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El Congreso Argentino de Ciencias de la Computacion (CACIC) es
organizado por la Red de Universidades Nacionales con carreras en
Informatica (RedUNCI). CACIC retne desde 1995 a investigadores,
docentes, profesionales, alumnos de grado y estudiantes de postgrado
vinculados con la disciplina Informatica. EI Congreso cubre temas de
importancia en Ciencias de la Computacion a través de la organizacion de
diferentes Workshops, coordinados por expertos en la disciplina. En estos
Workshops se presentan trabajos cientificos evaluados por investigadores
del pais y del exterior.
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Libro de actas: 30° Congreso Argentino de Ciencias de la Computacion -CACIC 2024 /
Editado por Patricia Pesado; Pablo Thomas; Franco Chichizola - la ed - La Plata:

Universidad Nacional de La Plata. Facultad de Informatica, 2024.
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Libro digital, PDF ISBN 2428-6
Archivo Digital: descarga y online “ “ “ “
9178950311424285

ISBN 978-950-34-2428-5
1. Actas de Congresos. 2. Computacion. 3. Conferencias. 1. Pesado, Patricia, ed. II
Thomas, Pablo, ed. III. Chichizola, Franco, ed. IV. Titulo.
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Short paper

Explorando el Rendimiento Académico: Un Analisis Basado en Areas de Conocimiento. Rossana 603
Martinez (UNCA - Paraguay), Gustavo Sosa-Cabrera (UNA - Paraguay).

Extension del enfoque basado en perfiles con nuevos métodos de aprendizaje de 608
representaciones. Dario Funez (UNSL), Marcelo Errecalde (UNSL), Leticia Cagnina (UNSL).

Prototipo para la diagnoesis de enfermedades utilizando fuentes de Linked Open Data (LOD). 613
Gaston Axel Lacuesta (UADE), Ignacio Ezequiel Rondan (UADE), Roxana Martinez (UADE).

XXI Workshop Ingenieria de Software 618
Full paper
Accesibilidad web desde la percepcion de las personas con discapacidad: una herramienta 619

tecnoldgica para su valoracion. Ivana Harari (UNLP), Sergio Lujan-Mora (UA - Espafia), Javier
Diaz (UNLP), Daniel Idalgo (UNLP)

Analisis del comportamiento de los usuarios que preguntan en CQA. Gabriela Aranda 629
(UNCOMA), Valeria Zovatto (UNCOMA), Adriana Cardena (UNCOMA).
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Aplicacién de Inteligencia Artificial en el Disefio de Microservicios. Un mapeo sistematico de la 639
literatura. Daniel Narvaez (UAI), Gustavo Rossi (UNLP / UAI), Nicolds Battaglia (UAI)

Aporte a la confiabilidad de programas C++ mediante una herramienta ad-hoc para 649
implementar contratos. Justo Garcia (UNER), Jorddn Insfran (UNER), Javier Eduardo Diaz
Zamboni (UNER)

Approach to a feasibility analysis method for the deployment of software systems for SMEs. 659
Leandro Moreno (UTN-FRBA), Marisa Panizzi (UTN-FRBA), Rodolfo Bertone (UNLP).

BMM - Backlog Management Method: refinando desde la necesidad del usuario a elementos 668
listos para el desarrollo. Janessa Avalos (UNLP), Leandro Antonelli (UNLP / UAI), Julio Ariel
Hurtado (UniCAUCA - Colombia).

Clasificacion de posts segin su rol en hilos de foros de discusion. Valeria Zoratto (UNCOMA), 678
Gabriela Aranda (UNCOMA), Jaime Saldivia Urra (UNCOMA).

Easing the Behavior Specification for Satellite Missions. Fernando Asteasuain (UNdAv), Jorge 688
Acufia (UNdAv), Martin Miguel Machuca (UNdAv).

Especificacion jerarquica de requisitos desde escenarios. Gladys Kaplan (UNLaM / UNLu). 698

Experiencia de Usuario para identificar UX smells en Software para Discapacidad Cognitiva y 708
de la Comunicacion. Andrea Cecilia Cortizo (UTN-FRLP), Alejandra Garrido (UNLP), Silvia Lujin
Vega (UTN-FRLP).

F-IoT: Una herramienta para la configuracion de sistemas de LoT. Sebastidn Uriel Flores (UNSL), 718
Mario Beron (UNSL).

Inteligencia Artificial en Ingenieria de Software - Etapas de Elicitacion y Analisis de 728
requerimientos. Ailén Panigo (UNLP), Kristian Petkoff Bankoff (UNLP), Ariel Pasini (UNLP),
Patricia Pesado (UNLP).

Mapeo Sistematico para la caracterizacién de los requerimientos de calidad no funcionales y de 739
las arquitecturas para computacién cuantica. Oscar Santiago Lépez Erazo (UniCAUCA/FUP -
Colombia), Juliana Delle Ville (UNLP), Giuliana Maltempo (UNLP), Adriana Gomez (UTP -
Colombia), Luis Freddy Muiioz (FUP - Colombia), Julio Ariel Hurtado (UniCAUCA - Colombia),

Leandro Antonelli (UNLP), César Collazos (UniCAUCA - Colombia).

Prediccion de Confianza en Equipos Virtuales de Desarrollo de Software Aplicando Algoritmos 750
de Clasificacion de Texto. Sergio G. Zapata (UNSJ), Gustavo Sevilla (UNSJ), Facundo Gallardo
(UNSJ), Estela Torres (UNSJ), Raymundo Forradellas (UNCuyo).

Razones de Fracaso de Proyectos de Software: un Mapeo Sistematico. Emanuel Barboza (UNLP), 762
José Balas (UNLP), Leandro Antonelli (UNLP / UAI), Pablo Thomas (UNLP).

Shannon Entropy is better Feature than Category and Sentiment in User Feedback Processing. 772
Andrés Rojas Paredes (UNGS), Brenda Mareco (UNGS).

Un DSL para modelar procesos MDE. Liliana Martinez (UNCPBA), Claudia Pereira (UNCPBA). 782

Un Modelo para Medir Reusabilidad en el Desarrollo de Sistemas Big Data basados en 792
Contexto. Agustina Buccella (UNCOMA), Alejandra Cechich (UNCOMA).

Una revision de herramientas para Programacion Cuantica. Luciano Marrero (UNLP), Verena 802
Olsowy (UNLP), Juan Ferndndez Sosa (UNLP), Fernando Tesone (UNLP), Leonardo Corbaldin
(UNLP), Pablo Thomas (UNLP), Patricia Pesado (UNLP).
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Una revision de Trazabilidad de Requerimientos en el contexto de Gestion de Proyectos. Vicroria 814
Pocladova (UNLP), Magali Menchén (UNLP), Verena Olsowy (UNLP), Leandro Antonelli (UNLP /
UAl), Pablo Thomas (UNLP)

User Stories or Use Cases? The Answer is: Requirements! Fernando Pinciroli (UNSJ). 825
User Story Mapping y Escenarios para especificar requerimientos de software: Mapeo 837
Sistematico de la Literatura. Andrea Alegretti (UNLP), Leandro Antonelli (UNLP), Marisa Panizzi
(UNAHUR).

ValReCo: Un Proceso de Validacion de Requerimientos. Sonia Santana (UNER), Leandro 847
Antonelli (UNLP / UAI), Pablo Thomas (UNLP), Alejandro Fernandez (UNLP).

Short paper

Hacia la Prediccion Efectiva de Fallos en Software: Identificacion de Factores Criticos. Andrés 858
Ortiz (UNA - Paraguay), Gustavo Sosa-Cabrera (UNA - Paraguay).

XIX Workshop Arquitectura, Redes y Sistemas Operativos 863
Full paper
Analisis de Seguridad del Proceso de Configuracién Automatica de Direcciones IPv6 Sin Estado 864

(SLAAC). Ernesto Sanchez (UCASAL), Daniel Arias Figueroa (UNSa), Henri Alves de Godoy
(UNICAMP - Brasil)

Aprendizajes en el disefio de una infraestructura IoT para la Agricultura Familiar. Una 873
experiencia en el cinturéon horticola de La Plata. Néstor Castro (UNLP), Claudia Queiruga

(UNLP), Agustin Candia (UNLP), Markos Moscoso Ocampo (UNLP), Matias Pagano (UNLP),

Javier Diaz (UNLP)

Configuracion y Puesta en Marcha del Cluster Raspberry Pi Cronos. Martha Semken (UNGS), 882
Mariano Vargas (UNGS), Ignacio Tula (UNGS), Andrés Rojas Paredes (UNGS)

Desarrollo de una arquitectura de ciberseguridad en redes IoT, aplicada a un ecosistema Zighee 892
basado en SDN. Reinaldo Scappini (UTN-FRRe), Diego Bolatti (UTN-FRRe), Sergio Gramajo
(UTN-FRRe), Jorge Roa (UTN-FRRe), Raul Montiel (UTN-FRRe)

Disefio y creacion de una cabeza robot social LoT. Néstor Balich (UAI), Franco Balich (UAI), 901
Berenice Balich (UAI), Assem Bekbolatkyzy (MINERVA - USA), Sadri Dridi (MINERVA - USA)

I+IoT RLab: Disefio y desarrollo de un laboratorio remoto de internet industrial de las cosas. m
Sebastian Tobar (UTN-FRM), Mariano Zapata (UTN-FRM), Ana Laura Diedrichs (UTN-FRM),

Cristian Pérez Monte (UTN-FRM), Gustavo Mercado (UTN-FRM), Carlos Taffernaberry (UTN-

FRM)

Implementing CRANE: a tool for simple deployment of containerized applications in local 921
environments. José Miguel Silva Pavén (UNLP), Franco Bellino (UNLP), Patricia Bazan (UNLP),
Alejandra B. Lliteras (UNLP), Nicolds del Rio (UNLP)

Observabilidad de la Eficiencia Energética en Servidores de Centros de Datos con Solucién de 930
Cédigo Abierto. Daniel Anunziata (UNRC), Emilio Corti (UNRC)

Un Mapeo Sistematico de la Integracion de IoT y Computacion en la Niebla en la Agricultura 941
de Precision. Ricardo Gongalves (UAI), Gustavo Rossi (UNLP / UAI)
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Short paper

Distribucién estratégica de Estaciones en el Sistema Satelital Argentino de recoleccién de datos. 951
Hugo N. Uriona (UNLP), Gerardo E. Sager (UNLP), Horacio Villagarcia Wanza (UNLP)

Evaluaciéon de la Eficiencia Energética y el Impacto de las Aplicaciones de Redes Sociales. 956
Yamila Ferrufino (UNAJ), Romdn Bond (UNAJ), Daniel Martin Morales (UNAJ), Diego Encinas
(UNAJ/ UNLP)
XVII Workshop Innovacion en Sistemas de Software 9261
Full paper
Algoritmo de Vinculacion de Relatos de Denuncias Policiales basado en NER. Mauro Daniel 962

Alvarez (UNLP), Leandro Antonelli (UNLP / UAI)

Asistente virtual escalable orientado a voz: innovacién en la interacciéon hombre-maquina. 972
Ignacio M. Citate Goémez (UNNOBA), Leonardo Esnaola (UNNOBA), Hugo Dionisio Ramon
(UNNOBA)

Herramienta de Realidad Virtual Inmersiva para entrenamiento de habilidades sociales en 984

personas con discapacidad en un entorno cuidade. Nelson Acosta (UNCPBA), Analia Amandi
(UNCPBA), Patricia Salguero (CENTRO CASABELLA), Santiago Faiella (UNCPBA), Franco
Viduzzi (UNCPBA)

Leveraging Large Language Models for Ontology-Based Data Access: A Preliminary Analysis. 996
Sergio Alejandro Gémez (UNS), Pablo Rubén Fillottrani (UNS)

Lexi: asistente inteligente evolutivo para la gestion del conocimiento en proyectos de ingenieria. 1006
Pedro Blanco (UADE), Facundo Sanchez (UADE), Roxana Martinez (UADE)

Prototipo para la sostenibilidad ambiental basado en Design Thinking. Bruno Traversaro 1016
(UNLP), Juan Ignacio Visentin (UNLP), Ivan Balmaceda Castro (UNLAR / UNLP), Andrés Rodriguez
(UNLP)

Reconocimiento de emociones empleando conductancia de piel, variacién de ritmo cardiaco y 1027
expresiones faciales. Sofia Roldan (UM), Matias Gramajo (UM), Jorge lerache (UM / UBA /
UNLaM)

Systematization of Information Management in Sea Turtle Recovery. Sergio David Andrade 1039
Colombani (UNS), Javier Ferndandez Tierno (UNS), Cristina Sanhueza (UNS), Lucrecia Diaz (UNS),
Luciano H. Tamargo (UNS), Martin Larrea (UNS)

Traductor de lenguaje de sefias simplificado por una inteligencia artificial. Juan Pablo Sablich 1049
(UCALP), Martin Sebastian Correa (UCALP), Marcelo Taruschio (UCALP), Rodolfo Bertone
(UCALP)

UI-UX en el Diagnéstico del EEG en la Era de la IA. Diego Coulombie (UNLaM), Alberto Miguens 1059
(UNLaM), Ariel Gentile (FAVALORQ), Cecilia Lucero (UNC)

Short paper

Automatizacion de documentos judiciales utilizando Inteligencia Artificial. Gabriela A. Pérez 1069
(UNLP / UNAJ), Nicolas Picasso (AALP), Catalina Mostaccio (UNLP), Leandro Antonelli (UNLP /
UAI)
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MEGAN: Integrando tecnologia y juego para la comunicacién en guarderias. Jazmin Maria Del 1074
Lujan Gamarra Benitez (UNA - Paraguay), Diego Rubén Gémez Morel (UNA - Paraguay), Dafne

Aylén Torrez Vera (UNA - Paraguay), José Maria Cabrera Peralta (UNA - Paraguay), Lucas Damidn
Goncalvez Basabe (UNA - Paraguay), Gustavo Sosa-Cabrera (UNA - Paraguay)

SYNAPSIS: Plataforma de datos Multimodales y Gestion Clinica para la Enfermedad de 1079
Parkinson. Pedro Occhipinti (UNQ), Ménica Giuliano (UNO / UNAHUR), Silvia Pérez (UNO), Alan

Berduc (UNO)
XV Workshop Procesamiento de Senales y Sistemas de Tiempo Real 1085
Full paper
Analisis de datos de estados de animo en sesiones de ensayo para una competencia de danza. 1086

Un caso de estudio. Luis Espin Pazmifio (UG — Ecuador / UNLP), Armando De Giusti (UNLP).

Analisis de imagenes hiperespectrales de mani contaminado con aflatoxinas. Maria Laura Vranic 1098
(UTN-FRBA / UNAHUR), Steven Martinez Vargas (UNS), Diego Sebastian Cristos (INTA), Natalia
Victoria Pesquero (INTA), Juan Vorobioff (UTN-FRBA), Claudio A. Delrieux (UNS / UTN-FRBA)

Implementacion de Técnicas de Aprendizaje Automatico para la Deteccion de Simbolos en 1108
Sistemas de Modulacién 16QAM. Nicolds Eichhorn (UNRC), Guillermo Cuenya (UNRC), David
de Yong (UNRC), Julian Durigutti (UNRC).

La interrupcion de sefiales del Sistema de Identificacién de Buques (AIS) como alerta de pesca 1118
ilegal, no declarada y no regulada (INDNR). Claudio Torre (UNLP)

Nueva distancia estocastica en imagenes SAR polarimétricas para estimar puntos de borde con 1130
rapido procesamiento. Daniel Monferran (UNGS), Andrés Sartarelli (UNGS)

Performance of MSK with Walsh Coding. Oscar Bria (UNLP), Javier Giacomantone (UNLP) 1140
Short paper
Estudio de Simulacion de Procesos aplicado a la Optimizacion de Sistemas de Produccion. 1150

Emiliano Camer (UNAJ), Martin Pdez (UNAJ), Nicolas Vitek (UNAJ), Romdn Bond (UNAJ), Daniel
Martin Morales (UNAJ / UNT-FRLP), Diego Encinas (UNAJ/ UNLP)

XIII Workshop Innovacion en Educacion en Informatica 1155
Full paper
Crear con tecnologias digitales para el desarrollo del pensamiento computacional. El caso del 1156
proyecto de semillero de innovadores. Cecilia Sanz (UNLP), Verénica Artola (UNLP), Santiago
Medina (UNLP), Matias Zeballos (UNLP), Sabrina Lombardo (UNLP).

Desarrollo de simulador de robética cloud multipresencia para ensefianza de programacion. 1168
Néstor Balich (UAI), Franco Balich (UAI), Tupac Ocampo (UAI), Berenice Balich (UAI).

Implementacion de un Metaverso aplicado a la Educaciéon en las carreras de Ingenieria. 1176
Artemisa Trigueros (UNLaM), César Conejeros (UNLaM), Mabel Compagnoni (UNLaM), Alfredo
Amato (UNLaM).

Short paper
Emociones y aprendizaje un enfoque tecnologico, estado del arte. Luis Espin Pazmifio (UG — 1189

Ecuador / UNLP), Diana Montero (UECA - Ecuador), Miguel Rugel (UECA - Ecuador), Kiara Espin
(UES - Ecuador).
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XTIII Workshop Seguridad Informatica 1195
Full paper

A Pseudorandom Binary Generator based on Combination Linear Feedback using Multiplexers 1196
and Multivariable Boolean Function. Andrés Francisco Farias (UNLAR), Germdn Montejano
(UNSL), Ana Gabriela Garis (UNSL), Andrés Alejandro Farias (UNLAR)

Analisis y Desarrollo de Herramientas de Reverse Shell para Pruebas de Penetracion. Valentin 1206
Torassa Colombero (UAI), Maria Eugenia Casco (UAI), Santiago Roatta (UNR)

Causas potenciales de incidentes no deseados en Mensajeria Instantanea: WhatsApp-Telegram. 1217
Alejandra Di Gionantonio (UTN-FRC), Laura Ligorria (UTN-FRC), Roxana Manera (UTN-FRC),
Lorena Peralta (UTN-FRC), Luis Contrera (UTN-FRC), Mairena Di Gionantonio (UTN-FRC)

Cifrador de Bloque con Algoritmos Cifradores en Serie Conformados por Secuencias T- 1227
entrelazadas de Polinomios Primitivos Diferentes, en Modo de Encadenamiento de Bloques de

Cifrado. Andrés Francisco Farias (UNLAR), German Montejano (UNSL), Ana Gabriela Garis

(UNSL), Andrés Alejandro Farias (UNLAR)

Cifrador de Bloque con Alternancia de Algoritmos Cifradores Conformados por Secuencias 1237
Entrelazadas de un tinico Polinomio Primitivo, en Modo de Encadenamiento de Bloques de

Cifrado. Andrés Francisco Farias (UNLAR), German Montejano (UNSL), Ana Gabriela Garis

(UNSL), Andrés Alejandro Farias (UNLAR)

Deteccion de procesos no deseados embebidos con Deep Learning, sobre aplicaciones 1247
descargadas desde la nube. Gabriel Vicente Lopez (UNQ), Diego Romero (UNO), Agustin Grisolia
(UNO)

HACONTI Una plataforma para aprender sobre seguridad en Smart Contracts. Juan 1258
Schallibaum (UNLP), Paula Venosa (UNLP), Nicolas Macia (UNLP)

Interoperabilidad en sistemas distribuidos Blockchain, un esquema de autenticacion. David Tua 1268
(UADE / UA), Herndn Merlino (UA), Ricardo H. Wehbe (UADE)

Serie de Normas ISO/IEC 27050-1 a 27050-4 Tratamiento de la evidencia digital no custodiada. 1278
Maria Eugenia Casco (UAI), Nelson Martin Fogliato (UNR), Santiago Enrique Roatta (UNR)

Short paper
Honeypots: analisis de implementaciones para ciberseguridad de una red organizacional. Pablo 1289
German Maddalena Kreff (UNLP), Pablo Gagliardi (UNLP), Patricia Bazan (UNLP), Paula Venosa
(UNLP), Nicolas del Rio (UNLP), Sofia Martin (UNLP), Joaquin Bogado (UNLP)

Metodologia de seguridad para aplicaciones alojadas en la nube. Sebastidn Ortiz (UNA - 1294
Paraguay), Juan Vargas (UNA - Paraguay), Carlos Nuiiez (UNA - Paraguay)

Seguridad Informatica: Doble factor de Autenticacion (2FA). Mauricio Dottore (UAI), Nicolas 1299
Micheletti (UAI), Lovenzo Mifion (UAI), Santiago Roatta (UAI)

Seleccion de un modelo para establecer la madurez actual para la identificacion y reaccién a 1305
ataques de Ingenieria Social. Alejandro Pérez (UADER), Nazareno Blanchet (UADER)
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VII Track Gobierno Digital y Ciudades Inteligentes 1310
Full paper

Asistencia integral para personas ciegas en la Facultad de Informatica de la UNLP. Federico 1311
Cristina (UNLP), Sebastian Dapoto (UNLP), Ramiro Intas (UNLP), Pablo Thomas (UNLP), Patricia
Pesado (UNLP)

Ciudades Inteligentes - Sistema de Reconocimiento de Patentes: Implementacion de 1321
Gendarmeria Nacional en el Grupo Seguridad Vial Uruguai (Misiones). Nicolds Repetti (UAI),
Rocio Andrea Rodriguez (UAI)

Evaluacién de l1a Transparencia en el Gobierno Abierto: Estudio de Caso en Argentina. Roxana 1333
Martinez (UES21), Bruno Navarrete (UES21), Andrés Cheroni (UES21)

First steps in the implementation of a COAP and Block-chain server for green hydrogen 1343
certification. Leandro Jaimes Soria (UNLaM), Julio Cervera (UNLaM), Nahuel Nieva (UNLaM),
Matias E. Cruzate (UNLaM)

Instrumento de diagnéstico de satisfaccion del cindadano universitario aplicado a expediente 1353
electromico. Miguel A. Marafuschi Phillips (UNAJ), Ariel Pasini (UNLP), Ana C. Lacunza (UNLP)

Introduccién al modelo digital para la reduccién del impacto ambiental de las actividades 1363
agricolas. Leonardo Navarria (UNLP), Ariel Pasini (UNLP), Elsa Estevez (UNS)

La accesibilidad en las ciudades inteligentes. Alejo Ezequiel Isoardi (UNLP) 1374

Modelo digital para la reduccion del impacto ambiental de las actividades agricolas en tiempo 1384
real. Revision de Literatura. Leonardo Navarria (UNLP), Ariel Pasini (UNLP), Elsa Estévez (UNS)

Modelo predictivo aplicando inteligencia ambiental orientado a la generacion de residuos 1396
electronicos con un enfoque de Ciudades inteligentes sostenible. Revision de Literatura. Facuy

Jussen (UAGRARIA - Ecuador), Ariel Pasini (UNLP), Elsa Estévez (UNS), César Moran
(UAGRARIA - Ecuador)

Sistema de balizamiento en Puertos usando LoRaWAN. Javier Diaz (UNLP), Agustin Candia 1406
(UNLP), Jorge Bellavita (UNLP), Laura Fava (UNLP)

Short paper

Explorando el potencial de las microcredenciales y la tecnologia Blockchain para la 1416
Transformacion Digital en la Educacion Superior. Mauro Cambarieri (UNRN), Alejandra Viadana
(UNRN), Sofia Rached Galera (UNRN), Michelle Jauge (UNRN), Nicolas Garcia Martinez (UNRN)

Gobernanza descentralizada y constitucionalismo digital: estudio de caso de MakerDao. 1425
Joaquin Cervifio (UTN-FRBA), Herndn Merlino (UTN-FRBA / UBA)

Herramientas para la gestion de datoes abiertos vinculando archivos estaticos y APIs. Juan 1430
Ignacio Torres (UNLP), Ariel Pasini (UNLP), Patricia Pesado (UNLP)

NLP para la Proteccion Social: Clasificacion Multinomial de Vulnerabilidades en Derechos de 1436
Nifios y Adolescentes. Arturo Gonzdlez Ferndndez (UNA - Paraguay), Romina Rojas Moreno (UNA
- Paraguay), Gustavo Sosa-Cabrera (UNA - Paraguay)

Transformacion de la Asistencia en Entidades Gubernamentales a través de NLP Preentrenado. 1441
Gustavo A. Galeano-Duarte (UNA - Paraguay), Gustavo Sosa-Cabrera (UNA - Paraguay)
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III Short Papers de Alumnos 1446

Algoritmos de aprendizaje automatico aplicados en microcontroladores. Marcos Lodato (UAI), 1147
Fernando Jaime (UAI), Pedro Lopez (UAI)

Analisis de Datos en un Entorno de Big Data: Linux (Awk, Sort, Grep) frente a Python en 1452
Google Colab. Juan Canteros Murcia (UNNE), Sergio Lopez (UNNE), Brisa Rios (UNNE), Gabriel
Romdn (UNNE), Leopoldo José Rios (UNNE)

Analisis de Gestos para evaluar Experiencia de Usuario con emociones en sistemas interactivos. 1458
Leandro Nanni Rebollo (UNSJ), Laura Aballay (UNSJ), Alex Torres (UNICOMFACAUCA -
Colombia)

Aprovechamiento de Modelos de Lenguaje para la Visualizacion Automatica de Datos. 1463
Macarena Repetto (UNPSJB), Marcos Zarate (UNPSJB / CENPAT)

Arquitectura de Software para los Nodos Sensores en un Sistema Distribuido para el Control 1468
de la Eficiencia Energética. Ezequiel Humar (UNLP), Leandro Libutti (UNLP), Santiago Medina
(UNLP), Diego Montezanti (UNLP)

Arquitectura de un Sistema de Inteligencia de Negocios para Asistir a las Decisiones 1474
Estratégicas en Educacion Superior. Adolfo Garcia (UNSJ), Maria Gema Romagnano (UNSJ)

Asistencia en el aprendizaje de matematica para personas con ceguera o baja vision utilizando 1479
inteligencia artificial mediante una aplicacion mdvil de software libre. Sergio Oscar Fauez
(UNLP)

Aspectos de Seguridad en Zighee. Agustin Bravo Pérez (UTN-FRRe), Agustin Brites (UTN-FRRe), 1485
Lucas Pereson (UTN-FRRe), Reinaldo Scappini (UTN-FRRe).

Comparaciéon entre Servidor Propio y Google Cloud para Alojamiento de Servicios. Nahuel 1490
Acevedo (UNNE), Miguel F. Alcald (UNNE), Gaston N. Alegre (UNNE), Larisa L. Romero (UNNE),
Rodrigo Ernesto Zalazar (UNNE)

Conjetura de los Nimeros Primos Gemelos: un Algoritmo de Apoyo. Bruno Gorosito (UNRN), 1496
Alejandra Vaidana (UNRN), Mauro Cambarieri (UNRN)

Dark Patterns: la web del engaiio. Facundo Cingolani (UNLP), Luciano Macias (UNLP), Franco 1501
Dalla Gasperina (UNLP), Robertino Spinelli Arcuri (UNLP), Juan Cruz Gardey (UNLP), Julidn
Grigera (UNLP), Alejandra B. Lliteras (UNLP), Alejandra Garrido (UNLP)

Descubrimiento de Microservicios en Metodologias Agiles: un mapeo sistematico de la 1506
literatura. Nicolds Battaglia (UAI), Agustin Nicolas Garcia (UAI), Augusto Congiusti (UAI)

Despliegue y analisis de la plataforma Home Assistant para la integracion de nodos sensores 151
heterogéneos. Daniel Dell’ Arciprete (UNLP), Santiago Medina (UNLP), Diego Montezanti (UNLP)

Dispensador de comida IoT para Mascotas. Barbara Schmidt (CAECE), Martin Igartua (CAECE), 1517
Melisa Kuzman (CAECE / UNMdP).

DOMEX: un emulador del framework MapReduce. David Scoffield (UNLP), Valentin Giorgetti 1522
(UNLP), Waldo Hasperué (UNLP)

EcoConversa 2.0: Hacia un paradigma de aprendizaje por refuerzo para la sostenibilidad. 1528
Franco Brandan (UNPA), Andrea Villagra (UNPA), Daniel Pandolfi (UNPA)

Elicitacion de requerimientos asistida por ChatGPT. Bianca Mascioli (UNLP), Kristian Petkoff 1533
Bankoff (UNLP), Ariel Pasini (UNLP)
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Algoritmo Embrionario de IA Fuerte Basado en los Tres
Grupos de Procesos del Pensamiento Inteligente

Juan Postay"! y Daniel Gonzalez! | |
! Universidad Argentina John F. Kennedy, Mitre 1411, C1037ABA, Argentina
{ipostay. dgonzalez } (@kennedy.edu.ar

Resumen. En el marco de la inteligencia artificial fuerte (I4F). como
continuacion del proyecto realizado anteriormente, Los Tres Grupos de Procesos
del Pensamiento Inteligente Embebidos en Mdquinas de I4, presentado en
CoNallSI 2022, este articulo muestra el desarrollo de un algoritmo embrionario,
que es el resultado de nuestra hipoétesis de investigacion; la cual dice que,
utilizando l6gica matematica, razonamiento humano, hipotesis y contrastaciones
se puede construir un algoritmo embrionario de [4F, que permita a los agentes
inteligentes (4/) donde se instale -seglin el concepto de inteligencia expresado
por Jean Piaget, Howard Gardner y Richard Mayer- resolver problemas generales
y aprender de ello, tal como lo haria un humano en una variedad de contextos de
aplicacion. Los resultados de probar este algoritmo en un 4/ que mantiene limpia
el agua de la cisterna se muestran como una validacion de esta hipotesis.
Palabras Clave: Inteligencia Artificial Fuerte, Agente Inteligente, Logica
Matematica, Razonamiento Humano, Contrastacion de Hipotesis.

1 Introduccion

Dentro del contexto de la inteligencia artificial fuerte (I4F) [12, 13] Los Tres Grupos
de Procesos del Pensamiento Inteligente Embebidos en Mdaquinas de I4 fue presentado
en el congreso de CoNallISI 2022 [9], Argentina, con la hipdtesis de que un algoritmo
embrionario de I4F basado en los Tres Grupos de Procesos del Pensamiento Inteligente
(3GPPI) de Juan Postay [8] podia ser programado, permitiendo al agente inteligente
(41) donde es instalado resolver problemas de tipo general mientras aprende, de similar
manera a como un ser humano lo haria en diversos contextos; hipdtesis que, mediante
los testeos al algoritmo embebido en un A7 que mantiene limpia el agua de una cisterna,
recién pudimos corroborar al cierre de nuestro proyecto de investigacion.

Particularmente, respecto de los 3GPPI podemos abreviadamente decir que es una
conceptualizacién teérica que, inspirada en las definiciones de lo que seria la
inteligencia dadas por Jean Piaget [2, 7], Howard Gardner [3, 4] y Richard Mayer [6],
describe, utilizando légica matematica, razonamiento humano, hipétesis ¥y
contrastaciones, los procesos que llevaria a cabo el pensamiento inteligente humano y,
su contraparte computacional, el pensamiento inteligente artificial, para resolver
problemas! y aprender de ello. Por otro lado, respecto del término embrionario es

' Se toma la definicién de problema dada por Josep M. Vallés (2007), el cual dice que: “Lo que
convierte una situacion en problema... es la distancia entre lo percibido y lo esperado”’[14]
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prudente sefialar que fue la expresidn mas elocuente que encontramos para distinguir
la novedosa caracteristica que tiene este algoritmo de ir creciendo en conocimientos y
mejorando con el correr del tiempo y su uso.

En el apartado 2 explicamos el algoritmo con las mejoras hechas hasta el momento;
en el apartado 3 resefiamos caracteristicas del A7 donde se instal6 el algoritmo, y las
herramientas usadas para desarrollarlo, conjuntamente a los resultados estadisticos de
su implementacién. Por ltimo, en el apartado 4 expresamos nuestras conclusiones.

2 Algoritmo Embrionario Basado en los 3GPPI

El algoritmo tiene 3 moédulos que trabajan de manera integrada, que son los que le
permiten al A7 donde se instala, identificar, contextualizar y resolver problemas de tipo
general, mientras aprende de ello.

2.1 Moddulo del Primer GPPI: Identificar el Problema

El algoritmo puede recibir como entradas (en 1) objetos presentes en imagenes, o
textos, o sonidos, u oraciones verbales, los cuales toma como hechos del presente.

1erGPPI
BASE DE DATOS 1 2 REGLAS AXIOMATICAS
DE PROBLEMAS PREDEFINIDAS DE
{He) RECONOCEREL 'NTERSE\E&%C“J?E Y
VAL
-BDP- PROBLEMA RN
5 7
BASE DE DATOS Y
DE HEGHOS
VARIABLES) ENTENDER EL
PRESENTES E PROBLEMA 9
HISTORICOS
¥ 5 :
JERARQUICO DE
DIMENSIONAR EL ,/10’" PRO(I’SiL;MAS
@ PROBLEMA o T

Los sensores alimentan la
BDHPH minuto a minuto

Fig. 1. Modulo del primer grupo de procesos del pensamiento inteligente.

Si entre esos hechos reconoce uno que en (2) la base de datos (BD) de las reglas
axiomaticas predefinidas (BDRAP) esta interpretado y valorado negativamente,
entonces lo considera un hecho consecuente (Hc) vinculado a un problema -Ver Figura
I-. Luego busca en (3) la BD de problemas (BDP) si Hc ya se habia presentado
previamente. Si Hc ya se habia presentado, entonces hace una modificacion en (4) esa
entrada de la BDP y guarda techa y hora, cantidad y valoracién negativa registrada de

La Plata, 7 al 10 de octubre de 2024
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Hc en su nueva aparicion (por ejemplo, a mayor cantidad mayor negatividad); y si
previamente no se habia presentado, entonces da un alta de Hc en (4) la BDP 'y guarda,
ademas de aquello, una descripcion de He (ubicacion, caracteristicas como color, etc.).
En el entendimiento (5) el algoritmo busca en (6) la BD de hechos presentes ¢ historicos
(BDHPH) si hay otros hechos secundarios (Hcx) que surgen (como variables fuera de
rango) inmediatamente después que aparece Hc, y chequea en la BDRAP (7) la
valoracion negativa de esos Hex. Ademas, por la inversa, calcula la valoracion positiva
del hecho consecuente negado (—Hc) y de los hechos secundarios negados (—Hcx).
Luego el algoritmo dimensiona (en 8) el problema sumando las valoraciones negativas
de Hc y los Hex, y a ello le resta las valoraciones positivas de ~ He y los — Hex.

Concluye este modulo cuando el algoritmo guarda el dimensionamiento de la
negatividad del problema en (9) la BDP y jerarquiza en (10) la BD de orden jerarquico
de problemas (BDOJP) el orden de atencién de los problemas, por ejemplo,
considerando al de mayor dimension negativa el primero en importancia para
contextualizary resolver [9] en los médulos siguientes.

2.2 Modulo del Segundo GPPI: Contextualizar el Problema

Ahora el algoritmo busca en (1) la BDOJP aquel problema que tiene el orden de
importancia mas alto (por gjemplo, dijimos, el que tiene mayor dimension negativa) -
Ver Figura 2-. Luego busca en (2) la BDHPH los hechos antecedentes (Han) que
puedan ser la razon causal de Hc; esto es, aquellos Han que acontecieron (por ejemplo,
inmediatamente) antes de la ocurrencia de Hc. Y con esos Han el algoritmo
conceptualiza el problema armando diferentes hipétesis del problema del tipo 16gico
bicondicional®: “Han « Hc”. Supongamos que armo tres hipotesis del problema: “Hal
— Hc”, “Ha2 & Hc”y “Ha3 < Hc”, entonces las guarda en (3) la BDP en la fila
donde esta el Hc actual. Luego pasa (en 4) a hacer el anidamiento del problema, para
lo que busca en (5) la BDP si Hc acontecio antes y si la hipotesis del problema mas
solida en esa ocasion anterior coincide con alguna de las tres actuales. Si la hipétesis
del problema anterior coincide, por ejemplo, con “Hal < Hc” actual, entonces busca
en (6) la BDHPH, en aquellas ocasiones anteriores y en el presente, cual hecho (Hay)
ocurrié coincidentemente todas las veces (por ejemplo, poco) antes de Hal, y cual
hecho (Hex) ocurrid coincidentemente todas las veces (por ejemplo, poco) después de
Hec. Y con esos hechos, Hay y Hex, arma hipotesis subsidiarias que se anidan con la
hipétesis del problema “Hal < Hc” (ejemplo: “Hay < Hal "A "Hal < Hc”A “Hc
<> Hcx) y las guarda en (7) la BDP en la fila de Hc actual, como el eventual hilo
conductor del problema vinculado a He. Pero si en (5) la BDP no encuentra que Hc
ocurrié antes, entonces hace un salto de programa, los puntos 6 y 7 no acontecen, y
pasa (en 8) a probar una a una las tres hipotesis del problema que guardd (en 3).
Supongamos que comienza la prueba trayendo de la BDP (9): “Hal < Hc”, entonces,
siguiendo la tabla de verdad del bicondicional, busca en la BDHPH (10) si cada vez
que estuvo presente Hal -esto es, Hal verdadero (V)-, no acontecié Hc -esto es, He

2 La mejora mas importante y Ultima al algoritmo consistié en utilizar conectores logicos
bicondicionales («) para conceptualizar las hipotesis del problemas, y en la prueba se utilizo
la tabla de verdad del bicondicional para buscar sus refittaciones e inconsistencias.
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falso (F)-, y por cada vez que pasa eso marca en (11) la BDP una refutacion en “Hal <
Hc”;, y ademas busca en la BDHPH (10) lo inverso, esto es, si cada vez que no estaba
presente Hal (F), igual acontecié He (V), y por cada vez que pasa eso marca en la BDP
(11) una inconsistencia en “Hal «— Hc”.

2doGPPI

ORDEN
JERARQUICO DE
1 PROBLEMAS
(He)
BASE DE DATOS CONCEPTUALIZAR
DE HECHOS
(VARIABLES) EL PROBLEMA
PRESENTES E 6 1
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DE PROBLEMAS
ANIDAR EL 7 (He)
PROBLEMA |—"" “BDP.
9
Y . 1
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it g .
Los sensores alimentan la e Hlppgggfllzsnni?
BDHPH minuto a minuto (Han «» Hc)

Fig. 2. - Mddulo del segundo grupo de procesos del pensamiento inteligente.

Y el mismo proceso de prueba hace para las hipétesis del problema restantes, “Ha?2
«— Hc”y “Ha3 < Hc”. Concluye este médulo cuando guarda en (12) la BD de orden
jerarquico (BDOJHP) las hipétesis del problema ordenandolas desde la que menos
refutaciones ¢ inconsistencias tuvo (que seria la hipétesis del problema mas solida)
hasta la hipotesis del problema que mas refittaciones € inconsistencias tuvo (que seria
la hipétesis del problema mas débil) [9].

2.3 Moédulo del Tercer GPPI: Resolver el Problema

Ahora, en la primera via de solucién el algoritmo busca en (1) la BDOJHP cual
hipotesis del problema es la mas sélida -Ver Figura 3-. Por otro lado, busca en (2) la
BDP si He ya habia acontecido, y cudl fue la hipdtesis del problema con que se resolvié
anteriormente. Supongamos que (en 1 y 2) coincida que esa hipdtesis del problema es:
“Hal «— Hc”, entonces busca (en 2) la accion HIl.m con que anteriormente habia
resuelto ese problema, y la ejecuta (en 3), y mediante un salto de programa pasa (en 6)
a revisar esa solucion. Pero en el caso en que Hc (en 2) no habia acontecido antes, y
suponiendo que es “Hal«— Hc” la hipétesis del problema mas sélida que obtuvo en el
punto 1, entonces el algoritmo busca en (4) la BD de acciones HIl.m (BDAHI) una
accion Hl.m (eventualmente asociada a conseguir — Hal) y, con conectores 16gicos
condicionales materiales (—), arma una hipotesis predictiva de la primera via de
solucion: “Hl.m — — Hal” y una hipétesis predictiva subsidiaria de la primera via de
solucion: *— Hal —— Hc” y las guarda en (5) la BDP.
-la BDAH] cuenta con varias acciones Hl.m (donde m es el subindice)-

La Plata, 7 al 10 de octubre de 2024



XXX Congreso Argentino de Ciencias de la Computacion La Plata, 7 al 10 de octubre de 2024

3erGPPI
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Fig. 3. - Mddulo del tercer grupo de procesos del pensamiento inteligente.

Luego el algoritmo le pide al A7 ejecutar (en 3) la accion HIl.m, y sigue al punto 6
para revisar esa solucion. En la revision, siguiendo la tabla de verdad del condicional
material (—), busca si las hipdtesis predictivas de la primera via y las hipdtesis
predictivas subsidiarias de la primera via son refutables, y, para el caso, siendo las
hipotesis predictivas, “Hl.m — — Hal” y "~ Hal ——~ Hc”, busca en (7) la BDHPH si,
mientras en el presente HI.m es verdadero (V), se da que — Hal es falso (F), y si eso
acontece marca en (8) la BDP una refutacion en esa hipdtesis predictiva de la primera
via de solucion, y vuelve el proceso al punto 4 de este médulo, a buscar en la BDAH]
una nueva accién HI.m para con ella armar una nueva hipdtesis predictiva de la
primera via y otra hipdtesis predictiva subsidiaria de la primera via de solucion del
problema, las guarda (en 5), luego pide (en 3) al AJ ejecutar esa nueva accién (Hl.m)y
empieza otra revision (en 6). Pero si en la revision que estaba en curso el algoritmo
encuentra en (7) la BDHPH que — Hal es verdadero (V), entonces sigue buscando en
(7) la BDHPH si ahora — Hc es falso (F), y si lo es marca en (8) la BDP una refutacion
a esa hipotesis predictiva subsidiaria de la primera via de solucion, lo que equivale a
una inconsistencia en “Hal < Hc”, asi que descarta esa hipdtesis de problema y vuelve
el proceso al punto 1 de este moédulo a tomar de la BDOJHP la hipdtesis del problema
que sigue en jerarquia, por gjemplo “Ha2 < Hc”, y comienza nuevamente. Pero si en
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la revision en curso el algoritmo encuentra en (7) la BDHPH que la accion Hl.m
ejecutada hizo que ahora — Hc sea verdadero (V) -es decir, He dejo de repetirse-, guarda
como aprendizaje esa accion HI.m en (8) la BDP. Paralelamente en la segunda via de
solucién el algoritmo también busca en (9) la BDOJHP cudl hipétesis del problema es
la mas solida. Luego, busca en (10) la BDP si el problema vinculado a Hc ya habia
anteriormente acontecido, y si es asi manda al Al a ejecutar la accion H2.m con que
anteriormente elimind Hc (en 11), y pasa (en 14) a revisar esa otra solucién. Pero en el
caso que en (10) la BDP encuentre que Hc no acontecid anteriormente, entonces el
algoritmo busca en (12) la BD de acciones H2.m (BDAH?2) una accion H2.m 'y con ella
arma una hipotesis predictiva de la segunda via de solucion: “H2.m — — Hc” y la
guarda en (16) la BDP. Luego pide al A/ ejecutar esa accion H2.m (en 11) y sigue (en
14) con la revisién de esa otra solucion. En (14) la revision el algoritmo busca si las
hipétesis predictivas de la segunda via de solucion del problema que armé son
refutables. Para ello, con cada hipdtesis predictiva de segunda via, busca en (15) la
BDHPH si mientras en el presente H2.m es verdadero (V) se da que — Hc es falso (F),
y si eso acontece marca en (16) la BDP una refutacion en esa hipotesis predictiva de la
segunda via y vuelve al punto 12 a buscar en la BDAH2 una nueva accion H2.m para
armar con ella otra hipdtesis predictiva de la segunda via de soluciéon del problema y
sigue. Pero si en la revision en curso el algoritmo haya en (15) la BDHPH que — Hc
ahora es verdadero (V) -es decir, He se elimind-, entonces guarda como aprendizaje
esa accién H2.m en (16) la BDP, y mediante un salto de programa pasa al punto 1 del
2do GPPI para continuar con el proéximo problema en orden jerarquico de atencion [9].
-la BDAH?2 cuenta con varias acciones H2.m (donde m es el subindice)-.

3 Herramientas de Desarrollo del Algoritmo y Detalles del Al
Construido. Resultados Estadisticos

Para el desarrollo del algoritmo se utilizé la metodologia de prototipos [1], y para su
construccion se utilizaron las herramientas de Google Cloud Platform (GCP) [10], ya
que, por ejemplo, admitian realizar facilmente el reconocimiento de imagenes,
conjuntamente a ofrecer integracion con otro tipo de herramientas y lenguajes de
programacion actuales. Para la simulacion de datos se utilizé una BD de Cloud SQL
[10] y lenguaje de programacion Python para interactuar con ella a través de BigQuery
de GCP [10], lo que permitia al algoritmo el analisis y monitoreo de las variables
criticas en tiempo real. En la BDHPH, mediante una tabla conectada a Google Sheet de
GCP [10], se cargaron datos de variables del afio 2023, para generar un histérico de
eventos con ¢l fin de tener una BD suficientemente grande para que el algoritmo
probara y encontrara las eventuales refittaciones ¢ inconsistencias a sus hipétesis de
problemas. Para la insercion de problemas nuevos se genero6 una aplicacion en Google
Apps Script de GCP [10]. También se hicieron actualizaciones manuales de variables
con dias y horarios determinados, para verificar si en esas circunstancias el algoritmo
respondia correctamente. Paralelamente se utilizé Power Bl con su lenguaje de
programaciéon DAX (Data Analysis Expressions) [11], ya que ello hacia posible que el
algoritmo opere con varias BD, realizando lecturas, calculos, guardado y muestreo de
resultados, también en tiempo real.
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El algoritmo desarrollado se instalé en un agente inteligente (A7) especialmente
construido a fin de mantener limpia el agua de una cisterna. El algoritmo recibe como
entradas (en un ambiente controlado) diferentes tipos de objetos que caen al agua de
dicha cisterna (que eventualmente le informa una RNA); objetos que identifica como
problemas, y busca contextualizar y resolver, por la primera via, estabilizando la caida
de dichos objetos en la cisterna, y, por la segunda via, retirandolos de la cisterna,
mientras aprende de ello. El A7 guarda en la BDHPH (Ver Figura 1) la informacién de
5 variables externas a la cisterna, que se alimentan, minuto a minuto (programable), de
los datos que le envian 5 sensores que estan en el recinto que contiene la cisterna:
sensores de humedad ambiente, de luminosidad ambiente, de viento, de temperatura
ambiente y de lluvia (precipitaciones), y de 5 variables internas a la cisterna, que se
alimentan, también minuto a minuto (programable), de los datos que le envian otros 5
sensores que estan en contacto con el agua de la cisterna: sensores de Ph del agua, de
acidez del agua, de temperatura del agua, de transparencia del agua y de nivel del agua.

El porcentaje de precision promedio de todos los sensores, calculado con (1), fue de
89 % [15].

(Tv —0v)

Tv

PP =100 — ( «100) @)

—Donde PP es el porcentaje de precision, 7v es el valor verdadero de la medicion y
Opv es el valor observado de la medicion (Ver 1)—

El A1 puede realizar acciones externas (H1.m) a la cisterna, como cerrar-abrir las
puertas y el techo del recinto, prender-apagar el deshumidificador del recinto, prender-
apagar la iluminacion y subir-bajar la temperatura del aire acondicionado del recinto; y
ademas puede realizar acciones internas (H2.m) a la cisterna, como subir-bajar el acido
y ¢l cloro del agua, agregar clarificador al agua, subir-bajar la temperatura del agua,
aumentar-reducir el nivel del agua, y prender-apagar el filtro del agua.

3.1 Eficacia y Eficiencia Externa e Interna del Al con el Algoritmo

En el testeo se utilizoé una metodologia de casos de uso de prueba [5]. Esos casos de
uso de prueba fueron 9 problemas (objetos A, B, C, D, E, F, G, H, 1) que acontecieron
uno cada 60 minutos, por lo que la duracion total de las pruebas se extendié durante
(9x60) 540 minutos, a través de los cuales se pudo apreciar que el algoritmo siempre
llevé adelante la 16gica y el razonamiento con que fue disefiado, y, como esperabamos,
el AI que lo embebia consiguié resolver todos esos problemas y aprender de ello.

Acciones (H1.m) Externas a la Cisterna. Durante los 540 minutos que duraron las
pruebas (Ver Tabla 1), 93 minutos el A/ estuvo activo resolviendo los 9 problemas
mediante acciones por la primera via; esto es, estabilizé la cantidad de caida de los
objetos (A-I) en el agua de la cisterna. Y en los restantes 447 minutos el A7 no realizé
mas acciones por la primera via. En coincidencia con el resultado esperado (RE), como
resultado obtenido (RO) tuvimos los 9 problemas resueltos por la primera via, por lo
que la Eficacia Externa del A7 para todos los objetos (A-I) fue del 100% (Ver 2).
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Eficacia-Ext. (A-I) = (RO x 100) / (RE) = (9 x 100 /9) = 100%. )

Por otro lado, si el Al tuvo un Tiempo Consumido (TC) de 93 minutos -resolviendo
los 9 problemas por la primera via- del Tiempo Total (TT) de 540 minutos, entonces la
Eficiencia Externa del A7 para todos los tipos de objetos (A-I) fue del 17,22% (Ver 3).

Eficiencia-Ext. (A-I) = [(TC) x 100 / (TT)] = [(93 x 100) / 540] = 17,22% 3)

Table 1. Actuadores externos para resolver problemas por la primera via.

[ Muestra [ A_ctuacTort-ss thuad_ore; ]

| Externos Activos | Externos Inactivos |
Objeto A 1 minuto 59 minutos
Objeto B 11 minutos 49 minutos
Objeto C 2 minutos 58 minutos
Objeto D | 3 minutos | 57 minutos
Objeto E | 21 minutos | 39 minutos
Objeto F 20 minutos 40 minutos
Objeto G| 22 minutos | 38 minutos
Objeto H | 2 minutos | 58 minutos
Obijeto 1 11 minutos 49 minutos

TOTALES| 93 minutos | 447 minutos |

Acciones (H2.m) Internas a la Cisterna. Ademas, de los 540 minutos (Ver Tabla 2),
71 minutos el A estuvo activo resolviendo los 9 problemas mediante acciones por la
segunda via; esto es, eliminé los objetos (A-I) del agua de la cisterna. Y en los restantes
469 minutos el 47 estuvo no realizoé acciones por la segunda via. En coincidencia con
el RE, como RO también tuvimos 9 problemas resueltos por la segunda via, por lo que
la Eficacia Interna del A7, para todos los tipos de objetos (A-I) fue del 100% (Ver 4).

Eficacia-Int. (A-I) = (RO x 100) / (RE) = (9 x 100 /9) = 100%. )

En este caso el A tuvo un Tiempo Consumido (TC) de 71 minutos -resolviendo los
9 problemas por la segunda via- del Tiempo Total (TT) de 540 minutos, entonces la
Eficiencia Interna del A7 para todos los tipos de objetos (A-I) fue del 13,14% (Ver 5).

Eficiencia-Int. (A-I) = [(TC) x 100/ (TT)] = [(71 x 100) / 540] = 13,14% (5)

Table 2. Actuadores internos para resolver problemas por la segunda via.
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Muestra Actuadores Actuadores
Internos Activos | Internos Inactivos
Objeto A 1 minuto 59 minutos
Objeto B | I minuto | 59 minutos
Objeto C 3 minutos 57 minutos
Objeto D 11 minutos 49 minutos
Objeto E | 2 minutos | 58 minutos
Objeto F 21 minutos 39 minutos
Objeto G 20 minutos 40 minutos
Objeto H | 11 minutos | 49 minutos
Objeto 1 1 minuto 59 minutos
TOTALES 71 minutos 469 minutos

3.2 Eficacia Total y Eficiencia Total del Algoritmo en un A7/

La Eficacia-Total (A-I) del 471a calculamos promediando la Eficacia-Ext (A-I) = 100%
y la Eficacia-Int, (A-I) = 100%. Por eso la Eficacia-Total (A-I) del A7 fue del 100%
(Ver 6). Por otro lado, la Eficiencia-Total (A-I) del Al la calculamos sumando los
valores de la Eficiencia-Ext (A-I) = 17,22% y de Eficiencia-Int (A-I) = 13,14%,
dividiendo por dos. Por eso la Eficiencia-Total (A-I) del A7 fue del 15,18% (Ver 7).

Eficacia-Total (A-I) = [(100% + 100%) / 2] = 100% (6)

Eficiencia-Total (A-I) = [(17,22% + 13,14%) / 2] = 15,18% (7)

4 Conclusiones

Como se detalld en el apartado 3, tuvimos la satisfaccion de ver, en un ambiente
controlado, que ¢l algoritmo desarrollado funcionaba correctamente en la practica; algo
que mostramos como una corroboracion de la hipdtesis de nuestro trabajo; algo que
permitié ver que este algoritmo embrionario de /AF, independientemente de tener una
logica estructurada, tiene la capacidad de generar agilmente diversas hipotesis de
problemas, contrastarlas, y la creatividad de concebir diferentes hipétesis predictivas
de solucion —con acciones (HI.m y H2.m)— destinadas a eliminar dichos problemas,
mientras aprende de ello. Cabe aclarar que ese ambiente controlado en que se llevaron
a cabo los testeos, consistié en problemas con objetos (A-T) que de antemano se conocia
que los actuadores del 47 podian retirarlos del agua de la cisterna, pues lo que queriamos
era saber si la 16gica y razonamiento del algoritmo funcionaba correctamente en esos
casos, permitiendo al A7 resolver esos problemas que estaban dentro de su alcance,
mientras aprendia de ello.

- 10 -
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En otro orden, no encontramos publicaciones detalladas de otros algoritmos de JAF
con funcionalidades integrales similares, lo cual es entendible porque estos
normalmente son producto de I+D privados, y estan resguardados para evitar copias; lo
que nos impidié hacer comparaciones de pros y contras, pero no que pensemos
eventuales mejoras a realizar en futuras lineas de investigacion, tanto en el algoritmo
como en los Al que lo embeban. Por ejemplo, creemos necesarias mejoras en el
algoritmo de carécter estadistico, que le permitan (en ambientes no controlados)
evaluar y aprender en qué medida las acciones (Hl.m y H2.m) llevadas a cabo
minimizan ¢l eventual problema a resolver, o si estas son infructuosas, para con ello
hacer cortes o interrupciones ante el bucle de dichas acciones. Ademas, a futuro
creemos necesario embeber el algoritmo en sistemas multiagentes, con mayor numero
y tipos de sensores y actuadores, con BD (locales y remotas) mas rapidas y robustas,
para que el algoritmo pueda acceder rapidamente a los datos y al aprendizaje previo, y
asi generar y probar un mayor numero de hipétesis de problemas, incluso generar y
revisar hipotesis predictivas de solucion a esos problemas con acciones mas certeras.
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Abstract. La deteccion de bots es un desafio critico para los repositorios
digitales académicos como SEDICI, con implicaciones para la seguridad
cibernética, el andlisis de trafico y las estadisticas de acceso y uso.

Este estudio aborda la escasez de datos ptblicos y la necesidad de métodos
eficaces para distinguir entre accesos humanos y automatizados en en-
tornos web. Presentamos un nuevo dataset de logs web derivado de
SEDICI y evaluamos diversos algoritmos de aprendizaje automatico para
la clasificacién de accesos.

Nuestro analisis comparativo abarca desde métodos cldsicos como Re-
gresién Logistica hasta técnicas avanzadas de ensemble como XGBoost
y Random Forest. Los resultados muestran un rendimiento sobresaliente
de los modelos basados en drboles con una efectividad superior al 97%.

Ademads, discutimos las implicaciones practicas de implementar estos
modelos en SEDICI para mejorar la precisién de las estadisticas de acceso
y proporcionamos una base para futuras investigaciones en la deteccién
de bots en repositorios digitales.

1 Introduccién

El panorama digital actual enfrenta un desaffo creciente: la proliferaciéon de
trafico automatizado. Segun informes recientes de Imperva, el 47,4% del trafico
de internet en 2022 fue generado por bots [11], un aumento significativo desde
el 37,2% registrado en 2019 [10]. Este fenémeno plantea interrogantes sobre la
integridad y eficiencia de los sistemas en linea.

Los bots, tanto benignos como maliciosos [12] tienen diferentes implicaciones
para los sistemas. Esta distincién es crucial, especialmente para repositorios
digitales académicos como SEDICT! de la UNLP, donde las estadisticas de uso
son fundamentales para evaluar el impacto del acceso a sus recursos.

Aunque existen métodos tradicionales para identificar bots, como las listas
de IPs y agentes de usuario, estos resultan insuficientes ante la evolucién con-
stante de las técnicas automatizadas. DSpace?, el software utilizado por SEDICI,

! http://sedici.unlp.edu.ar/
2 https://wikilyrasis.org/display /DSPACE/
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emplea Apache SOLR? para registrar eventos, pero su enfoque basado en listas
estaticas presenta limitaciones significativas.

La necesidad de una solucién més robusta y adaptativa es evidente, con-
siderando las implicaciones econdémicas y operativas de mantener y depurar
grandes volimenes de datos potencialmente contaminados [3]. El desaffo ac-
tual radica en desarrollar mecanismos capaces de distinguir eficazmente entre el
trafico humano y el automatizado en tiempo real, antes de almacenar los datos.

En este contexto, se hace imperativo explorar nuevas estrategias que vayan
maés alld de las soluciones estaticas, adaptiandose al cambiante ecosistema digital
para garantizar la integridad y utilidad de los repositorios académicos en la era
de la automatizacién [6].

Ante estos desafios, el presente articulo propone un sistema de deteccién de
bots para repositorios digitales basado en técnicas de aprendizaje automético.
Adicionalmente, se fundamenta en la creacién de un conjunto de datos derivado
de los accesos al repositorio SEDICI, abordando asi la necesidad de adaptabilidad
frente al cambiante panorama del trafico web. Los resultados preliminares son
prometedores, demostrando la eficacia de varios clasificadores en la identificacién
precisa de trafico automatizado. Este enfoque no solo promete mejorar significa-
tivamente la calidad de las estadisticas de uso en repositorios académicos, sino
que también ofrece una via para optimizar los recursos del sistema.

2 Estado del Arte en la Deteccién de Bots

2.1 Enfoques para Deteccién de Bots

La literatura especializada identifica cuatro enfoques principales para la de-
teccién de bots, cada uno basado en diferentes aspectos tecnoldgicos y metodolégicos:

— Andlisis de trafico de bajo nivel: Este método examina los patrones y carac-
teristicas del flujo de datos en la red. Incluye el estudio de pardmetros como
tiempos de respuesta, frecuencia de solicitudes, volumen de datos transferi-
dos y patrones de conexién. Este enfoque puede revelar comportamientos
atipicos que son caracterfsticos de la actividad automatizada [1, 9].

— Ani4lisis de registros web: Se centra en el estudio detallado de las actividades
y comportamientos registrados en el sistema. Este método implica el examen
de logs de servidor, patrones de navegacién, secuencias de clics y tiempos
de sesién. Mediante técnicas de mineria de datos y andlisis estadistico, se
pueden identificar patrones que diferencian el comportamiento humano del
automatizado [7].

— Implementacién de honeypots: Utiliza elementos senuelo cuidadosamente
disenados para atraer y detectar visitantes no autorizados o maliciosos. Estos
honeypots pueden ser paginas web ocultas, enlaces invisibles o recursos falsos
que, al ser accedidos, indican claramente la presencia de un bot. La sofisti-
cacién de los honeypots puede variar desde simples trampas hasta sistemas
complejos que emulan entornos completos [2].

3 https://solr.apache.org/
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— Andlisis de contenido generado por usuarios: Relevante en plataformas de
redes sociales, donde los bots (denominados "bots sociales™) son identifica-
dos por las caracterfsticas del contenido que publican [4, 16]. Este enfoque
examina aspectos como la frecuencia de publicacién, el uso del lenguaje, la
variabilidad del contenido y los patrones de interaccién. Se emplean técnicas
de procesamiento de lenguaje natural y aprendizaje automaético para distin-
guir entre contenido generado por humanos y por maquinas.

2.2 Disponibilidad Conjuntos de Datos

En el ambito de la deteccién de bots, la escasez de conjuntos de datos publicos
representa un obsticulo significativo para el desarrollo y evaluacién de nuevos
métodos. Existen conjuntos de datos disponibles, como Avazu, TalkingData y
BuzzCity pero, no estan especificamente disenados para la identificacién de bots.
Esta limitacién implica que las investigaciones que utilizan estos conjuntos de
datos con sus etiquetas originales no abordan directamente el problema de la
deteccién de bots.

Ante esta carencia, muchos investigadores optan por la creacién de datos
simulados para el entrenamiento de sus modelos. El proceso de etiquetado, fun-
damental en el aprendizaje supervisado, se vuelve particularmente desafiante
cuando se trata de grandes volumenes de datos heterogéneos. Para obtener eti-
quetas confiables de humanos/bots se suelen emplear diversas estrategias que
incluyen: Generadores de trafico programados, Programacién manual de bots,
Utilizacién de cuentas o direcciones IP de bots conocidos, Verificacién de usuar-
ios mediante CAPTCHA y Etiquetado basado en resultados de anélisis previos.

Es importante senalar que el campo de la deteccién de bots carece de conjun-
tos de datos de referencia estandarizados. En la practica, el etiquetado de bots es
un proceso imperfecto. Mientras que es posible identificar actores con patrones
de comportamiento claramente no humanos, existen bots altamente sofistica-
dos que pueden pasar desapercibidos. Al mismo tiempo, usuarios humanos con
patrones de navegacién atipicos pueden ser erréneamente clasificados como bots.

Esta situacién plantea un desafio significativo para la comparacién objetiva
de los avances en la identificacién de bots. La naturaleza privada de muchos
conjuntos de datos y el uso predominante de bots simulados limitan la validez
externa de los resultados reportados. Las tasas de reconocimiento publicadas
en diversos estudios, aunque indicativas, deben interpretarse con cautela en un
ecosistema digital en constante evolucién.

Por todo lo anterior, resulta de relevancia la creacién de conjuntos de datos
publicos més representativos y estandarizados. Esto no solo facilitaria la com-
paracién de diferentes métodos, sino que también aceleraria el progreso en el
campo de la deteccion de bots, permitiendo el desarrollo de soluciones més efec-
tivas y generalizables.

- 14 -
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3 Desarrollo del Conjunto de Datos Piblico

Para la creacién de este conjunto de datos, se decidié utilizar todos los registros
de SEDICI correspondientes a un dia seleccionado de forma aleatoria, con un
flujo de acceso regular por parte de los visitantes. En SEDICI, los logs de todos
los accesos atendidos por el servidor APACHE se mantienen separados. Estos
registros incluyen la IP de origen de la solicitud, la fecha y hora, el método
HTTP utilizado, el cédigo de respuesta, el tamano de la respuesta, el agente de
usuario, y el referer.

Una vez seleccionado el dia en particular, se analizé el dia completo, uti-
lizando todos los datos mencionados anteriormente. Los registros se agruparon
por 1P, obteniendo asf la cantidad de accesos por IP, la cantidad de accesos a
cada tipo de recurso y la frecuencia de cada tipo de respuesta HTTP.

La Tabla 1 muestra los atributos del conjunto de datos, su tipo de dato y una
breve descripcién de la informaciéon que contienen. El conjunto de datos inicial
se compone de 9 atributos con un total de 457.245 entradas.

Atributo Tipo |Descripcién

dateRaw Texto |Fecha y hora exacta en la que se recibié la solicitud en el servidor
ip Texto |IP de origen de la solicitud

metodo Texto |Método HTTP utilizado

recurso Texto |Pégina o recurso al que se intenta acceder
codRespuesta|Entero| Codigo de respuesta HT'TP

UserAgent Texto |Agente de usuario utilizado en la solicitud

bytes Entero| Tamario de la respuesta en bytes

referer Texto |Pégina desde la que se originé la solicitud

isBot Entero|Indicador de si la solicitud fue realizada por un bot o un humano

Table 1: Definicién de atributos seleccionados del log de accesos del SEDICI.

Una vez recopilados los datos del dia completo, se compararon las IPs y los
agentes de usuario con las listas estdticas de SEDICI para realizar un marcado
preliminar del conjunto de datos. Posteriormente, se identificaron y marcaron
autométicamente aquellos registros donde el agente de usuario contenia las pal-
abras "bot” o ”"spider”, generando as{ una nueva columna. En este punto, se
tenfa la certeza de que todos los registros marcados como bots eran efectiva-
mente bots, ya que se utilizaron tanto listas de bots conocidos como aquellos
que se autodenominan bots. Sin embargo, este marcado inicial resulté insufi-
cilente para identificar a todos los bots, especialmente aquellos cuya identidad
no era claramente conocida.

Un procedimiento adicional consistié en identificar todos los registros que
accedieron al "robots.txt” o al sitemap, sitios que son muy poco visitados por
usuarios humanos. Tras este andlisis, se procedié a marcar manualmente otros
accesos como bots. Para ello, lag IPs se ordenaron por cantidad de accesos, y
cada caso fue evaluado individualmente. Se marcé como bot tnicamente cuando
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habfa certeza, ya fuera por la procedencia de las solicitudes o por los patrones
de acceso observados.

Atributo Tipo |Descripcién

ip Texto [IP de origen de la solicitud

cant Entero |Cantidad total de solicitudes realizadas en el dia

primerAcceso Texto |Hora del primer acceso del dia

ultimoAcceso Texto [Hora del ultimo acceso del dia

sesionMasLarga Texto |Duracion de la sesion mas larga

primerAccesosSesion| Texto |Hora del primer acceso de la session mas larga

ultimoAcessoSesion | Texto |[Hora del ultimo acceso de la session mas larga

20X Entero |Cantidad de respuestas dentro del grupo 20X

30X Entero |Cantidad de respuestas dentro del grupo 30X

40X Entero |Cantidad de respuestas dentro del grupo 40X

50X Entero |Cantidad de respuestas dentro del grupo 50X

cantRaro Entero |Cantidad de accesos a recursos inexistentes o intentos
de hacking

cantBusqueda Entero |Cantidad de busquedas realizadas

cantVista Entero |Cantidad de vistas de items

cantDescarga Entero |Cantidad de descargas realizadas

cantOtro Entero |Cantidad de accesos a paginas no relevantes

cantStatic Entero |Cantidad de accesos a recursos estaticos

cantFeed Entero |Cantidad de accesos a feeds RSS

cantRobot Entero |Cantidad de accesos a "robots.txt” y sitemap

cantGet, Entero |Cantidad de solicitudes por el metodo HT'TP GET

cantPost Entero |Cantidad de solicitudes por el metodo HT'TP POST

cantOther Entero |Cantidad de solicitudes por un metodo HTTP que no
sea ni GET ni POST

UA Texto |Agente de usuario més utilizado por la IP en todas las
solicitudes

cantBytes Entero |Cantidad total de bytes transferidos

cantReferer Entero |Cantidad de solicitudes con referer

isBot Booleano|Indicador de si el comportamiento corresponde a un
bot 0 a un humano

Table 2: Definicién de atributos procesados y agrupados por IP del log crudo de
accesos a paginas del SEDICI en un intervalo de 24 horas.

La Tabla 2 presenta los atributos del conjunto de datos final, el tipo cor-
respondiente y una breve descripcién de la informacién que almacenan. Este
conjunto de datos se compone de 26 atributos y un total de 28.842 ejemplos, de
los cuales 22.000 (76,28%) fueron clasificados como accesos de humanos y 6.842
(23.72%) como accesos de bots.

Tanto la versién cruda del conjunto de datos descripta en la tabla 1 como la
versién generada con informacion estadistica descrita en la tabla 2 se encuentran
disponibles en https://github.com/GarrafaGalactica/BotDetectionTesis.
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4 Metodologia

En esta seccion, se presenta el enfoque metodolégico utilizado para la deteccién
de bots a partir de los logs proporcionados por el repositorio SEDICI. El proceso
incluye desde el preprocesamiento de los datos, la generacién de los modelos y
evaluacién de algoritmos de clasificacién a través de diversas métricas.

4.1 Preprocesamiento de datos

El conjunto de datos procesado contiene atributos estadisticos del comportamiento
de los accesos por IP, como se detalla en la Tabla 2. Se decidié eliminar los
atributos categéricos en vez de numerizarlos. Los atributos numéricos, fueron
normalizados utilizando la media y la desviacién estdndar de los valores.

4.2 Algoritmos para Clasificacion

La seleccién de algoritmos para este estudio se fundamenté en una revisién de
la literatura existente sobre deteccién de bots y clasificacién de trafico web. A
continuacién, se presentan brevemente los algoritmos de aprendizaje automético
v redes neuronales empleados, acompanados de referencias a estudios previos en
los que han demostrado su eficacia:

Gaussian Naive Bayes: Este clasificador probabilistico se basa en el teorema de
Bayes. Se eligié por su simplicidad y eficacia en problemas con alta dimensional-
idad. Stevanovic y Pedersen [14, 15] demostraron su efectividad en la deteccién
de botnets.

Regresidn Logistica (LR): Un modelo lineal que estima la probabilidad de perte-
nencia a una clase. Se incluyé por su interpretabilidad y eficacia en problemas
de clasificacién binaria, como lo demuestra su uso en [8, 15].

Multiperceptrén (MLP): Modelo inspirado en redes neuronales bioldgicas, ca-
paz de aprender patrones complejos. Se incluyé por su capacidad para capturar
patrones no lineales y su efectividad demostrada en los estudios [8, 14, 15].

Mdquinas de Vectores de Soporte (SVM, lineal y RBF): Este tipo de modelo,
tanto en su versién lineal como con kernel RBF (Radial Basis Function), ha
demostrado su eficacia en la deteccién de bots al alcanzar tasas de deteccién
entre el 95% vy el 97%, segun estudios previos [5,8, 13-15].

Andlisis Discriminante Lineal (LDA): Este método busca una combinacién lin-
eal de caracteristicas que separe mejor las clases. Es eficaz en problemas de
clasificacién binaria y su capacidad para manejar clases desbalanceadas.

Random Forest (RForest): Un conjunto de drboles de decisién que combina sus

predicciones. Se eligié por su robustez y capacidad para manejar caracteristicas
irrelevantes, ademds de su excelente rendimiento en estudios previos [8, 15, 14].
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Adaptive Boosting (AdaBoost): Este algoritmo combina clasificadores débiles
para formar un clasificador fuerte, mejorando asi la precisién del modelo. Se in-
cluy6 en este estudio debido a su efectividad en la deteccién de bots, demostrada
en estudios previos con tasas de precisién del 95% [13].

XG Boost (XGB): Un algoritmo de Gradient Boosting conocido por su alto
rendimiento. Se incluyé por su eficacia en una amplia gama de problemas de
clasificacién y los efectivos resultados reportados por [7].

K-Vecinos Cercanos (KNN): Un algoritmo no paramétrico que clasifica basdndose
en la proximidad a otros puntos de datos. Su inclusién se justifica por su uso
efectivo con tasas de acierto del 93% en la deteccién de ataques web [5,13, 14].

La selecciéon de estos algoritmos se alinea con las tendencias observadas en la
literatura sobre deteccién de bots y clasificacién de trafico web. Estudios previos
han demostrado que enfoques basados en aprendizaje automatico, pueden lograr
tasas de efectividad que van del 95% al 98% en la deteccién de bots.

4.3 Configuracién experimental

Los datos, previamente preprocesados y normalizados como se detalla en la
seccién anterior, se dividieron en conjuntos de entrenamiento (70%) y prueba
(30%), asegurando la proporcién original de clases en ambos conjuntos.

Para la optimizacién de los hiperparametros de los algoritmos descritos en la
seccién 4.2, se realizé una bisqueda exhaustiva en el espacio de hiperparametros.
Esta busqueda se llevé a cabo mediante validacién cruzada de 5 pliegues, uti-
lizando el drea bajo la curva ROC (AUC-ROC) como métrica principal de eval-
uacion en los datos de entrenamiento. Este enfoque permitié identificar la con-
figuracién 6ptima para cada modelo.

Se llevaron a cabo 20 experimentos independientes con divisiones aleatorias
de los datos en conjuntos de entrenamiento y prueba. Los modelos, generados
con los pardametros éptimos, fueron evaluados utilizando diversas métricas, y
el rendimiento final se obtuvo promediando los valores para cada una de estas
métricas.

La implementacion de los algoritmos se realizé principalmente utilizando la
biblioteca scikit-learn en Python, incluyendo su implementacién del Perceptrén
Multicapa (MLP). Para el algoritmo XGBoost, se empleé la biblioteca xgboost.

4.4 Métricas de Evaluacion

La evaluacion del rendimiento de los clasificadores se realizé mediante diver-
sas métricas, cada una aportando informacién sobre diferentes aspectos del de-
sempefio de los modelos. Esto es fundamental para obtener una comprensién
integral de la eficacia de los clasificadores, especialmente en contextos donde
puede existir un cierto grado de desbalance en las clases.
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Area bajo la curva Precision-Recall: La métrica principal utilizada en este estu-
dio es el drea bajo la curva Precision-Recall (PR-AUC). Es especialmente itil
en escenarios con clases desbalanceadas, ya que es més sensible a los cambios en
la clase minoritaria. Esta curva muestra la relacién entre la precision y el recall
a diferentes umbrales de clasificacién.

Area bajo la curva ROC: Complementando la PR-AUC, se incluyé el drea bajo
la curva ROC (ROC-AUC). Esta medida tiene la capacidad para evaluar el
rendimiento del modelo independientemente del umbral de clasificacién elegido.

Accuracy (Fzactitud): Proporcién de todas las predicciones correctas sobre el
total de instancias evaluadas.

Precision (Precisidn): Proporcién de predicciones positivas correctas, impor-
tante para minimizar falsos positivos.

Recall (Sensibilidad): Proporcién de instancias positivas reales identificadas cor-
rectamente, crucial para asegurar que los bots no sean omitidos.

F1-Score: Media arménica de precisién y recall, proporcionando un equilibrio
entre Precision y Recall.

Estas métricas se eligieron para proporcionar una evaluacién integral del
rendimiento de los clasificadores, teniendo en cuenta tanto la precisiéon como la
sensibilidad en la deteccién de bots.

5 Resultados y Discusién

La tabla 3 y la figura 1 incluyen las métricas de Accuracy, Precision (bot y no
bot), Recall (bot y no bot), F1-Score (bot y no bot), ROC AUC y PR AUC
para los modelos evaluados con los datos de prueba. Al examinar los resultados,
se observa una notable consistencia en el rendimiento relativo de los algoritmos
a través de las diferentes métricas evaluadas. Los modelos que destacan en una
métrica tienden a sobresalir en las deméds. Esta estabilidad en las métricas es par-
ticularmente evidente en los modelos de mejor desempeno, como Random Forest,
XGBoost y Gradient Boosting, que consistentemente ocupan las posiciones su-
periores en todas las medidas de evaluacion. Por otro lado, si bien existe un
desbalance moderado en los datos, este no parece influir negativamente en el
rendimiento de los modelos de mejor desempenio, como lo demuestran los altos
valores de Recall y F1-Score.

Los resultados obtenidos muestran que, en general, los modelos ofrecen un
rendimiento notable, con métricas de efectividad (accuracy) superiores al 95% en
la mayoria de los casos. Este nivel de desempeno sugiere que las caracteristicas
extraidas de los logs web son informativas y adecuadas para la tarea de clasifi-
cacién. Sin embargo, al analizar las métricas por clase, se revelan matices im-
portantes que deben considerarse en el contexto del desbalance de clases.
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Model Accuracy Precision Recall F1-Score AUC
No Bot| Bot |No Bot| Bot [No Bot| Bot | ROC | PR

Random Forest 0.9712 ]0.9696 |10.9780| 0.9947 |0.8836| 0.9820 [0.9284(0.9854|0.9690
XGBoost 0.9709 |0.9691 |0.9783| 0.9947 |0.8818| 0.9818 [0.9275(0.9854|0.9689
Gradient Boosting | 0.9703 |0.9694 |0.9740| 0.9937 |0.8830| 0.9814 |0.9263|0.9851|0.9671
AdaBoost 0.9622 |0.9649 |0.9509| 0.9880 |0.8661| 0.9763 |0.9065(0.9778|0.9557
Multiperceptron 0.9687 [0.967910.9722| 0.9933 |0.8773| 0.9804 [0.9223(0.9771|0.9536
K-NN 0.9577 10.9692 10.9129| 0.9774 |0.8843| 0.9733 |0.8984(0.9701|0.9433
Regresion Logistica| 0.9623 | 0.9578 [0.9831] 0.9961 [0.8362| 0.9766 |0.9037(0.9660|0.9330
LDA 0.8323 [0.8294 10.8817| 0.9942 [0.2294| 0.9039 |0.3390(0.9572|0.8653
SVM (RBF) 0.8823 [0.9030 (0.7964| 0.9616 |0.5867| 0.9293 |0.6199|0.9494|0.8505
SVM (Linear) 0.8461 |0.8560 |0.7840| 0.9749 |0.3654| 0.9101 0.4494|0.9396|0.8005
SVM (Poly) 0.7709 |0.804310.8133| 0.9477 |0.1108| 0.8440 [0.1312{0.8012|0.5160
Gaussian N Bayes | 0.7869 |0.7935 |0.4603| 0.9864 |0.0430| 0.8795 |0.0786|0.7532|0.3514

Table 3: Comparacién de rendimiento entre modelos de clasificacién para de-
teccién de bots en logs web.

Los modelos basados en drboles y ensemble (XGBoost, Random Forest y
Gradient Boosting) mantienen su posicién como los de mejor rendimiento global.
Random Forest lidera ligeramente con una accuracy de 97.12% y un balance
destacable entre precisién y recall para ambas clases. Estos modelos muestran
una capacidad superior para manejar el desbalance de clases, con valores de
F1l-score para la clase minoritaria (bots) superiores a 0.92.

El modelo Multiperceptron (MLP) y AdaBoost siguen mostrando un rendimiento
competitivo, aunque se observa una ligera disminucién en el recall de la clase
minoritaria en comparacién con los modelos de ensemble.

K-Nearest Neighbors (KNN) vy Regresién Logfstica muestran un rendimiento
sélido, pero se evidencia una mayor dificultad para manejar el desbalance de
clases. KNN muestra un mejor equilibrio entre precisién y recall para la clase
minoritaria, mientras que la Regresién Logistica tiene una alta precisién pero un
recall més bajo para los bots.

Las Mdquinas de Vectores de Soporte (SVM), independientemente del kernel
utilizado, junto con el Andlisis Discriminante Lineal (LDA) y Gaussian Naive
Bayes (GNB), muestran un rendimiento considerablemente inferior, especial-
mente en la deteccién de la clase minoritaria. Esto se refleja en valores muy
bajos de recall para los bots, lo que indica una fuerte tendencia a clasificar
erréneamente los bots como no bots.

Si bien el tiempo de entrenamiento y de inferencia no se consideran criticos
para la aplicacién de deteccién de bots en el SEDICI, se pueden realizar algunas
consideraciones sobre estos tiempos, ya que estos impactan en la aplicacién final.

Los modelos de ensemble (XGBoost, Gradient Boosting, Random Forest)
suelen requerir tiempos de entrenamiento més largos debido a su complejidad,
pero ofrecen inferencias réapidas una vez entrenados.

KNN tiene un tiempo de entrenamiento practicamente nulo, pero puede ser
lento en la inferencia, especialmente con grandes conjuntos de datos.
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Fig. 1: Rendimiento de mejores modelos con diferentes métricas.

La Regresion Logistica es rdpida tanto en entrenamiento como en inferencia.
Los modelos SVM pueden tener tiempos de entrenamiento largos, especialmente
con kernels no lineales y grandes conjuntos de datos.

El Multiperceptron puede requerir tiempos de entrenamiento moderados a
largos, dependiendo de su arquitectura, pero suele ser rdpido en inferencia.

Los modelos basados en arboles v ensemble, se perfilan como las opciones
més efectivas para la tarea de deteccién de bots. Sin embargo, la eleccion final
del modelo debe considerar no solo el rendimiento, sino también factores como
la interpretabilidad. los tiempos de entrenamiento e inferencia, y los recursos
computacionales disponibles. Random Forest emerge como una opcién particu-
larmente atractiva, ofreciendo el mejor F1-Score y PR-AUC para bots junto con
una alta interpretabilidad.

6 Conclusiones y Trabajo Futuro

Este trabajo contribuye al campo de la deteccion de bots mediante logs web. Se
destaca la creacién de un dataset preliminar de logs web compartido ptiblicamente,
abordando la escasez de datos en este Ambito. Esta contribucién facilitard futuras
investigaciones y permitira la validacién y expansion de los hallazgos presenta-
dos.

En el ambito de la clasificacién de accesos. se implementaron y evaluaron
diversos algoritmos basados en técnicas actuales de deteccion de bots. Los resul-
tados son prometedores. con varios modelos logrando una accuracy superior al
97%. Los algoritmos basados en drboles y ensemble, como XGBoost, Gradient
Boosting y Random Forest, demostraron ser particularmente efectivos para esta
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tarea. Estos hallazgos contribuyen al estado del arte en la deteccién de bots y
ofrecen potencial para aplicaciones préacticas en entornos reales.

La implementacién de estos modelos en SEDICI podria mejorar notablemente
la precisién de las estadisticas de acceso a publicaciones. Al distinguir con mayor
exactitud entre accesos humanos y de bots, se mejoraria la calidad de los datos
de uso del repositorio. Esto permitirfa una comprensién més precisa del impacto
y alcance real de las publicaciones académicas en la plataforma.

Hay varias lineas de investigacién futuras que podrian expandir este trabajo.
Por un lado, est4 la recolecciéon de més informacién, junto con la ampliacién del
periodo cubierto por los logs. Por otro lado, estd la incorporacién de datos de
accesos histéricos para enriquecer el contexto de cada entrada, lo que permitirfa
andalisis més profundos y precisos.

El refinamiento de técnicas de preprocesamiento ofrece oportunidades in-
teresantes, como experimentar con diferentes ventanas de tiempo con las que
se procesan datos crudos y se calculan estadisticas. Ademds, explorar técnicas
de procesamiento en tiempo real (online) podria complementar el enfoque of-
fline actual, permitiendo la deteccién de bots en escenarios de alta velocidad y
volumen de datos.

La investigacién futura en modelos de clasificacién podria explorar arqui-
tecturas de aprendizaje profundo como Autoencoders, Redes Convolucionales y
Redes Recurrentes. Comparar el rendimiento de estos modelos avanzados con al-
goritmos cldsicos podria ofrecer nuevas perspectivas sobre los patrones de acceso
de bots y humanos.

También se puede avanzar hacia un enfoque de seguridad agregando la posi-
bilidad de no solo determinar si se trata de un humano o un bot sino también,
de determinar en caso de que sea bot, si es un bot "bueno” o un bot que este
intentando vulnerar el sitio, o hasta de que manera lo este intentando.

La validacién y aplicacién de estos modelos en entornos de produccién es
un objetivo futuro con potencial. Pruebas exhaustivas en condiciones reales val-
idarfan su eficacia y revelarian desaffos practicos. Desarrollar un sistema inte-
grado para detectar bots en SEDICI serfa un avance hacia la aplicacién préctica
de esta investigacién.
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Abstract: Despite the successes and progress of deep reinforcement learning
over the last decade, several challenges remain that hinder its broader applica-
tion. Some fundamental aspects to improve include data efficiency, generaliza-
tion capability, and ability to learn in sparse-reward environments, which often
require human-designed dense rewards. Meta-learning has emerged as a promis-
ing approach to address these issues by optimizing components of the learning
algorithm to meet desired characteristics. Additionally, a different line of work
has extensively studied the use of intrinsic rewards to enhance the exploration ca-
pabilities of algorithms. This work investigates how meta-learning can improve
the training signal received by RL agents. The focus is on meta-learning intrinsic
rewards under a framework that doesn’t rely on the use of meta-gradients. We ana-
lyze and compare this approach to the use of extrinsic rewards and a meta-learned
advantage function. The developed algorithms are evaluated on distributions of
continuous control tasks with both parametric and non-parametric variations, and
with only sparse rewards accessible for the evaluation tasks.

1 Introduction

The adoption of neural networks and recent algorithmic advances in reinforcement learning (RL)
have enabled its application to complex decision-making problems [1, 2, 3, 4]. However, several
challenges persist that must be addressed before RL can be effectively applied to broader range of
domains, especially those requiring interaction with the real world.

Several sub-fields of research have emerged out of this need [5, 6, 7, 8, 9, 10, 11]. Two main issues
they target are poor data efficiency in task learning and the limited generalization capabilities of
learned policies when applied to new tasks. Related to data efficiency, another central challenge in
RL is devising efficient exploration strategies, and achieving an appropriate trade-off with exploita-
tion.

Reinforcement Learning: In this work, we deal with discrete-time finite-horizon discounted
Markov decision processes (MDPs). Reinforcement learning agents learn a policy 7g, which maps
states to a probability distribution over actions, through interaction with an environment to maxi-
mize expected cumulative reward. The interaction takes place in episodes of length T'. The state of
the environment at step ¢ is s; € .S, the action the agent takes is a; € A and the reward it receives
is 7. The trajectory of an agent throughout an episode is denoted by 7 = (sg,ag,71, ..., S7) and

the objective function it seeks to maximize is J(7) = B, p(ry [23:1 ﬂ/tflrt] = Erp(ny[G(7)],
where «y is the MDP’s discount factor and G(7) is the discounted cumulative return attained in an
episode of trajectory 7.
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Meta Reinforcement Learning: An agent’s learning algorithm can be viewed as a mapping from
the data generated by interacting in an environment, D, to a policy: § = f(D), where 6 represents
the parameters of a parameterized policy my. The learning algorithm f itself depends on a variety
of decisions. If we parameterize the choice of a subset of this decisions with parameters ¢, then we
can make the dependence explicit, # = f(D;¢) = f4(D). Meta-RL methods learn ¢, part of the
learning algorithm, such that it becomes more effective when applied to new tasks [12]. A common
setting for these methods involves a distribution of tasks p(AM) and an objective that drives meta-
learning to maximize the expected cumulative return an agent attains throughout its lifetime when
interacting with sampled tasks M* ~ p(M) while learning with f,. We define an agents lifetime
as its whole interaction with an environment (which spans multiple episodes). If the return attained
at each episode of interaction with the environment is equally weighted by the objective, then it is
described by equation 1, but variations with different weightings are possible [11].

T (@) = Epgsmprgy |Ep

> 6] f@M"H : &)

TED

The meta-learning process operates at two different levels: In the inner loop, given a task M?, the
learning algorithm f, learns a task-specific policy g through interaction with the task. In the outer
loop a meta-learning algorithm learns parameters ¢ of f using data from multiple inner loops.

Intrinsic rewards: For many RL algorithms, directly maximizing extrinsic rewards can lead to
poor exploration of the environment; specially when dealing with sparse-reward environments. The
use of intrinsic reward signals, 7%, (that either complement or replace extrinsic rewards r» = 7€)
has occupied a central role in searching for ways to achieve better exploration and balance it with
exploitation [13].

In this work we combine these two approaches by meta-learning an intrinsic reward function. For
this purpose, we model the reward function itself as a stochastic agent whose ‘actions’ are the
rewards it gives at each step and train it with a standard RL algorithm. Our experiments evaluate
whether this approach is beneficial compared to learning with extrinsic rewards. Additionally, we
contrast it against the use of meta-learned advantage function in the training signal. All experiments
are conducted on distributions of continuous control tasks where there is access to shaped extrinsic
rewards during meta-learning, but only sparse rewards in the test environments.

2 Related Work

One popular way to optimize for fast task learning is to use a neural network that uses all the data
collected up to step ¢ to determine its action distribution at that step. During meta-training, the
network is trained to leverage this interaction history to select appropriate actions for the current
task. This family of methods was first introduced in [14] and [15].

Instead of meta-training a network to directly output the action taken at each step, another family
of methods uses an RL algorithm in the inner loop and learns some component of this inner loop
procedure that impacts the final performance. Most work restrict themselves to components that
have a differential influence over the policy’s parameters and use meta-gradients for meta-training
[16]. This framework was introduced in MAML [17], which meta-learns the initial parameters of
the policy. Many other components have also been explored [18, 19, 20, 21]. Some methods avoid
the use of meta-gradients: [22, 17] consider first order approximations of meta-gradients , [23] uses
a value based method, and [24] uses an evolutionary algorithm.

Several methods exist for designing intrinsic rewards [13], most of which are heuristic-based.
Among these, some approaches aim to reduce the agent’s uncertainty about specific quantities, while
others encourage visiting new or varied states. However, these are not the only possibilities. This
work studies a different approach, aiming to learn the intrinsic motivation signal [25].
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Previous work has learned an intrinsic reward signal using meta-gradients: [26, 27] do so in the
context of a single task, while [28] does this with a distribution of tasks. Additionally, [29] explores
meta-learning a reward function with a discrete search over a space of programs. Rather than re-
placing extrinsic rewards, [30] learns to shape them into a denser signal. Among these, [28] shares
the closest algorithmic similarity to our work. The main differences being that they consider a de-
terministic reward function, train it using meta-gradients, and conduct all experiments in grid world
environments.

Beyond the aforementioned work, several other methods have studied meta-learning different pa-
rameterizations of the training signal beyond intrinsic rewards [31, 32, 33, 34, 35].

3 Black Box Meta-learning Intrinsic Reward Signals

This work explores the meta-training of learning signals, which are used to train policies by quanti-
fying their fitness. We consider the inner loop learning algorithm f to be a reinforcement learning
algorithm. Instead of training with the standard RL objective, in our approach f uses an objective
that is partly determined by a meta-learned neural network. This meta-learned network is itself also
trained using RL to maximize the objective defined in equation 1. Unlike previous methods that
rely on meta-gradients to do so, our approach avoids the computation of second-order gradients.
We achieve this by not modelling explicitly the structure of the inner loop learning; instead we let
the outer loop treats it as part of the problem’s stochasticity. As a result, this approach doesn’t re-
quire the ability to compute gradients of the policy’s parameters with respect to the meta-learned
parameters. Due to this considerations we refer to the method as being black box.

‘We now describe in more detail how we meta-train the intrinsic reward function. The intrinsic reward
function is modelled as a stochastic agent w; (ng | D:t), where D.; encodes all the interaction in the
MDP up to time-step £. We use a LSTM [36] for this purpose. At each step ¢, the LSTM receives
as input the tuple {s, ar, wo(as | 5¢), 75,751, 75(ri_1 | Dit—1),ds} where: g is the policy that is
being trained, 7§ is the extrinsic reward received from the environment at time-step ¢ , d; € {0,1}
indicates whether ¢ is the start of a new episode, 7{_; is the intrinsic reward delivered by =, at
time-step ¢ — 1 and W;(Tiq | D.;_1) is its probability density. We train this network with PPO [37]
to maximize the objective defined in equation 1, modified to add per episode discounting. Because
the network’s output influences the inner loop performance, during meta-training it learns to use
the history of interaction with the environment to generate outputs that suit the current task. The
resulting optimization scheme is similar to that of RL? [14, 15] but applied to a different space.
The data with which it trains comes from running multiple inner loops. For a simplified, high-level
overview of the proposed method, refer to the pseudocode in Algorithm 1; further implementation
details are discussed in later sections. We apply the same framework in section 5.2 when learning
an advantage function.

As mentioned, a salient feature of our approach compared to previous methods is that it avoids the
need to compute second-order gradients by bypassing the explicit modeling of the effect the meta-
learned signal has over the policy’s parameters. We now discuss some advantages and disadvantages
of this black box approach versus the use of meta-gradients.

The main potential drawback is that, by explicitly considering the role of intrinsic rewards in the
inner loop, meta-gradients can provide a less noisy signal for meta-learning. This is discussed in [38]
in the context of meta-learning policy parameters. By comparison, the proposed method is simpler
because it is framed as a standard RL problem and doesn’t require the calculation of gradients
through an optimization process. Moreover, calculating second-order gradients is a computationally
expensive operation compared to first-order gradients, making the black box approach favorable in
this regard. Another related advantage is that the method is indifferent to how the inner loop uses
the meta-learned component. In particular, it can be used in a non-differentiable manner to affect
the choice of actions; whereas meta-gradient methods cannot be applied in such situations.
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Algorithm 1 Meta-learning Intrinsic Rewards

1: Initialize intrinsic reward agent 7y, outer loop critic, and task distribution p(M)
2: while ¢ not converged do

3 Douterloop < @

4:  batch_of tasks < sample tasks from p(M)

5. for each task M? in batch_of_tasks do

6: Initialize policy 7y and inner loop critic

7 Diige < 0

8 while lifetime not finished do

9 Dinner 1oop < collect data in M using 7y

0 Update 7y and inner loop critic with Dinner 100p as in PPO, replacing environment rewards
with intrinsic rewards from w;

10:

11: Diite < Diite U Dinner loop

12: end while

13: Douter loop < Douterloop U Dlife

14:  end for

15:  Update w; and outer loop critic with Doyger100p a8 in PPO with respect to the objective in
Equation 1

16: end while

4 Experimental Setup

4.1 Benchmarks

We conduct all our experiments using the MetaWorld benchmarks [39]. These consists of distri-
butions of continuous control tasks where a simulated robotic arm must interact with an object to
achieve a desired configuration. Variations among tasks can be either non parametric (changes in the
class of problem, e.g., opening a window, closing a drawer) or parametric (changes in goal positions
or initial positions within the same class of problem):

¢ ML1 benchmarks operate within a single class and contain 50 randomly sampled paramet-
ric variations for training and another 50 for evaluation.

¢ ML10 benchmark consists of a set of 10 classes of problems for training and 5 different
ones for evaluation. For each class, 50 sampled parametric variations are considered.

All tasks share the same 39-dimensional observation space and 4-dimensional action space. Cru-
cially, the agent lacks knowledge of both the task class and the goal position; it must infer these
from interaction. All episodes are 500 steps long without the possibility of early termination (even
if the task is completed).

Availability of Rewards: It is often easier and more practical to define desired behaviour through
sparse rewards (e.g. positive signal upon completion of an objective). However, the absence of
frequent rewards makes learning significantly more challenging. This often leads to the manual
design of reward signal, which can be a labor-intensive process and increase the risk of reward
hacking [40]. This work considers a hybrid setting in which there is access to shaped rewards for the
training tasks but only to sparse rewards during evaluation. In practice, this means we use shaped
rewards during meta-training to compute the objective in equation 1, but exclusively the sparse
rewards as inputs to the meta-learned recurrent network. Some prior work that operates in this same
setting includes [19, 41, 42]. The sparse rewards used are: —0.2 in the last step of episodes where
the agent failed, and 1 — ().7%UtEdStEPS on steps where the agent reaches the goal configuration
(and has not done so previously within the episode).

4.2 Implementation Details

Two different neural network architectures were used in this work: an MLP for the policies and inner
loop critics, and an LSTM for the meta-trained networks that output training signals and act as outer
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loop critics. A learning rate of 3 x 10~* was used in the inner loop and 5 x 10~ in the outer loop.
We used the Adam optimizer, tanh activations, and orthogonal initialization. The outputs of the
policies and the training signal generators are modeled as Gaussian distributions, with the policies
assuming zero covariance. During training, each lifetime used only 4000 steps of data for policy
learning. Each outer loop update used data from 30 inner loops.

Further implementation details and details on the utilized benchmarks can be found in the work’s
code and supplementary material !.

4.3 Evaluation Methodology

During evaluation, the intrinsic reward function was used deterministically by considering the mean
of the output Gaussian. In some experiments, making the policy deterministic after in-task training
was also found to be beneficial.

The metric used for evaluation is the percentage of episodes in which the agent succeeded (reached
a goal configuration).

The values reported in the results section for each algorithm are the average performance obtained
from different instances of the method (each trained from scratch with a different seed), along with
the standard deviation. For each benchmark, a given seed determines the set of parametric variations
used. Five seeds were used for methods that utilize extrinsic rewards, and three for the meta-learning
methods; larger numbers were not used due to the high computational demands of meta-RL. algo-
rithms and compute constraints.

Furthermore, for each seed, the method’s performance on a given set of tasks (train or test set) was
obtained as the average performance over multiple evaluation runs. This was done by running the
method on each task of the set 10 independent times and averaging the performance across all these
runs. For example, for the ML.10 evaluation set, which has 5 different problem classes, each with 50
parametric variations, a total of 2500 runs were considered to obtain the performance of each seed
of a method.

5 Experimental results

This section presents the main experimental results, divided into two parts. The first part compares
training with meta-learned intrinsic rewards to training with extrinsic rewards. The second part
investigates the effect of learning a different parameterization of the training signal.

5.1 Intrinsic vs Extrinsic Rewards

This set of experiments evaluates whether there is benefit to be gained in making an RL agent train
with learned intrinsic rewards. To this end, we compared the success rate of a PPO agent when
trained with shaped extrinsic rewards, sparse extrinsic rewards, and intrinsic rewards generated by a
meta-learned network (which only has access to the environment’s sparse rewards).

Evaluations were conducted over the MIL.1-reach, ML1-close-door, and ML1-button-press bench-
marks, allowing only 4000 steps of learning. Figures 1 and 2 illustrate the results. Both figures
demonstrate substantial improvements when training with an intrinsic reward function. Figure 1
evidences the choice of using an RL algorithm that trains with batches of 4 episodes of data. It
also reflects that making the policy deterministic after training can improve performance in some
environments. Figure 2 shows that there is no decline in performance when moving from the tasks
in the training set to the test set. While this is expected when training with extrinsic rewards (since
no meta-learned component is applied), the fact that the same behavior occurs when training with
intrinsic rewards indicates that the learned reward network effectively generalizes to new, unseen
environments.

'Supplementary material and implementation are available at: https://github.com/Octavio-
Pappalardo/Meta-learning-rewards
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Figure 1: Comparison of the average performance of agents as they interact with tasks from the test
set. The values and their standard deviations (represented by the shaded region) were obtained as
explained in section 4.3. The success rate when training agents using three different types of rewards
is shown: intrinsic (red). shaped extrinsic (blue), and sparse extrinsic(green). Three benchmarks
are considered: ML 1-reach, ML1-close-door, and ML1-button-press. The last episode reflects the
performance of the final policy when made deterministic.
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Figure 2: Success rate of agents trained with different rewards on various meta-learning benchmarks,
ML1-reach, ML1-close-door, and ML1-button-press, after an adaptation period of 4000 steps. The
figure compares the performance when using three different types of rewards: intrinsic (red). shaped
extrinsic (blue), and sparse extrinsic(green). The values were obtained as explained in the section
4.3.

However, the observed benefits do not come without costs. The method using intrinsic rewards
required having a prior meta-learning phase, which can be computationally costly and is contingent
upon having access to training tasks that share structure with those in the test set.

As mentioned, using intrinsic rewards significantly improves performance compared to both types
of extrinsic reward signals. It is worth noting that the fairer comparison in the considered evaluation
setting, where the meta-learned network does not have access to shaped rewards, is against training
with the sparse extrinsic rewards (which showed little to no progress). This makes the gains more
notable. Finally, outperforming the shaped extrinsic rewards suggests that learning rewards can also
be used for the design or improvement of the shaped reward signals that standard RL benchmarks
typically use [30].

5.2 Intrinsic Rewards vs Learned Advantages

In this section, we consider whether intrinsic rewards are the right component to meta-learn and we
discuss some other options. Focusing on intrinsic rewards is appealing for at least two reasons: 1)
as mentioned in section 2, the use of intrinsic rewards is a well-studied topic in RL and has consis-
tently shown benefits, 2) all standard RL algorithms assume they receive rewards: thus, meta-learned
rewards can be directly integrated into any of them while maintaining the algorithm’s structure.

As discussed in section 2, it is possible to meta-learn several other parameterizations of the RL
objective. In this section, we explore another such parameterization by meta-learning an advantage
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function. Instead of learning to assign partial credit to a transition and its preceding transitions, the
network learns to evaluate each transition’s goodness independently. This set of experiments also
introduces non-parametric variations among environments. Results are shown in figure 3.
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Figure 3: Comparison of the average performance of meta-learning methods as they interact with a
new task from the training set (top row) and the test set (bottom row). Success rates are shown for
two methods that meta-learned different parameterizations of the loss: intrinsic rewards (red) and
advantages (blue). Three benchmarks are considered: ML1-reach, ML1-button-press, and ML.10.
The last episode reflects the performance of the final policy when made deterministic.

Both methods exhibit similar qualitative behaviour. For the benchmarks considered. using the
learned advantage function shows some benefits, which are statistically significant only for ML1-
button-press and for the training tasks of ML10. While both methods show good generalization
when facing parametric variations, they achieve a very low success rate on the test tasks of ML10
(although some performance improvement occurs with updates).

Meta-learning to predict the training signal can be complementary to learning other components of
the inner loop. Training signals hold knowledge on the goodness of observed behaviours [28]. Other
components can address different loci of knowledge and provide additional benefits. In particular,
the most popular approach in meta-learning literature is to meta-learn parameters of a policy. In the
supplementary material we show the performance of two such methods when applied to our exper-
imental setting. One advantage of meta-learning part of the objective function is its applicability to
broad distributions of environments and agents. It has also shown to be adequate for the many-shot
meta RL setting [32, 31]. Determining the best combination of components to meta-learn remains
an open problem and likely to depend on the specific setting.

6 Conclusions

This paper presented a meta-learned stochastic intrinsic reward function modeled as a recurrent net-
work and trained analogously to a standard reinforcement learning agent. The network was trained
through interactions with a distribution of training tasks and evaluated in new, sparse-reward en-
vironments. Our experiments demonstrated that a policy that trains using these intrinsic rewards
significantly accelerate it’s learning compared to one using extrinsic rewards, whether shaped or
sparse. The learned reward signal demonstrated effective generalization across parametric task vari-
ations, though this was not the case when confronting generalization among a small set of distinct
problem types. Additionally, we investigated alternatively learning a policy using a meta-learned ad-
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vantage function, achieving slightly better results. Throughout the paper, we discussed the benefits
and drawbacks of different features of our approach.

Potential future directions that stem from this work include: conducting a quantitative analysis com-
paring our black box approach with the use of meta-gradients for the outer loop, extending the
method to longer lifetimes and broader task distributions, combining or comparing with the meta-
learning of other components, and applying it in settings where only sparse rewards are available
during meta-training. Some straightforward avenues for improvement to our approach include using
a network that has access to future interaction steps within the batch of collected data for generating
rewards, and computing rewards for off-policy data to enable data reuse.
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Abstract. Los productores de la region sur del Conurbano Bonaerense
enfrentan problemas tales como: (i) falta de informacion precisa, actual e
historica, sobre variables relevantes, como clima, suelo y agua, lo cual es
crucial para la actividad; (i1) insuficiente innovacion tecnologica aplicada a los
cultivos. Con el propdsito de remediar estos inconvenientes, este trabajo
propone el disefio y desarrollo de un sistema de bajo costo basado en algoritmos
de aprendizaje automatico, mas precisamente, en redes neuronales artificiales,
que fue implementado en una aplicacion movil. El sistema permite llevar a cabo
acciones de control, monitoreo y recomendacion de variedades de cultivos
adecuados para huertas especificas basandose en multiples magnitudes
climatologicas y del estado del suelo.

Keywords: Aplicacidon movil, aprendizaje automatico, redes neuronales,
cultivos.

1 Introduccion

La produccion frutihorticola de Argentina se concentra mayormente en el cinturén
verde del Conurbano Bonaerense, que comprende un arco que va desde el partido de
Campana hasta el partido de La Plata. Esta zona, definida como periurbana de
produccién, busca reducir los costos de transporte y manejar la perecibilidad de
ciertos productos de hoja. La Universidad Nacional Arturo Jauretche (UNAJ) se
encuentra en el partido de Florencio Varela, uno de los municipios con mayor
extension rural del Conurbano Bonaerense. En la actualidad, esta region alberga mas
de medio millar de pequefios y medianos productores horticolas, floricolas y
fruticolas. En general, estas actividades se basan en cultivos intensivos, maximizando
la produccion en espacios reducidos mediante el cultivo de un solo tipo de producto a
la vez, tanto al aire libre como en mvernaderos.
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En los ultimos afios, la estabilidad del sistema productivo de los pequefios y
medianos productores agroindustriales de la region ha sido afectada por las
fluctuaciones econdmicas y. en algunos casos, por condiciones climaticas adversas
que han perjudicado especialmente a los cultivos a campo abierto, incrementando los
precios debido a la disminucién de la oferta.

Los productores de la region enfrentan varios problemas, siendo los dos mas
importantes:

e Falta de informacion precisa, actual e historica sobre variables relevantes,
como clima, suelo y agua, lo cual es crucial para la actividad.

e Insuficiente innovacién tecnolédgica, debido a una notable carencia en la
adopcion de tecnologias informaticas aplicadas a los cultivos.

Con el objetivo de subsanar estos inconvenientes, la propuesta de trabajo se enfocd
en el estudio, disefio y desarrollo de un sistema de bajo costo basado en algoritmos de
aprendizaje automatico [1-2], implementado en una aplicaciéon moévil, que permite
llevar a cabo acciones de control, monitoreo y gestion de magnitudes climatolégicas,
del estado del suelo y del agua en huertas de la region. El sistema fue disefiado de
forma flexible para poder adaptarlo a otro tipo de aplicaciones.

Durante el desarrollo del trabajo se realizé la comparacion entre diferentes
modelos de aprendizaje automatico basados en redes neuronales artificiales [3], para
determinar cudl de ellos tiene mejor desempeiio para realizar las tareas mencionadas.

2 Metodologia

2.1 Recoleccion de Datos

El conjunto de datos utilizados en este trabajo fue obtenido de un repositorio publico
de la plataforma web Kaggle (https://www.kaggle.com). la cual retine a colaboradores
de todo el mundo abocados a la ciencia de datos. Especificamente, para este trabajo se
selecciond el dataset denominado “Crop Recommendation Dataset”. Este conjunto de
datos contiene informacion relevante sobre el suelo y se construyé utilizando datos de
cultivos en la region de la India. El dataset cuenta con 2200 registros y las siguientes
ocho caracteristicas: N, P y K, las cuales indican la relacion de contenido de
nitrogeno, fosforo y potasio en el suelo, respectivamente; Temperatura: indica la
temperatura del suelo expresada en grados Celsius; Humedad: indica la humedad
relativa del suelo expresada en porcentaje; pH: indica el valor de pH del suelo;
Precipitacion: indica la precipitacion expresada en mililitros; y, Etiqueta: indica la
categoria de cultivo asociada a los parametros anteriores.

Cada conjunto de valores del suelo estd asociado a una categoria especifica
(Etiqueta), que representa el cultivo correspondiente. El dataset cuenta con 22
categorias diferentes, entre las que se encuentran: arroz, maiz, garbanzo, guisantes,
lenteja, granada, platano, mango, sandia, melon, manzana, naranja, entre otras.
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2.2 Anadlisis Exploratorio de Datos

Antes de iniciar el desarrollo del modelo, se realizé un andlisis exploratorio del
conjunto de datos utilizado. El proposito principal de esta tarea fue comprender las
caracteristicas, la distribucién y las relaciones entre los parametros y sus respectivas
etiquetas. Para lograrlo, se emplearon diversas herramientas, incluido diferentes tipos
de graficos. Ademas, se buscéd identificar problemas de completitud de los datos, es
decir, analizar si todas las caracteristicas estaban completas o existian datos faltantes.
Luego, se llevd a cabo una blisqueda de valores atipicos (outliers) y de errores en los
datos. Este proceso contribuyd a determinar la calidad general de los datos y el
procesamiento necesario, antes de continuar con la etapa de entrenamiento de los
modelos.

En este caso, el conjunto de datos utilizado es completamente equilibrado, dado
que se disponen de 100 muestras para cada clase. Es muy importante que el conjunto
de datos esté¢ balanceado, ya que un conjunto desbalanceado puede resultar en un
rendimiento sesgado del modelo hacia las clases mayoritarias. Esto puede provocar
que el modelo tenga dificultades para generalizar cuando se trabaja con datos nuevos
y, por consiguiente, presentar errores en la clasificacion.

Una vez finalizado el proceso de analisis exploratorio del conjunto de datos, se
obtuvo como conclusiéon que los mismos estaban balanceados, completos, que no
existian errores en los valores de los atributos y, ademas, no se detectaron outliers
significativos. En consecuencia, se determiné que el dataset es apto para entrenar un
modelo de clasificacion.

2.3 Redes Neuronales

Se desarrollaron diferentes modelos de redes neuronales secuenciales y densas. Todos
los modelos empleados fueron implementados en el lenguaje de programacion
Python, aprovechando el Framework de backend TensorFlow [4-6] y la libreria de
alto nivel Keras [5-7]. Se dividié el conjunto de datos en un conjunto de
entrenamiento, que representaron aproximadamente el 80% del total y, el restante
20% fue el conjunto de prueba. Posteriormente, se buscaron los hiperpardmetros mas
apropiados del modelo, por medio de la funcion RandomSearch de la libreria
kerastuner. El resultado que se obtuvo fue que la red neuronal debia estar compuesta
por tres capas ocultas. En la capa de entrada, el nimero de neuronas se determina por
la cantidad de atributos en las muestras, que en este caso fue 7. Luego, la primera
capa oculta posee 128 neuronas, y las siguientes 256 neuronas cada una. Por Gltimo,
la capa de salida en los problemas de clasificacion debe tener el mismo numero de
neuronas que categorias en el conjunto de datos, por lo tanto, se definieron 22
neuronas. Ademas, se empled la funcidén de activacion ReLU en las capas ocultas,
mientras que la ultima capa utilizé Softmax, especialmente disefiada para problemas
de clasificacion multiclase. Es importante resaltar que se definio la funcion de pérdida
SparseCategoricalCrossentropy, que se la emplea cuando se estd trabajando con mas
de una categoria y las mismas estan representadas por niimeros enteros. Ademas, se
empled el optimizador Adam y se definié que el modelo debia recorrer 70 veces el
conjunto de datos de entrenamiento.
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Luego, se llevé a cabo la validacion cruzada y se midié empleando la métrica
Accuracy, lo cual nos permite conocer el rendimiento del modelo en diferentes
conjuntos de entrenamiento y validacién. Los resultados que se obtuvieron son que en
general el modelo alcanzé una precision cercana al 96%. por lo tanto, los
hiperparametros seleccionados son acordes al conjunto de datos.

Con los hiperparametros definidos se llevo a cabo el entrenamiento del modelo. En
la Figura | se puede ver la evolucion de la precision conforme se ejecutan las épocas.

Precision

091

084

0.6

— Entrenamiento

v - v v ™ g ™
0 10 20 30 40 50 60 70
Epocas

Fig. 1. Evolucion de la precision en el conjunto de entrenamiento.

2.4 Desarrollo de la Aplicacién Mévil

Para el desarrollo de la aplicacién moévil se utilizé el lenguaje de programacion Kotlin
y el IDE Android Studio [8, 9]. Un IDE es un entorno de desarrollo integrado que no
solo permite escribir y ejecutar cddigo, sino que proporciona un conjunto de
herramientas que hace que el proceso de desarrollo sea mas simple y eficiente.

Existen diversas arquitecturas que pueden ser implementadas en el desarrollo de
una aplicacion Android, algunas de ellas son Model View Controller (MVC), Model
View Presenter (MVP) y Model-View-View-Model (MVVM). La diferencia entre
ellas radica en la forma en que interactian cada uno de sus componentes. La
arquitectura utilizada en este trabajo fue MV VM, la cual se estructura en dos modulos
basicos: la capa de interfaz de usuario y la capa de datos. La capa de interfaz de
usuario hace referencia a los elementos que componen la interfaz de usuario de una
aplicacidn, los cuales tienen la responsabilidad de presentar la informaciéon de manera
que sea comprensible y permita la interaccion del usuario con ellos. Para lograr esta
funcionalidad, se utilizan contenedores de estado que son los encargados de
administrar el estado y de propagarlos. La capa de datos desempefia un papel crucial
en la aplicacion, ya que se encarga de la persistencia y de la gestion de los datos
utilizados en la aplicacion. Esta capa puede estar compuesta por una o varias fuentes
de datos. como archivos locales, fuentes de red, bases de datos locales o Cloud.
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Adicionalmente, se implementé la capa de dominio, que es la encargada de
encapsular la logica del negocio.

Se emplearon dependencias de Android que estan orientadas a componentes
optimizados para ciclos de vida de las actividades y fragmentos y, para la integracion
entre la aplicacion movil y el modelo de aprendizaje, se empled el servicio de
Firebase, el cual es una plataforma Cloud, que ofrece una amplia gama de
herramientas y servicios, algunos de los cuales son gratuitos y que sirven para el
desarrollo de aplicaciones web y moviles. También se emplearon otros servicios
Firebase, los cuales son: Firestore Database: que es una base de datos Cloud, no
relacional y altamente flexible y escalable y, Authentication que proporciona diversos
proveedores para el proceso de autenticacién de un usuario con una aplicacion, ya sea
web o movil.

2.5 Integraciéon del Modelo de Red Neuronal con la Aplicacién Movil

Para integrar el modelo de red neuronal con Android se utilizo la plataforma Firebase.
En cuanto a la aplicacion movil, se desarrolld una clase llamada MachineLearning, en
ella se implementé un método que facilita la conexién a Firebase para la descarga y
almacenamiento local del modelo. Se adoptd este enfoque para evitar descargas
innecesarias del modelo, optimizando la eficiencia de la aplicacion. Ademas de
gestionar la descarga del modelo, este método setea el Interpreter, que es una interfaz
para la ejecucion del modelo y es el encargado de realizar las inferencias.

La clase MachineLearning también incluye otros métodos esenciales, tales como:
Creacidén del tensor de entrada (se construye en funcién de la informacion de la huerta
asociada a un usuario); Creacidon del tensor de salida (en ¢l se almacenan los
resultados de la inferencia); Inferencia del modelo (este recibe como parametros los
tensores de entrada y de salida y una vez concluida la inferencia, los resultados son
almacenados en los tensores de salida); Interpretacion de los resultados (este método
recibe como parametros una lista con todas las posibles etiquetas de clasificacion y,
mediante el uso del tensor de salida, se puede conocer el indice y determinar en la
lista de etiquetas cual fue la predicha, ademas de conocer la probabilidad de acierto).

3 Resultados

En esta seccidén se muestran los resultados obtenidos, tanto de las métricas del modelo
de redes neuronales propuesto, como del funcionamiento de la aplicacion.

3.1 Resultados del Modelo basado en Redes Neuronales

Se validé el rendimiento general del modelo y el de cada categoria. Para el primer
caso, se obtuvo como resultado una precision (Accuracy) del 96%, mientras que la
precision por categoria va desde 80% para el yute, hasta 100% para cultivos como el
garbanzo, banana y mango. Se empledé una matriz de confusiéon (Figura 2) para
analizar el comportamiento del modelo y poder visualizar que categorias fueron
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clasificadas erréneamente. La codificacion utilizada es la siguiente: 0: arroz, 1: maiz,
2: garbanzo, 3: frijol rojo, 4: guisantes, 5: frijol de rocio, 6: frijol mungo, 7: vigna
mungo”, 8: lenteja, 9: granada, 10: banana, 11: mango, 12: sandia, 13: melon, 14:
manzana, 15: naranja, 16: papaya, 17: coco. 18: algodén, 19: yute, 20: café, 21: uvas.
Observando los resultados se puede concluir que el modelo tiene una buena capacidad
para generalizar datos nuevos.

Matriz de Confusion

cJgooo0o0o000000D000O0O0O0DOO3O0 0
~-0 000D0DO0O0ODO0ODOOOO0O100O0O0
~N-0 0 000DO0DO0OO0OOCODOOOOD0O0O0O0O0
m-00 0B 00000O0O0OOOOOODOUOGOOO
¢-000 0 0000D0DOCOOOOODOGOOO
nw-000 002 1000000000000GO00
o-0 0000 oFfoo00O0O0O0O0OOCOCDOO0O0O0D0
n~-0000010f1000000000000O0
fw-0000000O0FJo000000000O0O0O0OD
Bm-000000o000FfJoocoo00000DO0GOGGOO
Eg-0000000000HJ0 000000000 O
E:—ouoooouoooo 0ODDO0ODDOCOOO
£4-00000000000O0FfJoo0oo000DO0O0O0O
%g-ouoooonoooooo 00 0DO0OOO Ly
f<-0000000000000O0O0OFJooo000O0O0
m-00000o000¢co0o00oo0 ofoooooo
©2-000000000000000O0EJo000O0GC -50
~-00000000000000¢00ofJooo0o
©-01000000000000000O0fooo0
®-400000000000000O0OGO00 00 -2.5
S-00000000000000O0CO0OCOOCOEHO
-0 00000C000000O0D0OO0OOO0O0O0
VP oy L 4 i G W b f & a Wk E g . - 0.0
0012345676 910111213141516 1718 192021

Predicciones

Fig. 2. Matriz de confusion del modelo que emplea el algoritmo de redes neuronales.

3.2 Resultados del Desarrollo de la Aplicacién Movil

Una vez iniciada la sesidn, se lleva a cabo la descarga del modelo para que pueda ser
empleado posteriormente y., luego se inicia la actividad principal de la aplicacion,
llamada MainActivity y en ella se cargan los diferentes fragmentos que conforman la
aplicacion. En esta actividad también se gestiona el mentl de navegacién (Figura 3),
mediante el uso de NavGraph para definir y controlar de manera eficiente como se
navega en toda la aplicacion. La aplicaciéon posee un mend con cuatro opciones
(Huerta, Tipos de cultivos, Cultivo Clasificado y Cerrar Sesion), para que el usuario
decida en cual pantalla navegar.
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Fig. 3. Menu desplegado de la aplicacion mévil.

La opcion Huerta se carga como pantalla home luego del inicio de sesion y en ella
se emplea el componente ViewPager, para que se puedan instanciar dos fragmentos.
El primero permite a los usuarios ver en tiempo real el estado de las variables pH,
temperatura y humedad de la huerta (Figura 4 (a)). En el segundo, se puede visualizar
un historico de los tltimos 6 dias de los datos de lluvia y humedad (Figura 4 (b)).
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Fig. 4. (a) Estado en tiempo real de la huerta. (b) Grafica del historico de la huerta.
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La opcion Tipos de cultivos permite visualizar los diferentes cultivos que la
aplicacion puede clasificar. Posee un disefio maestro detalle, es decir, que se visualiza
un recyclerView y luego de seleccionar alglin item de €1, se navega a otro fragmento
que puede ampliar la informacién del item que se selecciond. Para poder cargar el
componente recyclerView (Figura 5 (a)), se empled el ViewModel asociado al
fragmento, que se encarga de obtener los datos. Cada uno de los items que lo
componen son seleccionables, por lo tanto, si se quiere obtener mas informacion de
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algiin cultivo en particular se debe hacer clic sobre ella, y mediante el navGraph se
carga la pantalla del cultivo que se selecciond (Figura 5 (b)). En ella, se pueden
visualizar los datos de la temperatura, humedad, pH y lluvia.

Mientras que en la seccion Cultivo clasificado, el ViewModel asociado a esta
pantalla se encarga de realizar la llamada asincronica para que, en base a los datos de
la temperatura, pH, humedad, fésforo, nitrégeno y potasio de la huerta asociada al
usuario, el modelo de aprendizaje automatico determine qué cultivo es mas propicio
para su huerta. Una vez concluida la asercion, el ViewModel cambia el estado de los
datos, y los observadores de las variables que se encuentran definidos en el
fragmento, reciben la notificacion del cambio de estado, por lo tanto, se produce una
actualizacién en la interfaz de usuario (Figura 6) con informacién concerniente al
cultivo que el modelo determind.

Temperatura
LI
" ®s

57*C

LT
Codd )
- L

Lluvia

Fig. 5. (a) Tipos de cultivo que la aplicacidn puede clasificar. (b) Detalle de un cultivo.
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£l maiz es una planta graminea C4 Lluvia
anual. Tiene hojas grandes, alargadas y
eslrechas que crecen de forma alterna
en sitios opuestos alrededor de los
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Fig. 6. Informacion concerniente al cultivo clasificado.

4 Conclusiones

Este trabajo presento el desarrollo de un sistema basado en algoritmos de aprendizaje
automatico, especificamente, redes neuronales artificiales, y su integracién con una
aplicacion movil. Para ello, se llevé a cabo la integracion entre la biblioteca
TensorFlow y la aplicacion Android. Para obtener el modelo de redes neuronales a
utilizar se realizé la optimizaciéon de los hiperpardmetros, lo cual garantiza un
rendimiento maximo, evitando el sobreajuste y manteniendo una buena capacidad de
generalizacion. En este trabajo se alcanzo una precision significativa del 96%.

Si bien el dataset utilizado en este trabajo contiene informacién sobre el suelo y
datos de cultivos de la India, el sistema desarrollado es facilmente adaptable a nuevos
conjuntos de datos de regiones de interés local y regional.

Los algoritmos de aprendizaje automatico en aplicaciones moviles pueden ser una
herramienta valiosa y econdémica para los agricultores del sur del Conurbano
Bonaerense. Estos algoritmos detectan patrones en grandes conjuntos de datos, lo que
permite a los agricultores identificar anomalias en el comportamiento actual y futuro
de los cultivos. Esta informacion ayuda a tomar decisiones para garantizar cosechas
saludables y rendimientos optimos. Ademds, se pueden desarrollar modelos
predictivos para recomendar variedades de cultivos adecuadas para huertas
especificas basandose en multiples parametros.

Como lineas futuras, por un lado, se pretende contar con un dataset propio que
contenga datos de cultivos de la region sur del Conurbano Bonaerense, y que pueda
ser aumentado en tiempo real, permitiendo el reentrenamiento de los modelos
planteados, lo que presentara una mayor robustez al sistema. En este caso, se deberan
desarrollar nuevos modelos con distintas variaciones en los parametros e
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hiperparametros, buscando una mejora en los resultados para las distintas
predicciones.

Por otro lado, otro aspecto de mejora es la implementacion de un motor de
notificaciones. Esta caracteristica seria invaluable para alertar a los usuarios sobre
posibles anomalias en los parametros de la huerta. La incorporacion de notificaciones
proporcionaria una capa adicional de informacién en tiempo real, permitiendo una
respuesta proactiva ante situaciones criticas y mejorando la capacidad de monitoreo.

Adicionalmente, se podria implementar una funcionalidad que permita la
segmentacion de la huerta. Esta mejora proporcionaria una visién mas detallada y
especifica del estado de diferentes areas de la huerta, facilitando un monitoreo mas
preciso y personalizado. La capacidad de segmentar la huerta seria especialmente
valiosa para agricultores que buscan comprender y abordar problemas especificos en
diferentes secciones del cultivo.
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Abstract. It is usually assumed that recent, complex deep-neural models obtain bet-
ter predictive performance than simpler, more understandable classical machine learn-
ing approaches. However, in critical areas such as mental health, the accuracy of the
classifiers is not the only aspect to take into account, and the interpretability of mod-
els and the explainability of their results also play a fundamental role. In this work,
we take a more comprehensive approach to the effectiveness evaluation of machine
learning models in mental health. Although we still focus on the models’ accuracy
in detecting stress, the selection of models aims at covering systems with different
support for interpretability. Models vary from those that are inherently interpretable
(logistic regression) to those considered as black-boxes from the interpretability point
of view (Transformers). Between these two, a third model that has showed interesting
predictive capabilities and adequate interpretability in mental health is also included
(SS3). The experimental work shows that even when logistic regression and SS3 have
a slightly lower predictive performance, they obtain comparable results as much more
complex and difficult to explain transformer-based models (BERT and Mental BERT).
On the other hand, the support that each of them provides for explainability allows
to confirm observations reported in previous studies about the key role that personal
pronouns and self-references play as significant indicators of stress. In this context,
to the ability exhibited by logistic regression to evaluate the individual importance
of each input token, SS3 adds its ability to hierarchically classify and interpret input
words, sentences and paragraphs and identify the exact points in a text where the de-
termination of a case of stress becomes evident. Finally, although Transformers-based
models become more opaque for a mental health professional, attention analysis still
allows to confirm the relationship between relevant words in the input sentences.

Keywords: Stress Detection, Accuracy, Interpretability, NLP, Mental Health

1 Introduction

Although many successes have been reported where Al systems even surpassed the accuracy
of human experts, it has been discovered that AT systems may produce diverse errors; they
can exhibit bias, may be sensitive to noise in the data, and often lack technical and judicial
transparency resulting in reduction in trust and challenges in their adoption [12]. That situa-
tion is also observed in the field of mental health, where Natural Language Processing (NLP)
can offer insights into the complexities of human emotions, behaviors, and cognitive processes
through the analysis of language. There, it can be observed an evolution in the use of NLP
models that become increasingly complex, incorporating deep learning approaches on huge
datasets. Thus, a dual and contradictory situation arises: on the one side, they achieve state-
of-the-art performance in most of the analysis tasks in mental health; on the other hand,
these deep and complex models are less transparent, an aspect important in mental health
applications, where the decisions performed by Artificial Intelligence (AI) based methods can
have hard implications on individuals’ well-being. Transparent models enable practitioners
to make informed decisions, understand the model predictions, and identify potential biases
within AT systems. Yet, achieving this transparency is far from straightforward, especially
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as state-of-the-art NLP models become more like “black boxes”, where the decision-making
processes are obscured from view [8].

In that context, it is in general assumed that more complex, hard to understand, deep
learning models are more effective than other classical models like linear models, logistic
regression or Bayesian approaches. However, each application area has its own particularities
and requires specialized analysis of the models’ accuracy and the support that each model
provides to interpretability and the explainability of the results.

This article aims at making a contribution in this direction in the specific area of stress de-
tection. Our idea is taking a more comprehensive view of the models’ effectiveness in this task
by focussing in their accuracy measures but also analysing the support for interpretability
that each one provides. For that, models were selected varying their explainability capabili-
ties, from those that are inherently interpretable (logistic regression) to those considered as
black-box models (Transformers). Between these two, a third model that has showed inter-
esting predictive capabilities and adequate interpretability in mental health is also included
(SS3). In short, some of the research questions we address in this paper are:

RQ1 - Are deep learning models in fact more effective than simpler models like logistic
regression or SS3 in stress detection? Is this difference in performance really important?
RQ2 - How each approach, logistic regression, SS3 and Transformers-based models sup-
ports the interpretability and explainability of predictions in stress detection? How the
information each one obtains complements each other and allows to obtain a more com-
prehensive understanding of the language in stress detection?

RQ3 - Do the results that were obtained confirm or contradict previous studies and
existing literature about discourse related to stress?

2 Related Work

One of the ongoing debates in Al research is related to the trade-off between accuracy and
explainability. Some researchers argue that highly accurate black-box Al systems should be
used despite their lack of explainability [9]. They consider that this is justified by their higher
accuracy and that insisting on erplainable AT (XAI) actually impedes the benefits and po-
tential of AI. At the other end, Rudin et al. [13] emphasize the importance of only using
interpretable models in high-stakes decisions, arguing that black-box models should not be
used if an interpretable one can achieve similar performance. Moreover, the authors suggest
that the trade-off between transparency and effectiveness is not always justified, and claim
that black-box models, often perceived as necessary for achieving high accuracy, do not al-
ways provide significant performance improvements over interpretable ones when the data
are well-structured and features are meaningful. These extreme positions, between the ones
that advocate abandonment of black box systems, and those that deny the importance of
interpretability (and XAI in general) is often framed as the “accuracy vs. explainability”
dilemma and considers accuracy and explainability as concepts mutually exclusive. How-
ever, Petkovic et al. [12] question those ideas, emphasizing that non-explainable systems can
produce accurate results for the wrong reasons, lack robustness, and are susceptible to adver-
sarial attacks. The paper proposes to integrate the explainability throughout the AT system
lifecycle to ensure trustworthiness, robustness, and fairness. This perspective is particularly
relevant in high-stakes domains like healthcare, where understanding the decision-making
process of Al systems is crucial for user trust and adoption.

Colin et al. [4] contribute significantly to this discussion by introducing a human-centered
evaluation framework for explainability methods. The authors conducted extensive psy-
chophysics experiments with 1,150 participants to assess the practical utility of various attri-
bution methods in real-world scenarios. Their findings indicate that some leading attribution
methods, despite being highly faithful, were not practically useful in certain scenarios. This
underscores the importance of developing explainability methods that are not only accurate
but also practically useful. Complementing this work, the survey [1] provides a comprehensive
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review of user-centered evaluations in Explainable Artificial Intelligence (XAI) and addresses
the aforementioned trade-off by emphasizing that while transparent models are easier to in-
terpret, they often lack the performance of more complex black-box models like deep neural
networks (DNNs). The challenge lies in balancing the need for model interpretability with
maintaining high predictive accuracy.

Our work aligns to those lines of research that consider that both, the accuracy of the
models and the explainability of their results, are important aspects. In this context, al-
though the priority is to analyze how effective the classifier models are, the tools that each
of them can provide to their interpretability are also considered. A rigorous comparison of
the models’ interpretability would imply specific questionnaires or rigorous quantitative eval-
uation methodologies [11], something that exceeds the scope of this work. Instead, we will
describe each model, highlighting the mechanisms that facilitate their interpretability and
help understand “how” and “why” those models make their decisions.

3 Experimental analysis

For the experimental analysis we use the “Dreaddit” dataset [15], a comprehensive compi-
lation of Reddit posts collected and annotated for the purpose of stress detection. It offers
a collection of 190,000 posts dated from January 1, 2017, to November 19, 2018. The posts
correspond to five domains directly related to stress: abuse, social conflicts, anxiety, Post-
Traumatic Stress Disorder (PTSD), and financial distress. These domains were specifically
chosen for their high likelihood of containing discussions around inherently stressful topics.
The average length of a post in the dataset is 420 tokens. A meticulously curated subset of
3,553 segments from these posts, originating from 2,929 different posts, has been tagged by
Amazon Mechanical Turk annotators, focusing on the subjective experience of stress as de-
scribed by the authors. This process concluded in approximately 52.3% (1,857) of instances
labeled as stress-indicative, providing a rich resource for examining the diverse ways stress
is manifested and discussed across various contexts. The rest of the instances were labeled
as containing ‘no stress’ signs.

3.1 Experimental Results

In this section, we present the results of our experimental study on the stress detection task.
Our analysis is structured around two main aspects: 1) classifier performance and 2) support
for interpretability [ explainability. Regarding the classifiers’ performance, their effectiveness
was evaluated using standard accuracy metrics such as precision, recall and F1i-score. The
interpretability and explainability of models can be analyzed along several axes defined in the
evaluation framework proposed by Danilevsky et al. [5]: 1) local versus global explanations,
2) intrinsic versus post-hoc explainability models, 3) explainability techniques, 4) operations
facilitating explainability and 5) visualization techniques.

Logistic Regression Analysis
The first approach in our study combined a Logistic Regression (LR) model with a (L2-
normalized) ¢ f-idf vectorization for document representation. That normalization ensures
that features are on a comparable scale, enhancing the robustness of the model and the
interpretability of the coefficients obtained.

- Classifier Performance. A grid search optimization of the logistic regressor, varying
the regularization parameter C' and the word n-grams range, achieved a 75.4% of average
accuracy in a 5-fold cross-validation with the training set. This accuracy value in correctly
classifying the posts as ‘stress’ or ‘no stress’ is obtained with word 1-grams and C' = 1.

After that, the model trained with those hyper-parameters on the whole training set,
obtained similar results in the test set as can be seen in Table 1. There, the Fl-scores,
0.69 for 'no stress’ and 0.74 for ‘*stress’, denote a balanced performance between precision
and recall for both categories. Besides, the consistent weighted averages of all the metrics
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(0.72) show a robust model performance overall, considering that the article introducing the
“Dreaddit” dataset [15], reports that LR with pre-trained Word2Vec features achieves an
Fl-score of 0.7706.

Table 1: Classification Metrics for the Logistic Regression Model.

Class Precision Recall F1-Score
No Stress 0.73 0.66 0.69
Stress 0.71 0.77 0.74

Weighted Average 0.72 0.72 0.72

- Support for Interpretability/Explainability. LR is considered an “inherently interpretable”
model [10] where a change in a feature z; by one unit increases the log odds ratio by the value
of the corresponding weight (w;). That means, that we can use the weights (coeflicients) as-
sociated with each feature of the logistic regression model as estimators of how relevant a
feature is in identifying stress markers.

That information can be observed in Figure 1 with the coefficient magnitude values of
the regression logistic model for the non-stress class (red) and the stress class (blue). They
quantify the influence of each feature (word) on stress prediction and, notably, the words
with the highest positive coeflicients are predominantly first-person singular pronouns and
self-references confirming their significant role as indicators of stress. In fact, words as ‘me’,
‘my’, ‘am’ and ‘myself’ which have some of the highest positive coefficients, shows their strong
predictive power. In contrast, pronouns oriented towards “others”, like ‘you’, ‘your’, and ‘we’,
register among the terms with the most negative coeflicients, aligning with states of non-stress
or well-being. This pattern suggests a linguistic reflection of the psychological phenomenon
where an increased use of first-person singular pronouns can be associated with self-focused
attention, often a sign of stress or distress. In contrast, terms that reflect a collective or
external focus tend to correspond with a less stressed emotional state. These insights are
studied in existing psychological literature related to language usage and its correlation with
mental states, further substantiating the model’s validity in detecting expressions of stress.

Coafficient magnitude
=1

Fig. 1: Values of coefficients in the Logistic Regression Model.

Summarizing, a logistic regression model focuses on global ezplanations, as the coeflicients
of the logistic regression represent the influence of individual features on stress prediction at
a global level, providing an overall view of the model’s prediction process as a whole. It is
a self-explanatory model because the coeflicients, derived directly from the training process,
reflect the intrinsic importance of each feature, without the need for additional procedures
to generate explanations. Feature importance is used as explainability technique, where the
logistic regression coeflicients indicate the weight and direction of each term’s impact on the
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model’s predictions. As main operation enabling explainability, we can say that feature's
coeflicient serves as a key operation for explainability. It informs how an incremental change
in a feature impacts the logit of the prediction. Finally, regression logistic models admit
different visualization techniques for their coeflicients, both at the level of the global values
of the coefficients as for local explanations for particular predictions. Here, we observed that
using simple mean values displayed through bar graphs is a common and effective method
for interpreting feature importance in this type of model.

The SS3 Model
The §83 [3] approach learns representations of words, sentences, paragraphs and documents.
For a word w;, SS3 obtains a vector gv{w;) = (¢1,¢2,...,¢,) with the level of confidence
(gv) that w; belongs ezclusively to the classes ¢y, co, ..., c,. Besides, unlike to conventional
methods that handle input as a static feature vector, it processes input sequentially, en-
abling incremental classifications through a hierarchical approach. Initially, the text is divided
into multiple blocks, such as paragraphs, sentences, and words. Each word w; is assigned a
confidence vector gv(w;), representing its likelihood of belonging to specific classes. These
word-level vectors are incrementally combined using summary operators to form higher-level
vectors, such as sentence and paragraph vectors. This hierarchical reduction continues until
a single confidence vector represents the entire document. The classification decision is made
based on this final vector. This incremental process allows SS3 to update its confidence values
dynamically as new text is processed, providing support for early and adaptive classifications.

- Classifier Performance. As shown in Table 2, SS3 exhibits a very high precision (0.90) in
correctly recognizing posts related to stress. However, for the opposite (‘no stress’) class, the
precision decreases to 0.62. This contrast in precision between classes shows the sensitivity
of the SS3 model towards linguistic indicators of stress. The weighted average of the metrics.
approximately 0.77 in precision, 0.70 in recall, and 0.68 in F'1 score, demonstrates a generally
balanced performance of the SS3 model in the classification of ‘stress’ versus ‘no stress’ classes.

Table 2: Classification Metrics for the SS3 Model.

Class Precision Recall F1-Score
No Stress 0.62 0.95 0.75
Stress 0.90 0.46 0.61

Weighted Average 0.77 0.70 0.68

- Support for Interpretability/Explainability. Unlike LR, which focuses on the importance
of input features at a single, “flat” level, SS3’s hierarchical and incremental approach allows
for the assessment of the importance of textual units at the level of input words. sentences.
paragraphs. and the entire document. This allows for the visualization of textual units that
played an important role in the classification at different levels. For instance, SS3 is able to
show the relevance of specific words indicative of the ‘no stress’ class.* On the other hand,
Figure 2 shows, not only the relevant words for the *stress’ class, but also a complete sentence
that seems to be associated with a stress situation (in blue).

It is interesting to note that the global value of confidence of ‘you’ (gv{you,no_stress) =
1), and *your’ {guv{your, no_stress) = 0.574) show them as the most, and second most con-
tributing words to the classification of texts as ‘no stress’. This linguistic pattern is consistent
with the coeflicients obtained by logistic regression and shown in Figure 1 where ‘you’ and
‘your’ are among the words with the most indicative coeflicients of the ‘no stress’ class. Re-
garding the Figure 2, from the occurrence of several first-person personal pronouns (‘T’), the
whole sentence is associated to the class stress and highlighted in blue.

Another important aspect of the SS3" incremental approach is that, since the confidence
vector is a value that “summarizes the past history™, keeping track of how this vector changes

4 That figure is not included here due to constrains of space.
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Fig. 2: Visualization of the SS3 applied to a Dreaddit’s text.

over time allows us to get important information of the “points” (words, sentences, para-
graphs) in the text when/where the system obtained important evidence in favor of one class
or another. For instance, in Figure 3 we can see how the sentence “We'll say I love you,
he'll hold me so tight” produces an abrupt change of confidence in favor of the ‘no stress’
class both in the reading of words {Figure 3a) as in the reading of sentences (Figure 3b).
That is a very important aspect from the interpretability point of view because that “dy-
namic information” allows us detect the key words and sentences that produced a particular
classification for a specific text.

[
| ,

|
| - ’ /
e / =

PR o
(a) Incremental contribution of each word in the classi- (b) Incremental contribution of each sentence in the
fication by SS3 classification by SS3

Fig. 3: The incremental contribution of words (left) and sentences (right) in the classification by SS3.

Summarizing along the different axes of explainability, we can say that the explanations
generated by SS3 have both global and local aspects. Similar to the coefficients of the logistic
regression, the gv values of the words show the influence of individual words on stress predic-
tion at a global level. On the other hand, the hierarchical and incremental computation of the
summary operators allows to dynamically compute the influence of sentence, paragraphs and
detect the points where a specific instance becomes clearly as belonging to a class or another.
That hybrid aspect of SS3 is also reflected in considering it a self-exzplanatory model (regard-
ing the gv values of the words) and also a post-hoc approach due to the dynamic cumulative
confidence charts that only can obtained for specific texts. SS3 primarily uses feature impor-
tance as a technique to generate explanations, although summary operators allow to extend
that importance to larger units like sentences, paragraphs and the whole document. The op-
erations that enable SS3 to generate explanations are the assignments of weights (gv values
and confidence vectors) to words, sentences and paragraphs based on their relevance in the
final classification. These weights are justified in [3] from an intuitive, human-centered (non-
statistical) point of view for the individual words and computed by aggregation operations
{add operator, max or average pooling, etc) for summary operators. Finally, regarding visu-
alization techniques, SS3 allows to employ interactive visualization tools such as interactive
line graphs and (hierarchical) text highlighting to present its explanations. These techniques
allow users to see how each word or phrase contributes to the final classification, making the
explanations intuitive and easily understandable.
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BERT and MentalBERT Models
Here, we explore the use of advanced language models based on Transformers, specifically
BERT [6] and MentalBERT [7], within the context of NLP applied to mental health. BERT
has revolutionized the field of NLP with its ability to learn advanced language representations.
On the other hand, Mental BERT is a variant of BERT specifically pre-trained for applications
in mental health.

- Classifiers Performance. In Table 3, we can see that BERT achieves balanced scores
for both, ‘no stress’ and ‘stress’ classes in all the considered metrics. In particular, similar
F1-Scores for both classes produces an average value of 0.77, the best value obtained for
this collection in our study in relation to the ones obtained by LR (0.72) and SS3 (0.68).
Surprisingly, as it can be seen in Table 4, this result was even slightly higher than that
obtained by MentalBERT. This would give evidence that working with a language model
that was specifically adapted to a particular domain (mental health) does not guarantee, at
least for stress detection, greater effectiveness that a generic language model.

Table 3: Classification Metrics for the BERT Model.

Class Precision Recall F1-Score
No Stress 0.76 0.76 0.76
Stress 0.78 0.77 0.77

Weighted Average 0.77 0.77 077

Table 4: Classification Metrics for the Mental BERT Model.

Class Precision Recall F1-Score
No Stress 083 064 072
Stress 0.72 0.87 0.79

Weighted Average 0.76 0.76 0.76

- Support for Interpretability/Explainability. Although Transformer-based language mod-
els are often presented as an example of black box and low transparency models, they can
provide some interesting information about the patterns found in the data that have had
some kind of influence on the results. One way to achieve this goal is by visualizing the
attention heads for a single input using bipartite graphs or heatmaps. As an example, the
BertViz Visualization tool®, allows the visualization of the model attention weights across
the different heads and layers, offering a graphical representation of the relationship between
tokens (words) in a given context. For instance, Figure 4 shows the bipartite graph that
BertViz produces for the post Everyday I have to wake up and choose to push forward & live
or fall apart & die. Lately, it's been really hard to push forward & live. I'm tired you guys.
I am so tired. What do I do? that comes from the PTSD subreddit and reflects a personal
struggle with the daily decision to either push forward or succumb to the desesperation.

In line with the results obtained with LR and SS3, we observe in Figure 4a that in this
particular layer and head BER pays particular attention to first-person words such as ‘1’ or
‘my’. Also, in Figure 4b we can observe that the BERT model also shows special relevance
to terms like ‘exasperated’, ‘exhausted’, and *burnt’ (out), which are common descriptors of
states of stress and exhaustion. It is important to observe that Mental BERT obtained similar
visual patterns to those obtained by BERT (personal terms such as ‘I’ and ‘my’, and also
words like ‘exasperated’ or‘exhausted’) that are not shown here due to space restrictions.

Another type of pattern that can be analyzed with BertViz is the attention weights
between tokens different from the [CLS] token. For instance, in Figure 5a we can visualize

° https://github.com/jessevig/bertviz
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(a) Second attention head of (b) Penultimate attention
BERT at layer 9. head of BERT at layer 9

Fig.4: BertViz visualizations to highlight linguistic markers of stress.

the connection between personal pronouns and emotionally charged words in Mental BERT.
There, the term ‘myself’ is intensely linked with the word ‘miserable’ indicating a potent
recognition of self-referential expressions of a negative emotion. This visualization shows
some clues about how personal narrative and emotion are related. Similarly, in Figure 5b,
the connections between ‘myself’ and both ‘mad’ and ‘stressed’ are interesting. The model’s
attention to these terms suggests an ability to detect self-directed emotional states, which
are key in mental health contexts.

In summary, considering the different axes of explainability, we can say that the expla-
nations generated by BERT and MentalBERT are predominantly local explanations, as the
attention techniques and visualizations used focus on specific words or phrases that contribute
to the predictions of a given text. Besides, visualization techniques such as BertViz can be
seen as post-hoc tools that help to interpret and visualize the model’s decisions. The main
explainability technique employed is atfention that assigns weights to words in the context of
a sentence and provides some evidence of their importance in the context of the prediction.
The operations that enable explainability are those related to the computation and visualiza-
tion of attention weights that provide, through graphical tools such as Bertviz, basic intuitive
patterns of the words that may be playing some kind of influence on the model’s classifica-
tions. Two popular visualization techniques for attention-based explanations are those based
on bipartite graph (like BertViz) and the ones based on attention heatmap matrixes. As we
saw, Bertviz can provide interesting graphical representations of how the model attends to
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each word in the context of a sequence, which is crucial for understanding how the model
processes and relates parts of a text during prediction.

myself

(a) Relating “myself” to “miserable”. (b) Relating “myself” to “mad” and “stress”.

Fig. 5: (Partial) Visualizations of the penultimate layer in Mental BERT.

4 Conclusions

Given the importance that both, effectiveness and interpretability have in mental health, this
work analyzes how these factors impact on a particular task in this area, stress detection.
Our study focuses on effectiveness, measured by classical metrics such as precision, recall
and Fl-measure, and varies the degree of transparency of the chosen models, starting with a
transparent, intrinsically interpretable model learnt with LR, continuing with a less formally
justified approach, but more flexible and intuitively explainable as SS3 and ending with
“black box”, deep learning models, represented by BERT and Mental BERT.

In this context, and with the aim of answering the initially posed research questions, the
experimental work showed that Transformer-based models such as BERT and MentalBERT
confirm that this type of deep learning architecture is very effective in classification tasks,
obtaining an average F1 of 0.77 (BERT) and 0.76 (MentalBERT), thus outperforming, al-
though not in such a significant way, to LR (average F1 = 0.72) and SS3 (average F1 —
0.69). However, at least for this task, a language model adapted to the mental health domain
(MentalBERT) does not seem to be more effective than a generic language model such as
BERT. On the other hand, the results here obtained with BERT are similar to the best ones
obtained in the presentation of the data set in [15].

Regarding the transparency and interpretability of the models, LR offers an intrinsically
interpretable model that allows to identify and mathematically justify the particular inputs
(words in our case) that play an important role in the classification. SS3 does not have
these formal guarantees, but it provides flexible aggregation mechanisms that are intuitively
explainable for a mental health professional, and allow for a hierarchical evaluation of the
relevance of words, sentences and paragraphs in the classification result. It also provides
mechanisms that allow for the identification of those points in the input sequence where the
words or sentences produce a clear change in favor of a certain class. Finally, although deep
learning, “black boxes” models are often questioned in their ability to understand and justity
their decisions [2], in our study we were able to identify some interesting patterns between
words clearly associated with the classification of stress. Interestingly, in the 3 considered
models, and using completely different mechanisms, the relationship between the use of
certain personal pronouns and self-references and cases of stress, already observed in previous
studies in mental health, could be confirmed.

Our future work in stress detection is going to be oriented to use the new generative
approaches powered by large language models, which allow generating explanations in natural
language by directly connecting the conclusions and results obtained with the input data
(texts) [14]. Some preliminary works in early depression detection, justifying decisions based
on the symptoms of the Beck test, seem to show a lot of potential in this line of work in the
area of interpretability.
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Abstract. Solving large-scale constrained optimization problems (LSCOP)
using cooperative co-evolutionary (CC) algorithms has received consid-
erable attention in recent years. One of the most critical challenges of
CC algorithms is the decomposition of the original problem. Currently,
decomposition methods for solving LSCOPs often generate large sub-
components, poor accuracy, and consume significant computational re-
sources. This affects the optimization performance. In this work, we
present a decomposition method that aims to form efficient subcom-
ponents that feature high accuracy, good size, and low computational
resource cost. The proposal is evaluated on a set of benchmark functions
subject to constraints up to 1,000 dimensions widely used in the liter-
ature, and compared with other state-of-the-art methods. The results
demonstrate that our proposal performs the decomposition efficiently
and succeeds in reducing the computational cost, making it a valuable
contribution to the field of optimization.

Keywords: Differential Grouping, Interaction Between Variables, De-
composition Methods, Cooperative Co-evolution Algorithms, Large-scale
Constrained Optimization

1 Introduction

Many optimization problems today not only involve hundreds of decision vari-
ables, but are also subject to a set of constraints that make them difficult to
solve. These problems are known as large-scale constrained optimization prob-
lems (LSCOP) [1]. In this paper, a problem is considered large if it causes scala-
bility issues for state-of-the-art algorithms. To address LSCOPs, the cooperative
coevolutionary (CC) approach has focused on decomposing the original problem
into smaller and simpler subproblems to solve them independently [2].

The CC approach adopts the divide-and-conquer strategy as its basic idea
and generally consists of three stages: (1) decomposition: where an original prob-
lem is divided into simpler, smaller subproblems (or subcomponents); and (2)
optimization: where each subproblem is solved by an optimization algorithm,
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either an evolutionary or swarm intelligence algorithm; and (3) the combination
stage, where the local solutions of each subproblem are assembled into a context
vector to form a global solution [3] [4]. Thus, the first step in the design of a CC
algorithm is the decomposition of the problem, which is the main focus of our
proposal.

Decomposition methods most used to address LSCOPs, such as, Variable In-
teraction Identification for Constrained problems (VIIC) proposed by Sayed et
al. [5] and improved by Aguilar-Justo et al. [13]; Differential Grouping (DG2) [6]
used in Aguilar-Justo et al.'s work [13], and Blanchard et al.’s work [14]; Ran-
dom Grouping (RG) [7] implemented in the work of Peng et al. [15], Vakhnin et
al. [16]; and Recursive Differential Grouping (RDG) [8], used in a recent work
by Xu et al. [1], have faced challenges related to accuracy and computational
cost (in terms of fitness evaluation). In particular, the RDG method (and its
variants RDG2[17]) is generally more efficient in problem decomposition, out-
performing the previous methods for constrained problems in most cases in terms
of accuracy and computational cost. However, the Efficient Recursive Differen-
tial Grouping (ERDG) method [9] has emerged, which not only achieves good
results in accuracy, but also reduces the computational cost compared to DG,
DG2, RDG, and RDG2 by using historical information. Another method that is
very prominent in the literature is the Recursive Differential Grouping Version
3 (RGD3) method [10], which attempts to decompose a problem into compo-
nents of reasonable size. However, neither ERDG nor RDG3 have been tested
on LSCOPs.

Considering the above, we propose a new decomposition method called Ef-
ficient Differential Grouping for Constrained problems (CEDG), which is based
on the ERDG and RDG3 methods. The main idea of CEDG is to identify the
interactions of variables in the objective function and constraints, and group
them into subcomponents of reasonable size. Thus, CEDG decomposes large
constrained problems with a large number of (1) interacting variables by break-
ing the linkage at shared variables, and (2) non-interacting variables using a
simple scheme consisting of grouping the variables into an appropriate group
size. Compared to other DG-based strategies for solving LSCOP, our CEDG
method has two notable features. The first is that, being ERDG-based, it is able
to reduce the number of fitness evaluations (FEs) used in the problem decompo-
sition. The second is that it focuses on forming more appropriate subcomponent
sizes to efficiently solve constrained problems with a large number of interacting
or non-interacting variables.

The paper is organized as follows. In the next section, the constrained prob-
lems and ERDG decomposition method are described. Section 3 describes our
proposed CEDG method in detail. Section 4 presents the experimental studies.
Finally, Section 5 concludes the paper.
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2 Background and Related Work

2.1 Problem Statement

A constrained optimization problem can be mathematically formalized as follows
[11].
Optimize f(?)
Subjet to:
ql(?) <0,for i=1,..,q
hj(?) =0,for j=1,...,m
where ql(?) represents the inequality constraints and h; (?) the equality con-
straints, ¢ and m are the number of inequality and equality constraints, respec-
tively. Usually, equality constraints are transformed into inequality constraints
of the form |h;(’)] — € < 0, using a small tolerance value € = 0.0001. These
constraints define the feasible search space. Therefore, an evolutionary or swarm
intelligence algorithm must consider the constraints so that the solution obtained
can be within this feasible search space. In other words, the feasible region F C §
is defined as the set of solutions that satisfies all constraints. Therefore, a so-
lution is feasible if the sum of the equality and inequality constraint violations
(SCV) equals zero [11]. This is represented as follows:

SOV () = Zma:ﬁ(o,gi(?)) + > max(0, |h;(2)| — €) (1)

=1

The feasible region may be small or disjoint, which greatly affects the opti-
mization process using an evolutionary or swarm intelligence algorithm. To ad-
dress this issue, many constraint-handling techniques (CHTs) are proposed, such
as the feasible rule method, the stochastic ranking approach, the e-constrained
method, the penalty function method, and the multi-objective approach. These
CHTs are used to guide the search to the feasible area of the search space [11]
[12].

2.2 ERDG method

The ERDG method is used to decompose unconstrained optimization problems.
ERDG consists of a main process, which in turn contains a subprocess. In the
main process, the interaction between the first variable and the other variables
is analyzed according to Theorem 1. If there is no interaction, the variables are
considered separable. If there is an interaction, the set of variables is divided
and a subprocess is run to analyze the interaction between the subsets until all
variables have been analyzed. During this analysis, if certain conditions are met,
the subsets are split for further analysis. On the other hand, if the condition
is not met, the relationship between the subsets is determined without further
analysis. In addition to the above, ERDG performs a fitness evaluation in the
main process instead of in the subprocess as in RDG or RDG2. This means that
ERDG requires two fitness evaluations each time it examines the interaction
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between variables, while RDG or RDG2 requires three fitness evaluations. ERDG
identifies the interaction between two subsets of variables X; and Xs according
to the following theorem:

Let X be the set of decision variables {z1,...,zp} and Ux be the set of unit
vectors in the decision space R”. Let X; be a subset of X and Ux. For any unit
vector u= (uy,...,up) € Ux,, we have

Theorem 1 [9] Let f : RP — R be an objective function; X; C X and X» C X
be two mutually exclusive subsets of decision variables: X1 N Xo = 0. If there
exist two unit vectors wy € Ux, and us € Ux,, two real numbers l1,lo > 0, and
a candidate solution &* in the decision space, such that

J(@" w4+ loug) — f(2" + lug) # f(3" +liw) — f(x7), (3)
there are some interactions between decision variables in X1 and Xs.

If Eq. 3 of Theorem 1 holds, then ERDG determines that X; and X5 are
interrelated to each other; otherwise, X; and X, are mutually separable sets.
The left-hand side of Eq. 3 is denoted by A; and the right-hand side by As,.
To determine if Eq. 3 holds, ERDG uses A\ = |A;-As| > ¢, where € is a control
parameter to estimate an upper bound on the round-off errors.

3 Our Proposal

When a problem has a large number of interacting variables, ERDG, like other
recent methods, assigns the variables to similar groups or subcomponents, which
prevents reducing the dimensionality of the problem. However, RDG3 proposes
to break the interactions between overlapping variables (variables that interact
directly or indirectly with other variables) into those subcomponents whose size
exceeds a specific threshold. On the other hand, for problems with many non-
interacting variables, the optimal size of subcomponents is not clear. However,
it is known that any intermediate decomposition between two extreme decom-
positions (from D-subcomponents to 1-subcomponent, where D is the problem
dimension) is preferable [10]. The effective decomposition in both cases remains
a significant challenge. To address this issue, we decided to combine the ERDG
and RDG3 strategies. Therefore, CEDG is based on two algorithms needed to
perform the decomposition. Our method identifies the interaction between two
subsets of variables according to Theorem 1, and determines the group sizes ac-
cording to the main idea of RDG3, which is to decompose the links of overlapping
variables into the subcomponents that exceed a predefined threshold.

Algorithm 1 takes as inputs the objective function f, the upper bound ub
and lower bound b, a control variable flag and two thresholds ¢, and t; to
control the size of the groups. The output is fgroup, which contains the groups
of separable (sep) and non-separable (nonseps) variables.
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The algorithm begins by identifying the interaction between the first variable,
x1, and the remaining variables, X5 (see line 8). Similar to the scheme adopted
by Xu et al. [1], the algorithm evaluates the interactions of the variables in both
the objective function and the constraint functions set using the variable flag.
The variable y;; can contain the value of the y; ; objective function and the sum
of the vio constraint violations, depending on the value of flag (see lines: 5-7 and
13-15). In the latter case, y;; is assigned a vector with the violation degree values
of each constraint by Eq. 1 (see lines 16-18). If there is no interrelation between
X1 and X5, then X; and X5 are mutually separable. In this case, if X; contains
only one variable, it is assigned to sep; otherwise, if there is interrelation between
X1 and X,, the variables that interrelate with x; are kept in X; and removed
from X5 (see line 19-30). The above process is repeated until the relationship
between all variables is examined (i.e., X5 is empty).

Algorithm 1: CEDG

Input: f, lb, ub, t,, ts, flag
Output: fgroup

1 sep,nonsep, fgroup < 0 ;

2 ¢cp < (Ib + ub) / 2;

3 X1 — Cp;

4 (yi1,vior1) < f(xi1) ;

5 if flag = ’cons’ then

6 Y1 < VoL L

7 end

8 X1+ {z1}; Xo « {z2,...,xp};

o while X, # 0 do

10 Koy, < X[}

11 xuyl(Xl) < llb(Xl) H

12 (Yu,1,v100,1) < f(Xu,1) 3

13 if flag = ’cons’ then

14 Yu,1 4+ Vi0y 1 5

15 end

16 for i + 1 to |y; ;| do

17 F; < {v1,1(2), yu,1 (i), nan, nan} ;
18 end

19 (X1",B8) + INTERACT(X1, X2,xi,1, Xu,i, ub,cp, F, flag) ;
20 if | X1"| = |X1| or | X1"| > ¢, then
21 if |[X1"| > 1 then
22 nonsep < nonsep U {X1"};
23 else .
24 sep <— sep U X117
25 end
26 X1+ {z}; Xo + X2 — {2} ;
27 else .
28 Xl%Xl;Xg%ngxl;
29 end
30 end
31 while sep # () do
32 if |sep| < ts then
33 fgroup < fgroup U {sep} ;
34 sep « 0 ;
35 else
36 fgroup « fgroup U {first t, vars of sep} ;
37 sep < sep — {first t, vars} ;
38 end

39 end
40 fgroup < fgroup U nonsep ;

The mechanism for examining the relationship between X; and Xs is de-
tailed in Algorithm 2. In accordance with Theorem 1, if the difference between
the two deltas, designated as (8), exceeds the e specified threshold value, the
CEDG algorithm determines that the variables X; and X, are interrelated.
Unlike ERDG, CEDG identifies the interaction of variables in each constraint
function, provided that the flag is equal to ‘const’ (see lines 10-20).
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If an interaction between X; and X, is identified, CEDG will then proceed
to split X» into two equal subsets, namely X% and X/ . This process is repeated
until all variables that interrelate with Xy have been identified. If X is not inter-
related with X}, CEDG can determine that X is interrelated with X4 without
performing FEs computations because F'3 # nan (nan is a non-numeric value),
saving the computation of examining the interrelationship between X; and X¥
(see line 37). Similarly, if X7 is interrelated with X} and 8 = B, CEDG can
determine that X; is not interrelated with X4 without examining the interrela-
tionship (see line 34). This optimization allows CEDG to reduce the number of
evaluations required, speeding up the process of identifying relationships between
variables.

Algorithm 2: INTERACT
Input: X1, X2, X;,;, Xu,i, ub, lb, F = {F1, F2, F3, F4}, flag

Output: X7, 8

1 nSeps + 1;
2 VnSeps < 11« |F| 3
3 if F3 = nan then
4 Xm,l < X110 ;
5 Xm,1(X2) + (Ib(X2) + ub(X32))/2;
6 Xu,m < Xy 13
7 Xu,m (X2} + (Ib(X2) +ub(X2))/2;
8 (F3,vi0m,1)  F(Xm,1) 3
9 (Fa, 0100, m) < f(Xu,m) ;
10 if flag =’cons’ then
11 ng% ViOm 1, F4 < vioy m ;
12 end
13 Al%(Flng); Ag%(Fg*Fg;) H
14 5 — |A1 — A2| H
15 for i < 1 to |F| do
16 if 8, < e then
17 VnSeps; <+ 0 ;
18 end
19 end
20 nSeps <+ max(VnSeps) ;
21 end
22 if nSeps = 1 then
23 if |X3]| > 1 then
24 Divide X5 into Xé and Xé/ ;
25 (X1, L;’):INTERACT(XI,Xé,rlyl,ruyl,ub,lb,{Fl7 Fy,nan, nan}, flag) ;
26 if 3+ B3 then
27 if | X{| = |X1| then
28 (X1, B )=INTERACT(X1, X4, 21,1, Tu,;,ub,lb,F, flag)
29 else
30 (X1, B )=INTERACT(X1, X4, 21,1, Tu,i;,ub,lb,{ F1, F2,nan, nan}, flag)
31 end
32 X1+ XjUX{
33 else
34 X1+ X7
35 end
36 else
37 X1 +— Xi UXs
38 end
39 end
40 X, 8

Finally, in Algorithm 1, CEDG uses t,, to compare the size of the subset X;. If
the size of X7 is smaller than ¢,, it further examines the interaction between X;
and the remaining variables to identify variables that indirectly interact with
the variable in question. If any interactions are detected, those variables are
placed in X;. This process is repeated until the size of X is greater than ¢,, or
no further interaction between X; and the remaining variables can be detected.
The variables in X; are treated as a non-separable group (nonsep). Similarly,
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CEDG splits the separable variables sep into groups of size less than or equal to
ts (the threshold for separable functions) to deal with highly separable LSCOP
(see lines 31-39). Finally, CEDG returns fgroup as output, with all identified
groups of separable and non-separable variables assigned to it (line 40).

4 Experimental Results and Analysis

4.1 Experimental Design

To evaluate the efficacy of the proposed method, we use a benchmark function
set, consisting of 18 large-scale constrained benchmark problems with different
levels of complexity and separability. The problems are based on two well-known
functions: the Rosenbrock function (multimodal) and the Sphere function (uni-
modal). The Sphere function represents the separable variables, whereas the
Rosenbrock function comprises the non-separable variables. These two functions
are combined to form partially separable problems that are scalable to high
dimensions, i.e., 100, 500, and 1000 variables. Each function’s domain is the
closed interval [-100,100]”. The problems can be divided into four categories, as
outlined below.

C1: FO01-FO03 are highly separable functions

C2: F04-F09 are partially separable functions

C3: F10-F15 are partially separable functions with overlapping and spliced variables
C4: F16-F18 are fully non-separable functions with overlapping variables

4.2 Analysis and Evaluation of the Results

The proposed CEDG is evaluated by comparing it with other decomposition
methods proposed in the literature, including RDG [8] and its variant RDG2
[17], and RDG3 [10]. In order to achieve this, certain modifications were made
to these methods in order to enable them to be used for decomposing LSCOPs.
The resulting methods are henceforth referred to as C-RDG, C-RDG2, and C-
RDG3, respectively. The parameters of the decomposition methods were set in
accordance with the specifications outlined in their respective publications. The
experiments conducted in [10] suggest that a threshold value of 50 for identifying
variable interactions is a robust parameter setting. Accordingly, the thresholds
tn and ts for CEDG are set in accordance with those of C-RDG3, specifically
t,=50 and t,=100, in order to facilitate a more equitable comparison. Two
metrics were employed to evaluate the decomposition methods: (1) the number
of FEs utilized to decompose the problem; and (2) the percentage of interacting
decision variables that are correctly grouped, defined as Grouping Accuracy [8].
Therefore, a decomposition method that produces a lower number of FEs while
exhibiting a higher degree of grouping accuracy is regarded as performing better
[9].

Grouping Accuracy: let X be the set of decision variables {z1,...,zp}. Let
nonsep = {g1, --., gx } denote the groups of real non-separable variables and sep =
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X - Zle g;, where g; € nonsep, denote the set of real separable variables for a
problem f. For ¢;,7 =1, ..., k, each g; is a set of non-separable variables, and all
the g; are mutually separable. nonsep’ = {g1, ..., §;} and sep’ = X — Zle §i,
where §; € nonsep’, which have similar meanings to nonsep and sep, respectively,
denote the grouping result of a grouping method. The grouping accuracy of a
grouping method is defined as follows.

1. For separable variables, the grouping accuracy is
|sep’ N sepl
sep
2. For non-separable variables, the grouping accuracy is

> ail

gi€nonsep’

Z |9il

gi€nonsep

Table 1. In the benchmark function set [5], the best results of fitness evaluations
(FEs) and grouping accuracies for each dimension are shown in bold. The different
function categories are separated by horizontal lines.

C-RDG C-RDG2 C-RDG3 CEDG
Category|Function| D FEs Accuracy FEs Accuracy FEs Accuracy FEs Accuracy
sep nonsep sep nonsep sep nonsep sep nonsep
100 | 2004 1950 1950 1842
Cl  |FOL-FO3| 500 | 9462 |100% 100% | 9408 |100% 100% | 9408 |100% 100% | 9128 |100% 100%
1000 18822 187683 18769 18248
100 | 5340 5232 5232 4128
C2  |FO4-F09| 500 | 27654 |100% 100% | 27546 |100% 100% | 27546 |100% 100% | 21166 [100% 100%
1000 57192 57084 57081 43012
100 | 6708 6600 6600 4584
C3  |F10-F15| 500 | 38976 |100% 100% | 38368 |100% 100% | 38828 |100% 100% | 24904 [100% 100%
1000 83382 82974 90222 54022
100 | 6153 6099 6477 3345
C4 |F16-F18| 500 | 40827 |100% 100% | 40773 |100% 100% | 42699 |100% 100% | 20171 [100% 100%
1000| 90525 90471 94593 43409
Total FEs 387045 [ 385773 | 399404 [ 247959 \

Table 1 shows the number of fitness evaluations and the grouping accuracies
obtained by the different decomposition methods for all functions (F1-F18) sep-
arated by categories (C1-C4) (see columns 1 and 2 of Table 1) in dimensions
of D = {100, 500, and 1000}. As shown in the table, the CEDG method uses
about half as many FEs as the C-RDG and C-RDG2 methods for the functions
corresponding to categories C2, C3, and C4. In particular, C-RDG, C-RDG2
and C-RDG3 (with €,=50 and €,=100) use significantly more FEs than CEDG,
demonstrating the superior performance of CEDG in terms of fitness evaluation.
This advantage is because the original ERDG avoids examining certain relation-
ships during the binary search, allowing CEDG to save FE when decomposing
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LSCOPs. However, by breaking large subcomponents, CEDG incurs additional
consumption of fitness evaluations to restart the recursive process and further
examine the interrelationships between the remaining variables. Nevertheless,
this additional consumption is significantly less than that of the other methods
compared. Fig. 1 illustrates, for each of the three dimensions, the number of
FEs obtained through each of the methods, ordered by category. Finally, CEDG
correctly decomposed all functions as well as the other decomposition methods.
The grouping accuracy of all methods was 100% for all problems, meaning that
they correctly identified and grouped the nonseparable (nonsep) and separable
(sep) variable sets. Theoretically, the accuracy results should be equivalent since
ERDG is based on RDG and is an improvement over that method. Similarly,
CEDG optimizes the decomposition process by reducing the number of fitness
evaluations, taking advantage of previous methods without compromising group-
ing accuracy. This allows it to maintain high accuracy in identifying separable
and non-separable variables while improving the computational efficiency of the
process.

FEs consumed in decomposion
2,0E+05
1,5E+05
1,0E+05
5,0E+04

0,0E+00
C-RDG C-RDG2 C-RDG3 CEDG

H C1: FO1-FO3 C2:F04-F09 C3:F10-F15 C4:F16-F18

Fig. 1. FEs consumed by C-RDG, C-RDG2, C-RDG3, and
CEDG for each category (C1-C4) in three dimensions

5 Conclusion

In this paper, we address large-scale constrained optimization problems using a
divide-and-conquer approach. We propose a new decomposition method called
CEDG, which is based on the ERDG method and can save the number of fit-
ness evaluations in the decomposition stage. CEDG efficiently decomposes con-
strained problems with overlapping variables by breaking the link into shared
(overlapping) variables, and also decomposes problems with a large number
of separable variables by grouping them into smaller subcomponents. Finally,
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CEDG scales to high dimensions without losing performance. This makes it one
of the most promising decomposition methods for LSCOP. Further work could
be done to handle dynamic or adaptive subcomponent sizes (¢,, and ¢5) in order
to better match the characteristics of each problem and to test the performance
of CEDG in a full CC approach using constrained optimization algorithms.
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Abstract. The main challenge of automatic Sign Language Translation
(SLT) is obtaining data to train models. For Argentinian Sign Language
(LSA), the only dataset available for SLT is LSA-T, which contains ex-
tracts of a news channel in LSA and the corresponding Spanish subtitles
provided by the authors. LSA-T contains a wide variety of signers, sce-
narios, and lightnings that could bias a model trained on it. We propose a
model for Argentinian gloss-free SLT, since LSA-T does not contain gloss
representations of the signs. The model is also pose-based to improve per-
formance on low resource devices. Different versions of the model are also
tested in two other well-known datasets to compare the results: GSL and
RWTH Phoenix Weather 2014T. Our model stablished the new SoTA
over LSA-T, which proved to be the most challenging due to the vari-
ety of topics covered that result in a vast vocabulary with many words
appearing few times.

Keywords: Sign Language Translation, Pose Estimation, Sign Language
Datasets, Deep Learning, Gloss-free.

1 Introduction

A significant application field of these techniques that combines CV and NLP
is Sign Language Recognition (SLR). SLR seeks to develop systems capable of
understanding the individual signs performed in a video. Sign Language Trans-
lation (SLT) goes a step further and also requires the ability to translate a
message in sign language into a written language, to facilitate communication
between deal communities and speakers [1,11]. Due to its nature, SLT usually
employs hybrid models, with CV to capture visual patterns and convert them
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into an internal representation, and NLP to generate the translation based on
that representation [1,15,21]. Sign languages have their own grammar which
in most cases greatly differs from their written counterpart. This makes SLT a
significantly more complex problem than SLR.

While there have been advancements in this area recently, primarily driven
by the development of deep neural models, we are still far from building accu-
rate and robust applications [1, 11]. Although the models have made significant
progress, the most substantial bottleneck is the lack of training data, a deficiency
that varies for each sign language depending on the region [1,11]. Actually, for
most sign languages across the world, the amount of labelled data is very low
and hence they can be considered low-resource languages [16].

Datasets for SLT are typically composed of videos and their corresponding
translations into a written language. Relying on extra elements, like wearable
bracelets, gloves or 3D cameras, can limit even more the amount of available
resources. Also, systems that use smart gloves, wristbands or other wearables are
considered intrusive and not accepted by sign language communities [8]. Also,
nowadays, pose detection models that can extract pose and depth information
from an RGB video are available and have used as feature extractors for SLT
models. The usage of pose features instead of the full video comes with several
advantages such as a significant reduction of dimensionality of the input data
and the removal of noise such as the background, lightning and clothing of the
signer. This makes it the most viable approach for running SLT models on low
power devices such as mobile devices.

Another feature sometimes included in SLT datasets is an intermediate rep-
resentation called glosses. A sign language gloss is a written representation of a
sign in one or more words of a spoken language, commonly the majority language
of the region [6]. Translating from sign language (SL) videos into glosses results
in an easier task than full SLT as there is a one-to-one relation between signs
and glosses and both follow the same order. As such, gloss-based methods have
significantly improved the SLT performance compared to end-to-end gloss-free
approaches [22]. However, glosses do not accurately represent the meaning of
signs in all cases and glossing has several limitations and problems [9]: (i) they
are inherently sequential, whereas signs often exhibit simultaneity [19]; (ii) as
glosses are based on spoken languages, there may be an implicit infuence of the
spoken language projected onto the sign language [18,9]; (iil) there is no uni-
versal standard on how glosses should be constructed: this leads to diferences
between corpora of diferent sign languages, or even between several sign lan-
guage annotators working on the same corpus [7]. Finally, annotating glosses
is a labor intensive task, which requires fine-grained alignment and labeled by
specialists, significantly constraining the scalability of gloss-based SLT methods.

In this work, we explore how Transformer based models performs in gloss-
free SLT using only pose information as input. The transformer architecture is
nowadays the state of the art for most NLP tasks, so this is intended to work
as a baseline for future experiments featuring more complex model alongside
pretraining techniques.
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2 Related Work

2.1 Datasets

Currently, LSA-T [5] is the only dataset available for Argentinian SLT. LSA-T
was built from videos from the YouTube channel CN Sordos, a news channel
created in 2020 by deaf people and deaf people’s relatives. The hosts use LSA
to communicate the news with Spanish subtitles provided by the authors. There
is gender parity among the signers, and videos contain different locations, back-
grounds, and lighting conditions. It features a wide variety of topics, which results
in a significant amount of sentences and tokens that appear a very few times or
only once (known as singletons) across the whole dataset. This results in the
dataset being more challenging for SLT compared to laboratory-made datasets.

As a benchmark, the most relevant SLT dataset today is RWTH-Phoenix-
Weather 2014 T [2] (RWTH for shortness). It contains videos of German Sign
Language (GSL) extracted from German public TV weather forecasts. This
dataset is used as the main benchmark for SLT and, having a vocabulary of
more than 1000 signs, it was until recently considered the only resource for
large-scale continuous sign language worldwide [11]. The aforementioned prob-
lem of low-frequency words persists, but is not as present as in LSA-T. This
can be clearly seen in Table 1, that shows a comparison between RWTH, LSA-T
and also GSL, a laboratory-made dataset composed of common phrases in Greek
Sign Language, repeated many times.

Table 1. Statistics of the three datasets used in this paper: LSA-T, RWTH and GSL

Dataset RWTH| LSA-T GSL
Language German| Spanish | Greek
Sign language GSL LSA GSL
Real life Yes Yes No
Signers 9 103 7
Duration [h] 10.71 21.78 9.51
# Samples 7096 14,880 10,295

# Unique sentences| 5672 14,254 331
% Unique sentences| 79.93% | 95.79% | 3.21%

Vocab. size (w) 2887 14,239 310
# Singletons (w) 1077 7150 0

% Singletons (w) 37.3% | 50.21% 0%
Resolution 210x260|1920x1080 |848x480
FPS 25 30 30
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2.2 Pose-based gloss-free SLT

Even though SLR and SLT are not novel fields of study, gloss-free SLT is rather
recent, as the first works following this approach first appeared in 2022. Gloss-
based approaches for SLT still achieve the best results: [3] represents SoTA for
gloss-based SLT in RWTH with a BLEU score of 28.95, while [4], the SoTA
for gloss-free SLT scores 23.09. However, gloss-free models obtain competitive
results without having to deal with all the limitations mentioned before.

As for gloss-free SL'T, most works combine the usage of a visual encoder with
a pretrained Large Language Model (LLM) model. In [4], the authors propose a
method called Factorized Learning assisted with Large Language Model, where
they first train only the visual encoder with a simple transformer network for
decoding and then use the output of the visual encoder to train an LLM (MBart
[12]), already pretrained on multilingual corpora. In [22], a similar standard
Transformer model pretrained on specific tasks designed to reduce the semantic
gap between visual and textual representations and it achieves a BLEU of 21.74.
In [20], the authors performed an analysis of existing models to confirm how
gloss annotations make SLT easier and confirmed that it can help the model
implicitly learn the location of semantic boundaries in continuous sign language
videos. To achieve this in a gloss-free SLT Transformer model, they modified the
attention mechanism to ensure similar values between subsequent frames of the
video. Following this approach they achieved a BLEU score of 15.74.

Models that use only positional information for SLR have been successfully
developed achieving competitive results against video-based models. An example
of these can be found at [16]. However, to the best of our knowledge, the only
work that approached gloss-free SLT using only pose information is [10], where
the authors train an encoder-decoder GRU model only on positional information
trying different normalization and data augmentation methods. They primarily
trained the model over the KETI database, obtaining a BLEU score of 84.39.
Following the same approach over RWTH they obtained a BLEU score of 13.31.
The difference in BLEU is explained by the difference in the complexity of the
databases since KETT is laboratory-made and contains a simple and reduced set
of sentences.

3 Experiments

For this work, a transformer model was developed following the standard archi-
tecture presented in [17] with some modifications to adapt it to an SLT task.

First, it uses a pose encoder module composed of 3 stacked convolutional
layers that run a 1D convolution across the temporal dimension with a kernel
size of 1. The goal of this encoder is to embed the pose into a meaningful vector of
the pose. As for the decoder, it uses a standard embedding layer. Then, both the
representations of the pose and the word embeddings are concatenated with their
respective positional encodings before being used as input for the Transformer
as shown in figure 1.
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Fig. 1. Scheme of the described model.

The model was trained and evaluated on LSA-T, and smaller versions were
trained on RWTH and GSL. As expected, LSA-T was more complex to train
and required larger versions of the model, as it can be seen in table 2.

Table 2. Hyperparameters of the best performing models for each dataset.

Dataset LSA-T|RWTH|GSL
Hidden dimension size| 256 64 | 16 |
# Encoder layers 2 2 1
# Decoder layers 6 4 2
# Dropout 0.2 02 |01

The model was trained with poses generated by Mediapipe [13]. The poses
are encoded through 543 pose keypoints: 33 pose landmarks, 468 face landmarks,
and 21 hand landmarks per hand. Pose information was accessed through the
Sign Language Datasets library [14]. Once the model was trained, two methods
were tested for generating the output text: greedy decoding and beam decoding,
with a beam size of 32. In both experiments the beam decoding slightly surpassed
the greedy decoding. The complexity of the dataset in terms of the vocabulary
size and the number of singletons was reflected in the training results, as can be
seen in the table 3.

Finally, it's important to highlight that the resulting base model consists of
3.9 million parameters. A small size compared to video-based SoTA models like
[4], which consists of 25.61 million.
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Table 3. Comparison of Greedy and Beam Search Methods.

Dataset|Method|Accuracy | BLEU-4 BLEU-3|BLEU-2|BLEU-1
LSA-T |Greedy | 16.7% 0.2 0.3 5 6.4
LSA-T |Beam 16.7% 0.05 0.1 5 6.7
RWTH |Greedy | 41.7% 5.7 6.85 9.98 15.87
RWTH |Beam 41.7% 5.9 6.85 10 18.87
GSL  |Greedy | 93.4% | 43.06 63.45 | 75.46
GSL  |Beam 93.4% | 43.74 63.2 75.78

4 Conclusions and Future Work

In this article, we presented an gloss-free, pose-based SLT model for translating
Argentinian Sign Language. The results were significantly lower than those ob-
tained on RWTH-Phoenix and GSL datasets, but this difference is explained by
the characteristics of the dataset.

Although the presented model under performs other SoTA models in the
same tasks, we intend the model to be used as a baseline for future experiments
as gloss free SLT is still an emerging field and there are almost no works that
solely rely on pose information.

Transformers are renowed for requiring larger amounts of data than other
models in various domains. In this work, we have confirmed this issue for the
SLT domain, and highlighted its importance, as SLT is a low resource field, with
reduced availability and quality of datasets.

Currently, our SLT model’s performance is limited by model size and com-
putational requirements. In the future, we plan to train larger versions of the
model alongside more complex data augmentation methods to prevent overfit-
ting. Additionally, we intend to train and evaluate the model on other datasets
in order to have a more general baseline.

Finally, we will perform experiments pretraining the encoder on multiple
sign language databases, an interesting and under-explored line of research. In
this fashion, the encoder can effectively learn to extract relevant more general
representations for poses, to later match it with language specific decoders.

This work has been possible thanks to the support of the program Stic-
AmSud framed in the project Stic- AmSud 23-STIC-06.
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Resumen La Deteccién Anticipada de Riesgos (DAR) en la Web con-
siste en identificar usuarios en riesgo tan pronto como sea posible. Aun-
que los Grandes Modelos de Lenguaje (LLMs) han demostrado resolver
eficientemente diversas tareas lingiiisticas, es importante evaluar su ca-
pacidad de razonamiento en dominios especificos. En este trabajo, pro-
ponemos un método para resolver la DAR de depresién utilizando LLMs
sobre textos en espanol, cuyas respuestas puedan ser interpretadas por
humanos. Definimos un criterio de razonamiento para analizar usuarios
a través de un especialista, aplicamos in-contezt learning al modelo Ge-
ming, y evaluamos su desempeno de manera cuantitativa y cualitativa.
Los resultados muestran que es posible obtener predicciones precisas sus-
tentadas por razonamientos explicativos, permitiendo una comprension
mads profunda de la solucién. Nuestro enfoque ofrece nuevas perspectivas
para abordar los problemas de DAR aprovechando el poder de los LLMs.

Palabras claves: Inteligencia artificial, grandes modelos de lenguaje,
interpretabilidad, deteccién anticipada de riesgos, salud mental

1. Introduccién

La Deteccién Anticipada de Riesgos (DAR) en la Web consiste en reconocer
de forma correcta usuarios que estdn en riesgo tan pronto como sea posible.
Para cada usuario de una red social, se dispone de una lista de publicaciones
(posts) y el objetivo es emitir una alarma de riesgo utilizando el menor nimero
posible de posts. Esto incorpora una complejidad adicional a los problemas de
clasificacién estdndar, ya que no sélo es necesario garantizar la precisién, sino
también asegurar la rapidez en la toma de decisiones. Si bien la precisién es
esencial en la DAR, la importancia de la rapidez incrementa conforme pasa el
tiempo y las decisiones se retrasan. Por lo cual, es fundamental equilibrar la
correccién de la clasificacién y la rapidez en la deteccién de usuarios en riesgo.

En los tltimos afios, se han propuesto diversos desaffos como CLEF eRisk [16]
y MentalRiskES [14] que abordan problemas de DAR, en distintos dominios vin-
culados a la salud mental. En particular, MentalRiskES 2023 fue la primera
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edicién de DAR centrada en el idioma espafiol, en la cual una de las tareas con-
sistio en la deteccién de signos de depresién. El objetivo fue que los participantes
propusieran soluciones para la DAR analizando los usuarios post a post. Si un
usuario es clasificado como positivo, se emite una alarma de riesgo y el anilisis
finaliza; en otro caso, si no se emiten alarmas durante todo el anédlisis, el usuario
es clasificado como negativo. Las soluciones se evaliian utilizando métricas de
clasificacién estdndar, como Accuracy, Precision, Recall y F1. Dado que el tiem-
po cumple un rol esencial en estos problemas, existen métricas especificas como
early risk detection error (ERDE) [13], que permite evaluar la precisién y la
demora en las decisiones de los modelos. En particular, ERDES se distingue por
penalizar severamente los casos verdaderos positivos (TPs) que ocurren después
de haber leido 8 posts. Sin embargo, la eleccién de este valor puede resultar en
una métrica inadecuada, penalizando insuficientemente a los sistemas rdapidos y
de manera excesiva a los sistemas lentos [17]. De esta manera, surge la métri-
ca F-latency [17], que evalia las soluciones utilizando la medida F1 y penaliza
gradualmente las decisiones en funcién de la demora.

Asimismo, el surgimiento de los Grandes Modelos de Lenguajes (LLMs) ha
revolucionado el campo de la Inteligencia Artificial, demostrando una capacidad
excepcional para resolver una amplia variedad de tareas en multiples dominios.
Su éxito se debe a la habilidad para aprender patrones complejos, entender ex-
presiones en lenguaje natural y generar contenido de calidad y en multiples
formatos. El rendimiento general de los LLMs se evalia usualmente mediante
benchmarks estandarizados. En particular, el modelo Gemini [18] ha demostrado
un desempeno superior a otros modelos, como GPT-3.5 y LLAMA-2, en diversas
pruebas como MMLU, GSM8K y BIG-Bench-Hard. Estos resultados destacan
la capacidad de Gemini para comprender y razonar en tareas lingtifsticas com-
plejas, convirtiéndolo en una herramienta valiosa para diversas aplicaciones. No
obstante, para una comprensién més profunda de las ventajas y limitaciones de
los LLMs, es importante evaluarlos en dominios especificos.

A pesar de su excelente rendimiento, los LLMs se consideran cajas negras
debido a la falta de transparencia en sus procesos internos, lo que dificulta su
interpretacién y explicabilidad [24]. Asimismo, enfrentan desaffos importantes
como las alucinaciones [7], los sesgos [5] y el alto costo computacional en entre-
namiento e inferencia [22], que a menudo requiere el uso de APIs. De esta forma,
el drea de la interpretabilidad busca validar y comprender las decisiones de los
LLMs, especialmente aquellas diffcilmente explicables para los humanos [8]. En
esta drea se realizan avances importantes para aumentar el grado de confianza
de los LLMs, particularmente en aplicaciones criticas [4], donde los modelos de-
berfan ser capaces de realizar predicciones correctas, como as{ también aportar
informacién novedosa y relevante a profesionales [1]. En [3] se presenta un estu-
dio exhaustivo sobre los desaflfos y oportunidades inherentes a la aplicacién de
los LLMs en el drea de la psicologia, enfocindose en aspectos como la precisién,
eficacia y confiabilidad de los modelos. Aunque hay estudios que exploran el uso
de los LLMs en diagnésticos médicos de pacientes [10] y en la generacién de
respuestas automdticas para asistentes virtuales [15], no se ha explorado el uso
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de los LLMs para resolver la DAR mediante razonamientos que respalden las
soluciones obtenidas.

Por otra parte, los LLMs generativos son modelos auto-regresivos entrena-
dos para predecir una pieza de texto a partir de una secuencia de texto previa.
La capacidad de generar explicaciones es una habilidad emergente desarrollada
durante el entrenamiento [20], que puede ser aprovechada para realizar pre-
dicciones precisas basadas en pasos de razonamiento explicitos [12]. Técnicas
como cadena de pensamiento (chain-of-thought) [21] y aprendizaje en contexto
(in-context learning) [9] pueden mejorar significativamente el desempeno de los
modelos, generando respuestas fundamentadas y coherentes. En particular, in-
context learning es una técnica de pocos disparos (few-shot) que permite a los
modelos aprender patrones a partir de un numero limitado de ejemplos en el
prompt de entrada. Aunque esta técnica puede mejorar la generacién de razona-
mientos, requiere datos de entrenamiento bien fundamentados y no garantiza la
precisién de los LLMs [23]. De esta forma, la evaluacién de los LLMs en tareas
de razonamiento se ha convertido en un area de gran interés para la comunidad
clentifica [11].

En este trabajo, proponemos un método interpretable para la DAR de de-
presion utilizando LLMs sobre textos en espafiol. Nuestras principales contribu-
ciones son: 1) definir un criterio de razonamiento para evaluar usuarios a través
de un especialista (psicdlogo), 2) aplicar la técnica in-context learning al modelo
Gemini para obtener predicciones fundamentadas, y 3) evaluar la solucién ob-
tenida de manera cuantitativa y cualitativa. Particularmente, comparamos los
resultados obtenidos con métodos del estado del arte y evaluamos las respuestas
con el especialista, quien observé contenidos relevantes y valiosos para la detec-
cién de usuarios con depresién. De esta manera, es posible obtener predicciones
precisas sustentadas por razonamientos explicativos, permitiendo una compren-
sién més profunda del problema. Este estudio ofrece nuevas perspectivas para la
DAR aprovechando el potencial de los LLMs.

2. Método
Esta seccién detalla los aspectos més importantes del método propuesto.

2.1. Razonamiento de muestras

En un problema tipico de DAR, cada muestra de usuario consiste en una
lista de posts y una etiqueta que indica si es positivo o negativo. Proponemos
realizar una etapa de razonamiento de las muestras de entrenamiento siguiendo
los criterios de un especialista en depresién. El especialista analiza cada post
utilizando los sintomas del Cuestionario BDI [2] para identificar posibles signos
de depresién y elabora una lista de observaciones. Luego, obtiene una conclusién
y emite una prediccién junto con el nimero de post en el que la informacién es
suficiente para determinar que el usuario muestra claros signos de depresién. Por
ejemplo, en la Fig. 1 el especialista determiné que el primer usuario es positivo
en el post 10 y el segundo es negativo, justificando ambas decisiones mediante
las correspondientes observaciones y conclusiones.
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Razonamiento de muestras

Etiqueta real: positivo Etiqueta real: fiegativo
Pasta:

=] osts: osts:
1. Estos san dies muy dificiles para m. 1. Intentamos ayudar a mi amigo, ests on un duro mormento:
Datos de 10. Nocesito haoiar con mi torapeuta.. asta depresién e 08t consumiendo
Entenamiento |
Observaciones: Observaciones:
Post 1. exprosa Uistoza Post 1 a que U a1nigo o5t
Post 10 a 5 orapouta parn cantrolar u doprosi

Conclusion:
fiy | conclusion: £l usuario no presenta sintomas de depresién,
Especiaista | El usuario muesira claramanta signos de depresién en el post 10, Prodiccion:
Prediccion: negativo
positivo Post detectado:
Post detectado:
10

Aprendizaje en contexto (In-context learning)
Prompt
Eres un modelo disefiado para analizar y detectar usuarios con depresion,
Tu tarea os la siguiente:
Sintomas del Cuestionario BDI. tristeza, pesimismo,
Ejemplos de cémo resolver el problema:

P A continuacién, ol usuario que debes analzar <.
= " Verificacidn
=
Datos de *
Prueba Oblener ‘observaciones', ‘conclusion', ‘prediccién’ y post deteciado’

Resultados

Evaluacion cuantitativa
/N Métricas de clasificacion: Accuracy | Precision | Recall | F1
101 vetricas de clasificacién temporal: ERDEG | F-latency

,,,,,,,,,, T o S
Evaluacién cualitativa

Especalits L— e s
X

Figura 1. En la etapa de razonamiento de muestras, un especialista analiza las mues-
tras de entrenamiento segun los sintomas del Cuestionario BDI, obteniendo observa-
ciones, conclusién, prediccién e identificacién del post donde el usuario muestra signos
de depresion. En la etapa in-context learning, se construye un prompt con las muestras
mds relevantes y el modelo Gemini evalia los datos de prueba. Por 1dltimo, los resulta-
dos se evalian de forma cuantitativa y cualitativa.

2.2. Aprendizaje en contexto y evaluacién de resultados

Las muestras con razonamientos mds relevantes son seleccionadas para cons-
truir el prompt, mediante el siguiente esquema:

Rol. Asignar inicialmente un rol al modelo ayuda a orientar el uso de sus ca-
pacidades y habilidades hacia la tarea a resolver. Por ejemplo: Eres un modelo
disenado para analizar y detectar usuarios con depresion.

Definicién de la tarea. Especificar claramente el problema a resolver, deta-
llando los pasos que el modelo debe seguir para solucionarlo. Por ejemplo:

Tu tarea es la siguiente:

i. Lectura inicial de posts: lee la lista de posts del usuario para comprender el
contexto general.

1i. Andlisis y extraccion de posts relevantes: analiza y extrae los posts donde el
usuario presenta o expresa sintomas del Cuestionario BDI.

111, Lista de observaciones: utiliza el Cuestionario BDI para construir observa-
ciones, describiendo los posts extraidos y su vinculo con los sintomas del Cues-
tionario.

. Verificacion: verifica y conserva los posts mds relevantes.

v. Conclusion: elabora un breve resumen basado en las observaciones.
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vi. Prediccion: indica si el usuario es positivo o negativo para depresion.
vii. Post detectado: indica el nimero de post donde el usuario muestra claros
signos de depresion.

Ejemplos. Se incluyen muestras con razonamientos para definir un contexto
adecuado sobre cémo abordar la tarea. Los ejemplos més relevantes permiten al
modelo ajustar su comportamiento durante la inferencia y generar predicciones
precisas, rapidas y fundamentadas.

Consideraciones. Se mencionan aspectos importantes como la lista de sintomas
del Cuestionario BDI, medidas para evitar predicciones incorrectas, e incluso
indicaciones para garantizar un formato de salida adecuado.

Entrada. Por tltimo, se incluye la lista de posts del usuario a evaluar.

El modelo se invoca utilizando el prompt para analizar los datos de prueba.
Durante este proceso, llevamos a cabo una verificacién para asegurar que todas
las muestras sean evaluadas correctamente. De esta manera, para cada usuario,
se obtienen las observaciones, una conclusion, la prediccién y el niimero de post.

Los resultados generados por el LLLM pueden ser evaluados cuantitativamen-
te, usando métricas de clasificacién estdndar y temporales. Asimismo, es posible
hacer una evaluacién cualitativa, donde el especialista analice las decisiones y
razonamientos realizados por el modelo.

3. Resultados experimentales

Los experimentos se realizaron sobre la DAR de depresién en idioma espanol,
utilizando el corpus del desafio MentalRiskES 2023. Los organizadores obtuvie-
ron los datos a partir de publicaciones de usuarios de la red social Telegram y
realizaron el etiquetado mediante anotadores reclutados en la plataforma Pro-
lific. Los datos obtenidos no pueden ser divulgados publicamente, conforme a
un acuerdo establecido entre los organizadores y los participantes (mds detalles
en [14]). El corpus incluye los datasets frain, trial y test, detallados en la Tabla 1.
Utilizamos train y trial para la etapa de razonamiento, donde el especialista ana-
lizé 60 muestras y seleccioné las més relevantes para construir el prompt de la
etapa in-context learning. Posteriormente, evaluamos nuestra propuesta con el
conjunto test.

Tabla 1. Detalles del corpus de depresién. Se muestra el niimero de usuarios (total,
positivos y negativos) y posts por usuario (media, minimo y méximo).

#Usuarios #Posts por usuario

Total Pos Neg Media Min Max

Train 175 94 81 35.7 11 100
Trial 10 6 4 62.4 11 100
Test 149 68 81 34.7 11 100
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Utilizamos el modelo Gemini-Pro, configurando temperature=0.2 y top_p=0.4
para asegurar un comportamiento mayormente deterministico. Los prompts pa-
ra evaluar las muestras del conjunto test se mantuvieron dentro del limite de
32,000 tokens del modelo. La implementacién se llevé a cabo mediante la API

de LangChain® y se utilizaron las GPU proporcionadas por el entorno Google
Colab*.

3.1. Resultados cuantitativos

Utilizamos las respuestas del modelo para realizar una evaluacién cuantita-
tiva y medir su desempefio a través de diversas métricas. La Tabla 2 compara
nuestros resultados con las 5 mejores propuestas del MentalRiskES 2023, mos-
trando que nuestro modelo (InterpretableLLM_Gemini) obtuvo el mejor rendi-
miento en todas las métricas. En términos de clasificacion, superamos a UNSL#1
en Accuracy, Precision, Recall y, especialmente en F1, logrando un 11 % més en
esta métrica. En clasificacién anticipada, nuestra propuesta superd a BaselLine-
RoBERTalLarge#1 en ERDES, y a SINAI-SELA#0 en ERDE30. Ademés, obtu-
vimos una mejora del 9% en F-latency, superando a SINAT-SELA#0 y BaseLine-
Deberta#0. Estos resultados demuestran que el modelo adquirié la capacidad
de tomar decisiones precisas y rdpidas, resolviendo satisfactoriamente la tarea
propuesta.

Por otra parte, de las 149 muestras del conjunto test, se identificaron 63 TPs,
62 verdaderos negativos (TNs), 5 falsos negativos (FNs) y 19 falsos positivos
(FPs). Se detectaron 2 muestras no procesadas por el modelo, posiblemente
debido a restricciones éticas o de seguridad de la API utilizada, a las cuales se
les asigné una prediccién negativa por defecto. Cada muestra fue evaluada en 10
a 30 segundos, resultando en un tiempo total de aproximadamente 1 hora y 15
minutos para completar el andlisis del conjunto test.

3.2. Resultados cualitativos

El enfoque propuesto en este estudio permite que la solucién sea interpre-
table. En esta seccién, presentamos un andlisis cualitativo del rendimiento del
LLM en la tarea planteada. Implementamos una herramienta para visualizar
las respuestas generadas por el modelo (Fig. 2) y solicitamos al especialista que
evaluara los resultados en términos de relevancia y exactitud segun los sintomas
del Cuestionario BDI.

Predicciones correctas. El modelo es capaz de reconocer de forma acertada
los principales sintomas de depresién. En los TPs, el modelo identifica réapida-
mente sintomas considerados criticos, como la ideacién suicida y la desesperanza.
Ademis, el modelo consideré referencias a emociones negativas como tristeza y
llanto, destacando en algunos casos indicadores que refuerzan la gravedad de

% https://python.langchain.com/v0.2/docs/introduction
4 nttps://colab.research.google.com/
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Tabla 2. Resultados obtenidos considerando las métricas de clasificacién (Accuracy,
Precision, Recall y F1) y deteccién anticipada (ERDES, ERDE30 y F-latency) para la
tarea de Depresién. Se muestran los cinco mejores resultados segun el ranking de los
organizadores de MentalRiskES segtiin ERDE30, asi como los valores medios entre todos
los resultados. Los valores en negrita y subrayados representan el primer y segundo
mejor desempeno para cada métrica, respectivamente. Para ERDES, valores cercanos
a 0 representan un mejor desemperio, mientras que para las demas métricas, valores
cercanos a 1 son preferibles.

Rank-Team#Model Acc P R F1 ERDE5| ERDE30, F-latency
1-SINAL-SELA#0 [6] 0.73 0.78 0.74 0.72 0.395 0.140 0.72
2-UNSL#1 [19] 0.74 0.79 0.76 0.73  0.567 0.148 0.61
3-BaseLine-Deberta#0 [14] 0.66 0.79 0.69 0.64 0.303 0.153 0.72
4-BaseLine-RoBERTaLarge#1 0.70 0.76 0.72 0.69  0.290 0.159 0.70
5-SINAI-SELA#1 0.69 0.75 0.71 0.68 0.389 0.159 0.70
MentalRiskES2023-mean 0.63 0.73 0.66 0.62 0.383 0.232 0.60
InterpretableLLM _Gemini 0.84 0.85 0.85 0.84 0.262 0.105 0.81

los sintomas, tal como la expresién sentimiento profundo de tristeza. El mode-
lo también detecté menciones explicitas sobre la patologia, como afirmaciones
de tener depresién, asistencia a terapia o descripciones de episodios personales.
Por otra parte, se observé que el modelo utilizé una mayor cantidad de posts
para tomar una decisién cuando un usuario planteaba mensajes contradictorios
o hacia referencias terceros, antes de mostrar sintomas claros de depresién. La
deteccién también podia retrasarse ante mensajes indirectos sobre los sintomas;
por ejemplo, un deseo de suicidio provocaba una alerta inmediata, mientras que
si el usuario expresaba falta de ganas de vivir, la deteccién se demoraba esperan-
do sintomas adicionales. En los TNs, el modelo fue capaz de detectar usuarios
sin sintomas de depresién, generalmente indicando sin observaciones. En algunos
casos, describié brevemente los temas y comportamientos vistos en los posts y, en
particular, generé observaciones cuando se mencionaban temas relacionados con
la salud mental o sintomatologia psicolégica. En estos casos, el modelo justificé
su diagndstico proporcionando una conclusién explicativa razonable. Ademds,
resolvié adecuadamente situaciones potencialmente confusas, como cuando un
usuario menciona que un tercero estd atravesando un episodio depresivo o cuan-
do describe experiencias pasadas de depresién sin mostrar sintomas actuales.

Predicciones incorrectas. Es importante destacar que el modelo ha obteni-
do pocos FNs, dado el contexto critico del problema. Aunque se asume que las
etiquetas originales fueron correctamente asignadas, no siempre es posible iden-
tificar episodios depresivos con claridad en estos usuarios. El modelo demostré
consistencia al detectar como negativos a usuarios con episodios pasados de de-
presion. Hay casos en que el usuario expresa sentimientos de tristeza, dificultad
para dormir y malestar emocional, que el modelo pudo haber interpretado como
insuficientes para el diagnéstico o relacionarlos con un cardcter méas somético.
También mostré dificultades cuando el contenido es figurado. A pesar de esto,
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Usagrio 3 Observaciones:

Post 1 La persona expresa fristeza ¥ desanimo debido al diagnéstico de
leucemia de su abuelo y a la presencia de una abuela que habla mal de su
madre frente a ella

Post 2. Describe a su abuela como alguien con quien no tiene ganas de
conversar.

Post 3. Ha intentado mejorar la situacion, pero sigue siendo insoportable
Post 4: Desea que su abuela cambie, pero reconoce que es imposible
debido a sus problemas de nervios y su naturaleza autoritaria

Post 6. Su estado de dnimo fuctia entre sentirse deprimida y sentirse
mejor

Post 7: Se siente peor debido al empeoramiento de la salud de su abuelo.
Post 12: Se ha sentide mal recientemente debido 2 la enfermedad de su
abuelo, pero se siente mejor cuando puede hablar en el grupo

Post 15. Ha encontrado el amor, pero tiene miedo de que algo salga mal
Post 16: Le cuesta confiar en la gente

Post 20° Siente que es la primera vez que experunenta un amor tan
intenso

Post 21 Reconoce que sus problemas con su abuelo v su abuela pueden
estar influyendo en sus sentimientos hacia esta nueva persona

Post 22: Ultimamente no tiene ganas de vivir y esta harta de todo

Post 23: Expresa tristeza

Conclusién:

La persona presenta sintomas de depresion, como tristeza, desanumo,
falta de én y de d También menciona
dificultades para confiar en los demds v problemas familiares que
pueden estar contribuyendo a su estado de animo

22, Pues tiltimamente no tengo ganas de vivir estoy harta de todo, 1o tengo motivaciones .
Etiqueta real: POSITIVE

Prediccion: POSITI\E - TP

Post detectado: 22

Figura 2. Herramienta para visualizar respuestas generadas por un LLM. En la co-
lumna izquierda se presenta la lista de posts del usuario (contenido difuminado para
preservar el anonimato). La columna derecha muestra las observaciones y la conclusién
del modelo, seguida por la etiqueta real del usuario (del conjunto test) y la prediccidn,
indicando si se traté de un caso TP, TN, FP o FN. Finalmente, se sefiala el niimero de
post en el que se detectd al usuario (post detectado).

es meritorio que el modelo justifique las decisiones, aunque el diagndstico sea
presuntamente erréneo. Para los FPs, se observaron diferentes fallas en el ra-
zonamiento. En general, las justificaciones fueron incompletas o parcialmente
correctas, como en casos donde se asignaron erréneamente sintomas no presen-
tes en el usuario. También hubo errores al evaluar la intensidad de los sintomas
para tomar una decisién. En algunos casos, el modelo confundié usuarios que
han pasado episodios de depresién y actualmente brindan ayuda a otras perso-
nas, probablemente por las numerosas referencias a la depresién en sus posts. Es
importante destacar que muchos de estos casos son dificiles de analizar debido
al contexto y a la cantidad limitada de informacién. Ademads, pueden existir di-
versas interpretaciones relacionadas a otros cuadros clinicos o caracteristicas de
personalidad, como irritabilidad y ansiedad.

4. Conclusién y trabajo futuro

En este trabajo, presentamos un método interpretable para la DAR de depre-
sién utilizando LLMs sobre textos en espanol. Evaluamos muestras de usuarios
con un especialista considerando sintomas del Cuestionario BDI y aplicamos
la técnica in-context learning al modelo Gemini para obtener respuestas fun-
damentadas. Nuestro enfoque obtuvo predicciones precisas y rapidas, con un
desempeiio notablemente superior a los métodos del estado del arte. Observa-
mos que, definiendo adecuadamente los prompts de entrada, es posible adaptar
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al modelo para generar razonamientos coherentes y valiosos en la deteccién de
usuarios con depresién. Esto resalta la capacidad de los LLMs para resolver
problemas complejos, proporcionando respuestas eficientes y justificadas. Sin
embargo, la intervencién de especialistas sigue siendo esencial para garantizar
respuestas completamente correctas.

Los razonamientos obtenidos con los LLMs pueden significar recursos valio-
sos para resolver problemas de DAR. Es posible construir y mejorar conjuntos de
datos donde las etiquetas estén adecuadamente justificadas. Esto permitiria in-
corporar un nuevo objetivo en los problemas de DAR: no sélo obtener respuestas
correctas y rapidas, sino también asegurar una justificacion adecuada para cada
decisiéon. Ademsds, se pueden desarrollar nuevas métricas de desempefio, como
una versién mejorada de ERDE# con umbrales individuales para cada usuario,
evitando penalizaciones uniformes basadas en un Unico 6. Por otra parte, seria
interesante explorar otras técnicas para optimizar la adaptacion de los LLMs
en tareas de DAR, como el uso de grafos de conocimiento (Knowledge Graphs)
y Retrieval-Augmented Generation. De esta manera, el estudio realizado en es-
te trabajo representa un avance hacia nuevas perspectivas en la resolucién de

problemas de DAR.

Agradecidimientos. Este trabajo forma parte de la tesis doctoral de Horacio
Thompson y fue desarrollado en el Laboratorio de Investigacién y Desarrollo
en Inteligencia Computacional (LIDIC) [PROICO 03-0620] en la Universidad
Nacional de San Luis (UNSL), Argentina.
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Abstract. This study evaluates the use of feature extraction with a pre-trained
ResNet50 model for similarity search tasks. We employed transfer learning
from both initial and intermediate layers of ResNet50 and applied a robust
preprocessing approach, including resizing and Gaussian blur, to optimize
feature extraction. The method achieved over 90% accuracy in nearest neighbor
(NN) and k-Nearest Neighbors (k=3 and k=5) searches for both logos and
paintings datasets. Notably, our approach does not require fine-tuning, which is
advantageous when only one instance of each element is available. Overall, the
method is effective and practical for similarity search applications.

Keywords: Image Similarity Search, Feature Extraction, CNNs, Transfer
Learning, Logos, Paintings.

1 Introduction

As unstructured data like images, audio, video, and text become increasingly
prevalent, traditional search models prove inadequate due to their inability to
precisely compare such diverse data types. Similarity search emerges as a solution to
find objects similar to a specific query item in non-traditional databases. Metric
Spaces [1] formalize similarity searches and enable the use of more efficient access
methods.

Over the past decade, Convolutional Neural Networks (CNNs) and their variants
have emerged as the preeminent image processing methods, significantly
outperforming previous techniques that were considered state-of-the-art. While CNNs
are widely recognized for their ability to extract image features, the context of
similarity queries presents two specific challenges: a) usually, only one sample of
cach image is available, and b) the database size is continually growing, making it
costly and impractical to modify and retrain the model each time a new element is
added.

This study demonstrates the effectiveness of feature extraction using transfer
learning from pre-trained ResNet50 models for similarity searches in logos and
paintings. By leveraging initial and intermediate layers, along with preprocessing
techniques, the method improves feature extraction without requiring fine-tuning.
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The remainder of this document is organized as follows: Section 2 presents related
work, including a brief explanation of content-based image retrieval, the metric space
model, CNNs, transfer learning, and logo search/recognition. Section 3 shows the
structure of the Similarity Searching System. Section 4 describes the methodology
used, including image preprocessing and feature extraction. The datasets are
described in Section 5. Section 6 showcases the experiments conducted, and Section 7
discusses the results obtained. Finally, Section 8 presents the conclusions of the study.

2 Related Work

This section provides the context for the present study. It discusses some modern
techniques for obtaining feature vectors for image similarity comparison. It also
describes previous works addressing the same problem, though approached
differently.

2.1 CBIR

Content-Based Image Retrieval (CBIR) [2] is a method that retrieves images from
a database based on visual features, primarily color, texture, and shape [3, 4]. Color is
the most commonly used feature due to the ease of extracting chromatic data [5],
while shape and texture analysis is more complex and resource-intensive [6].
Histograms [7] are frequently used to model image features, but they lack spatial
information and are sensitive to brightness changes, limiting their effectiveness [8].
Shape analysis is critical yet challenging [9, 10], as it can be influenced by defects,
noise, and distortions. Various metrics for shape description include centroid, mass,
and dispersion, while advanced techniques like Hu Moments, Legendre Moments, and
Zernike Moments [11, 12, 13] offer more reliable and accurate representations for
complex shapes.

2.2 Similarity Searching in Metric Spaces

Content-Based Image Retrieval (CBIR) systems can be generalized and modeled
using Metric Spaces to achieve efficient searches. The paper [1] demonstrates that the
similarity search problem can be formulated as follows: given a set U of objects and a
distance function d defined between them to quantify their similarity, the goal is to
retrieve all elements similar to a given object using d as the criterion. This function d
satisfies the properties required to be a metric: (a) VxeU, d(x, x) =0, (b) Vx, yeU,
d(x,y) =0, (c) Vx, yeU, d(x, y) = d(y, x), (d) Vx, y, z€U, d(x, z) < d(x, y)+d(y, z)

In a metric space (U, d), where U is the set of objects and d is the distance
function, the similarity between two objects increases as their distance decreases. A
finite subset X of U, known as the database, is used for conducting the search.

Given a database with # objects, answering these queries trivially has a time
complexity of O(n), which can be highly costly in practical applications. The
relevance of modeling these queries using metric spaces lies in the possibility of
utilizing indices that leverage the triangular inequality property to discard elements
from the database without directly comparing them to the query [14-18].
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2.3 CNNs and Transfer Learning

Convolutional Neural Networks (CNNs), initially proposed in the late 1980s and
during the 1990s [19, 20], have only recently experienced significant advancements
over the past decade. A typical CNN architecture comprises two main components:
feature extraction through convolutional and pooling layers, and classification, which
often employs dense layers to achieve optimal results in classification tasks [21, 22].

Modern CNN architectures generally combine multiple convolutional and pooling
layers, predominantly using ReLU activation, followed by dense layers and SoftMax
towards the end. Notable examples of such models include AlexNet [23], VGG Net
[24], DenseNet [25], GoogLeNet (Inception) [26, 27, 28], and Residual Networks
(ResNet) [29]. While the basic components of these architectures are largely
consistent, topological variations lead to different outcomes in training efficiency and
classification accuracy.

The learning algorithms of CNNs do not inherently address the concept of image
similarity. However, recent research has introduced architectures like Siamese
Networks [30, 31] and specialized loss functions such as Triplet Loss [32, 33]. When
using Siamese Networks/Triplet Loss/CNNs for feature extraction aimed at similarity
search, two major challenges arise:

a) Scarcity of Training Instances: This problem, known as One-Shot Learning or
Few-Shot Learning [34, 35], impedes direct training of models. The prevailing
strategy to address this issue is Transfer Learning/Fine Tuning [36-39]. However, this
technique seems to be limited by the availability of such datasets. Recent research
[40] proposes algorithms that could potentially overcome these limitations and
enhance recognition capabilities in scenarios with limited training examples.

b) Feature Vector Generalization: When CNNs are employed to extract feature
vectors, these vectors are closely tied to the classes on which the models were trained,
restricting their generalization ability. As a result, these vectors struggle to adapt
effectively to new images added to the database, which belong to novel "classes.”

2.4 Logo Recognition/Searching

In [41], a novel approach for logo detection and recognition in images is proposed,
leveraging local features and considering the geometry and spatial context of these
features. The work presented in [42] introduces a method for rapid logo similarity
identification using the SIFT algorithm.

Recent studies, such as [43], propose logo retrieval by integrating information from
DarkNet-19 and DarkNet-53, employing the Flickr Logos-47 dataset to experiment
and evaluate system performance. Additionally, [44] investigates measuring logo
similarity using ResNet-18, achieving an accuracy of 93.65. In [45] we reach 96,55 %
of hit rate in similarity searching for logos using transfer learning on ResNet, but with
a small set (100 elements) as database. These results were achieved without the need
for fine-tuning, that poses a challenge in real-world similarity search, where only one
instance of each item is available.
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3 Structure of the Similarity Searching System

In an image similarity search system, images are stored in a database alongside their
feature vectors. The process begins with preprocessing each image for cleanliness and
normalization, followed by an algorithm that extracts distinctive features. Finally, a
metric index is created using these feature vectors to improve search efficiency.
The following summarizes the steps related to database preparation and query
handling:
1. Object Registration: the following steps are executed:

a) Image Preprocessing: This step includes processes such as obtaining the
minimum bounding rectangle (MBR), resizing the image to a standard
dimension, noise reduction, and normalization.

b) Feature Extraction: Once the image is normalized, a process is performed
to return the corresponding feature vector.

¢) Storage: The image and its feature vector are recorded in the database.

d) Metric Index Update: The metric index is updated by inserting the vector
corresponding to the new item.

2. Similarity Search: Given a query image, a Range Search or k-Nearest

Neighbors (k-NN) search is performed by executing steps a) and b) from the

previous section on the query image, and then using the index to efficiently

discard non-similar elements and retrieve the most similar images.

Notice that the feature extraction model should be capable of handling both the
images it was trained on and any new images added to the database.

4 Methodology

In this section, we detail the mechanism employed for feature extraction, which
encompasses preprocessing and transfer learning from ResNet50. Additionally, we
describe the database used for the experiments.

4.1 Preprocessing

The preprocessing of images involves several critical steps to ensure consistency and
quality before they are used for training or querying. Here’s a detailed description of
the preprocessing pipeline:

1. Resizing: Each image is initially resized to a target size of 224x224 pixels. This
resizing is performed to standardize the dimensions of all images, which is
essential for maintaining uniformity across the dataset.

2. Color Conversion: The images are converted to RGB mode to ensure that they
are represented in 24-bit color. This step addresses any images with an alpha
channel, which may include transparency.

3. Handling Transparency: For images with an alpha channel, pixels with
transparency (alpha values below a threshold) are converted to white. This is done
by replacing the RGBA values with white (255, 255, 255) where transparency is
detected. The alpha channel is then removed, resulting in a pure RGB image.
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4. Cropping: The image is cropped to remove any unnecessary background or
empty areas. This is achieved by identifying the non-empty columns and rows in
the image. The bounding box for cropping is determined by the minimum and
maximum coordinates of non-empty arcas, ensuring that the logo or relevant
content is preserved.

5. Resizing After Cropping: After cropping, the image is resized again to the target
dimensions of 224x224 pixels. This resizing ensures that the cropped image fits
the standardized input size for further processing.

6. Gaussian Blurring: During preprocessing, a Gaussian blur with a 15x15 kernel
size was applied to the images to smooth them and reduce high-frequency noise.
This step helps to mitigate sharp edges and fine details that could interfere with
feature extraction and similarity search processes. By applying the blur, the aim is
to enhance the robustness of feature extraction by focusing on more significant,
broader patterns in the images.

7. Normalization: The cropped and resized image is converted into a NumPy array
and normalized by scaling pixel values to the range [0, 1]. This normalization
helps in achieving consistency in pixel value ranges across all images.

8. Consistency Check: The final step involves verifying that all images have the
same dimensions after preprocessing.

This preprocessing approach ensures that the images are consistently formatted,
properly scaled, and ready for use in training and querying phases.

4.2 Feature Extraction

In a previous study [45], we conducted a comparison of CNN-based mechanisms and
Siamese Networks for feature extraction in similarity searches using a limited dataset
and exclusively a logo database. We compared the performance of a Siamese
Network against transfer learning applied to DenseNetl21, InceptionV3, and
ResNet50, achieving the best results with the latter two.

This study extends and deepens the use of transfer learning with ResNet50,
because it was the best so far, by comparing the performance of different output
layers, significantly increasing the size of the dataset, and introducing a new database
of paintings. We conducted the same experiments on this new dataset to evaluate the
generalization capability of the method. Specifically, we used as feature vectors the
output flattened of the following layers of ResNet50 model pre-trained on ImageNet:
pooll _pool, conv2 blockl out, conv2 _block3 out, conv3_block2 out,
conv3 block3 out, conv3 block4 out, conv4_blockl out, conv5 block3 out, and
global _average pooling2d.

4.3 Similarity Searching

Using the feature vectors, we conducted Nearest Neighbor (NN,) searches as well as
k-Nearest Neighbor (k-NN) searches for =3 and 4=5. The Euclidean metric distance
was employed. Metric indexing was not utilized for these experiments.
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5 Datasets

We utilized two distinct datasets to evaluate the performance and generalizability of
our feature extraction method for similarity search. The first dataset comprises a
collection of club logos, while the second includes paintings by renowned artists.

Club Logos Dataset: This dataset consists of 10,391 images sourced from the
internet. The images are in PNG format, with a color depth of either 24 or 32 bits, and
vary in resolution from 180x180 pixels to 2000x2000 pixels. The dataset was
intentionally left unnormalized to assess the robustness of the preprocessing steps
applied. Fig. 1 shows some of the elements of this database.

Fig. 1. Logos of the dataset
Paintings Dataset: This dataset includes 8,683 images, also collected from the
internet, and is presented in JPG format with a color depth of 24 or 32 bits. While
most images are in color, some are in black and white. Paintings belong to well-
known artists such as Van Gogh, Botticelli, Dali, and Picasso. Examples of the
painting dataset are shown in Fig. 2.

6 Experiments

To evaluate the effectiveness of feature extraction using transfer learning with
ResNet50, a series of experiments were conducted. As queries, 80 logos and 100
paintings were selected from the internet, ensuring that the images were not exactly
the same as those included in the databases (as a direct match would render the query
trivial) but were present within them. Similarity searches were then performed to find
the k& nearest neighbors (A&-NN) for k=1, 3, 5. The Euclidean distance was used as the
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distance function, and the performance metric was the Hit Rate (as percentage), as it
best represents the effectiveness of similarity queries in real-world applications.

Ten experiments were conducted for each database. Nine of these experiments
involved feature extraction using transfer learning from ResNet50, with outputs taken
from different layers. One additional experiment was conducted using the layers
pooll pool and conv3 block4 out, combining them through a weighted average of
distances between the query and the database elements corresponding to these two
layers. Prior to testing, each query was associated with the label of the database item
expected to be returned as similar.

Fig. 3 illustrates four similarity queries (first column) corresponding to the painting
dataset. The remaining columns display the five nearest neighbors resulting from the
search using the ResNet50 model with the conv3 block4 out layer. As shown, the
query images exhibit relatively significant color differences compared to the
corresponding image in the database, but the right painting is found. In the fourth
case, in addition to correctly identifying the painting as the top result, the second
result features a markedly different version of the painting. The system performs well,
as the similarity is still evident. Additionally, results 4 and 5 show versions of another
black-and-white painting, which also depicts a woman looking to the side similar to
the query image, and exhibits some resemblance.

Fig. 3. Paintings: Queries (first column) and the 5-NN results

Queries that were not satisfied correctly primarily correspond to images with scales
significantly different from those in the database. The preprocessing process struggled
to scale these images properly due to backgrounds that could not be removed.

Similarly, Fig. 4 presents queries from the logo database and their corresponding
results. Consider that the images shown have been blurred.
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“Fig. 4. Logos: Queries (first column) and the 5-NN results

In the first case, C.A. Coldn, the top result is correct, even though it features a star
at the top, which alters the size of the shield. In the second query, the logo has a
significantly different shade of green and lacks a border compared to the query. For
the third query (Juventus), the system docs not provide the correct result initially;
instead, it appears as the third result. That is because the query logo has black lines,
whereas the database logo is silver. Finally, the Barcelona shield is correctly
identified, with the next two results showing a high level of similarity too.
Additionally, it is noteworthy that these models excel in interpreting shapes.

Regarding the results, Tables 1 (logos) and 2 (paintings) present the hit percentages
for similarity searches using the k-nearest neighbors (k-NN) method, with k values of

1,3, and 5.

Table 1. Hit percentages of £-NN similarity searching (Logos).
Model 1-NN 3-NN 5-NN

pooll pool 90% 94% 95%
conv2 blockl out 90% 92% 94%
conv2 block3 out 80% 86% 86%
conv3 block2 out 1% 76% 79%
conv3 block3 out 87% 88% 92%
conv3 block4 out 87% 90% 92%
conv4 blockl out 62% 66% 72%
convS block3 out 76% 81% 85%
global average pooling2d 48% 58% 67%
pooll pool+conv3 block4 out 88% 91% 95%

For image datasets consisting of logos, which typically feature simple geometric
designs and lack significant background elements, the initial layers of ResNet, such as
the early convolutional layers, prove to be more effective. These layers capture the
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essential shapes and structures of logos, which are generally straightforward and less
complex.

Table 2. Hit percentages of k-NN similarity searching (Paintings).

Model 1-NN 3-NN 5-NN
pooll pool 88% 89% 92%
conv2 blockl out 89% 91% 93%
conv2 block3 out 88% 89% 90%
conv3 block2 out 94% 96% 96%
conv3 block3 out 94% 97% 98%
conv3 block4 out 95% 98% 98%
conv4 blockl out 93% 97% 98%
conv5 block3 out 87% 88% 90%
global average pooling2d 73% 78% 81%
pooll pool+conv3 block4 out 95% 98% 98%

In contrast, for artistic images, which present more complex scenes with significant
background elements and detailed features, the intermediate layers of ResNet are
more suitable. These mid-level layers better capture the intricate details and abstract
patterns present in artworks, making them more effective for identifying and
distinguishing between different artistic images.

One approach to integrate these two scenarios and ensure robustness across diverse
sets of elements is to use a weighted average of the best-performing initial layers and
the best-performing intermediate layers. This strategy combines the strengths of both
layer types, improving the system's ability to handle both simple geometric logos and
complex artistic images effectively, as shown in last row of the tables.

7 Discussion

Feature extraction for similarity search is more challenging than for classification,
requiring robustness across diverse images. The proposed preprocessing mechanism
and transfer learning from ResNet50's initial and intermediate layers yield promising
results for real-world applications. This method is simple and efficient, eliminating
the need for network retraining or fine-tuning, which is particularly beneficial when
only a single instance of each element is available, a common scenario in similarity
search tasks.

The use of Gaussian blur in preprocessing improves feature extraction, but the
high dimensionality of the feature vectors poses a major limitation, requiring
significant computational resources and complicating the use of metric indices.
Despite this challenge, the method remains robust and efficient, making it valuable
for similarity search applications.
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8 Conclusions

This study shows the effectiveness of using transfer learning with pre-trained
ResNet50 models for similarity search, particularly for logos and paintings. The
proposed preprocessing, including resizing and Gaussian blur, improves the
robustness of feature extraction. By utilizing initial and intermediate ResNet50 layers,
the method achieves high accuracy in similarity searches without needing fine-tuning.

1. Effectiveness of Transfer Learning: Using ResNet50's initial and intermediate
layers for feature extraction is highly effective for similarity searches, adapting
well to various image types like logos and paintings.

2. Preprocessing Impact: Preprocessing steps, including Gaussian blur, enhance
feature extraction and improve performance in similarity searches.

3. No Need for Fine-Tuning: The method performs well without fine-tuning,
which is advantageous for real-world scenarios where only a single instance of
each element is available.

4. High Dimensionality Limitation: High dimensionality of feature vectors
remains a challenge, prompting future research into dimensionality reduction and
efficient indexing.

In conclusion, the method offers a robust solution for similarity searches, with
potential improvements in scalability and dimensionality management.
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Abstract. The Video Joint Embedding Predictive Architecture (V-JEPA) has
shown great promise in self-supervised video representation learning. However,
its substantial computational demands, often necessitates powerful GPU
clusters, limit accessibility for many researchers. We introduce nano-JEPA, a
streamlined adaptation of V-JEPA designed to run efficiently on
resource-constrained personal computers, even those with only CPUs.
Additionally, we present the nano-datasets repository, facilitating the creation of
manageable subsets from large public video datasets. Qur work aims to
democratize research in this field, enabling broader participation and
experimentation with V-JEPA-like models. We demonstrate that nano-JEPA,
trained on smaller datasets and hardware, can still achieve reasonable
performance on downstream tasks, opening doors for further exploration and
innovation.

Keywords: feature prediction, unsupervised learning, visual representations,
video, joint-embedding predictive architecture

1 Imntroduction

Joint-Embedding Predictive Architecture (JEPA) has emerged as a promising
self-supervised approach that learns by leveraging a world model [2]. This approach
has been extended to video data with the Video Joint Embedding Predictive
Architecture (V-JEPA) [3]. V-JEPA is trained to predict the representation of a masked
region of a video from the representation of the unmasked region. This approach has
been shown to be effective for learning visual representations from video, and has been
shown to outperform previous video representation learning approaches in frozen
evaluation on action recognition, spatio-temporal action detection, and image
classification tasks.

However, training V-JEPA requires a large amount of computational resources. For
example, the largest V-JEPA model was trained on 2 million videos for 90,000
iterations with a batch size of 2400. This requires a large amount of GPU (Graphics
Processing Unit) memory and computational power. Making progress on this area of
knowledge demands access to expensive computational resources and may be
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restrictive to a significant percentage of researchers. Additionally, the manipulation of
the datasets used in the experiments may demand considerable time to download and
configure.

In this work, we introduce nano-JEPA !, a model compatible with V-JEPA but can
be trained on a single personal computer with limited resources. It can be trained and it
can infer on CPU as well as using GPUs. Additionally, we release the nano-datasets >
repository, a tool that allows the easy creation of datasets required to train and test
nano-JEPA. All the released source code is fully compatible with the original V-JEPA
source code. Finally, we show that nano-JEPA can be trained on a much smaller
dataset of videos and still achieve reasonable performance on downstream tasks. Both
the model as well the dataset are released as open source projects.

The contributions of this work can be summarized in a set of statements. First, it is
possible to duplicate results from the V-JEPA framework without the need of a computer
clusters armed with GPUs. Then, it is possible to train custom instances of the model.
Third, it is possible to create smaller instances of public datasets to quickly experiment
on new ideas. Finally, it allows to train multiple instances of vision models that may
open the path to experiment with ensemble architectures [13].

Next section of the paper describes related work. The proposed framework is
described in Section 3. Section 4 documents the results. Future steps are mentioned in
Section 5. Finally, the conclusions are stated in Section 6.

2 Related work

Recently, multiple research groups made progress learning visual representations from
video. Some of them were based on the transformer architecture in vision [4]. State
of the art works use masked auto-encoders [14] or query-based feature pooling [11].
Although the results are promising, all mentioned methods learn in the pixel space.

In contrast, the main idea behind V-JEPA is simpler than previous approaches [3].
The model learns visual representations in an abstract space and uses masking to
predict what is missing in the representation. This approach has multiple benefits.
First, feature prediction is versatile downstream image and video tasks. Then, training
effort is significantly lower to equivalent models that operate in the pixel space.
Finally, the number of labels required is lower in the case of JEPA architectures.

V-JEPA is a refined version of the initial joint-embedding proposal [9]. The
architecture predicts the output y given and x input in an abstract (transformed by
encoders into an embedding space). A predictor learns the transformation using an
additional variable z that provides information about the compute process. The
self-supervised training relies on masking part of the inputs and minimize the error of
the prediction of the system. Vision Transformer (ViT) [1, 4] is used as video
backbone.

It has been shown that the V-JEPA architecture delivers state of the art results using
public datasets [3]. To achieve the goal, the model was trained in a distributed system,

"nttps://github.com/BHI-Research/nano—jepa
Zhttps://github.com/BHI-Research/nano-datasets
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equipped with NVIDIA A100 80GB GPUs. The best performance is achieved using
the biggest instances of ViT. Achieving this level of results demands access to similar
compute system. That fact is one of the motivations that inspired the work presented in
this paper.

3 Proposed Framework

3.1 The nano-JEPA model

Two forces moved us to create nano-JEPA. The first one was to provide a model that
any researcher can train in a current personal computer. Then, we did not want to lose
compatibility with V-JEPA. In particular, we did not want to lose the parameters
related to the training of the model. To achieve that, we modified the code base to
eliminate the distributed computing aspects of the implementation. That came with the
consequence of requiring longer training and inference times. Howeyver, it is possible
to run any V-JEPA checkpoint in nano-JEPA if the host system has at least a current
CPU architecture and enough RAM memory.

Additionally, nano-JEPA provides a set of tools that help the user to easily train,
infer, and visualize the features learned by the model. These features help to quickly
iterate and verify the results obtained after training. In terms of architecture, nothing
essential is modified in the current version of the project. Since is the first paper about
the initiative, the results mentioned in section 4 are focused on showing that nano-JEPA
behaves as expected at single compute node scale.

Doing inference on a video dataset may not be trivial when using large experimental
models and may be a barrier for further use of the models. Motivated by this fact,
we created a tool that infers over a given set of videos. Before doing inference, it is
required to load the pretrained checkpoint as well as the downstream model trained
for the specific task. Another tool that we provided within a framework is a feature
visualization script. This is useful when trying to understand what a self supervised
model is seeing when an image is provided.

3.2 The nano-datasets Repository

When we started to train the model, we faced the first problem related to big public
datasets: storage is not trivial. Downloading and storing a public video dataset on a
current personal computer is challenging. Moreover, the main purpose of releasing
nano-JEPA is the capability of quick experimentation and learning. Up to our best
effort, we did not find any tool that solved our requirements. Following the same
principles that guided us in the model development, we did not want to lose
compatibility with the benchmarks published in related previous works.

As a result, we developed nano-dataset as an open source code repository that
allow the creation of a custom subset of a public, resource-demanding dataset. Our
tool does not modify existing datasets. We offer a set of scripts that downloads and
generates a custom subset reducing the required storage space. We used nano-datasets
to produce the results posted in next Section. Up to the moment of this paper
publishing, the datasets supported are Kinetics-400/600/700 (K400, K600, K700) [8],
Something-Something-v2 (SSv2) [6], and ImageNet-1K (IN1K) [12].
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4 Experimental Results

The results published in this section follow two main motivations. The first objective is
to show that nano-JEPA produces the same results that V-JEPA. The second goal aims to
show the compatibility between nano-JEPA and V-JEPA. Considering that nano-JEPA
was created as a framework for rapid research on single personal computer, we show
results that showcase the previous statement.

4.1 Pretraining

We trained a base model that uses ViT-T (tiny) as visual backbone and consumed 400
videos from the K400 dataset. The process was executed on a machine with 32 GB
of RAM and 8 core-processor. In figure 1 we show how the process converges for 15
epochs. It is possible to conclude that the loss of the model decreases as the training
evolves. The pretrained model was used for downstream task and further detail is given
in the evaluation section.

1.00

0.00

Fig. 1: pretrain ViT-T (tiny) using 400 videos form the K400 dataset and 15 epochs.

4.2 Evaluation

Image Classification We used ImageNet-1K as a benchmark to compare nano-JEPA
and V-JEPA. The task in this case is image classification on 1000 classes. We used
ViT-T for nano-JEPA and ViT-L for V-JEPA. Table 1 shows the results that compares the
frameworks. The accuracy in the test set is stated as test-acc, and the train set metric is
posted as train-acc. Since nano-JEPA is smaller that V-JEPA, it is reasonable to observe
that the accuracy is lower for the same epoch number. However, the nano-JEPA training
evolves as expected and it can run on CPU as well as GPU.
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The results posted on Table 1 is designed to achieve two goals. First, we desired
to compare the CPU performance versus the GPU-based accuracy. Then, we wanted to
confirm if the accuracy of the classifier follows the same trend in the nano-JEPA case
as well as in the V-JEPA case. In this case, 3 epochs were enough to confirm that the
behaviour of both models responds as expected.

Table 1: Image classification on ImageNet 1k. ViT-T is used in the case of nano-JEPA
and ViT-L is used in the V-JEPA case.

nano-JEPA — ViT-T V-JEPA — ViT-L

Epoch CPU GPU CPU GPU
train-acc|test-acc|train-acc |test-acc |train-acc|test-acc|train-acc |test-acc
1 2.678 | 7.954 | 2.487 | 7954 | 7.334 |18.181| 7.397 |16.477
3.635 | 3.409 | 3.125 | 7.386 | 19.196 |28.977 | 20.535 | 30.681
3 5.293 | 6.818 | 5.612 | 6.818 | 28.252 |31.818 | 26.849 |35.795

Video Classification We trained 6 models using the nano-JEPA framework. Half of
the models used the checkpoint trained by us (ViT-T with 400 K400 videos). The other
half used the one checkpoint provided by V-JEPA authors (ViT-L). Table 2 shows the
summary of the results.

Model A, B, and C were trained using our nano-JEPA pretrained checkpoint. We
report accuracy and the epoch that it was obtained. As expected the accuracy is lower
than big models. However, results are consistent and correlated with the use of ViT-T.
In the case of model B, the accuracy is reached sooner. That makes sense since the
training dataset is smaller. See Figures 2, 3, and 4 for more details.

When using a pretrained checkpoint provided by V-JEPA, the classification model
quickly reaches high accuracy. In this case, the pretrained model is orders of magnitude
bigger and is trained in significantly bigger dataset. We believe that the “quality” of the
features provided by the predictor contribute to a quick classification decoder training
process. In just a few epochs the model reaches high scores in the metric report. See
Figures 5, 6, and 7 for more details.

In Figure 8 we show the visualization of the features learned by the nano-JEPA
pretrained model. It is possible to observe that colors match to semantic parts of the
image. This is a qualitative representation of the model representation that looks
“reasonable” to the human eye. However, we acknowledge that a systematic analysis
that include quantitative metrics should be performed. We are planning to explore this
avenue in future publications.

5 Future Steps

The present publication is the first public release of the nano-JEPA initiative. This is
the initial step in a road map around self-supervised learning in the embedding space.
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Table 2: A collection of models trained using nano-JEPA. Two checkpoints were used
in this case. ViT-T with 400 K400 videos (trained by us) and the ViT-L (trained by the

V-JEPA authors).

Model|Classes| Train Videos|Val videos/Ratio|Accuracy|Epochs Pre-train
A 4 100 50 05| 4550 | 20 |
B 4 25 12 1048 3541 10 |nano-JEPA ViT-T
C 8 100 50 | 05| 4150 20
D 4 100 50 |05 9950 6
E | 4 | 25 12 048] 91.66 | 6 | V-JEPA ViT-L
F 8 100 50 | 05| 9425 6
Model A
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Fig. 2: Model A training
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Fig.3: Model B training
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Fig. 5: Model D training
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Fig. 7: Model F training
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Fig. 8: nano-JEPA feature visualization

As future work, we are planning to explore how an ensemble of nano-JEPA and voting
mechanisms performs at large scale [13]. A detailed feature analysis may be a
prerequisite for making progress in this topic. Based on recent advances produced by
ensemble architectures in the natural language processing space [7], we believe that
this initiative can produce relevant results.

Another research avenue that we want to explore is how one nano-JEPA pretrained
backbone can be used in a multi-head architecture. There are some promising results
published [5] on this area and we want to evaluate results in this direction.

Finally, we are planning to explore alternative vision transformer architectures. One
potential candidate is the ConvTransformer [10]. Exploring alternatives to ViT may
bring benefits in terms of accuracy as well as training and inference time.

6 Conclusions

We presented nano-JEPA, a framework that allows training and inference on Video
Joint Embedding Predictive Architecture without the need of a distributed computing
infrastructure. Additionally, we created the nano-datasets repository that allows the
creation of custom instances of public datasets in a current personal computer. The
framework is compatible with V-JEPA pretrained checkpoints and can produce new
models for downstream tasks.

We published results that show how the training process works and how the
accuracy degrades as the model size reduce the parameters number. However, we
believe that having a framework that allows rapid experimentation in a single current
personal computer can enable promising future research. Additionally, we created a set
of tools that simplifies the inference process and the feature visualization. Although
this is the first public release of the framework, we believe that it will allow a set of
discoveries as stated in the future work part.
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Abstract. The study explores Robotic Process Automation (RPA) as a key
technology for improving organizational efficiency by automating repetitive
and rule-based tasks. It presents a systematic and methodological approach to
RPA implementation, focusing on its tangible and intangible benefits and the
challenges faced during adoption. A detailed literature review forms the
foundation of this analysis, emphasizing key considerations such as process
selection, metrics, and complexity. A practical case study highlights the
successful use of RPA in automating the collection of prices for the Basic
Food Basket, demonstrating its efficiency in reducing costs and improving
accuracy. The research underscores RPA's significant potential to streamline
operations and enhance productivity across various sectors. Future research
should explore the integration of RPA with artificial intelligence to enable
more intelligent automation solutions.

Keywords: Robotic Process Automation (RPA), RPA implementation,
Process optimization, Artificial intelligence, Digital transformation.

1. Introduction

Robotic Process Automation (RPA) is a crucial technology for optimizing organizational
processes. Implementing RPA allows organizations to enhance operational efficiency and
reduce costs by automating repetitive and rule-based tasks. This study offers a systematic
and methodological approach to RPA implementation, highlighting the tangible and
intangible benefits that can be obtained, as well as the key challenges and considerations
that must be addressed throughout the process. It has been observed that RPA has been the
subject of numerous studies and research across various industries, such as
telecommunications companies, hospitals, financial processes, and public entities [2, 4, 7].
RPA technology is conceived as a software agent that emulates human work activities,
managing application systems through user interfaces without meodifying underlying
computer systems. With the integration of Artificial Intelligence (AI) mechanisms, RPA
evolves into Intelligent Automation, enabling more efficient decision-making and
expanding its technological capabilitiecs. The combination of RPA and Al enables
hyper-automation, thus accelerating the digital transformation of organizations [5].

This study aims to provide a comprehensive guide for implementing RPA
effectively in organizations. The goal is to contribute to the general knowledge of this
technology by exploring its applications, benefits, challenges, and future trajectories.
Commonly automated activities, characteristics of candidate processes for automation, and
the evolution of RPA are examined, as well as the essential roles within an RPA team and
the phases of a project, from preparation to continuous improvement. Risks and challenges
associated with RPA implementation are also evaluated, and recommendations are offered
to mitigate them.
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A Systematic Literature Review (SLR) was conducted to strengthen this approach,
which involved collecting data, selecting databases, defining search terms, and applying
inclusion and exclusion criteria to ensure the quality of the selected studies. The consulted
databases include Scopus, Semantic Scholar, ResearchGate, SSRN, and Google Scholar,
employing the PICOC (Population, Intervention, Comparison, Outcome, and Context)
framework to formulate search expressions. Key terms such as "Robotic Process
Automation" and "RPA" were used, covering a range of studies between January 2021 and
March 2024. The selected studies are analyzed in three areas: digitization and process
automation, techniques and tools used, and the benefits and challenges of RPA
implementation. Due to space limitations, only some of them are referenced. For more
details, refer to [11, 12, 13, 14, 15, 16]. Digitization involves the conversion of physical
representations into digital formats, while automation seeks to optimize workflows through
digital technologies. Despite the clear benefits of RPA in improving efficiency and reducing
costs, the research identifies challenges, such as the correct identification of automatable
tasks and organizational resistance to change. Furthermore, significant gaps in the literature
are identified, such as the need for a robust methodological framework to facilitate effective
RPA implementation.

In the course of the research, the theoretical foundations of Robotic Process
Automation (RPA) are presented in Section 2, detailing commeonly automated activities and
the characteristics of candidate processes. Additionally, RPA's operation, evolution, and
associated benefits and challenges are addressed. Section 3 focuses on process evaluation,
explaining key metrics such as Full-Time Equivalent and Average Handling Time and
analyzing the complexity of processes for automation. Section 4 discusses RPA
implementation, from preparation to production release, ensuring an effective and efficient
deployment. Section 5 presents a practical case of automated data collection from the Basic
Food Basket (CBA by its acronym in Spanish), evaluating the efficiency and accuracy of
the automated approach compared to the manual method, and highlighting the economic
and operational benefits of RPA. Finally, Section 6 outlines the conclusions and suggests
directions for future research.

2. Fundamentals

The implementation of RPA focuses on automating activities such as extracting structured
data from documents (texts, spreadsheets, PDFs, XML, JSON), processing Internet data,
performing calculations, reading and writing to databases, generating information analysis,
moving files and emails, filling out forms, and accessing web and enterprise applications.
To be effective, documents must be structured or guided by explicit rules. Robots facilitate
data collection and allow the automation of repetitive tasks.

Processes suitable for automation must be based on clear rules, highly repetitive,
with a medium to high transaction volume, and have structured data. Frequent, standardized
processes that generate cost savings regarding FTE (Full-Time Equivalent) are ideal for
automation.

RPA provides tangible benefits [10], such as improved operational efficiency, cost
reduction and increased accuracy by minimizing human errors. Robots are more
cost-effective than employees [3] and can operate 24/7, increasing productivity. Intangible
benefits include enhanced employee and customer satisfaction, improved regulatory
compliance [§], and scalability, allowing organizations to adapt to workload fluctuations
without altering existing infrastructure.

- 105 -



XXX Congreso Argentino de Ciencias de la Computacion La Plata, 7 al 10 de octubre de 2024

However, there are challenges, such as resistance to change from employees and
stakeholders [6]. Proper management of responsibilities and selecting appropriate tools are
crucial [1], especially when technologies like OCR are required. It is essential to have
adequate IT infrastructure and thorough process documentation to ensure successful
implementation.

Key roles in RPA include the manager, who defines the strategy; the solutions
architect, who ensures the infrastructure is in place; the programmer, who is responsible for
designing and testing the rules; and the business analyst, who assesses the need for
automation and documents the process.

The implementation phases involve preparation (cataloging processes), solution
design (documenting the current and future state of the process), construction (developing
the robot), testing (validating the robot), and continuous monitoring to adjust the robot as
processes evolve.

3. Assessment Processes

The first key metric is the FTE, which indicates the effort required for a task and
translates into hours worked per week. One FTE represents one person working full-time
for one week. Although it is commonly considered that one FTE equals forty hours per
week, this varies by region and company.

Labor laws set different limits on working hours in each country. In Argentina, the
legal limit is approximately forty-ecight hours per week, while in Germany, it is about
twenty-five hours per week. Therefore, automating five FTEs in Argentina differs from
automating five FTEs in Germany due to these differences.

Furthermore, organizations may have different working hours, such as reducing
the standard workday from eight to seven hours, which can result in varying FTE hours.
The goal is to standardize the assessment of the impact of automation regardless of the
organization or geographical location.

Another crucial metric is AHT (Average Handling Time), which measures the
average duration of a transaction. In RPA, processes are often automated based on
transaction volume, either daily or monthly. FTE and AHT are essential for evaluating the
impact of automation, providing insights into time and effort savings and tangible and
intangible benefits. Understanding and applying these metrics allows for informed
decisions regarding RPA implementation, optimizing resources, and maximizing benefits.

Evaluating the complexity of process automation is crucial for ensuring its success.
Identifying and managing complexity factors enables the development of efficient RPA
solutions. This section addresses key aspects such as standard and structured inputs,
image-based automation, and scenario variations. It also considers the type of applications
and the number of screens involved, which help classify the process complexity as low,
medium, or high, depending on specific requirements and the time neceded for
implementation.

When evaluating a process for automation, it is essential to consider various
complexity factors, which can vary based on the specific process. Identifying and
mitigating moments of complexity before building the robot is critical. The process is
classified as highly complex if these factors cannot be mitigated.

Standard inputs enable the robot to follow a continuous path without bifurcations,
such as when standardizing emails from various departments. Doing so reduces the need to
validate multiple pathways, simplifying the process.
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Structured inputs are those with organized and digital content. If the content is not
digital, such as scanned images or PDFs, an additional process is required to structure the
information. Converting images to text depends on image quality and can be complex.
Unstructured inputs present a more significant challenge, as a robot requires a defined
structure to understand complex texts. Effectively organizing and formatting these inputs is
crucial to avoid issues during automation.

Image-based automation (VDI - Virtual Desktop Infrastructure) is used when
processes require communication with applications that cannot be installed locally. If direct
integration with the RPA tool is not feasible, this technique, which relies on cursor positions
and screenshots, is more complex and less controlled.

Process complexity can be classified as low, medium, or high. A low-complexity process
can be developed in one to two weeks, a medium-complexity process in three to four
weeks, and a high-complexity process in four to six weeks.

By strategically situating processes within the automation quadrant, one can
prioritize those with the highest potential for success and develop strategies for handling the
most intricate processes. Fig. 1 shows the automation quadrant.
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Fig. 1. Automation quadrants

When assessing processes for automation, it is essential to consider two key
parameters: the impact on the business and the complexity of the process. This data is
gathered through meetings and evaluations and documented in a spreadsheet. It enables the
configuration of the automation quadrant.

In this quadrant, the usability is of utmost simplicity. It is divided into two axes -
benefits and complexity of the process, each comprising three levels: low, medium, and
high. The positioning of a process within this quadrant is contingent on the outcomes
derived from the analysis. For instance, if the analysis yields high profits and low
complexity, the process will be situated in the fourth quadrant, signifying a Quick Win. The
significance of each quadrant and the prescribed actions for processes situated within them
are clucidated below.

The Quick Win quadrant (Quick Win) processes have a high probability of
successful automation. Processes with medium or high benefits and low or medium
complexity are considered Quick Wins. These processes are optimal for starting automation
due to their clear benefits and lower complexity.
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The processes found in the Quadrant of Essential Improvements have high benefits
and complexity. Re-engineering or pre-automation treatment is recommended to reduce
complexity and move them into the Quick Win quadrant.

Some processes are easy to automate in its Low-Profit quadrant but offer few
benefits. Although not prioritized, they are monitored to see if their benefit can increase.
Sometimes, two low-profit processes are merged to create a more complete and beneficial
process, turning it into a Quick Win. The Long-Term Improvement quadrant is the least
favourable, with low complexity processes and low benefits. These processes are not
vetoed but are kept in a backlog to monitor their evolution. If they change or improve, they
can move to other quadrants.

Thoroughly documenting current and future processes ensures precise and
accurate understanding, facilitating automation and adaptation to future changes.

The AS-1S process map delineates the current state of the process and is based on
input from key participants who are actively involved in executing the process daily. These
essential individuals furnish all the requisite information for creating the map. On the other
hand, the process map 7O-BE is more analytical. With this map and together with the
development team, the feasibility of the changes is evaluated. The development team can
suggest alternative ways to perform process steps to facilitate construction and improve
results. The TO-BE process map is based on the analysis of the AS-IS process map.

4. RPA Implementation

This section addresses the implementation of RPA. The systematic and structured approach
ensures effective implementation aligned with the organization's needs, optimizes
resources, and maximizes benefits. Fig. 2 shows the sequence of phases in the proposed

approach.
==
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: Design a-s
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Fig. 2. Sequence of the systematic and structured approach to RPA implementation phases.
The preparatory or exploratory phase is crucial to ensuring the success of process
automation through RPA. In this stage, effective communication is established with
business units to identify processes suitable for automation. This involves creating a
backlog of processes and a list of stakeholders who may be affected. A preliminary
evaluation of the processes helps to understand their complexity, potential benefits, and the
overall impact that automation may have on the organization. Factors such as the type of
inputs, the number of applications involved, and the use of user interfaces are reviewed to
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categorize processes within the automation quadrant, facilitating the identification of Quick
Wins.

The Solution Design phase follows the approval and evaluation of the candidate
process. A Solution Design Document (SDD) is created, usually by a Senior Developer,
outlining the TO-BE logical flow and detailing how the robot will execute the automated
process. This document includes diagrams, screen flows, exception handling, and the
interaction with various applications. Additionally, the SDD specifies how business rules
will be implemented and integrates the technical documentation to ensure all stakeholders,
including future developers, understand the solution design.

During the bot development phase, the code must be structured modulary, meaning
that each part of the automated process is implemented as an independent subtask. This
approach provides greater flexibility and facilitates the management of different stages of
the automated process, such as reading configuration files, creating folder structures, or
logging into ERP systems. It is vital to ensure that sensitive data, such as credentials, are
securely managed through configuration files and credential lockers. The bot’s development
follows the guidelines set out in the SDD to ensure the robot operates according to business
expectations.

The testing phase is essential to ensure the bot's robustness before deployment into
production. Once the bot has been developed, it is moved to the User Acceptance Testing
(UAT) environment, where rigorous testing is conducted. The UAT environment must
mirror the Production environment, including screen resolution and zoom settings, to avoid
errors when executing the bot in production. Extensive tests are performed on all aspects of
the code, validating that the bot interacts with the applications and handles exceptions
correctly. Once the tests have been completed, the code is ready to be deployed into
production. In large organizations, this process involves raising a Change Ticket (CHG),
which details the deployment date and requires approval from the relevant stakeholders.
The versions of the applications in UAT and Production must be the same, as discrepancies
could lead to execution errors. Any improvements or bug fixes should be made by
downloading the latest code from the repository to ensure the changes are correctly
integrated and maintain system stability. The maintenance of the bot is an ongoing aspect of
the RPA lifecycle. Although the bot is designed and tested to function optimally, the
processes and platforms it operates on may change over time. Therefore, it is necessary to
constantly monitor the bot’s execution and maintain close communication with process
owners to identify any updates or modifications that could impact automation. Keeping the
SDD and PDD up to date ensures that future developers or analysts can make modifications
without creating discrepancies, optimizing response times to any necessary changes.

5. Practical Case

The analysis of the methodology employed by the National Institute of Statistics and
Censuses (INDEC) to collect data for the Basic Food Basket (CBA) reveals several
inefficiencies in the current manual process. This process, involving the weekly collection
of prices from commercial establishments by a team of surveyors, supervisors, and data
entry personnel,takes four days per month to complete. The main issues identified include
inefficiencies in using time and resources, human errors in data collection and transcription,
and a lack of reliability due to variability in the results. Additionally, there are limitations in
transparency and accessibility, as the data is collected in physical formats, making real-time
access and analysis challenging. The implementation of RPA is proposed as a solution to
improve the efficiency, accuracy, and reliability of the data collection process.
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The practical study on the implementation of RPA to optimize organizational
processes evaluates the collection of prices of the Basic Food Basket [9]. It compares the
automated collection using RPA with the manual method to evaluate its effectiveness in
cost, accuracy and availability.

An observational approach is adopted to analyze the implementation of the
software robot, measuring key variables such as the time and accuracy of data collection.

To verify these measurements, three experiments are carried out: Manual
Collection of Prices on the Shelf (RMPG by its acronym in Spanish), this experiment aims
to collect accurate information on the prices of the goods that make up the CBA, using the
methodology currently proposed by INDEC, in different commercial premises and the time
required to complete this task. Manual Collection of Prices on the Web (RMPW by its
acronym in Spanish), this experiment aims to collect accurate information on the prices and
internet links of products that make up the CBA on the website of each commercial
premises and the time invested in this task. Price Collection by Bot RPA (BRPA by its
acronym in Spanish). This experiment aims to collect accurate information about prices and
internet links of products that make up the CBA on a retailer's website and the time spent
on this task.

The current process is documented (AS-IS) and a proposed automated process is
designed (TO-BE) to identify manual tasks and areas for improvement through automation.

The robot is developed according to the established requirements, followed by
testing in a controlled environment to validate its accuracy and efficiency before full
implementation.

Table 1 summarizes the variables measured to compare efficiency between manual
and automated methods. The comparative analysis shows that the manual method RMPG,
using 5 FTEs, achieved 78% accuracy with the highest cost of U$S 2,061.47 and limited
availability of 25% annually due to labor constraints. The RMPW method, with 4 FTEs,
reached 76% accuracy and costs of U$S 1,649.18, 20% lower than RMPG, but also with
25% availability (Fig. 3).

Table 1. Variables measured to compare efficiency between manual and automated
methods

La Plata, 7 al 10 de octubre de 2024

Experiment  Resources for  Accuracy in Price Associated Availability
Data Collection Collection Costs
RMPG SFTE 78 % U$S 2.061,47 25%
o o
RMPW 4 FTE 76 % U$S 1.649,18 25%
BRPA I,S5FTE 89 % U$S 618,44 99 %
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Costo U$S

2,500.00

2,061.47

2,000.00

1,649.18

1,500.00

1.000.00

618.44

500.00

RMPG RMPW BRPA

Fig. 3. Cost comparison across experiments: BRPA reduces costs by 70% compared to
RMPG and 63% relative to RMPW.

In contrast, the automated method BRPA achieved 89% accuracy with
significantly lower costs, U$S 618.44, and near 100% availability. These results
demonstrate that automation with BRPA improves accuracy, reduces costs (Fig.3), and
maximizes availability (Fig. 4), validating its effectiveness in optimizing organizational
processes.

% Disponibilidad

100
75
50
25
25
0
RMPG RMPW BRPA

Fig. 4. Comparison of resource availability: BRPA operates 24/7 with 99% availability,

while RMPG and RMPW are limited to 25% due to standard working hours.
Implementation of RPA offers an effective digital transformation, enhancing

operational efficiency and reducing costs, validating its application in similar contexts.
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6. Conclusion

This work examines Robotic Process Automation as a crucial technology for optimizing
organizational processes. A systematic and methodological approach to RPA
implementation is presented, highlighting the operational and economic benefits that can be
obtained and the associated challenges. The research includes a practical case study on the
automated collection of data for the Basic Food Basket, evaluating the efficiency and
accuracy of the automated approach compared to the manual method.

The results of this study demonstrate that RPA implementation significantly
improves operational efficiency and data accuracy. Automation allows for a considerable
reduction in the time required to complete tasks and decreases costs compared to the
manual method. These economic and operational benefits validate the viability of RPA as
an effective solution for optimizing organizational processes. RPA enables the connection
of at least two independent systems that are not natively integrated, facilitating their
interaction and automating processes between them.

The ability of software robots to operate uninterruptedly contributes to greater productivity,
minimizing human errors and ensuring greater consistency in operations. Additionally, RPA
enhances regulatory compliance by ensuring that tasks are performed by established
regulations, thereby reducing the risk of non-compliance.

The practical case underscores the importance of adequately selecting candidate processes
for automation, considering their repetitiveness, transaction volume, and digital structure of
inputs. The correct identification and documentation of processes to be automated are
fundamental to the successful implementation of RPA.

Despite the numerous benefits, challenges such as staff resistance to change and the need to
properly manage stakeholders' expectations are recognized. Effective communication and
continuous training are essential to mitigate these challenges and ensure the successful
adoption of the technology.

In the future, integrating RPA with emerging technologies such as artificial
intelligence and machine learning can be studied to create more intelligent and adaptive
automation solutions. Furthermore, it would be valuable to investigate the long-term impact
of RPA on the digital transformation of organizations, as well as to develop more robust
evaluation frameworks to measure its effectiveness across various sectors. Exploring new
applications of RPA in non-traditional areas can also offer exciting opportunities for
research and development.
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Abstract. La adopcién de la tecnologia de contenedores esta creciendo
rapidamente. Los desarrolladores de software encuentran en los contene-
dores una herramienta que les permite enfocarse en la aplicacién en lu-
gar de adaptar diferentes entornos de servidores. Estos son compactos,
se ejecutan rapidamente, operan en cualquier entorno, pueden dividirse
en moédulos pequenos y son autosuficientes. En sistemas a gran escala,
gestionar manualmente aplicaciones con cientos o miles de contenedores
es complejo, por lo que la orquestacién de contenedores es esencial.
Actualmente, Kubernetes es el orquestador open source mas utilizado,
manejando instancias de microservicios (pequenos servicios independi-
entes que se comunican a través de API) y alojandolos en plataformas
adecuadas (Pods). Sin embargo, el rendimiento de los microservicios en
un claster de Kubernetes puede degradarse de manera impredecible, gen-
eralmente manifestidndose en mayores tiempos de respuesta, un indicador
clave de confiabilidad. Este articulo presenta la linea de investigacion y
las tareas que se estan desarrollando en el marco de una tesis correspondi-
ente a la carrera de Maestria en Ciencia de Datos de la Universidad Aus-
tral (CABA, Bs.As.) cuyo objetivo es predecir la latencia de respuesta de
extremo a extremo en una arquitectura de cloud-native (microservicios)
sobre un caso de estudio concreto. Actualmente se esta trabajando en el
desarrollo de un modelo que sea capaz de predecir la latencia futura de
un microservicio usando multiples variables, estudiando especialmente
los modelos basados en Transformers que, si bien han demostrado ser
utiles para anticipar comportamientos inestables o para la comprensién
de texto, atn no se han utilizado para predecir latencias. Se buscara
comparar estas arquitecturas con métodos clasicos ampliamente utiliza-
dos para esta prediccién, utilizando una implementacién de referencia de
microservicios para el benchmarking de aplicaciones.

1 Motivacién

En el 4mbito informatico, la virtualizacion se refiere a la asignacién de recursos
de manera virtual en lugar de fisica. Esto implica crear recursos virtuales a partir
de recursos fisicos como CPU, GPU o dispositivos de almacenamiento.
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Los primeros sistemas de virtualizacién surgieron a principios de los 2000
con la aparicién de las maquinas virtuales (VMs). Estas se instalan sobre una
capa de software llamada hipervisor (como Hyper-V [1] o Vsphere [2]), que con-
trola directamente el acceso a los recursos subyacentes y los asigna a una o més
maquinas virtuales. Las VMs permiten ejecutar sistemas operativos completos e
independientes, mejorando el manejo del hardware y proporcionando beneficios
de seguridad al aislar las VMs unas de otras. Asi, un problema en una VM no
afecta a las demés que comparten el mismo hardware.

Sin embargo, este enfoque tiene desventajas. Cada VM incluye una imagen
de sistema operativo independiente, lo que anade sobrecarga en la memoria y
espacio de almacenamiento. Ademas, la portabilidad de aplicaciones entre difer-
entes entornos (nubes piblicas, nubes privadas y centros de datos tradicionales)
es limitada. Estas limitaciones han impulsado la btusqueda de soluciones alter-
nativas, siendo el uso de contenedores la méas utilizada actualmente. [3].

Los contenedores son una forma més liviana y 4gil de manejar la virtual-
izacién permitiendo realizar un aprovisionamiento y una disponibilidad de re-
cursos més rapidamente. En lugar de generar una maquina virtual completa,
los contenedores empaquetan todo lo necesario para ejecutar una tarea especi-
fica, incluyendo c6digo, dependencias y el sistema operativo, lo que facilita que
las aplicaciones se ejecuten en diversos entornos: computadoras de escritorio,
infraestructuras de TI tradicionales o la nube. Esto hace que los contenedores
faciliten el uso de microservicios.

Los microservicios dividen las aplicaciones mas grandes en procesos pequenos,
brindando una mayor flexibilidad a los usuarios y separando dichos procesos
de manera segura. FKjecutar microservicios en una VM implicaria o bien crear
una VM separada para cada microservicio, lo que es una asignaciéon de recursos
ineficiente, o bien ejecutar multiples servicios en la misma VM perdiendo de esta
forma los beneficios del aislamiento.

En base a lo antes dicho puede afirmarse que el uso de microservicios es un
enfoque arquitecténico y organizativo para el desarrollo de aplicaciones, en el que
el software se compone de pequenos servicios independientes que se comunican
a través de APIs bien definidas haciendo que cada servicio pertenezca a equipos
pequenos e independientes. Esto ha provocado que los servicios web a gran es-
cala (por ejemplo, Netflix, Microsoft Bing, Uber, Spotify, etc.) hayan adoptando
principios y patrones de diseno nativos de la nube, como microservicios y con-
tenedores, para aprovechar mejor las ventajas del modelo de entrega, que incluye
una mayor agilidad en el despliegue de software, escalabilidad automatizada y
portabilidad [4].

Dada su dimensién, estas soluciones son implementadas en grandes centros
de datos, por lo cual, si la latencia no es medida, el rendimiento de una aplicacién
puede verse afectado, interrumpiendo los sistemas de produccién generando
enormes incidentes visibles para el usuario [5].

En base a lo dicho anteriormente, las investigaciones descriptas en este articulo
focalizan en la construccién de un modelo para predecir la latencia extremo a ex-
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tremo de una aplicacién basada en microservicios capaz de adaptarse a diferentes
escenarios.

2 Trabajos relacionados

Pueden encontrarse en la bibliografia varias soluciones a la prediccién de la
latencia de los microservicios en una plataforma de cloud-native. En [6] se utilizo
un sistema para el escalado de recursos llamado RScale, el cual emplea un modelo
de rendimiento basado en el aprendizaje automético probabilistico, que puede
adaptarse rapidamente a la dindmica cambiante de un entorno de microservicios.
En [7] se analizaron y compararon enfoques basados en datos y una variedad
de métricas de recursos para predecir la latencia de respuesta de extremo a
extremo de un flujo de trabajo de microservicios en contenedores que se ejecuta
en Kubernetes, una plataforma con capacidad para administrar cargas de trabajo
y servicios en la nube. En [8] se reconoce la necesidad de hacer frente a los
requisitos de latencia de los servicios en la nube y se propone eliminar el impacto
negativo en el rendimiento de cierta clase representativa de tareas. Para ello, se
trabaja con una taxonomia de dichas tareas basada en su activacién y en la
viabilidad de su control. También los autores proponen el controlador de tareas
en segundo plano, BTC (Background Tasks Controller), un enfoque totalmente
distribuido para eliminar el impacto negativo de las tareas interactivas en los
microservicios en la nube.

En [9] el foco estd puesto en las aplicaciones sensibles a la latencia con es-
trictas limitaciones de retardo entre los distintos componentes ya que plantean
retos adicionales en las plataformas. En este articulo se analiza Amazon Web
Services (AWS), una de las plataformas mas utilizadas actualmente, en busca de
las caracteristicas de retardo de los componentes y servicios clave que afectan al
rendimiento general de las aplicaciones sensibles a la latencia. También se define
una metodologia de medicion detallada para plataformas CaaS (Container as a
Service ).

Realizar un estudio sobre la latencia de los servicios serd de utilidad para
otorgar visibilidad en términos de la carga de trabajo y cémo esta afecta la
performance con vistas al usuario, en lugar de s6lo hacer foco en el hardware
de la aplicacién. Por lo tanto, los resultados de las investigaciones realizadas en
el marco de este estudio ayudaran a plataformas como Kubernetes para que la
prevision y provision de recursos sea realizada eficientemente.

La prediccién de la latencia tltimamente se ha realizado mediante la uti-
lizacion de redes neuronales del estilo convolucional (CNN) o recurrente (RNN),
dado que estos presentaron mejores resultados. Curiosamente, este mismo camino
fue transitado por otros problemas, donde el avance en la prediccién se dio tras
transitar el camino desde métodos tradicionales analiticos a redes neuronales y
finalmente con Transformers, como fue el caso del lenguaje natural. Por lo tanto,
en el presente estudio se propone realizar el mismo aporte, analizando cémo las
arquitecturas de Transformers pueden ser de utilidad para la prediccion de las
latencias de microservicios. Esto también serd un aporte a la gran comunidad
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de cloud-native, ya que la principal razén por el crecimiento exponencial en la
adopciéon de esta metodologia es debido a la gran comunidad que colabora en
encontrar soluciones creativas y de c6digo abierto ante los problemas que se van
sucediendo.

3 Solucién propuesta

En este articulo se analizan distintos modelos de aprendizaje profundo para
predecir la latencia de un microservicio de front end dentro de una arquitectura
de cloud-native. Este ha sido elegido por tener impacto directo en las vistas del
usuario. Esto no constituye una limitacion a los alcances de este trabajo pudiendo
seleccionarse cualquier otro microservicio, ya que el objetivo de la solucién sera
demostrar c6mo esta se comporta ante determinados cambios.

Para operar con el modelo se trabaj6 con una arquitectura de referencia
ampliamente utilizada por la comunidad de cédigo abierto “Online boutique”
presentada inicialmente por Google [10]. Online Boutique consta de una apli-
cacién de microservicios de 11 niveles. Es una aplicacién de comercio electrénico
basada en la web donde los usuarios pueden buscar articulos, agregarlos al carrito
y comprarlos. Google usa esta aplicacién para demostrar el uso de tecnologias
como Kubernetes/ GKE, Istio, Stackdriver y gRPC.

En lo que se refiere a la generacién de datos se utilizé el simulador de inter-
acciones Apache Jmeter con el objetivo de obtener diferentes comportamientos.

Del dataset inicial, se utilizé la latencia P95, ya que este método tiene como
objetivo ofrecer el mejor equilibrio entre escalabilidad y volatilidad. Este es un
método muy utilizado por los proveedores de internet y se ha convertido en
el estandar entre ellos. El umbral P95 indica que el 5% de la duracion de las
transacciones es mayor que el umbral. Por ejemplo, si el umbral P95 es de 50
milisegundos, entonces el 5% de las transacciones superaron ese umbral y tar-
daron més de 50 milisegundos.

Una vez obtenido el dataset, se realizaron tareas de preprocesamiento y ade-
cuacién de los datos para generacién y prueba de los distintos modelos deep
learning con capacidad de operar sobre datos temporales. A continuacién se
describen las tareas mas relevantes con mayor detalle.

3.1 Preparacion del dataset

Para obtener un dataset representativo y variado se simularon, con la utilizacion
del software Apache Jmeter, miltiples interacciones por 2 horas.

El resultado del proceso de simulacién fue registrado utilizando una frecuen-
cia de 5 segundos dando como resultado un dataset de 2305 muestras. Cada
muestra qued6 conformada por 4 tipo de valores: tres de ellos corresponden a
valores de latencias, y uno al througput que corresponden a cada microservicio
en cada muestra. El "througput" se mide en términos de solicitudes por segundo
(RPS) y se puede encontrar en los resultados de la ejecucién de una prueba de
carga mientras que la latencia se refiere al tiempo que tarda una solicitud en ser
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procesada. Dentro de cada muestra, la latencia se presenta en 3 variantes: p50,
P95 v p99, correspondientes a los percentiles 50, 95 y 99 respectivamente.

Con esta representaciéon del proceso, en donde cada muestra integra infor-
macion de latencia y cantidad de solicitudes, se busco capturar los diferentes
aspectos de la distribucion de los tiempos de respuesta, desde los valores tipicos
hasta los valores excepcionales.

Se tomo como variable Target a predecir, el valor de la latencia en p95 del
microservicio de "Front End". Se eligié dicho microservicio ya que este sera el
encargado de interactuar con el usuario y por lo tanto es donde se percibira
algin tipo de retraso en la respuesta de la aplicacion.

En las pruebas realizadas, se usaron modelos de Markov [11] para identificar
alta varianza en series temporales, mejorando el dataset inicial. Estos mode-
los, comunes en predicciones financieras, ayudan a entender comportamientos
volatiles y a realizar analisis més precisos. Dado que los modelos de Markov
identificaron dos regimenes en la serie, se agregd esta informacion al dataset
como embeddings para mejorar la capacidad predictiva del modelo.

3.2 Arquitecturas utilizadas

Dado que el entrenamiento de modelos de deep learning para datos temporales
es un proceso computacionalmente costoso, se realizé una primera medicién de
desempeno de las técnicas habituales. En este caso particular, se consider6 el
uso de una estrategia estadistica y tres modelos de deep learning. En todos los
casos se utilizaron secuencias de entrada y de salida de longitud 50, es decir que,
cada modelo sera capaz de predecir 50 valores de latencia luego de recibir como
entrada los 50 previos. Este valor fue fijado heuristicamente y se lo considera
aceptable para medir el desempeno de modelos en este caso de estudio. La figura
1 ejemplifica lo antes dicho. Aplicando esta representacién a una parte del dataset
generado por simulacién se obtuvieron 401 secuencias o ventanas.

ARRAY 1
T Variables ‘ Variable Target
1 )
Train_input_se Secuencia de
- —=eq entrada (1)
50
51 Seonencia: da
| Train_output seq salida (1)
(prediccion)
101
ARRAY 2
T Variables ‘ Variable Target
2 | %
Spve vt o Secuencia de
— — entrads (2)
51
52 Secuencia de
| Train_output_seq salida, (2)
tpredicoiomn)
102

Fig. 1: Estructura de las muestras para entrenamiento y prediccion.
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La performance de cada modelo fue medida utilizando el Error Cuadratico
Medio (MSE).

FEn las siguientes secciones se describen en detalle los modelos analizados y
se presentan los resultados obtenidos.

Modelos Autoregresivos

Se evaluo el desempeno de un modelo VAR (Vectores Autorregresivos) debido
a su naturaleza multivariable. En este estudio, cada ventana de datos se analiz6
de forma independiente para determinar la capacidad del modelo VAR en este
tipo de escenarios.

Los modelos VAR requieren que los datos cumplan con condiciones de esta-
cionariedad para su aplicacion. Por lo tanto, se consideraron ftnicamente las
secuencias que satisfacian dicha condicion, utilizando la prueba de Dickey-Fuller
aumentada. Como resultado, el dataset de entrenamiento quedé6 conformado por
310 ventanas estacionarias.

La aplicacién del modelo VAR a este dataset arroj6 un Error Cuadratico
Medio (MSE) de 1,7. A continuacién, se presentan graficas comparativas de
algunas series obtenidas, contrastando las predicciones con los datos originales.

Fig. 2: Muestras de predicciéon para el modelo VAR.

Dado que los resultados obtenidos no son satisfactorios, tanto en términos de
la forma de la curva predicha como de los valores del Error Cuadratico Medio
(MSE), se decidié descartar este modelo como alternativa. Los otros métodos
evaluados generan resultados s precisos y confiables. Aunque reconocewos el
potencial de este enfoque, su correcta implementacién y configuracién requieren
una inversion de tiempo adicional que, en el contexto actual del estudio, no se
justifica dada la superioridad de los métodos alternativos.

Red LSTM

Las redes LSTM (Long Short-Term Memory) son reconocidas por su capaci-
dad para aprender relaciones complejas en datos secuenciales. En esta seccion,
se evalua la capacidad de este modelo para predecir el valor de latencia.

Iras experimentar con diversas arquitecturas, la configuracion seleccionada
cont6 con dos capas LSTM de 128 y 64 unidades respectivamente y una capa
densa para la salida. Se aplico un dropout del 30% luego de las capas LST. Se
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utiliz6 MSE como funcién de pérdida, optimizador Adam y métricas de MSE,
con una parada temprana de 2 épocas de paciencia.

El valor de MSE obtenido fue de 0.534, significativamente inferior al logrado
con el modelo VAR.

A continuacion se muestran los graficos de algunas de las series obtenidas
(Prediccion vs Original) donde se puede observar que el modelo es capaz de
identificar de manera aceptable el comportamiento de la serie haciéndolo una
opcion valida para su estudio .

- = © 3 !

Fig. 3: Muestras de prediccién para modelos LSTM.

Red Neuronal Convolucional (CNN)

El modelo CNN se disené con capas de convolucién de 32 y 64 filtros, seguido
de capas de pooling, una capa de aplanamiento, y una capa densa para predic-
cién, compilado con la funcién de pérdida MSE y optimizador Adam. Ademas,
se implementé una parada temprana para monitorear MSE con paciencia de 2
épocas.

Luego de realizar las pruebas, se obtiene un MSE acumulado de 0,67, si bien
el resultado fue peor comparado con el LSTM, es cousiderablemente mejor que
el autoregresivo.

A countinuacién se muestran las graficas de alguunas de las series obtenidas
(Prediccion vs Original) donde se puede observar que, al igual que la LSTM,
el modelo es capaz de identificar de manera aceptable el comportamiento de la
serie haciéndolo también una opcion valida para su estudio.

Fig. 4: Muestras de predicciéon para modelos CNN.
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Transformer Informer

Los Transformers han demostrado ser una solucién destacada debido a su ca-
pacidad para capturar relaciones complejas en datos secuenciales atin con distan-
clas temporales largas. Su mecanismo de multi atencién les permite capturar rela-
ciones complejas entre diferentes variables en una serie temporal multivariante.
Esto los convierte en una herramienta eficaz para la prediccién a largo plazo.
Actualmente existen variantes del Transformer, conocidas como X-formers, que
abordan desafios especificos como la eficiencia, la generalizacién y la adaptacion
a aplicaciones particulares.

En este estudio se exploraron los beneficios de dos variantes de Transform-
ers: Informer y Spatiotemporal. El Informer modifica la arquitectura estandar
al ajustar la representacion de entrada con vectores de mayor dimensién y al
introducir una codificacién posicional jerarquica que mejora la captura de de-
pendencias temporales. La arquitectura de encoder-decoder del Informer también
optimiza el procesamiento de secuencias largas y mejora la prediccién mediante
la destilacién de atencién. Spatiotemporal, por su parte, extiende el enfoque del
Informer al integrar una representacién espac<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>