
participagdo no assassinato 01
participacdo na chacina 01

O mesmo procedimento de andlise no caso de ‘“autoria” foi adotado. Nas
ocorréncias em que ndo foi possivel identificar uma polaridade para a frase apenas pela
linha de concordancia, recorremos ao contexto da noticia.

[Exemplo 02] F940317-096-817: Em fita, confessou a participacdo em apenas um.

Contexto do exemplo 02: “O ex-tenente é acusado de participar em trés
homicidios. Em fita, confessou a participagdo em apenas um. Luciano seria cumplice

nos crimes”. Logo, pelo contexto, o lema “participacdo” estd ligado a homicidio.

O lema “coisa” possui quatro entradas, sendo os exemplos 04 ¢ 05 considerados
negativos e os exemplos 03 e 06 com polaridade neutra; tratando-se o exemplo 06 de
um complemento oracional.

[Exemplo 03] F940610-082-939: «Bem, preciso lhe confessar uma coisa», respondeu
Maria.

Contexto do exemplo 03: “No primeiro encontro com Nossa Senhora,
cumprimentou-a efusivamente pela carreira do seu filho Jesus. "Bem, preciso lhe
confessar uma coisa", respondeu Maria. "Na verdade, eu fiz tudo para que ele estudasse
Direito". (Cronica de Paulo Coelho para a Folha)”

[Exemplo 04] F950507-015-209: Nao ¢é provavel que Jorge Bandeira confesse alguma
coisa util, mas o aprofundamento das investigagdes, em Nova York, encontrara até os
nomes de mais brasileiros.

[Exemplo 05] F950725-111-1310: Nenhuma confessou coisas inconfessaveis.
[Exemplo 06] F951009-009-64: Confesso que escrevi uma coisa com esse titulo.

Apds a andlise das linhas de concordancia, algumas palavras da lista de
distribuicdo foram excluidas da contagem final. As entradas “alma” e “sangue”, como
mostram os exemplos 07 e 08, abaixo, vém das expressdes “lavar a alma” e “sangue de
barata”, que contariam cada uma como um Unico item lexical. Esses exemplos nos
mostram que a lista de distribuicdo ndo pode ser considerada uma ferramenta sem
falhas, pois os niimeros obtidos por ela estdo fora de contexto. Trata-se, portanto, de um
atalho eventualmente falivel, pois ¢é resultado de uma série de processos em que pode ter
havido erros no processamento automatico.

[Exemplo 07] F940408-067-742: Confesso que lavei a alma justamente com as cenas
mais didaticas.

[Exemplo 08] F951001-196-2556: Confesso que tenho sangue de barata, mas até
barata se enche.

No exemplo 09, o lema que aparece na lista de distribuigdo é “ideia”, cujo
complemento ¢ oracional. Podemos considerar que a frase tem uma polaridade muito
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positiva, por causa da palavra “excelente” colocada com o lema “ideia”. Ou seja, o que
estd depois do verbo “confessar” é positivo. Mas, pelo fato de o verbo ter uma prosodia
semantica negativa, o esperado pelo leitor era que o falante tivesse achado a ideia ruim,
ndo excelente, a julgar pela escolha do verbo “confessar”. Como o verbo ja tem uma
prosodia semantica negativa, aquilo que estd relatado na frase, mesmo que tenha uma
polaridade positiva, ¢ relatado como algo ndo preferido do ponto de vista de quem relata
a situacdo, pois o esperado seria o oposto. O uso do verbo “confessar” ¢ a escolha do
narrador, e a polaridade esta vinculada ao seu ponto de vista. A lista de entradas com
complemento oracional corrobora a ideia da prosddia semantica negativa, mesmo nao
tendo sido estudada de forma mais aprofundada para este artigo.

[Exemplo 09] F951007-114-1372: «Confesso que achei excelente a idéia de celebrar a
7* Bienal do Livro com uma impressao fac-similar da primeira edi¢do dos Lusiadas, a
de 1572, e, sobretudo, a de me mandarem este pequeno volume.»

O mesmo pensamento ocorre no exemplo 10. O lema que aparece na lista de
distribuicdo, com apenas uma ocorréncia, ¢ “camisinha”, mas na andlise da linha de
concordancia, vemos que se trata de um complemento oracional. Em termos de
contexto, ‘“usar camisinha” ¢ socialmente relevante, carregando uma polaridade
positiva. No entanto, hd um operador de nega¢do na frase, o “raramente”, que inverte a
polaridade da frase para negativa.

[Exemplo 10] F950924-085-1174: Com  algum  constrangimento, a voz do
Braulio confessa que raramente usa camisinha em suas rela¢des sexuais.

Como critério para exclusdo na contagem de lemas, optamos por desconsiderar
aqueles cujas entradas continham apenas exemplos de colocagdes com complementos
oracionais e nenhum sintagma nominal além de itens anotados com erro. No total,
foram excluidos 76 lemas diferentes, tendo apenas cinco sido excluidos por erros de
digitacdo. Os outros 71 estdo contidos em exemplos como os complementos oracionais
e/ou itens lexicais, como os exemplos 07 e 08. Passamos de 156 para oitenta lemas
validos, dos quais apenas dois carregam polaridade positiva. A tabela 3, inspirada na
tabela criada por Ebeling (2014), mostra as informagdes obtidas nessa analise.

Tabela 3. Prosédia semantica de “confessar”

Confessar
Colocagio Crime, assassinato, pecado, etc.
Coligagio Sintagma nominal
Preferéncia semantica Palavra ou locugio relacionada a um acontecimento ruim
Prosodia semantica Negativa

Algumas polaridades foram definidas como negativas pelo contexto semantico,
apos a andlise das linhas de concordancia. No entanto, hd wuma dificuldade para
determinarmos como encontrar a prosoédia semantica dos verbos que introduzem um
complemento oracional como colocagdo. Qual elemento da oracdo indicaria a prosodia
semantica do verbo? O sujeito? Seria uma possivel solugdo achar uma féormula que
excluisse complementos oracionais da busca do corpus?
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Consideracoes Finais

Na tentativa de tragar uma metodologia para conduzirmos este trabalho, confirmamos a
suspeita de que o verbo “confessar” tem prosodia semantica negativa. Portanto,
demonstramos a engenharia reversa da metodologia, que foi testar uma hipotese, da qual
j& esperavamos obter certo resultado, com um procedimento empirico. A partir dos
resultados, confirmamos se essa metodologia ¢, de fato, funcional para a realizagdo da
pesquisa. Conseguimos, assim, completar informa¢des em uma tabela inspirada na de
Ebeling (2014).

Ao definirmos uma prosodia semantica negativa para um determinado verbo,
percebemos que ele carrega a negatividade para contextos que ndo seriam
necessariamente negativos. Ou seja, ndo hé polaridade negativa em algumas frases, mas
o verbo “confessar”, por exemplo, carrega o sentido negativo para seu complemento,
por possuir uma prosodia semantica negativa. Isso faz com que o leitor seja
direcionando para um tipo de interpretagdo, sugerindo uma manipulagdo dessa
interpretagdo por parte do narrador.

Alguns questionamentos e insegurangas surgiram no desenrolar da pesquisa,
principalmente em relagdo aos complementos oracionais dos verbos selecionados.
Sabemos que uma forte caracteristica do discurso relatado ¢ o complemento ser uma
oragdo, na qual estd justamente o conteudo relatado. Até o presente momento, ndo
tomamos conhecimento de nenhuma pesquisa sobre prosédia semantica e
complementos oracionais, que possivelmente poderiam trazer novos caminhos para a
continuidade deste trabalho.

Os casos em que aparecem complementos oracionais nos mostram que a lista de
distribuicdo ¢ um gatilho para iniciar a andlise, porém insuficiente. Por isso, ¢
fundamental ter acesso as linhas de concordancia. A féormula de busca desse trabalho
pede para encontrar objetos diretos dos verbos na lista de distribuigdo, mas a lista
também inclui itens que sdo parte de oragdes subordinadas substantivas objetivas
diretas. Ou seja, faz-se necesséria a confirmagdo dos numeros obtidos fora de contexto
pelas ferramentas, desconfiando de resultados alcangados por listas automaticas.

Como alguns complementos nio tém polaridade explicita em seu nucleo, a lista
de distribui¢do se torna insuficiente para determinarmos a polaridade de cada caso, no
uso como complemento de cada verbo, como o exemplo dos lemas “autoria” e
“participagdo”, que co-ocorrem com o verbo “confessar”. E preciso, entio, explorar a
polaridade indo além da lista de distribuicdo do complemento. Olhar para o contexto
inteiro torna-se indispensavel. Qual seria a polaridade dessas palavras que dao “suporte”
ou “ligag@o” para o nucleo da informagao? A partir dos exemplos citados, percebemos
que muitas vezes a prosodia semantica ¢ fruto de uma composi¢ao, na qual a polaridade
de uma palavra contagia as outras, de acordo com as combinagdes feitas pelo narrador.

Cada lingua, em particular, tem uma série de palavras cujas condi¢des para que
elas sejam positivas ou negativas condizem com valores sociais e que podem mudar
com o tempo. O fato de estarmos pesquisando com corpus evidencia nossa vontade de
trabalharmos com exemplos reais da lingua. Os dados fornecidos pelo corpus mostram-
se fundamentais para a elaboragio de teorias, pois podemos entender melhor a duvida se
tivermos acesso a exemplos. Restam alguns questionamentos: quais os critérios para a
polaridade “pré-definida” das palavras? Seria ‘“convencionalidade” um critério
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suficientemente forte? E ainda: o que causa o efeito negativo na leitura e interpretacdo
do discurso relatado, de acordo com o verbo escolhido?

Percebemos, também, que ainda é preciso encontrar uma estratégia para filtrar
os sentidos dos verbos que ndo sdo de elocucdo, no caso dos verbos polissémicos. E
mais, para onde olhar e como pensar em polaridade quando a colocacdo do verbo ¢ um
complemento oracional? Em exemplos como “ele confessou que ndo gostou do prémio”
ou “confessou ainda que ali ndo havia milagres”, os lemas “prémio” e “milagres” tém
polaridades positivas. No entanto, a presenga da negacdo, em “ndo gostou” e “ndo
havia”, faz com que a frase tenha um efeito ruim, na medida em que nao ter ou nao
gostar de uma coisa considerada boa ¢ negativo. Ao mesmo tempo, o verbo “confessar”
¢ usado, pois o esperado era que, em seus respectivos contextos, o falante gostasse do
prémio ou que ali houvesse milagres. Ou seja, a prosddia semantica ¢ negativa, pelo uso
do verbo “confessar”. Ainda assim, o que faz um item positivo ou negativo? Onde saber
como localizar a polaridade da frase? Quais elementos nos dao a pista da prosodia
semantica? Apenas definir a prosodia seméantica do verbo ¢ suficiente para determinar a
polaridade da frase?

Quanto a experiéncia de trabalhar com o ACDC, ha vantagens e desvantagens.
Notavelmente, o projeto facilita o trabalho com corpus. A plataforma ¢ de facil
manuseio e o design ¢ amigavel. As etiquetas de anotagdo para verbos do dizer e
discurso relatado direto e indireto ja foram criadas. No entanto, algumas anota¢des nao
dao conta dos outros sentidos dos verbos, ou apresentam erro, o que ¢ passivel de
acontecer na anotacdo automatica, principalmente em um corpus desse porte. Resta
saber se ha estratégias para conseguir filtrar no corpus somente o que interessa, como as
ocorréncias dos verbos apenas com sentido de verbos de elocugdo. Um possivel
caminho talvez seja pensar em formulas que restrinjam pessoas ou tempos verbais.
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Abstract. Some useful information for planning a trip should go beyond what
is available in some travel guides, that is, they should bring specific
information to the tourist. Considering this need, the present work aims to
present a recommendation system for tourist attractions based on semantic
information extracted from tourist comments on online platforms, which will
go beyond the basic information (museum, restaurant), presenting specific
information (if it is a suitable place for children, for example). The system
performs a semantic analysis of tourists' comments on the Internet, using a
knowledge base from relevant semantic frames and associated lexical items.

Resumo. Algumas informagdes uteis para planejar uma viagem devem ir além
do que estd disponivel em alguns guias de viagem, ou seja, devem trazer
informacoes especificas para o turista. Considerando essa necessidade, o
presente trabalho tem como objetivo apresentar um sistema de recomendagcdo
para atragdes turisticas, o qual ird além das informagdes bdsicas (museu,
restaurante), apresentando informagoes especificas (se é um local adequado
para criangas, € acessivel). O sistema executa uma andlise semdntica dos
comentdrios de turistas na Internet, usando uma base de conhecimentos a
partir de frames semdnticos relevantes e itens lexicais associados.

1. Introducao

Planejar uma viagem ou atividade de lazer requer diferentes tipos de informagdes sobre
uma atra¢do turistica. Muitos guias de viagem podem auxiliar trazendo informacdes
sobre os locais, como chegar, o que fazer ou até mesmo a temperatura em determinada
época do ano. Do mesmo modo, essas ferramentas costumam focar em atracdes de
destaque ou informagdes mais gerais que auxiliam um planejamento bdsico de uma
viagem. Entretanto, os guias de viagem ndo trazem informacdes especificas que muitos
turistas podem precisar ao planejar uma viagem, tais como qual atra¢do € melhor para

um dia chuvoso ou que museu € interessante para criancas. Essas informagdes sdo
subjetivas e sdo sujeitas a alteracdes.

Embora muitas informag¢des estejam disponiveis em plataformas online na forma
de comentdrios e avaliagdes postadas por usudrios, ler todos eles € tarefa incompativel
com o dinamismo de uma viagem. Considerando esse contexto, uma andlise automatica
desses comentdrios poderia gerar informacdes mais uteis ao turista, em especial, se
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disponibilizadas em uma plataforma interativa e dindmica. Nao se trata apenas de
extrair se a impressdo geral sobre uma determinada atracio € positiva ou negativa, tarefa
ja classica em Processamento de Lingua Natural (PLN), mas de ir além delas, trazendo
informacdes mais especificas que auxiliem o usudrio a tomar decisdes.

O trabalho se desenvolve no ambito do projeto m.knob do Laboratdrio FrameNet
Brasil de Linguistica Computacional da Universidade Federal de Juiz de Fora. Tal
projeto estd desenvolvendo um assistente pessoal de viagem na forma de um chatbot
com o qual os turistas podem interagir usando lingua natural com vias a obter
recomendacdes de atracdes e atividades.

Nesse contexto, este trabalho tem como objetivo propor uma metodologia de
categorizagdo automatizada para atracdes turisticas baseada na informacdo seméantica
extraida de comentdrios de turistas em plataformas online. Tal metodologia prevé a
existéncia de um analisador que extraird a informacdo semantica dos comentérios e a
traduzird em um cluster de frames. O sistema também ird gerar clusters a partir dos
inputs do usudrio e, posteriormente, mapeard as semelhangas entre os clusters,
sugerindo atracdes e atividades turisticas que possam aderir aos interesses do usudrio.

Na préoxima secdo, apresentamos os conceitos fundamentais da Semantica de
Frames, teoria que d4 sustentagdo ao desenvolvimento da FrameNet Brasil e da base
m.knob, enquanto as se¢des seguintes estdo assim distribuidas: a se¢@o 3 traz a proposta
metodoldgica, a se¢do 4 apresenta uma andlise de exemplo em Portugués e a secdo 5
apresenta as consideragdes finais.

2. Semantica de Frames

Para a Linguistica Cognitiva, o significado das palavras associa-se as experiéncias
sociais e culturais, uma vez que essa perspectiva tedrica considera a linguagem como
parte da cognicdo. Desse modo, em suas interacdes, o falante/ouvinte constréi o
significado através de conceptualizagdes, com base em suas experiéncias. Nesse
contexto, Fillmore (1982) propde um modelo segundo o qual o significado das
expressdes ¢ perspectivizado, ou seja, o significado é construido através de pontos de
vistas diferentes e ndo de uma tnica maneira objetiva. Partindo desse principio, ao se
propor uma pesquisa a partir da Semantica de Frames, compreende-se que a dimensao
do significado € expressa a partir de estruturas cognitivas — frames — os quais os falantes
utilizam para expressar o entendimento de sua lingua[Fillmore & Baker 2010].

A Semantica de Frames € o estudo de como as formas linguisticas evocam ou
ativam frames e de como os frames ativados podem ser integrados no entendimento de
sentencgas [Fillmore & Baker 2010]. Desse modo, a Semantica de Frames oferece um
entendimento de como o significado emerge a partir de cenas. Um exemplo sdo os
verbos comprar e vender que evocam cenas com perspectivas diferentes, isto €, em
comprar, a cena € perspectivizada pelo comprador, enquanto que em vender, o € pelo
vendedor. Percebe-se que, a partir dessas diferentes perspectivas, um frame é construido
cognitivamente na interagdo, contribuindo para a compreensao de uma expressao.

A partir da Seméantica de Frames, surgiu a FrameNet, um projeto lexicografico
computacional, que extrai informacdes sobre propriedades semanticas e sintdticas de
palavras do inglés, através de um grande corpus eletronico [Fillmore 2003a].A
FrameNet identifica e analisa os frames evocados nas sentencas anotadas para o
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sistema, buscando estudar que propriedades — sintdticas e semanticas — se instanciam
nelas.

2.1.FrameNet Brasil

A partir da FrameNet de Berkeley, outras FrameNets surgiram ao redor do mundo e
uma delas é a FrameNet Brasil. Ela vem se desenvolvendo desde 2007 e se baseia na
Semantica de Frames para a andlise de sentencas no Portugués [Torrent & Ellsworth
2013]. Considerando a Semantica de Frames como a base tedrica da FrameNet Brasil,
os principais pilares analiticos dessa iniciativa sdo frames, elementos de frame (EFs),
unidades lexicais (ULs) e anotacgdo lexicografica.

Assim como em outras FrameNets, a FrameNet Brasil considera em sua analise:
(a) um conjunto de frames, compostos por elementos de frame (EFs) e (b) as unidades
lexicais (ULs), palavras que evocam frames. Essas categorias sdo consideradas na
anotacdo lexicografica de sentencas do Portugués. Esse tipo de anotacdo considera a
unidade lexical (UL) como ponto central no processo de anotacdo, porém, outros
constituintes da sentenga também sdo considerados nessa tarefa [Fillmore, et al. 2003].
Esses constituintes, tais como nomes, verbos e advérbios sdo anotados em camadas
separadas, as quais identificam os EFs, que podem ser nucleares e ndo-nucleares, a
Funcdo Gramatical (FG) e o Tipo Sintagmatco (TS). A titulo de exemplo, considere-se
o frame Chegar, reproduzido na Figura 1.

Chegar

Definigao

Um m se move na diregdo de um AlvoReJAlvo) pode ser expresso ou pode ser entendido a partir do contexto, mas é sempre implicito no préprio verbo.
Exemplo(s)

Elementos de Frame Nucleares

m é qualquer expressdo que diz onde o tema acaba, ou iria acabar, como resultado do movimento. Nés chegamos em Paris antes da meia-noite.

Embora esteja sempre presente e especificado conceptualmente, o Ivo} pode, algumas vezes, ser entendido a partir do contexto, ao invés de ser
expresso por um constituinte separado. Nossos visitanteschegaram ontem.

A

m é 0 objeto que se move. Pode ser uma entidade que se move sob seu préprio poder, mas ndo precisa ser. O policial se aproximou da casa. Eu

(ZuG)| abaixei quando a bola de baseball se aproximou da minha cabega.

t

Elementos de Frame N3o-Nucleares )

Circunstancias Circunstancias descrevem o estado do mundo (em um tempo e lugar particulares) o qual é especificamente independente do evento
[circumstances] em si e de qualquer de seus participantes.
-0 0 As referem-se ao estado do /s quando o m chega. O senador chegou a uma aclamagéo publica de pé..
e
(Co_tema refere-se a um segundo objeto que se move, expresso por um objeto direto ou um obliquo. Pat veio comigo pela rua. O
Co_tema [cotheme] - g Jetoq P P J q o p

esquilo retornou com a noz.
[Descricdo [depictive] A refere-se a um sintagma que descreve o estado do m durante a chegada. A Princesa de Gales chegou sorrindo.
Unidades Lexicais

7 aportar.v || (£ chegarv| |7 entrarv| (7 regressarv| (2 virv| |2 voltarv

Figura 1. Exemplo de frame na FrameNet Brasil

A partir da defini¢cdo do frame, sentencas contendo as ULs que o evocam, nesse
caso, aportar.v, chegar.v entre outras, podem ser anotadas e o produto dessa anotac¢do
gera padrdes de valéncia nos quais cada UL pode se instanciar. Para a composi¢do de
tais padrdes, sdo atribuidas, para cada EF, etiquetas relativas a FG — tais como “Ext”
(Externo), “Obj” (Objeto), “Dep” (Dependente) e “Quant” (Quantificador) — e ao TS —
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NP (Sintagma Nominal), PP (Sintagma Preposicionado), VInf (Verbo Infinitivo), entre
outros.

2.2. Multilingual Knowledge Base (m.knob)

A FrameNet Brasil vem desenvolvendo um repositério de frames multilinguesde
dominio especifico chamado Multilingual Knowledge Base (m.knob). A primeira
versdo do banco de dados do m.knob, desenvolvida para os Jogos Olimpicos do Rio
2016,apresentava 52 frames e mais de 2000 unidades lexicais, modelando os dominios
do turismo [Gamonal & Torrent 2015] e dos esportes [Costa 2017] em trés linguas:
Portugués, Espanhol e Inglés. Passados os jogos, a base de dados estd sendo expandida
para modelar de maneira mais detalhada os varios aspectos da experi€ncia turistica,
incluindo-se aqueles que ndo se distinguem, ao menos do ponto de vista terminoldgico,
de modelos lexicais genéricos.

Esses frames podem ser entendidos como modelos de sistemas conceituais que
representam tanto eventos — tais como fazer uma reserva — como entidades — tais como
atracdes urbanas e naturais. Cada frame € composto por uma defini¢do e um conjunto de
elementos que definem a cena que funciona de pano de fundo para o significado da
unidade lexical que evoca o frame [Fillmore 1982]. A Figura 2 apresenta o frame de
Servico turistico_ reservar, evocado pelas unidades lexicais reserva.n e
reservar.v, conforme consta na base de dados da FrameNet Brasil.

Servigo_turistico_reservar

Definigdo

o m realiza as reservas necessarias para o planejamento das atividades turisticas.

Exemplo(s)

Elementos de Frame Nucleares

Servigos ou produtos reservados pelo (IS quando do planejamento de sua viagem ou durante a atividade turistica.

urista [Tourist] Individuo ou grupo que efetua reservas de TETeROIEe.

Elementos de Frame Nao-Nucleares
Relagdes

Unidades Lexicais

7 reserva.n || (£ reservarv

Figura 2: Frame Servigo_turistico_reservar

No m.knob, assim como nas demais FrameNets, os frames se relacionam entre si
em uma rede, conforme Figura 3. As relacdes podem indicar se um frame € um sub-
evento dentro de um evento complexo (setas azuis), se ele apresenta uma perspectiva
especifica sobre uma cena neutra (setas rosas indicando as perspectivas do turista e do
prestador do servigo turistico), se ele ocorre necessariamente antes de outro frame (seta
preta) ou se ele pressupde algum outro frame (setas verdes).

Os frames do m.knob incluem tanto eventos e entidades especificos do turismo,
quanto outros de dominio geral, uma vez que ambos sdo necessdrios para o
entendimento dos comentdrios dos turistas sobre as atragdes. Itens lexicais tais como
museu.n, visitar.v, restaurante.n representam interesses primdrios do turistas. Além
desses interesses, o turista pode necessitar de informagdes secunddrias como se o lugar é
acessivel, se € bom para dias chuvosos, entre outros. Dessa forma, o banco de dados do
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m.knob inclui frames relevantes para descrever tanto interesses primdrios, ou seja, 0s
tipos de eventos e entidades tipicamente turisticos,quanto secunddrios, ou seja,
caracteristicas e propriedades que, em principio, se aplicam a quaisquer eventos ou
entidades.

Planejamento_do_turista
L ! Mloocumentos Wiservico_turistico

.Oblar documento

__,_,.———""’".F"‘" cambio rvigo_turistico_transagdo
.Genérlo-do—lurlsmo—».e,ona’rlo do_turismo_preparagao

.Servlco turistico_reservar

.Contra!ar fornecer_servigo_turistico -Pagar cobrar_servigo_turistico

Biservico_turistico_comprar

.Servlco turistico_vender .sarvlco turistico_receber

.Sorvlco turistico_pagar

Figura 3: Extrato da Rede de frames do m.knob

Nesse sentido, a base atual expandida do m.knob conta com 331 frames, que
incluem tanto frames modelados pela FrameNet Brasil, quanto frames que ja constavam
da base de dados de vocabuldrio genérico da Berkeley FrameNet [Fillmore et al. 2003].

3. Proposta Metodoldgica

Embora a cultura colaborativa da internet tenha trazido avaliacdes subjetivas sobre
atracdes turisticas através de ferramentas diversas, isso ainda ndo ¢ suficiente para que o
usudrio possa aproveitar essas informacdes, dada a impossibilidade de ler todas as
avaliacOes postadas. Dessa forma, o projeto proposto nesse trabalho supera essas
limitacdes através de uma base de conhecimento multilingue que modela o dominio do
turismo e de um categorizador algoritmico que usa essa base de conhecimento para
gerar representacdes semanticas detalhadas de atragdes turisticas.

Com base no categorizador algoritmico, o sistema ird verificar os comentérios
postados e extraird o significado das palavras candidatas. Em um primeiro estdgio, €
reunido o conjunto de frames evocados nos comentdrios. Em seguida, os frames
evocados serdo pesados quanto a sua frequéncia nos dados. Em uma terceira etapa, os
agrupamentos de frames que representam cada lugar serdo derivados e armazenados no
banco de dados do m.knob. Como objetivo final dessa pesquisa, uma interface de
usuario sera desenvolvida, onde o turista informard, através de uma interface
conversacional, o que ele gostaria de fazer, usando lingua natural. No estdgio final, o
sistema fornecerd ao turista recomendagdes de lugares classificados de acordo com os
resultados de um processo de correspondéncia entre a representacdo semantica gerada
para a sentenca do usudrio e aquelas geradas para as atragdes a partir da andlise dos
comentdrios. Uma visdo geral do sistema de categorizacdo € apresentada na Figura 4.
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Figura 4. Visao geral do sistema de categorizacdo. Os elementos em azul
representam os processos atuantes sobre comentarios disponiveis em
plataformas online; aqueles em amarelo, os atuantes sobre a entrada do
usuario, e aqueles em verde as partes do sistema que trabalham sobre ambos.

4. Andlise de Exemplos

Para o estudo piloto, um corpus que conta com 3495 comentérios sobre 939 locais em
Sdo Francisco (EUA), foi extraido do Google Places API. Uma versdao alfa do
analisador semantico identificou os frames potencialmente evocados por cada
comentario. Dentre os 50 frames mais evocados, 24 se referiam a interesses
secunddrios, 20 se referiam a um vocabuldrio mais geral, ndo sendo necessariamente
interesses turisticos e 6 eram menos importantes.

N

Em relagdo a natureza e aos exemplos dos frames evocados a partir dos
comentdrios dos usudrios, entre os frames que se referiam a interesses primdrios,
destacam-se Locais por uso (com ULs como museu.n, igreja.n e praga.n) €
Locais naturais (praian e vale.n). Ja entre os secunddrios, destacam-se
Parentesco (filho.n, avé.n, irmdo.n), Pessoas por idade (crianga.n,
idoso.a), Custo (caro.a, barato.a), Foco no_ estimulo (lindo.a, majestoso.a),
entre outros. Esses dados sugerem como os frames evocados nos comentdrios dos
turistas, podem auxiliar na representacdo seméintica detalhada de atragdes turisticas,
contribuindo para o fornecimento de dados para o aplicativo.

A partir dessa proposta metodoldgica, nesta se¢@o, serd apresentada uma andlise
exemplar para o Portugués. Usaremos como exemplo a sentenca em (1), um comentario
sobre a Universidade Federal de Juiz de Fora, extraido da plataforma Google Local
Guides:

(1) A UFJF € uma boa instituicao de ensino e um 6timo lugar para passar as
tardes de sdbado e domingo, praticando esportes e atividades ao ar livre,
como vdlei e peteca. Além disso, € frequente a ocorréncia de eventos
noturnos, como shows.

Aplicando-se a esta sentenga o procedimento de indicacdo dos frames evocados
por cada UL constante da base da FrameNet Brasil, temos a anotag@o proposta em (2).
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(2) A UFJF é uma [boa™"™] [instituicio de ensino™**"-"*°] e um
[6tim0Scr7dcscjévcl] [lugarLocal] [paraFinalidadC] [pas SarEstadaitcmporéria] as
[tardeSUnidades_caléndricaS] de [SébadOUnidades_caléndricaS] e [domingOUnidades_caléndricaS]
[praticando esportes Atividades_de_lazer]
[volei®™] e [peteca®™™™].

[ocorréncia®™™] de [eventos noturnos

,
Atividades_de_lazer] o Tatividades ao ar livre
Além disso, € [frequente

EvemO] , como [ShoWSArtes_perform{lticLIS] .

, como
Frequéncia] a

Como se pode notar, a grande maioria das palavras e expressdes que constituem
o comentdrio encontram correspondéncia em algum frame. Considere-se ainda que,
apenas para a Universidade Federal de Juiz de Fora, a plataforma do Google Local
Guides conta com 224 comentdrios de usudrios. Isso posto, fica demonstrada a riqueza
dos dados que podem ser extraidos e compilados na plataforma m.knob a partir da web.

5. Consideracoes Finais

O presente artigo teve como objetivo apresentar uma metodologia de categorizacdo
automatizada para atracdes turisticas baseada na informagdo semantica extraida de
comentdrios de turistas em plataformas online. Além disso, buscou-se demonstrar como
a Semantica de Frames pode auxiliar na interpretagdo semantica de dados, através dos
frames evocados em cada sentenga. Outro ponto de destaque foi a apresentacdo do
repositorio de frames multilingues de dominio especifico chamado Multilingual
Knowledge Base (m.knob) que a FrameNet Brasil vem desenvolvendo. A partir da
apresentacdo do m.knob, buscou-se apontar como essa ferramenta pode auxiliar na
extracdo de informagdes seminticas de comentdrios de usudrios, através de uma
proposta metodoldgica de categorizacdo automatizada.

Esse estudo inicial sugere que o banco de dados do m.knob tenha cobertura
suficiente de interesses turisticos primdrios e secunddrios para apoiar a extragdo das
informagdes semanticas necessarias para o sistema de categorizag¢@o proposto.
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Abstract. This paper aims to present the syntactic operation called
conversion, which occurs in nominal predicates with the support-verb
‘fazer’ (do/make). We have noted in the examples that the most frequent
converse support-verb is ‘receber’ (receive). There is another converse
verb as well, as ‘sofrer’ (suffer), but it is present in sentences with a
negative sense. The analysis was done based on the Lexical Grammar
theory.

Resumo. Este trabalho tem como objetivo apresentar a descri¢do da
operagdo sintatica chamada conversdo nos predicados nominais que
apresentam o verbo-suporte ‘fazer’. Constatou-se, nos exemplos
analisados, que o verbo-suporte converso que apresenta o maior niimero
de ocorréncias neste caso é o verbo ‘receber’. Outro verbo converso de
‘fazer’ é sofrer, que ocorre predominante em construgdes que
apresentam uma carga semdntica negativa. As andlises foram realizadas
tendo como arcabouco tedrico a Léxico-Gramdtica.

1. Introducao

Neste trabalho sera apresentada a descrigdo de uma operagdo sintatica particular
que afeta um certo nimero de substantivos predicativos (Npred) e as constru¢des com
seus respectivos Verbo-Suporte (Vsup) e construgdes correspondentes com o mesmo
Npred. Trata-se das constru¢des conversas

Segundo Ranchhod (1990, p. 52), os Vsup sdo aqueles que apoiam
flexionalmente o elemento nicleo da predicacdo, o substantivo predicativo, fornecendo-
lhe as marcas de tempo-aspecto-pessoa-numero, pois o substantivo, pela sua
morfologia, ndo as apresenta, e formando com ele o predicado da frase. Alguns dos
Vsup mais comuns sdo fazer, ter, ser ¢ dar.

Os Npred sdo substantivos que possuem argumentos, ou seja, € em relagdo a eles
que os outros elementos da frase sdo estabelecidos. Esses substantivos selecionam o tipo
e o niumero de seus argumentos, fazendo também uma restri¢ao lexical a essa posicao.
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O verbo ‘fazer’ pode estar presente em uma construgdo como verbo-suporte, por
exemplo em: Ana fez um convite a Maria, em que ha uma constru¢do verbal relacionada
(Ana convidou Maria). Esse tipo de construcdo foi analisada no trabalho de Barros
(2014), por meio do estudo de 1815 predicados nominais formados pelo Vsup fazer em
um Npred do PB.

Entretanto, para esse mesmo Npred ‘convite’ é possivel observar uma construcao
que foi chamada de construgdo conversa por Gross(1989): Maria recebeu um convite
de Ana, na qual estdo presentes os mesmo argumentos da construgdo inicial mas de
forma invertida. Essa propriedade foi mais profundamente estudada por Calcia (2016),
cuja analise englobou construgées com outros verbos-suportes, além do verbo fazer,
objeto do presente estudo.

O trabalho esta divido da seguinte maneira. Inicialmente serdo apresentados os
principios gerais da Teoria do Léxico Gramatica. Em seguida, serdo examinadas as
construgdes conversas, com foco especial naquelas cuja construcao standard ¢ feita com
Vsup fazer. Finalmente, serdo apresentados os resultados com a toda a gama de verbos
suporte que aparecem nessa construgio conversa.

2. Léxico-Gramatica

O Léxico-Gramatica [Gross, 1975] propde que seja feita uma investigagdo e descrigcao
linguistica formalizada em matrizes bindrias, nas quais as frases simples se encontram
nas linhas e as propriedades sintatico-semanticas, nas colunas. Cada matriz corresponde
a uma classe léxico-sintatica. Quando uma entrada possui determinada propriedade, ¢
assinalado na coluna ‘+’°, e quando hé a auséncia dessa propriedade, utiliza-se o simbolo
‘-’, como se nota na Figura 1, que mostra uma parte da matriz feita para formalizar as
construgdes conversas do Vsup ‘fazer’:

z a |2 HERESBREEE 3 zlzls (s = HEEERERERE
g 9 g ElEIE=IFIFIZIZ|Z 8 SIFIE £ = ZIZ|e|g|12|2 |3

g g 1552 | (% E] TITIE|E 2 £IE|E|E|E |2
: SO REEEEREEEEE] O EEEE] O OEEEIEELRE
3 L A - R R R FE N E HEEHH 3 slelelzlelgl®
2 = i FRERE] 2 H 3 (5|8 [* E EREAERERERE

B M g g g g% 15 (8|28

3 8 2 8 b4 2155

= 8

3
- - I~ = === =] = ===~ ~|~+ - - -

boicote - FR - 3 |+ + |+ |+ |de, porpartede|+ + |+ [boicotar + |0 Brasil recebeu o boicote dos EUA.
calinia - FR -+ 2 |+ - |- |+ |de porpanede|+ -+ caluniar |+ [Maria recebeu uma calinia da Ana
caridade - FR - 2 |+ + |+ |de, porpartede |+ - |- + |- |- |- |- |- |Maria recebeu uma caridade da Ana.
carta - FR -+ 2 |+ . [+ de + - | - [+ |- |- |- |Maria recebeu uma carta da Ana
cassacio - FR - 2 [+ |- [+ |- | de B + |+ |cassar - |- |- |- |- |+ |opresidente recebeu cassacio do governo.
catequizacdo - FR + 2 [+ |- |+ |- |- [de, porparte de [+ + |+ [categorizar |- |- |- |- |- |- [Maria recebeu a catequizacio do padre.
censura - FR - 3 | s |+ [+ de B + |+ |censurar - |- |- |- |- |Anovela recebeu a censura da midia.
citacio - FR -+ 2 [ |« - | |+ de + + |+ citar + |- |- |- |+ |- |otexto recebeu uma citacdo da Ana
classificacdio - FR + 2 |- |+ + |+ de + + |+ |classificar |- |+ |- |- |+ |- |Overbo"dar" recebeu a classificacdo da Ana.
c - FR -+ 2 [+ |+ + de B - |- + Maria teve a c de Ana
c ta |- FR - 2 |+ |- + |+ |de, porpare de |+ - |+ + |- [ |- |- |mariarecebeua da Ana.
convocacdo - FR + 3 |+ + de, por parte de [+ + |+ [convocar - |- - |- |- |- |Maria recebeu a convocagdo do time.
cristianizagio |- FR - 2 |+ - |- de + + |+ [cristisnizar |- |- |+ |- |- |- |Oindio recebeu a cristianizacio do padre.
critica - FR -+ 2 |+ . |+ de B + |+ |riticar - |- |- |- |+ [Maria recebeu uma critica da Ana.
curativo - FR - 3 |+ |- - |- de B - |- Maria recebeu um curativo da Ana.
dadiva - FR - 2 |+ |- + |+ |de, porpartede |+ . |- |- - [+ |- |- |- |maria recebeu uma dadiva da Ana,
dedicatoria - FR - 2 [+ |+ - |- de - + |+ |dedicar - |- |- |- |- |- |Maria recebeu uma dedicatoria de Ana.
desabafo - FR - 2 |+ |- . |+ de B - [+ - |Maria recebeu o desabafo da Ana
desagravo - FR - 2 |+ + |+ de + - |+ +_|Maria recebeu um desagravo da Ana.
desfeita - FR - 2 |+ - |+ [de, porpartede|+ - |+ + |Maria recebeu uma desfeita da Ana.

Figura 1. Exemplo de matriz-binaria

Essa metodologia possui como base a Teoria Transformacional [Harris, 1964,
1965], a qual propde que existem frases standard, sobre as quais podem se realizar
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algumas alteracdes na estrutura sintatica, sem que haja alteracdo de sentido, como a
passiva, a simetria e a conversao.

O principio basico do Léxico-Gramética ¢ o de que as entradas da léxico sdo
frases elementares e a metodologia consiste em estabelecer classes com os elementos
que apresentam caracteristicas sintaticas semelhantes, como pontuou Vale (2001).

3. Conversao

A conversdo é uma operagdo sintatica em que ha a permuta do argumento com fungao
de sujeito pelo argumento que é o complemento preposicional em torno do nucleo
predicativo da frase, sem que o sentido global seja alterado. De acordo com Gross
(1989), o complemento da frase standard ocupa a posi¢ao de sujeito da frase conversa e
o sujeito da frase standard se torna o complemento preposicional introduzido por de ou
da parte de, seguido de um nome humano (Nhum), na frase conversa.

Essa operagdo € equivalente a passiva nas constru¢des verbais, sendo, assim,
considerada como um tipo de passiva nominal, segundo Gross (1989, 1993). A
transformagao de conversdo foi estudada, entre outros, por Ranchhod (1990) e Baptista
(1997), Baptista (2005b). Os seguintes exemplos apresentam uma frase standard e sua
construcdo conversa equivalente:

(1) Maria fez um convite a Ana (para ir a festa)
[Conv.] = Ana recebeu um convite (de + da parte de) Maria (para ir a festa)

No primeiro exemplo, Maria ¢, simultaneamente, o sujeito e agente da frase,
enquanto Ana € o complemento do nome predicativo, com papel semantico de paciente.
Ja na segunda frase observa-se a troca dos argumentos em torno do nucleo predicativo,
sem haver a alteragdo dos papéis semanticos e a substitui¢do do Vsup elementar ‘fazer’
na frase standard pelo verbo ‘receber’, de orientacdo inversa (passiva), chamado de
Vsup converso, por Gross (1989).

Como forma de mostrar as semelhancas existentes entre as construgdes
conversas ¢ as passivas verbais, Gross (1993) apresenta algumas propriedades comuns
as duas construgdes, como:

i) Invers@o dos argumentos:

(2) Ana criticou Maria

Maria foi criticada por Ana

Ana fez uma critica a Maria

Maria recebeu uma critica de Ana

ii) Apagamento do agente:

(3) Ana aconselhou eficazmente Maria

Ana deu conselhos eficazes a Maria
Maria recebeu conselhos eficazes (E + de Ana + da parte de Ana)
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iii) Bloqueio da passiva quando ha alguns complementos correferentes ao sujeito:

(4) Ana deu uma ajuda a Maria, relendo seu trabalho
*Maria recebeu uma ajuda de Ana, relendo seu trabalho

Como cita Gross (1989, p. 09), a frase conversa deve possuir a mesma
distribuicdo dos determinantes ¢ o mesmo tipo e nimero de argumentos da frase
standard. Outra caracteristica das frases conversas ¢ o fato de aceitarem a relativizacao,
porém, sem a redugdo do Vsup converso e, por consequéncia, sem a formagdo de grupo
nominal (GN), como se nota em:

(5) Zé fez um elogio a Ana

[Conv] = Ana recebeu um elogio de Zé

[Rel] = O elogio que Ana recebeu de Zé <foi encorajador>
[Red que Vsup] = *O elogio de Ana de Zé <foi encorajador>
[Red que Vsup] = *O elogio a Ana de Zé <foi encorajador>

O que causa a inaceitabilidade do GN ¢é o fato de haver dois elementos
introduzidos pela preposi¢do de, fato que gera um problema de interpretabilidade, pois
ndo se sabe qual deles é o sujeito. Nota-se, porém, que a frase com por parte de torna-se
aceitavel:

[Red que Vsup] = O elogio a Ana por parte de Zé <foi encorajador>

4. Resultados

Segundo Barros (2014) e Calcia (2016), em seu estudo sobre o alcance da operagao de
conversdo sobre as constru¢des com o Vsup ‘fazer’, foram identificados como verbos
conversos os Vsup ‘receber’, ‘sofrer’ e ‘ter’, nas construgdes que aceitam esse tipo de
operagao.

Seguem a seguir alguns exemplos de constru¢des com o Vsup ‘fazer’ e suas
respectivas construgdes conversas. Ressalta-se, ainda, que os exemplos utilizados neste
resumo foram construidos com base em frases mais complexas encontradas na Web, por
meio da ferramenta WebCorp [Morley, 2006].

(6) O professor fez uma adverténcia aos alunos
[Conv] = Os alunos receberam uma adverténcia do professor

(7) Maria fez uma injustica com Ana
[Conv] = Ana sofreu uma injusti¢a da parte de Maria

(8) Maria fez companhia a Ana
[Conv] = Ana teve a companhia de Maria

Constatou-se nos dados que a maior parte dos predicados nominais em que
ocorre a conversao apresenta como Vsup converso o verbo ‘receber’. Notou-se também
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que as construgdes que apresentam uma carga semantica negativa, como ‘fazer uma
ofensa’, ‘fazer uma traig¢do’, ‘fazer suborno’, tem como Vsup converso o verbo ‘sofrer’.

Calcia (2016), em sua analise da conversdo com o Vsup fazer, aloca os
predicados nominais em uma classe intitulada ‘FR’ (fazer-receber) e identifica algumas
caracteristicas, como:

- Esses predicados nominais também podem ser construidos com o Vsup ‘dar’
(fazer/dar um adverténcia, fazer/dar um agradecimento, fazer/dar um
elogio),;

- Na construgdo conversa, além do Vsup elementar ‘receber’, também pode
ocorrer os Vsup ‘ter’ (Ana teve a companhia de Maria), ‘sofrer’ (O ministro
sofre a cassagdo), ‘contar com’ (Ana contou com a caridade de Maria),
‘possuir’ (O texto possui uma citagdo de Ana), ‘ganhar’ (Ana ganhou um
elogio de Maria), ‘obter’ (O projeto obteve o fomento da institui¢do).

- As construgdes conversas da classe FR aceitam determinantes variados e as
preposigdes de ou por parte de. Em alguns casos, o agente da construgio
pode ser apagado e isso ocasiona a exclusdo da preposicdo do complemento
da construgdo conversa (Maria fez uma injustica com Ana/Ana sofreu uma
injustica).

O verbo aceitar poderia ser admitido como variante conversa de ‘receber’ em
casos muito particulares, com os Npred ‘devolucdo’ (Ana aceitou a devolug¢do [de
dinheiro] da Maria), ‘proposta’ (Ana aceitou a proposta da Maria) e ‘sugestdo’ (Ana
aceitou a sugestdo da Maria), onde, geralmente, a constru¢do apresenta um sujeito € um
complemento do tipo humano. Nesse caso, ¢ necessario que o sujeito da frase conversa
realize um ato volitivo, dessa maneira, o nome predicativo também tem que possuir essa
caracteristica, ou seja, tem que passar uma informagdo que pode ser negada ou nao pelo
sujeito (N1 da construgdo conversa). Porém, uma nova informagdo é inserida na
construcdo, além do sujeito receber a proposta, ele também a aceita (4dna recebeu e
aceitou a proposta da Maria), impedindo a classificagdo desse verbo como um verbo-
suporte.

O Quadro 1 mostra alguns exemplos de nomes predicativos que correspondem
as variantes do Vsup converso ‘receber’, que pertencem a classe FR do estudo de Calcia
(2016):
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Quadro 1. Variantes e Npred da classe FR (fazer-receber)

Variante Nome predicativo
ter autenticagdo, catequiza¢do, censura, dedicatoria, desabafo,
doutrinagdo, entrevista, exigéncia, peti¢do, promessa, visita
sofrer acusagdo, agressdo, ameaga, calunia, cassagdo, critica,
descriminagdo, injuria, injustica, ofensa, provocag¢do, trai¢do
contar com caridade, citagdo, companhia, escolta, gentileza
possuir acordo, anotagdo, averiguagdo, classifica¢do
ganhar agrado, carta, festa, jura de amor, lisonja, promogdo,
ressarcimento, reveréncia, serenata, Surpresa
obter adendo, averiguagdo, autenticag¢do, contraproposta, fomentagao,
recusa, restituicdo, ressarcimento

Cerca de 110 nomes predicativos construidos com o verbo-suporte ‘fazer’
aceitam a operacao de conversdo com uma ou mais de uma das variantes destacadas na
tabela acima, além de aceitarem o verbo converso principal ‘receber’.

5. Conclusao

Por meio do estudo apresentado aqui, foi possivel identificar quais sdo os verbos-
suporte conversos de ‘fazer’, e com quais nomes predicativos eles se constroem.
Identificou-se, também, uma regularidade semantica, pois 0s nomes que apresentam
uma carga semantica negativa apresentam, além do Vsup ‘receber’, o Vsup ‘sofrer’.

Toda a analise pode ser considerada de grande valia para a descri¢do das
construgdes com Vsup no portugués do Brasil, j4 que apresentou quais sdo as
propriedades sintatico-semanticas dessas construgdes e suas regularidades.
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Abstract. Proverbs present a wide variety of structures and may serve many
communicative purposes. Due to their cultural and linguistic richness, they
can be used to attain different didactic objectives, specifically in foreign
language teaching. In this paper, we investigate how proverbs are in fact used
in a corpus of Portuguese as Foreign Language (PFL) textbooks, using
natural language processing (NLP) tools and resources. Results will be
compared with previous findings on a corpus of Portuguese textbooks for
native speakers.

Resumo. Os provérbios apresentam uma grande variedade de estruturas e
podem servir diversos propdsitos comunicativos. Devido a sua riqueza
cultural e linguistica, prestam-se ainda a miltiplos objetivos diddticos,
nomeadamente no ensino de Portugués como Lingua ndo Materna (PLNM).
Neste trabalho, investigamos como sdo de facto utilizados os provérbios em
manuais de PLNM, usando ferramentas e recursos de processamento
computacional de linguagem natural (PLN). Os resultados sdo comparados
com observacdes jd feitas sobre um corpus de manuais de Portugués para
falantes nativos.

1. Introducao

Os provérbios apresentam uma grande diversidade de estruturas formais e servem uma
multiplicidade de propésitos comunicativos (Charteris-Black, 1995; Hrisztova Gotthardt
& Varga, 2015). A sua riqueza linguistica e cultural faz deles um recurso bastante usado
em ensino das linguas, uma vez que sdo frases concisas e linguisticamente muito
diversificadas, de facil acesso, podendo servir diferentes objetivos didaticos.
Simultaneamente, sdo uma manifestacdo particularmente expressiva da cultura da
comunidade linguistica que os veicula e emprega numa grande variedade de situagcdes
comunicativas (Mieder, 2004; Arif & Abdullah, 2016; Salbego & Osborne, 2016).
Relativamente ao ensino de portugués, os provérbios surgem quer nos manuais de
Portugués Lingua Materna (PLM), quer nos manuais de Portugués Lingua ndo Materna
(PLNM). Neste trabalho, pretendemos caracterizar como sdo empregues os provérbios
num corpus de manuais atuais de PLNM, recorrendo a técnicas e recursos de
processamento de linguagem natural (PLN).
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2. Os Provérbios no Ensino de Linguas — Trabalhos Relacionados

O uso de provérbios pode contribuir para o ensino das linguas, tal como o preconizam,
entre outros documentos ordenadores, no panorama europeu, o Quadro Europeu
Comum de Referéncia para as Linguas (QERL) (Conselho da Europa, 2001) e o
Portfolio Europeu das Linguas (PEL) (Schneider et al. 1999). Especificamente para a
lingua portuguesa, refira-se 0 documento orientador Portugués Lingua Ndao Materna no
Curriculo Nacional (Leiria et al. 2008), onde sdo estabelecidos os principios e as linhas
orientadoras para a integra¢do dos alunos dos diferentes niveis de ensino; bem como o
Referencial Camoes — Portugués Lingua Estrangeira (Dire¢do de Servicos de Lingua e
Cultura, 2017), um recurso disponibilizado de forma aberta ao diferente ptiblico que
trabalha em ensino, aprendizagem, criacdo e avaliagdio de materiais de PLE.
Especificamente sobre o uso de provérbios em ensino de lingua, refira-se ainda algumas
propostas de atividades dirigidas nfo s6 a alunos de PLM como também a alunos de
PLNM (Martins, 2010; Pereira, 2015). Todavia, nestes trabalhos nem sempre sio
explicitos os critérios de selecdo dos provérbios empregues ou sdo apresentadas as suas
variantes mais usuais, aspetos que consideramos cruciais para uma boa aprendizagem,
um conhecimento adequado e uso proficiente deste tipo de expressdes.

3. Metodologia

Utilizdmos um corpus constituido por 9 manuais de PLNM (v. lista apresentada depois
das referéncias), com aproximadamente 250 mil palavras, abrangendo diferentes niveis
de proficiéncia linguistica (A1-B2)' do QERL e incluindo tanto manuais escolares como
cadernos de exercicios, todos editados pela LIDEL?. Os textos dos manuais foram
digitalizados e convertidos em formato de texto simples para processamento
automatico.

A fim de determinar a distribuicdo de provérbios nos textos, desenvolveu-se um
conjunto de recursos (biblioteca de grafos) (Reis & Baptista 2016a), baseados em
técnicas de maquinas de estados finitos (Paumier, 2016), construidos a partir de uma
base de dados com mais de 114 mil provérbios, digitalizados a partir de 4 coletaneas
(ver lista depois das referéncias). Depois de removidas as palavras gramaticais
(stopwords) consideradas ndo essenciais para a identificacio dos provérbios, cada
entrada da base de dados foi associada a uma chave, formada pelos elementos lexicais
(palavras-chave) que constituem o provérbio, tipicamente nomes, verbos e adjetivos.
Assim, por exemplo, para o provérbio Olho por olho, dente por dente [ID=PP_AMO08501]
obtemos a chave {olho-olho-dente-dente}. Ao todo, cerca de 52 mil chaves
diferentes permitiram desde logo agrupar sob uma mesma unidade paremioldgica (isto

! Nio foi encontrada nenhuma colegiio de manuais que apresentasse todos os niveis do
QECR (A1-C2). Relativamente aos manuais Portugués sem fronteiras (PSF), usou-se as
edi¢des de 1997 (PSF1 e PSF2) e de 1999 (PSF3), por conveniéncia. As edicdes mais
recentes (2009 e 2007, respetivamente para PSF1 e PSF2), ja aparecem associadas a
niveis do QECR, informagdo que usdmos para este estudo. Ainda se encontra em
preparacdo a nova edi¢do do PSF 3.

? Esta op¢do deveu-se ao facto de esta editora ser uma das mais implementadas no
sistema de ensino portugués.
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é, um provérbio com as respetivas variantes) provérbios e variantes que ocorriam em
mais do que uma coletinea. De seguida, representou-se sob a forma de transdutores de
estados finitos (ing. finite-state transducers, FST) cada unidade paremioldgica,
comecando pelas chaves que apareciam mais vezes repetidas, € prosseguindo por ordem
decrescente de nimero de ocorréncias da chave. Quando aplicados a um texto, estes
transdutores permitem a identificagdo com um alto grau de precisdo dos provérbios e
respetivas variantes, admitindo variagdo morfossintdtica dos seus elementos, variacdo
quanto aos sinais de pontuagdo e até um conjunto controlado de permutas, inser¢oes e
truncagens. Até ao momento, foram representadas sob a forma de grafo 133 unidades
paremioldgicas diferentes, que ao serem aplicados & base de dados de provérbios nos
permitiram recuperar 2196 entradas (provérbios).

Dada a extensdo da base de dados, este processo (manual) de formalizag¢do ainda estd
em curso, pelo que foi complementado, no imediato, com outros métodos, descritos em
§3.2e83.3.

3.1. Pesquisa com transdutores representando unidades paremiolégicas

Este método consistiu, como se disse atrds, na constru¢do de FST, representando cada
unidade paremiol6gica e associando as suas respetivas variantes. Na Figura 1
representa-se a variacdo formal encontrada no provérbio Cdo que ladra ndo morde.

P
D/-\

B3

g '008_001)

©9_B)E_001_aB)

N

(©09_008_001_C)

Figura 1. Transdutor de estados finitos representando a variacao formal do provérbio
Cao que ladra nd@o morde.

Este grafo permite agrupar um grande nimero de variantes a uma mesma unidade
paremioldgica e captura os provérbios reconhecidos em toda a sua extensao nos textos
em que se encontram. Um cddigo alfanumérico convencional no né de saida do grafo (a
direita) identifica de forma univoca o provérbio e o tipo de variante descrito. A
aplicagdo deste tipo de transdutores ao corpus permitiu identificar corretamente 25
ocorréncias (Figura 2), que representam 14 unidades paremioldgicas diferentes, sem

quaisquer resultados espurios, isto €, todas as ocorréncias encontradas eram
efetivamente provérbios.

Bem

Al»? Bom e

Figura 2. Excerto da concordancia resultante da pesquisa com FST representando
unidades paremioldgicas

Nas secgdes seguintes, descreveremos técnicas complementares, usando outro
tipo de transdutores, para a identificacdo automética de provérbios em textos.
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3.2. Pesquisa por sequéncias de palavras-chave

A partir das chaves associadas aos provérbios da base de dados foram entdo construidos
automaticamente um conjunto de transdutores, constituidos pelas palavras-chave de
cada provérbio, admitindo um conjunto de insercdes de O a 3 palavras e alguns sinais de
pontuacdo entre cada palavra-chave. Foram construidos trés tipos de transdutores
diferentes: com 2, 3 e 4 palavras-chave. Ndo foram tidos em conta os 124 provérbios da
base de dados com menos de 2 palavras-chave. Para os provérbios que contém mais de
4 palavras-chave, usaram-se apenas as primeiras 4 palavras.

Este método ndao € tdo preciso como o anterior. Por exemplo, nido sdo
consideradas as variagdes morfossintiticas das palavras-chave. Pela sua natureza, este
método recupera muitas ocorréncias espurias, isto €, que ndo sdo efetivamente
provérbios, mas permite capturar um grande nimero de expressdes. Nomeadamente,
permite capturar variagdes criativas destes provérbios como, por exemplo, certas
insercdes: Quem te avisa (nem sempre!) teu amigo ¢, embora ndo permita encontrar
variantes que apresentem variacdo morfossintdtica, como sucede em Quem te avisou,
teu amigo foi, ambos exemplos encontrados na internet. A Tabela 1 apresenta os
resultados deste método.

Tabela 1. Resultados da pesquisa com os diferentes tipos de grafos

FST Pal-chave Tot.chaves Chavesdif. Concordancias Provérbios UP. dif.

Kw2 2 4.175 1.741 291 4 4
KW3 3 13.372 5.577 41 14 14
Kw4 4 33.864 13.837 9 5 5
+4 62.879 30.576 15 15 6

total — 114.290 51.731 356 — —

A coluna mais a esquerda indica o tipo de grafo. Os grafos sdo construidos tendo em
conta o nimero de palavras-chave que formam a chave de cada provérbio. O grafo de
tipo KW4 foi também usado para os provérbios com mais de 4 palavras-chave,
utilizando apenas as 4 primeiras de cada chave. Segue-se o nimero total de chaves de
cada tipo bem como o nimero de chaves diferentes usadas para construir os FST desse
tipo. Apds a verificagdo manual das concordancias extraidas do corpus, identificaram-se
os provérbios encontrados, para os quais se indica o nimero de unidades paremiolégicas
(UP) diferentes. Nao obstante as limitagdes deste método, acima mencionadas, ele
permitiu encontrar provérbios que nao tinham sido captados pelo método anterior.
Trata-se, concretamente, de um exercicio em que se pedia para completar um provérbio
truncado, e.g. Mais (valer) prevenir do que remediar e de um problema de digitalizacdo
num manual (Casa onde ndo hd pdo, [...] todos ralham e ninguém tem razdo). Como
algumas ocorréncias dos provérbios encontrados emparelhavam com grafos diferentes.
Assim, ao todo foram encontradas 27 ocorréncias de provérbios, correspondentes a 14
unidades paremioldgicas distintas.

3.3. Pesquisa por expressoes introdutorias e lista de termos associados a provérbios

Repetindo a metodologia de Reis & Baptista (2016c), utilizada para a identificacdo
automadtica de provérbios nos manuais de lingua materna, procedeu-se ainda a pesquisa
das expressdes introdutdrias associadas aos provérbios e com base dos termos a estes
associados, que descrevemos agora. Este método consistiu na construcdo de
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transdutores que descrevem expressdes usadas para introduzir provérbios no discurso,
tais como, como diz o povo, ld dizia a minha avo, como se costuma dizer, nuncaljd
ouviram dizer que. Ao todo, cerca de 15 expressdes deste tipo foram representadas por
transdutores de estados finitos. Acessoriamente, utilizou-se uma lista de 8 termos,
usados por vezes como sindénimos de provérbio: addgio, aforismo, anexim, axioma,
ditado (nome), parémia, proloquio, rifdo. Estes transdutores admitem variacdo
morfossintdtica dos elementos das expressdes introdutdrias e dos termos pesquisados.
Como resultado desta pesquisa obtivemos 18 ocorréncias, das quais 15 continham
provérbios, correspondendo a 14 UP diferentes, pois nem todas estdo associadas a
provérbios, uma vez que algumas destas s3o apenas mencdes destes termos. Na
Figura 3, podemos observar os resultados desta concordancia.

Figura 3. Excerto da concordincia da pesquisa
de expressoes introdutdérias e lista de termos

Entre chavetas encontramos o termo ou expressdo introdutdria capturados e entre
parénteses o tipo respetivo (ferm=termo, introd=expressdo introdutdria). Este ~ método
apresenta a desvantagem resultante de nem sempre os termos ou expressoes introdutoras
estarem efetivamente associados a provérbios. A pesquisa permitiu encontrar 8
provérbios diretamente associados a estes termos/expressdes e 7 provérbios no contexto
circundante. Destas 15 ocorréncias, 7 correspondem a provérbios (6 unidades
paremioldgicas diferentes) que ndo tinham sido capturados pelos métodos anteriores.

4. Resultados

Os diferentes métodos de pesquisa permitiram encontrar 34 provérbios no corpus de
manuais escolares selecionados, correspondendo a 20 unidades paremioldgicas distintas.
Na Tabela 2 apresentamos o nimero de provérbios encontrado por manual, bem como o
género textual em que ocorrem.

Tabela 2. Distribuicdo dos provérbios pelos manuais escolares

Manuais Nivel QCERL Exercicios Titulos Corpo texto Total prov

NOP 1 Al/A2 0 1 0 1
NOP 2 Bl 1 0 1 2
NOP 3 B2 7 2 5 14
NOP1 - CE Al/A2 0 1 2 3
NOP2 - CE Bl 0 0 0 0
NOP3 - CE B2 0 0 1 1
PSF 1 [A1/A2] 1 0 1 2
PSF 2 [B1] 0 0 0 0
PSF 3 [B2] 7 0 4 11
Total 16 4 14 34

Legenda: NOP — Na Onda do Portugués; CE — Caderno de Exercicios;
PSF — Portugués sem Fronteiras (v. referéncias no final do artigo).

Praticamente em todos os manuais se encontraram provérbios, excepto em dois, ambos
correspondendo ao nivel intermédio B1. Note-se que a ocorréncia de provérbios em
manuais deste nivel também € escassa (2). Como se pode verificar, o nimero de
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provérbios encontrado nos manuais pertencentes ao nivel B2 (26) € muito superior ao
nimero de provérbios nos manuais de niveis A1/A2 (6) e corresponde a % do nimero
total de provérbios identificados. Este era um resultado esperado, uma vez que o
Quadro Europeu Comum de Referéncia para as Linguas (QERL) determina que:
A partir do nivel B2, considera-se que os utilizadores sd3o capazes de se exprimir
adequadamente numa linguagem que € sociolinguisticamente apropriada as situacdes e
aos interlocutores e que comegcam a adquirir a capacidade de enfrentar a variagdo do
discurso, além de possuirem, em elevado grau, dominio do registo e das expressdes.

(Conselho da Europa, 2001: 172, itlico nosso)

Realce-se que € apenas nos niveis Cl1 e C2 que o mesmo Quadro prevé que os
utilizadores “sejam capazes de reconhecer um vasto leque de expressdes idiomadticas e
de coloquialismos” (idem: 173, nivel C1) e de possuir “um bom dominio de expressdes
idiomadticas e de coloquialismos com consciéncia dos niveis conotativos do significado”
(idem: ibidem, nivel C2).

Para além da distribui¢do dos provérbios nestes manuais, quisemos determinar o
género textual em que ocorriam, distinguindo exercicios, corpo do texto (para leitura) e
titulos. Verificimos que 16 (47%) dos provérbios encontrados se encontram em
exercicios, 14 (41%) no corpo do texto e 4 (12%) em titulos. O tipo de exercicios
encontrado consiste essencialmente em: (i) escolher o provérbio que melhor se adequa a
uma determinada situacg@o, (ii) explicar o sentido do provérbio, (iii) justificar se estd de
acordo com a afirmac¢@o do provérbio, (iv) completar as palavras em falta no provérbio
e (v) dizer se conhece algum outro provérbio para além do apresentado. Verificimos
que num dos exercicios, cujo objetivo era completar as palavras em falta do provérbio,
qualquer frase serviria 0 mesmo propdsito, apesar de a escolha dos autores ter recaido
sobre este tipo de expressdes. Observamos ainda que apenas 7 provérbios se repetiram
nos manuais analisados e 13 provérbios surgiram 1 sé vez. Desta forma, nao foi possivel
determinar se alguns provérbios seriam mais usuais nestes manuais, até porque alguns
dos provérbios que se repetiram surgem no mesmo manual, embora por vezes em
diferentes situagdes de uso.

Em Reis & Baptista (2017), procurou-se determinar a disponibilidade lexical dos
provérbios, isto €, quais sdo os mais usuais em portugués europeu. Para tal, usou-se uma
amostragem estratificada dos provérbios da base de dados e posterior aplicacdo de
questiondrio a falantes nativos (mais de 700 respostas). Estes dados foram também
confrontados com a frequéncia desses mesmos provérbios na internet, usando dois
motores de busca distintos e ainda comparados com a sua frequéncia num corpus de
texto jornalistico. Constituiu-se, assim, uma lista de 276 provérbios bastante usuais
(nivel 2) e outros 566 menos usuais mas ainda bem conhecidos da generalidade dos
falantes (nivel 1). Esta lista servird de referéncia para diversas observacdes sobre o uso
de provérbios em textos. Assim, usando como referéncia estes dados de disponibilidade
lexical, verifica-se que, das 20 unidade paremioldgicas encontradas, 14 sdo
considerados bastante usuais (nivel 2) e 6 s@o apenas usuais (nivel 1). Relativamente aos
provérbios que surgiram mais vezes, observa-se a seguinte distribuicdo por niveis de
disponibilidade: Querer ¢ poder (nivel 2) e Recordar é viver (nivel 1) com 4 ocorréncias
cada um; O fruto proibido é sempre o mais apetecido (nivel 2), Mais vale prevenir do
que remediar (nivel 2) e Casa onde ndo hd pdo, todos ralham e ninguém tem razdo
(nivel 1), com 3 ocorréncias, e ainda Abril, dguas mil (nivel 2) e Da discussdo nasce a
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luz (nivel 1), com 2 ocorréncias. Apenas um provérbio (Quem conta um conto um conto
acrescenta um ponto) aparece tanto nos manuais de PLNM (1 ocorréncia) como de
PLM (7 vezes, sendo até o mais frequente). Verificimos também que os tipos de
exercicios usados nos manuais de PLNM sdo os mesmos que se encontram nos manuais
de PLM.

5. Conclusoes

Apés a andlise das expressdes recuperadas por cada um dos trés métodos acima
descritos, € possivel afirmar que estes se complementam entre si, permitindo a
identificacdo de expressdes proverbiais em textos. Naturalmente, o método dos
transdutores das unidades paremioldgicas é muito mais preciso, mas requer a prévia
formalizacdo das variantes e sua reunido num mesmo grafo, o que é um trabalho moroso
de demorado. Podera ser, no entanto, um método adequado para os 842 provérbios de
uso frequente, tal como identificados por Reis e Baptista (2017), reservando os outros
dois métodos, de cardter mais exploratério, para os restantes casos. E, no entanto,
possivel ainda aperfeicoar o método das palavras-chave, tornando-o mais preciso,
nomeadamente, recorrendo a pesquisa dessas palavras pelo respetivo lema, limitando as
inser¢des no caso de palavras-chave adjacentes.

Com base no corpus em andlise, este estudo permitiu verificar que os provérbios
sdo efetivamente usados nos manuais de PLNM e estdo maioritariamente associados aos
niveis de proficiéncia mais elevados (B2). Note-se que nenhum dos manuais em andlise
pertencia aos niveis Cl e C2, nivel para o qual se preconiza, nos documentos
ordenadores de ensino de PLE, a aquisi¢do competéncias relativamente a este tipo de
expressoes. A semelhanca dos manuais de PLM, os provérbios surgem com mais
frequéncia em exercicios do que no corpo dos textos. Os tipos de exercicios encontrados
nos manuais de PLNM s@o idénticos aos dos manuais de PLM, mas nestes surgem
sobretudo nos 5° e 6° anos (2° ciclo) do Ensino Bésico. Alguns dos exercicios que
apresentam provérbios poderiam perfeitamente apresentar qualquer outro tipo de frase
considerando o objetivo pedagdgico a atingir, pelo que a escolha de expressdes
proverbiais para estes exercicios parece pouco fundamentada. Todos os provérbios que
constam destes manuais podem ser considerados usuais, com base em dados de
disponibilidade lexical (Reis e Baptista 2017).
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Abstract. In this paper, we approach the phenomenon of insubordination in
spoken Brazilian Portuguese through data on adverbial clauses extracted from
the C-ORAL-BRASIL corpus [Raso and Mello 2012]. Differently from the
traditional conception of insubordination [Evans 2007], we propose a
synchronic view, strongly based on the analysis of the prosody/pragmatics
interface in spoken language. We show that in spoken Brazilian Portuguese
formally dependent syntactic structures can acquire pragmatic autonomy by
virtue of specific prosodic patterns conveying certain informational values.

1. Introduction: insubordination

The term ‘insubordination’ refers to the independent, main-clause use of form-wise
dependent structures [Evans 2007: 367, 2009], such as free conditionals used as
invitations or requests, infinitives used as commands, and alike [see also Decat 2001,
2004]. According to this view, insubordination is conceived as the final step of a
process of constructionalization of the dependent clause after the ellipsis of its matrix
clause, resulting in a new, conventionalized use of the former, which may not retain any
of its original syntactic and semantic values.

Based on the corpus-based analysis of adverbial clauses in spoken Brazilian
Portuguese (BP), in this paper we claim for a different conception of insubordination,
synchronic and pragmatics-based, as it is shown in the following sections.

2. The prosody/pragmatics interface for the analysis of spoken language

For an adequate analysis of spoken language, it is of paramount importance to take into
account its prosodic dimension, since prosody fulfills primary functions in speech.

Firstly, the speech continuum is segmented into utterances by prosodic breaks
perceived as conclusive (terminal breaks, ‘//’), while non-terminal, i.e. non-conclusive
(°/”), prosodic breaks segment tone units internal to utterances. Speech segmentation is
fundamental to the understanding of what kind of linguistic relation exists between
sequences of lexical items, as it is shown by example (1) extracted from the C-ORAL-
BRASIL corpus:'

"'t is highly recommended to listen to the audio files provided for each example. All the audio files can be
downloaded at: http://www.c-oral-brasil.org > Multimidia > Bossaglia, Mello & Raso_Prosody, syntax,
and pragmatics: insubordination in spoken Brazilian Portuguese.
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(1) ndo ta dando a altura daquele que a Isa marcou la né
*PAU: ndo // ta dando a altura daquele que a <Isa> marcou <la>/ né // (bpubdl01, 14-15) 2
‘No // it is reaching the height of that one that Isa marked there / isn't it //°

Without the prosodic information, one could interpret the initial negation in (1) as
compositional to the following predicate, which is not the case, since it constitutes,
actually, an utterance of its own, as it is signaled by the double bars in the transcription.

Following the Language into Act Theory (L-AcT) [Cresti 2000, Moneglia and
Raso 2014], we assume that the reference unit for spontaneous speech is the utterance,
i.e. the smallest stretch of speech provided with pragmatic autonomy (illocutionary
force), and hence interpretable as a speech act [Austin 1962]. Such pragmatic autonomy
is conveyed by a prosodic nucleus, without which it would not be possible to recognize
the illocution. Compare (2), an illocutionary prepositional phrase, and (3), a non-
illocutionary clause:

(2) *TER: com a Dona Deise // (bfamcv02, 367)
‘with Miss Deise’

(3) *JOR: e é um caso interessante nesse mercado |
‘and it’s an interesting case in that business /

Example (3) does not carry an illocutionary prosodic nucleus, and it is not interpretable
as an autonomous speech act. Actually, it represents a Topic information unit, which is
part of a bigger utterance, whose illocution is conveyed by the second information unit,
the Comment:

(4) *JOR: e é um caso interessante nesse mercado /[=TOP= que muito deles me convidavam pra
ser socio deles //=COM= (bfammn06, 60)

‘and it’s an interesting case in that business / that many of them invited me to be
their partner’

Prosody is also responsible for conveying the functional values of the several
information units which may form the utterance, conveying specific pragmatic and
communicative functions combined into specific patterns. In (4), in fact, the Topic unit
as well carries a functional prosodic nucleus conveying its informational function, i.e.
that of defining a domain for the application of the illocutionary force of the Comment.
A detailed description of the prosodic (following the IPO approach, see t’Hart et al.
1990) and functional characteristics of information units (IUs) within the L-AcT’s
framework can be found in Moneglia and Raso (2014). For the purposes of this paper,

2 The actual source of each example is given according to the C-ORAL conventions: starred abbreviations
stand for the speakers’ identification; b stands for Brazilian Portuguese; fam for private/familiar context,
pub for public context; d/ for dialogue, cv for conversation, mn for monologue; the first number specifies
the transcribed recording session, while the second one stands for the utterance number within that
transcribed text.
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we recall that they are divided into fextual units, which form the actual text of the
utterance (they are Topic, Comment, Appendixes of Topic/Comment, Parenthesis,
Locutive Introducer; their locutive content is the target of syntactic/semantic analysis),
and dialogic units, which fulfill different functions related to the interaction (they are
not part of the semantics nor syntactic text of the utterance, and correspond to what is
known as “discourse markers” within other approaches, see Raso and Vieira 2016).

The analysis of spoken syntax must, therefore, take into account its interface
with the pragmatic/informational organization of speech.

3. The analysis of spoken syntax

As mentioned, the unit of reference for spontaneous speech is found on pragmatic
grounds, rather than syntactic ones. Actually, traditional syntactic units such as the
sentence and even the clause are not so easily found in spoken language, since a
considerable amount of it is made up by verbless utterances, and, in general, it is quite
common that spoken syntax is fragmented and unintegrated [Blanche-Benveniste et al.
1990, Miller and Weinert 1998, Cresti 2014]. According to L-AcT, the final output of
spoken syntax results from the combination (vs. composition) of the locutive content of
different IUs, which are understood as semantic and syntactic islands: true syntactic
dependency relationships would be restricted only to the domain of a single information
unit, while the relationship between different information units is pragmatic in the first
place, i.e. related to their communicative functions, which are prosodically conveyed
[Cresti 2014]. In examples (5) and (6) below, the same syntactic construction is
performed within a single IU and across an informational pattern, respectively:

(5) *PAU: t6 achando que vou fazer ela com um metro //=COM= (bpubdl01, 259)
‘I’m thinking about making it one meter (long) //’

(6) *PAU: acho que com um metro e vinte /=TOP= ela fica boa /=COM= né //=PHA=
(bpubdl01, 260)

‘I think that with a meter and twenty / it will be fine / you know //°

In the utterance in (5) a true dependency relationship exists between matrix and
complement clauses. The same would not hold for the complement clause in (6),
depending from the same epistemic verb achar, but performed through a Topic-
Comment pattern. In this latter case, the first level of the utterance’s organization is the
pragmatic one, a “Theme in Topic” construction in this case [Cresti 2014]: main clause
and a focalised part of the complement (complementizer plus PP) clause the Topic
serves as background information for the illocution performed by the rest of the
complement. The traditional syntactic dependency hierarchy between main and

3 Tags for IUs within the C-ORAL-BRASIL are: TOP Topic, COM Comment, APT Appendix of Topic,
APC Appendix of Comment, PAR Parenthesis, INT Locutive Introducer, COB Bound Comment, CMM
Multiple Comment (textual units); PHA Phatic, CNT Conative, EXP Expressive, INP Incipit, ALL
Allocutive, DCT Discourse Connector (dialogic units). Units without informational value have the
following tags: TMT Time Taking, UNC Unclassifiable, SCA Scanning unit (tonal part of another 1U),
EMP Empty unit.
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complement clause is reverted from a pragmatic standpoint, since it is the illocutionary
IU (Comment) the one necessary for the utterance to be pragmatically autonomous,
while the Topic unit is pragmatically ‘subordinated’ to it.

According to this conception of spoken syntax, no true syntactic dependency
would hold across different IUs or utterances. This stems from the fact that in order to
be interpretable, the utterance does not require the presence of a predicate nor of well-
formed syntactic structures, since prosody is the first means to convey the illocution in
addition to the informational relation that holds between its tonal units, like the relation
of pragmatic aboutness between Topic and Comment in (7):

(7) *TER: do lado da made /=SCA= da Fafica I=TOP= tudo pobrezim //=COM= (bfamcv03,
186)

‘from the mother’s side / Fafica’s (mother) / all poor //°

Nonetheless, various syntactic structures are found within spoken data, and their
analysis must consider the way they are performed within or across IUs and utterances.
In the following sections, we present data on insubordination based on the analysis of
adverbial clauses in spoken Brazilian Portuguese.

4. Insubordination and adverbial clauses in spoken Brazilian Portuguese

4.1. Methodology: the DB-IPIC BP minicorpus

For this study, we retrieved our data from the informationally annotated DB-IPIC
(Database for Information Patterning Interlinguistic Comparison, Panunzi and
Mittmann 2014) minicorpus of spoken BP (20 recording sessions, 5483 utterances),
extracted from and representative of the C-ORAL-BRASIL corpus, provided with the
audio files and the text-to-speech alignment, for an adequate analysis of spoken data.

We retrieved the adverbial clauses by searching for adverbial subordinators, and
then checked their configuration within or across information units and utterances.

5. Adverbial clauses in spoken BP
5.1. Adverbial clauses in a dedicated Information Unit

In our data, Cause/Reason, Time and Conditional are the most represented adverbial
values found for the adverbial subordinators, being porque ‘because’, quando ‘when’,
and se ‘if’ the most frequent ones for each value, respectively. Adverbial clauses are
very rarely (nearly 6%) performed together with their main clause within the same
information unit, and appear mostly in a dedicated information unit fulfilling specific
informational, rather than merely syntactic, values (see Bossaglia 2015 for a detailed
description and for more examples).

Specifically, Time and Conditional clauses are performed mostly (89%) in Topic

units, with their main clause in Comment, while Cause clauses appear mostly in
Comment units or in patterns of illocutionary units, as it is shown in (8) — (10) below:

259



Prosody, syntax, and pragmatics: insubordination in spoken Brazilian Portuguese

(8) *LUZ: porque quando cé chega num lugar que cé se sente em casa /=TOP= cé sabe
imediatamente //=COM= (bfamdl03, 11)

‘because when you arrive in a place in which you feel at home / you know it
immediately //°

(9) *PAUE: se ficar alto demais /=TOP= ele fica feio //=COM= (bpubdlO1, 74)
‘if it’s too high / it’s ugly //°

(10) *DFL: e eu ficava até com uma certa inveja /=COB= porque papai era muito sisudo
//[=COM= (bfammn02, 176)

‘and I used to get even a little envious / because dad was very sullen //

It is possible to observe that the strong preference for Time and Condition clauses to
appear in Topic units fits with their semantic values, since Topic units serve to delimit a
specific pragmatic domain of application of the illocution in Comment in the same way
they do from a semantic perspective.

Within the data, porque-clauses in a dedicated IU often express a causal relation
with a main clause, but not necessarily at the propositional level (direct cause): in some
cases, these clauses describe a relation of epistemic cause, i.e. the speakers use them in
order to justify why they know/infer what they said through the main clause (shift of the
causal relation to the epistemic domain, or indirect cause: Couper-Kuhlen 1996,
Sweetser 1990, Dancygier and Sweetser 2005), as it is the case in (11):

(11) *DFL: que o meu avo /=TOP= era de uma familia abastada /=COB= porque o professor
ia em casa [=CMM= nii ia po grupo ndo //=CMM= (bfammn02, 53)
‘that my grandpa / (he) had a rich family / because the professor went to his place /
he didn’t go to the regular school //°

It is clear, then, that in spoken language certain informational patterns through which the
adverbial clauses are performed make them assume new, discourse-oriented functions
[see, among others: Blanche-Benveniste et al. 1990, Ford 1993, Moeschler 1996,
Thompson and Couper-Kuhlen 2005, Hopper and Thompson 2008, Debaisieux 2013,
Sansinena et al. 2015]. A further analysis of the pragmatic functions that porque-clauses
acquire when performed in a dedicated utterance is provided in the next section, in
which we illustrate insubordinated uses of adverbial clauses.

5.2. Adverbial clauses in a dedicated utterance: insubordination

In the data, nearly 30% of adverbial clauses are performed as insubordinated, i.e.
forming an autonomous utterance by themselves. Differently from Evans (2007), we
believe insubordinated constructions to be analyzable synchronically as formally
dependent structures (subordinate clauses) provided with pragmatic autonomy by virtue
of their illocutionary force. With respect to Time and Cause clauses, it is possible to find
main clause-like material within the adjacent linguistic context, while protases are often
found without any retrievable apodosis. A few examples are illustrated below.

(12) [friends doing grocery shopping together]

*FLA: vé o [/11=SCA= a /=SCA= &valid [/1]=EMP= &he /=TMT= fabrica¢io dele
//=COM= porque arroz novo é ruim //=COM= (bfamdl01, 545-546)
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‘look at the [/1] the / expiring [/1] ehm / manifacturing date of it // because young
rice is bad //

In (12), the porque-clause performed through the second utterance clearly does not
express a causal relation at the propositional level in reference to the clause in the
previous utterance: rather, *FLA uses it in order to provide a justification for her
previous speech act (which we could label as ‘order’). In cases like this, the causal
relation is found not between the two clauses, nor is it shifted to the epistemic domain
(cf. section 5.1), but it relates two different speech acts (shift of causal relation to the
speech act domain: Couper-Kuhlen 1996, Dancygier and Sweetser 2005).

A similar shift is particularly straightforward in example (13), one of the few
occurrences of concessive insubordinated clauses within our data:

(13) [customer talking to a retailer in a shoe store while trying a pair of shoes]
*JAN: essa aqui ndo fecha no meu pé //FCOM= apesar que meu pé ta meio sujo
/=COM= né //[=PHA= entdo ndo fecha //=COM= (bpubdl01, 161-163)
‘this one doesn’t fit my foot // although my foot is kinda dirty / you know // so it
doesn’t fit //’

Between the insubordinate concessive clause (introduced by apesar que) and the clause
performed in the first utterance there is not any concessive relation at the propositional
level (rather, in the real world such relationship would be one of direct cause). Through
the concessive clause, *JAN is rectifying her previous speech act, that she seems to
recognize as unnecessary (it is obvious that the shoe would not fit, considering that her
foot is dirty). This use of concessive clauses in spoken language as a means of
correcting the ‘validity’ of a speech act is well-attested cross-linguistically [Giinthner
2000, Couper-Kuhlen and Thompson 2000].

(14) [retailer of a shoe store talking to a customer]

*EUG: se cé quiser comprar as duas //[=COM= eu fico mais feliz /=COM= viu //=PHA=
(bpubdl01, 223-224)

‘if you want to buy both // I’ll be happier / you know //°

In (14) a conditional sentence is performed through two separate utterances, the protasis
through the first one and the apodosis through the second. From the textual, semantic,
and even morpho-syntactic standpoints, it would be possible to recognize a dependency
relation between the two clauses. Nonetheless, the protasis is fulfilling an autonomous
illocution of ‘suggestion’, which is prosodically conveyed and interpretable as such
independently of the presence of the apodosis, which in turn fulfils an assertive speech
act. This could be better appreciated listening to the protasis only. What we are therefore
saying is not that a relationship does not exist between these two utterances/illocutions;
there is a relationship but it is not defined on the basis of the morpho-syntactic
appearance of their locutive contents.

We label insubordinated adverbial clauses with retrievable main clause-like
material in the adjacent linguistic context as “semi’-insubordinated clauses, because
they maintain a strong textual or pragmatic link with another utterance (see, in a
diachronic perspective, the concept of ‘dyadic dependence’ as possible source for
insubordinated constructions in Sansinefa et al. 2015, which still does not correspond,
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though, to our conception of insubordination). The adverbial subordinators, in these
cases, explicitly signal the type of semantic relation existing between two speech acts,
although not at the propositional level anymore.

Then, fully insubordinated clauses are those ones for which no main clause-like
material is retrievable in the linguistic adjacent context. So far, only protases were found
in this configuration in the data, as it is shown in (15):

(15) [man and woman in a car, looking for a specific street and driving through a very steep
one]

*ANE: entdo é paralela a essa //[=COM=

*CES: <é> //[=COM=

*ANE: <entdo vamo> <subir /=CMM= e> olhar quais sdo //=CMM=

*CES: <entdo> +

*ANE: qual é /=SCA= a paralela //=COM=

*CES: muito obrigado /=COM= dona //=ALL= brigado //[=COM=

*ANE: eh /=PHA= se cé nii tiver um carrinho que [/1]=SCA= que sobe aqui //=COM=
*CES: ahn //=COM= ¢ //[=COM= isso nao é muito bom //=COM= (bfamdl05, 31-41)

‘A: so it’s the (street) parallel to this one // C: yeah // A: so let’s go up / and see which
are // C: then + A: which one is / the parallel one // C: thank you / madam // thank you //
A: well / if you don’t have a good car that [/1] that climbs here // C: uhm // yeah //
this one is not so good //°

In the above example, no apodosis for the conditional clause in bold is found within the
adjacent linguistic context. The insubordinated, ‘loose’ protasis is nonetheless
completely autonomous thanks to its prosodic profile, conveying the nucleus of an
illocution that we could label as ‘expression of obviousness’.

Although differening in their degree of textual ‘detachment’, we consider both
typologies of insubordinated clauses (semi- and fully) as completely independent from a
pragmatic standpoint. Listening to the insubordinated adverbial clauses in the examples
above, one can perceive that they are prosodically and pragmatically autonomous, and
perfectly interpretable as independent units within the speech flow (for a much more
detailed analysis, see Bossaglia et al. forthcoming on insubordinated adverbial clauses in
spoken BP and Italian).

6. Conclusions

In this paper we proposed a synchronic, pragmatics-based conception of the
phenomenon of insubordination, based on the analysis of adverbial clauses’ uses in BP
spontaneous speech.

In our view, for a proper study of spontaneous speech it is necessary to take its
prosodic component into account,; prosody is responsible for carrying the illocutionary
force of the utterances, and required for the segmentation of the speech continuum into
utterances and smaller functional units. The study of spoken syntax cannot, therefore,
disregard the interface with the information patterns through which the locutive content
of the utterance is packaged. In fact, we showed that adverbial clauses in spoken BP are
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frequently used in dedicated IUs, fulfilling specific communicative functions, and that
the primary level of the organization of the utterance is a pragmatic one, even when
syntactic dependency between different information units seems to be detectable.

In our view, it is not necessary (nor possible, perhaps) to trace a
grammaticalization and constructionalization path in order to explain insubordinate
clauses, since within our pragmatic conception of spoken language dependent structures
are constantly allowed to acquire pragmatic autonomy as speech acts. In this process,
prosody has a primary role in conveying the linguistic means to signal the independent
status of the insubordinated clauses.

Although it has already been explored in several languages [Lombardi ~ Vallauri
2004, 2010; Mithun 2008; Sansinefia et al. 2015, among others], further research on the
possible correlations between specific insubordinated clauses and illocutions based on
the analysis of actual spontaneous interactions in spoken BP is needed.
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Abstract. In this work, we contrasted Spanish locative verbs with Portuguese
locative verbs from ADESSE and ViPEr databases. Having the meanings in
Spanish from the ADESSE database, we searched for their equivalents in
Portuguese in the ViPEr database, using our introspective knowledge as
researchers and other resources, such as monolingual and bilingual
dictionaries. From the 693 ADESSE’s space verbs, 352 are locative
constructions in the ViPEr, presenting different pairs of correspondence. We
connected this resource to EuroWordNet. As a result, we obtained a bilingual
resource with a relatively big granularity and a wealth of syntactic-semantic
description.

Resumo. Neste trabalho, contrastamos os verbos locativos do espanhol e do
portugués das bases de dados ADESSE e ViPEr. Partindo dos sentidos em
espanhol da base de dados ADESSE, procurou-se seus equivalentes em lingua
portuguesa na base de dados ViPEr, a partir dos conhecimentos introspectivos
dos pesquisadores e de outros recursos, como diciondrios monolingues e
bilingues. Dos 693 verbos de espago presentes no ADESSE, 352 sdo construgoes
locativas no ViPEr, apresentando diferentes pares de correspondéncia.
Conectamos esses recursos a EuroWordNet. Como resultado, obtivemos um
recurso bilingue com uma granularidade relativamente grande e uma riqueza de
descrigdo sintatico-semdntica.

1. Introdugao

Este trabalho é um estudo inicial de analise contrastiva das construg¢des verbais locativas
do espanhol e do portugués, com o intuito de estabelecer os aspectos comuns e
divergentes entre as duas linguas. Para tanto, partimos dos verbos espaciais da base de
dados verbais do espanhol ADESSE (Garcia-Miguel, 2003, 2006) e os contrastamos aos
verbos locativos do portugués da base de dados verbais ViPEr (Baptista, 2012). Desse
modo, enriquecemos as duas bases de dados em questdo e contribuimos na construgao
de recursos linguisticos que podem ser utilizados em diferentes aplicagdes didaticas e no
Processamento de Lingua Natural (PLN).
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Para o desenvolvimento de uma concep¢do de construgdes locativas, nos
pautamos, sobretudo, nos trabalhos de Guillet e Leclere (1992) para o francés, Baptista
(2012) para o portugués e nas descrigdes sintatico-semanticas do espanhol de Garcia-
Miguel et al. (2003). As constru¢des verbais locativas aqui analisadas sdo as que
estabelecem uma rela¢do de localizagdo entre os elementos constituintes da frase e, de
um ponto de vista sintatico, respondem adequadamente as perguntas com o advérbio
interrogativo (Prep) onde, cujos complementos sdo selecionados pelo proprio verbo — e
ndo meros complementos circunstanciais selecionados pela frase. Os exemplos de (1) a
(5) ilustram algumas dessas constru¢des que apresentam estruturas similares em lingua
portuguesa e em lingua espanhola.

(1) O Pedro mora em Buenos Aires. (Pedro vive en Buenos Aires)

(2) O Pedro entrou na sala. (Pedro entro en la sala)

(3) O Pedro descolou o papel da parede. (Pedro despego el papel de la pared)
(4) O Pedro atravessou a rua. (Pedro cruzo la calle)

(5) O Pedro engavetou os documentos. (Pedro encajono los documentos)

Em (1), o verbo morar seleciona um complemento locativo estativo de lugar
(Buenos Aires). Ja nas frases de (2) a (5), tém-se uma construcdo verbal locativa
dindmica. Em (2), o nome que ocupa a posi¢do de sujeito da frase € o mesmo que se
desloca para o complemento locativo de destino (na sala). Em (3), o verbo descolar
seleciona o complemento direto (papel) e um complemento locativo de origem (da
parede). Em (4) e (5) tém-se uma construcdo transitiva direta. Na frase (4), o
complemento direto (rua) ¢ interpretado como um lugar de destino. Em (5), por sua vez,
o verbo engavetar/encajonar se constitui pelo nome cognato de lugar gaveta/cajon e o
complemento direto (documentos) é o objeto que ocupa esse lugar.

Sabe-se que um grande numero de construgdes verbais em lingua portuguesa e
em lingua espanhola exprimem o conceito de localizagdo. Trata-se de um fendmeno ja
descrito ou mencionado em trabalhos anteriores, como as propostas de classificagdes
sintatico-semanticas de Macedo (1987), Cancado ef al. (2013) e Baptista, (2012), para o
portugués; e Rojas Nieto (1988), Crego Garcia (1995) e Garcia-Miguel (2003, 2006),
para o espanhol. No entanto, ndo se tem noticia de estudos contrastivos dessas
constru¢des que considerem o portugués e o espanhol. Desse modo, comparamos as
construgdes verbais espaciais do espanhol, disponivel na base de dados sintatico-
semanticos ADESSE (Garcia-Miguel, 2006) as construgdes verbais locativas do
portugués, descritas na base de dados de construgdes léxico-sintaticas de verbos do
portugués ViPEr (Baptista, 2012). Embora as duas bases de dados em questdo partam de
aspectos tedrico-metodologicos diferenciados, as selecionamos pelo facil acesso aos
dados e, principalmente, pela quantidade relevante de verbos e pela qualidade de sua
descricdo e classificacdo. A classe espago do ADESSE apresenta a classificacao de 674
construgdes verbais. O ViPEr, uma base de dados mais granular, contém a classificagdo
de 1.142 empregos locativos.

Ressalta-se que, em um primeiro momento, os verbos do ADESSE foram
relacionados & WordNET, afim de identificar com maior profundidade os sentidos
veiculados pelas construcdes espaciais ali descritas, além de estabelecer uma conexéo
entre as bases de dados, enriquecendo-as.
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2. Classificacoes sintatico-seménticas dos verbos locativos

O ADESSE (Base de datos de verbos, alternancias de diatesis y esquemas sintdctico-
semanticos del espariol) é uma base de dados de construgdes verbais do espanhol, em
que ¢ possivel encontrar a classificagdo dessas constru¢des de acordo com as suas
propriedades sintatico-semanticas. O projeto ADESSE, da Universidad de Vigo
(Galicia, Espanha), se construiu sob a base de dados sintaticos do espanhol atual (BDS),
que contém a analise sintatica de um corpus do espanhol contemporaneo com cerca de
1,5 milhdo de palavras. Na BDS esta anotada a fungdo sintatica (sujeito, objeto direto,
objeto indireto, etc.), categoria sintatica (tipo da frase: verbal, nominal), preposi¢do,
animacidade e ntimero. Partindo desses dados da BDS, acrescentou-se, ao ADESSE,
informagdes semanticas pertinentes: sentidos verbais, classes semanticas de processos e
papéis semanticos. A construcdo das classes verbais tem inspiracdo nas classificagdes
sintatico-semanticas de Levin e dialoga, em alguma medida, com a WordNet e a
FrameNet, embora apresente niveis mais generalizados. De acordo com Garcia-Miguel
et al. (2003, p.14), sdo agrupados nas mesmas classes verbos que estabelecem uma
relagdo de parassinonimia (lexemas com mesmo significado, mas diferente distribuicao)
e co-hiponimia (lexemas que possuem um hiperonimo comum). A classificacdo
hierarquica de base conceitual dessa base de dados apresenta 6 macro-classes, 20 classes
e 38 subclasses. E na macro-classe material que se encontra nosso objeto de estudo, os
verbos de espaco, subdividido em: espaco, deslocamento, localizagdo, postura-posigado,
orientagdo, maneira movimento € unido, como se verifica na Tabela 1.

Tabela 1. Classificacdo dos verbos de espaco do ADESSE

Subclasses Definico* Verbo | Exemplo #
Uma entidade possui uma determinada localizagéo,
configuragdo ou orientacdo espacial. Ou ainda realiza
algum tipo de mudanca em sua localizagéo, Pedro se movié para
Espaco our P janca - ¢ mover - P 5
configuragdo ou orientagdo espacial. Engloba la izquierda.
construgdes ndo classificadas nas demais classes de
espaco.
Uma entidade se desloca de uma localizagdo inicial a | . Pedro fue a la
Deslocamento A . ir 230
uma localizacdo final, percorrendo um trajeto. escuela.

N Uma entidade apresenta una determinada localizagdo Pedro entr6 en la
Localizagao ~ entrar | . 219
no espaco (ou, por extensdo, no tempo). iglesia.

Uma entidade apresenta uma determinada configuragéo . -
. . e Pedro sentd a su hijo
Postura-Posicédo | espacial ou sofre um processo de modificacdo da | sentar en lasilla 42
mesma.
. ~ Uma entidade se situa de tal modo que indica uma Pedro volvi6 a su
Orientagéo . s volver 10
determinada diregéo. casa.
Maneira- Uma entidade realiza um movimento que ndo supde Pedro  agité  la
N uma mudanca de localizagdo nem de configuragdo | agitar g 43
Movimento . botella.
espacial.
Uma entidade se encontra em um estado ou realiza um R
x x A x M ~_ .| Juan afiadi6 sal a la
Unido processo de unido, reunido, integracdo ou separagdo | afiadir . 125
i comida.
com outra entidade.
Total | 674

1 As definicdes foram retiradas do ADESSE: <http://adesse.uvigo.es/index.php>, acesso em agosto de 2017 (tradugdo nossa).
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O ViPEr (Baptista, 2012) é uma base de dados dos verbos do portugués europeu’, que
tem como arcabougo tedrico-metodoldgico o Léxico-Gramatica (Gross, 1975, 1981) e se
assenta na proposta de classificacdo sintatico-semantica dos verbos locativos do francés
de Guillet e Leclére (1992). Até o momento, o ViPEr contém a analise de 130
propriedades sintaticas, semanticas, estruturais, transformacionais e distribucionais de
aproximadamente 7.000 construgdes verbais, categorizadas em 71 classes. As
construgdes verbais locativas compreendem 1.142 verbos e estdo distribuidas por 12
classes distintas, como se observa na Tabela 2.

Tabela 2. Classificacdo dos verbos locativos do ViPEr (Baptista, 2012)

Classe | Estrutura® Verbo Exemplo #
35LD | N, V-din Loc. Nloc, entrar O Pedro entrou na sala 193
35LS | N, V-stat Loc. Nloc, viver O Pedro vive em Lishoa 32
37LD | N, Vdin Loc-s: Nloc. Loc-d. Nloc. viajar O Pedro viajou daqui para ali 117
38L1 | N,V Nloc, invadir O Pedro invadiu a sala 205
38L2 [NVE;(;‘;Z[?&% q enjaular O Pedro enjaulou o ledo 39
38L3 | Nloc, V Nobj. encerrar A jaula encerrava a fera 12
38L4 | N, Nobj-v Nloc-d, [V=pdr Nobj] apimentar O Pedro apimentou a comida 122
38L5 | N, Nobj-v Nloc-s, [V=tirar Nobj] desengordurar | O Pedro desengordurou o prato 11
38LD | N, Vdin N, Loc-d. Nloc. pousar O Pedro pousou o livro na mesa 281
38LS | N, Vdin N, Loc-s. Nloc. retirar O Pedro retirou o livro da mesa 77
38LT | N.Vdin N. Loc-s. Nloc. Loc-d. Nloc, | transferir [?al:;l:\rlli) transferiu o livro daqui 50
38R N, Vstat N, Loc: N. situar O Pedro situou 0 Butéo no mapa. 3

Total | 1.142

Respeitando as abordagens tedrico-metodoléogicas das bases de dados ADESSE e
ViPEr, assim como suas motivagdes e objetivos, realizamos a analise comparativa dos
verbos de espaco do espanhol com os verbos locativos do portugués.

3. Analise dos dados

Inicialmente, foram conectadas as 674 construgGes verbais de espaco do ADESSE a
seus sentidos correspondentes na WordNet, uma base de dados lexicais, que, a partir de
uma abordagem relacional, é organizada de acordo com o significado e conceito, e ndo
com a forma. Trata-se de uma ontologia linguistica, amplamente utilizada na area de
PLN, na qual estdo armazenados conceitos lexicalizados (nomes, verbos, adjetivos e
advérbios) que, como apresentado por Di Felippo (2008, p. 47), “se organizam sob a

2 Embora o trabalho de Baptista (2012) se refira as construcdes verbais do portugués europeu, segundo Rodrigues (2016), o
comportamento sintatico-semantico dos verbos locativos do portugués europeu assemelha-se muito as mesmas construcdes do
portugués brasileiro.

3 Notaces: NO, N1, N2, N3: sujeito e complementos; Prep: preposicdo; N: nome ou grupo nominal;Nloc: nome locativo (papel
semantico); Nobj:“objeto” (papel semantico); Loc: preposicéo locativa, -d de destino, -s de origem ; V: verbo, Vdin:verbo locativo
dinamico; Vstat: verbo locativo estativo.
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forma de synsets (abreviagdo do termo em inglés synonym set, isto é, conjunto de
unidades sinbnimas)”.

O estabelecimento da relagio ADESSE/WordNET ocorreu através do
Multilingual Central Repository*, ferramenta multilingue (inglés, basco, espanhol,
galego, cataldo e portugués), baseada na WordNet de Princeton, associada ao projeto
EuroWordNet. Ressalta-se que usamos a WordNet apenas como referéncia e ndo como
fonte de informagdo, ou seja, ndo consideramos todas as entradas Iéxicas e distingGes de
sentidos da WordNet, ja& que sdo muito granulares. Dessa interseccdo, 99 sentidos
verbais ndo constam na WordNet. Essas lacunas decorrem principalmente por serem
lexemas: (i) pouco usuais em lingua espanhola (callejear, eslabonar); (ii) com
prefixacdo (desorbitar, reintroducir); (iii) relacionados a partes do corpo ou postura
corporal (gallear, manotear, acodarse); e (iv) relacionados a verbos que apresentam
uma rigorosa restricdo do nome que ocupa a posi¢do de complemento (levar, adosar).
Além disso, é importante ressaltar que as redes wordnets — como o Projeto
EuroWordNet — se baseiam na WordNet de Princeton, que considera o inglés
americano. Desse modo, acredita-se que muitos desses casos ndo descritos na WordNet
para o espanhol se referem a verbos ndo lexicalizados ou ndo usuais em lingua inglesa,
dai a sua omisséo.

Apo6s familiarizar-se com os sentidos estabelecidos nas classes de espago do
ADESSE, iniciou-se a segunda etapa do trabalho: as associagfes entre as 674
construgdes verbais do ADESSE as construcdes do ViPEr, de maneira manual, com o
auxilio de pesquisadores lusofalantes e hispanofalantes, além do uso da WordNet, de
dicionarios monolingues e bilingues e de corpora. Neste trabalho, a definicdo de
locativo relaciona-se diretamente as nogdes de locativo da base de dados ViPEr
(BAPTISTA, 2012). Por este motivo, consideramos construgdes locativas do ADESSE
apenas as que apresentam correspondéncia com as construcGes locativas do ViPEr.
Como mencionado, o VIiPEr é uma base de dados mais granular, por isso um mesmo
verbo, como por exemplo subir, é apresentado em diferentes entradas, devido as suas
construgdes sintatico-semanticas particulares:

(6) O Pedro subiu as malas do quinto ao oitavo andar.
(Pedro subio las valijas del quinto piso al octavo.)
(6a) O Pedro subiu do quinto ao oitavo andar.
(Pedro subi6 del quinto piso al octavo.)
(6b) O Pedro subiu as escadas.
(Pedro subio las escaleras.)

No ADESSE, o verbo subir apresenta a definicdo mover de abajo arriba e esta
classificado como uma construcdo espacial da classe Deslocamento. No ViPEr, no
entanto, as construgdes sdo multiplicadas devido as diferentes construcdes sintaticas: em
(6), tem-se uma construgcdo com o verbo subir em que é selecionado um objeto na
posicdo de complemento direto (malas) que se desloca de um ponto de origem (do
quinto) a um ponto de destino (ao oitavo andar), classe 38LT do ViPEr; em (6a) é o
nome que ocupa a posi¢do de sujeito (Pedro) que se desloca, classe 37LD do ViPEr; ja

4 Ferramenta de léxico multilingue baseada na WordNet de Princeton — Multilingual Central Repository disponivel em:
<http://adimen.si.ehu.es/cgi-bin/wei/public/wei.consult.perl>, acesso em agosto de 2017.
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em (6b), verifica-se uma construcdo transitiva direta, na qual o objeto na posicéo de
complemento direto (escadas) é interpretado como um lugar, classe 38L1 do ViPEr.

Sendo assim, da comparacdo ADESSE/VIiPEr, foram acrescentados 19 lexemas
verbais locativos por terem suas construcdes sintaticas descritas no ViPEr, a saber:
mover, desplazar, llevar, navegar, saltar, subir®, subir?, venir, desperdigar, albergar,
apoyar, cobijar, evacuar, guardar, habitar, ingresar, acomodar, tender e orientar.
Desse modo, ao invés da analise de 674 construgdes verbais do espanhol da base de
dados ADESSE, passou-se a analisar 693 lexemas verbais. Deste valor, 352 lexemas se
relacionam a construgdes verbais locativas do VIPEr e o restante (341 lexemas verbais)
refere-se a: (i) 251 construgdes descritas em classes ndo locativas do ViPEr; (ii) 75
construgdes ndo descritas no ViPEr por serem, de maneira geral, pouco usuais em lingua
portuguesa; e (iii) 15 lexemas verbais que se referem a verbos ndo lexicalizados em
lingua portuguesa (gallear, corretear, arracimar, brujulear, regazar, desaparroquiar,
etc.). Sobre as relagbes locativas, 352 ao todo, observam-se diferentes pares de
correspondéncia — do espanhol para o portugués - como se verifica na Tabela 3.

Tabela 3. Correspondéncias entre as construcoes locativas ADESSE/ ViPEr

. Classes
Correspondéncias Verbos (ADESSE — ViPET) Exemplos Total
Uma Unica entrada . Pedro emigro de Portugal
locativa no ADESSE emigrar Deslocamento - 37LD hacia Francia. 326
- Uma (nica entrada ruzar Deslocamento — 38L1 Ped 6 la call
Jocativa no ViPEr cruzal eslocamento — edro cruzo la calle.
Duplicacéo no Localizagao/Percepgdo | Pedro localizé el origen del
ADESSE . - 38R problema.
. localizar - - 1
- Uma Unica entrada Localizacio — 38R Buenos Aires se localiza en
no ViPEr G Argentina.
o Localizagéio — 38LD Pedro albergé a Ana en su
Uma Unica entrada albergar casa.
no ADESSE g Localizagéo - 38L3 Esta casa alberga el museo 19
- Duplicagéo no de un gran poeta.
VIiPEr habitar Localizagdo — 38L1 Pedro habita una aldea.
Localizagdo — 35LS Pedro habita en una aldea.
o Localizagéo — 38LD Pedro dejo el libro en la
Duplicacio no dejar/deixar mesa.
KDE;;SE Deslocamento — 38L1 Pedro dejé Buenos Aires.
- Duplicagéo no Unido - 38LS Pedro despegt el papel de 6
VIiPEr despegar/descolar, _ la pargd. _
descolar Deslocamento — 37LD El avion despego6 de la pista
del aeropuerto.

Dos 352 lexemas verbais locativos da correspondéncia ADESSE/ViPEr: (i) 326
possuem apenas uma construgdo verbal locativa em cada base de dados; (ii) apenas o
verbo localizar ¢ duplicado no ADESSE e apresenta uma unica entrada no ViPEr; (iii)
19 verbos sdo duplicados no ViPEr e apresentam apenas uma entrada no ADESSE, cuja
grande maioria dos casos refere-se a mudangas sintaticas dessas construgdes; e (iv) 6
verbos apresentam mais de uma construgdo verbal nas duas bases de dados, a saber:
apuntar/apontar; dejar/deixar; despegar/descolar, decolar; enmarcar/emoldurar,
enquadrar, tirar/langar, andar; e volver/voltar.

Ainda sobre as 352 correspondéncias locativas ADESSE/ViPEr, pode-se afirmar
que 258 (73.3%) sdo consideradas cognatas, ou seja, compartilham o mesmo sentido e a
mesma forma (navegar/navegar) — ou formas muito similares (dejar/deixar,
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apoyar/apoiar) — nas duas linguas; e 103 verbos (29%) ndo s@o cognatos nas duas
linguas, a saber: 82 verbos (23.3%) ndo possuem semelhangas de forma com seus
correspondentes em lingua portuguesa (Pedro buceo en el mar / Pedro mergulhou no
mar); e 12 verbos (3.4%) sdo considerados falsos cognatos, pois possuem forma idéntica
ou semelhante nas duas linguas, mas sentidos diferentes (Pedro brincé hasta el balcon/
O Pedro pulou até a sacada). Apesar de se tratar de uma lista delimitada de verbos
analisados, foi possivel observar o alto grau de similaridade dos lexemas, totalizando
73,3% de cognatos das duas linguas, o que corrobora, de certa maneira, com a citagao de
Almeida Filho (2001, p. 14), que afirma que mais de 85% dos vocabulos em portugués e
em espanhol tém uma origem comum.

4. Consideracoes Finais

No presente trabalho, descrevemos e associamos as construgdes verbais locativas das
bases de dados verbais em lingua espanhola (ADESSE) e em lingua portuguesa (ViPEr),
além de as conectarmos 8 WordNet. Como se verifica nos dados apresentados, nem
todas as construgdes espaciais do ADESSE sdo consideradas locativas no ViPEr, o que
reitera as diferencas tedrico-metodoldgicas entre as duas bases de dados contrastadas.

Dos 693 verbos da analise contrastiva ADESSE/ViPEr, 258 sdo cognatos,
apresentando forma e sentido idénticos ou muito similares nas duas linguas. Ressalte-se
no entanto que nem sempre esses verbos apresentam os mesmos padrdes sintaticos, nem
a mesma selecdo de preposi¢do e de argumentos para a constitui¢do da frase de base.
Deste modo, espera-se dar continuidade a esta pesquisa, analisando, manualmente, o
comportamento sintatico-semantico de cada um dos 352 lexemas verbais locativos
ADESSE/ViPEr. Pretende-se incorporar informagdes de corpus para validar algumas
propriedades dos verbos, como a co-ocorréncia do lema com preposi¢des, com padrdes
sintaticos e com selegdes restritivas dos argumentos. Além disso, serdo avaliados os
pontos comuns e divergentes entre as duas linguas. Assim, poderemos utilizar os dados
gerados tanto em aplicagdes na area da tradugdo automadtica, quanto no ensino de
portugués e espanhol como segundas linguas.

Da relagido ADESSE/ViPEr, obtivemos um recurso bilingue com uma
granularidade e riqueza de descrigdo sintatico-semantica muito maior que a de um
diciondrio bilingue, com a descri¢do dos diferentes pares de correspondéncias dos
verbos locativos em espanhol e em portugués e sua conexao as informagdes semanticas
da WordNet.
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