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Vision

Achieve a digital government accessible from 

national to the suco (village) level.

Create an inclusive digital economy that 

connects Timor-Leste to global market and

opportunities.

National Digital Plan 2022-2032 

Government of Timor-Leste. Timor Digital 2032: Timor-Leste’s National Strategic Plan for Digital and ICT Development, 2023.  URL: https://timordigital.gov.tl/en/documents

Strategic Digital Pillars

Economy

AgricultureEducation

Health

Governance

Core components of 

strategic plan and ICT 

development framework.

01

02

Ensure efficiency 

and effectiveness

ICT infrastructureDigital & ICT skillsLegislation & policy
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Current Implementation Status

National Digital Plan 2022-2032 

Government of Timor-Leste. Timor Digital 2032: Digital and E-Government Awareness Program Evaluation Report, 2025.  URL: https://timordigital.gov.tl/en/documents

Government of Timor-Leste. Timor Digital 2032: Municipal Digital Needs Assessment Report, 2025.  URL: https://timordigital.gov.tl/en/documents

Government of Timor-Leste. Timor Digital 2032: Digital Readiness Baseline Study Report, 2023.  URL: https://timordigital.gov.tl/en/documents

Feasibility study and digital-

readiness assessments 

across municipalities

ICT infrastructure 

expansion

Development of 

foundational platforms and 

e-government systems

Digital skills

development

Promote awareness of e-

government initiatives
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Who is the Digital Future for?

A truly inclusive digital transformation must 

speak the language of its people.

TETUN

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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The most spoken 

language in Timor-Leste

Source: Wikimedia

Tetun speakers 

932,433

78.78%

1.18M population

2015 census report

One of the country’s 

official languages

Instituto Nacional de Estatística Timor-Leste. Timor-Leste population and housing census 2015: population distribution by administrative area – volume 2 (language). 

URL https://inetl-ip.gov.tl/2023/03/09/census-2015-priority-table-population-by-language/

Why Tetun?

01

02
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The Role of Tetun

Empowers cultural identity 

and local innovation

Bridge government and citizens

National language of inclusion

Voice of cultural identity

Foundation for AI and innovation

Key to digital sovereignty

Connects 

people, culture, 

and technology

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Tetun and Portuguese

M
u
lt
ili

n
g
u
a
l

English and Indonesian

30+ dialects

Official 

languages

Working 

languages

Local 

languages

Source: https://vici.marianklamer.org/linguistic-maps.html

Linguistic Context of Timor-Leste

Vasconcelos et al. (2011). Constituição anotada da República Democrática de Timor-Leste. URL http://hdl.handle.net/10400.22/4008

Instituto Nacional de Estatística Timor-Leste. Timor-Leste population and housing census 2015: population distribution by administrative area – volume 2 (language). 

URL https://inetl-ip.gov.tl/2023/03/09/census-2015-priority-table-population-by-language/
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Query source: Search logs from Timor News (https://www.timornews.tl)

Orsamentu geral do estadu total hamutuk hira

Portuguese

MACOP intrevista iha bandara nicolau lobato

Indonesian

13-10-2022

09-11-2022

Multilingual Impact on Search

Search date

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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This Talk

Foundational resources for Tetun 

information retrieval (IR), natural 

language processing (NLP), and artificial 

intelligence (AI).

01

02

Prototypes showcasing search engine

and conversational search for Tetun.

Text processing 

algorithms

A text corpus

A test collection

Baselines for text ad-

hoc retrieval

Labadain

Presents:

Search (www.labadain.tl)

Chat

Translate

Reception

www.labadain.com

AI for language inclusion: Adapting 

Retrieval-Augmented Generation (RAG) 

to Tetun.

03
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Context

Finding Tetun documents 

on the internet was 

challenging

Tetun text corpora for IR and NLP 

tasks were not available.

Techniques and algorithms for 

Tetun IR and NLP did not exist.

Introduction Resource Development Test Collection and Retrieval Baselines User Search Behavior Analysis Conclusion and Future Work

Early Stage of My PhD in 2021
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Source code: https://github.com/gabriel-de-jesus/labadain-crawler

Labadain Crawler

python3 labadain_crawler.py

A framework for crawling

and processing web data

Language-specific 

components

New modules

Tetun Dataset Construction

Paper: https://aclanthology.org/2024.lrec-main.390/
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Tetun Dataset Construction

Tetun Tokenizer and LID Model

Tetun tokenizer:

pip install tetun-tokenizer

from tetuntokenizer.tokenizer
import TetunSimpleTokenizer

[”Ha’u”, ”hela”, ”iha”, ”Dili”]

pip install tetun-lid

from tetunlid import lid

Tetun LID model:

Tetun LID model: https://pypi.org/project/tetun-lid/

Tetun tokenizer: https://pypi.org/project/tetun-tokenizer/
[“Ha’u hela iha Dili”] Tetun

Paper: https://aclanthology.org/2024.lrec-main.390/
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Dataset construction flow

Document content 

annotation

Publication date 

extraction

Document 

content extraction

Document 

characterization

Wikipedia 

documents
Web-crawled document processing

+

Tetun Dataset Construction

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Document content annotation and
processing

Tetun Dataset Construction

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain-30k+ Dataset

Dataset summary

Dataset distribution by data sources

Dataset distribution by TLDs

Tetun Dataset Construction

Dataset: https://doi.org/10.25747/ydwr-n696

Paper: https://aclanthology.org/2024.sigul-1.22/

Dataset distribution category
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Content Analysis

Labadain-30k+ Dataset

Paper: https://aclanthology.org/2024.sigul-1.22/

Document quantity

evolution on the web

The use of Tetun 

INL and PT

loanwords in 

news articles

Frequent words

on the dataset

+8.71pp

-8.48pp

+7.63pp

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Stopwords

Constructing Labadain-Stopword List

Stopwords are function words 

(e.g., articles, prepositions, 
and conjunctions)

Labadain-30k+ dataset

Selecting top-1000 terms for 

each method and merging lists

Preprocessing

Computing vocabulary weights 

using stopword detection methods

Validating stopword candidates 

with native speakers

Labadain-Stopwords

Term-weighting methods: TF, IDF, TF-IDF

Network properties: In-degree, out-degree, degree

Dataset: https://doi.org/10.25747/PG2V-KX70

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Stemmer

Tetun Linguistic Overview 

Portuguese loanwords

Up to 40% are 

Portuguese loanwords

van-Klinken et al. (2019). Language Contact and Gender in Tetun Dili: What Happens When Austronesian Meets Romance? University of Hawai’i Press 58, 59–91, 2019. 

[Greksakova (2018). Tetun in Timor-Leste: The role of language contact in its development. PhD thesis, Universidade de Coimbra, Portugal, 2018.

de Jesus and Nunes (2024). Labadain-30k+: A Monolingual Tetun Document-Level Audited Dataset. Proceedings of the 3rd Annual Meeting of the Special Interest

Group on Under-resourced Languages, 177-188, LREC-COLING, 2024

Orthography

Tetun uses Latin script, 

consisting of 5 vowels and  
21 consonants.

Stemming is a text-processing technique that 

reduces words to their base form. For example, 
[car, cars, car’s, cars’] are all reduce to “car”.

AffixesExamples of basic phrases

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Stemmer

Tetun Linguistic Overview

Rules from INL for transforming Portuguese-derive words 

in Tetun.

National Institute of Linguistics (2004). The standard orthography of the Tetun language: 115 years in the making, INL, August 2004. 

Portuguese-derived suffixes

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Stemmer

Stemmer variants

Light stemmer:  removes suffixes from Portuguese-derived words.

Moderate stemmer:  removes suffixes from both Portuguese-

derived words and native Tetun.

Heavy stemmer:  removes suffixes from Portuguese-derived words 

and native Tetun, and prefixes from native Tetun.

01

02

03

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Stemmer

Stemming algorithm (adapted from PT stemmer in Snowball)

Light Stemmer

▪ Step 1: Check if the word has four or more characters

If not, return the original word

▪ Step 2: Apply general suffix removal

If a suffix is removed, return the stemmed word

▪ Step 3: Try verb suffix removal

If a suffix is removed, return the stemmed word

▪ Step 4: Try residual suffix removal

If a suffix is removed, return the stemmed word

▪ Step 5: If no sufixes are removed, return the original word

Pre-print paper: https://arxiv.org/abs/2412.11758

Labadain stemmer source code: https://github.com/gabriel-de-jesus/labadain-stemmer

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Avaliadór

A Tetun test collection for ad-hoc text retrieval

A test collection is a standardized dataset used to evaluate 

and compare retrieval effectiveness of search systems.

Query Document Relevance

Timor News logs Labadain-30k+ dataset Tetun-speaking assessors

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Avaliadór

Relevance judgments

A Tetun test collection for ad-hoc text retrieval

Sormunen (2002). Liberal relevance criteria of TREC: counting on negligible documents? Proceedings of the 25th ACM SIGIR, Tampere, Finland, August 11-15, 2002. 

Four graded levels of relevance:
▪ 0 – Non-relevant

▪ 1 – Marginally relevant

▪ 2 – Relevant

▪ 3 – Highly relevant

Web interface used by human assessors

Total of queries evaluated by each annotator per hour

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Avaliadór

Relevance judgments

A Tetun test collection for ad-hoc retrieval

Cohen’s k score for inter-annotator agreement

Summary of the final test collection (Labadain-Avaliadór)

Papers: https://arxiv.org/abs/2412.11758

Dataset: https://doi.org/10.25747/2K6S-E518

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Exploring LLMs for Relevance Judgments

An experiment with Tetun

LLMs evaluated and Cohen’s k agreement with humans

Comparison with the literature

Few-shot prompting with four examples

Using the same test collection

Paper: https://ceur-ws.org/Vol-3752/paper2.pdf

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Classical Retrieval Baselines

Basic text cleaning 

operations.

Removing apostrophes, 

accents, or hyphens.

Experimental setup

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Evaluation and results

Writing variations and 

language-specific nature.
As expected, the heavy stemmer achieved 

a higher ICF compared to the light and 

moderate variants.
The highest ICF relative to 

the baseline.

Frakes and Fox (2003). Strength and similarity of affix removal stemming algorithms, vol 37, pages 26--30, SIGIR Forum, ACM, New York, USA, April 2003. 

Index compression factor (ICF) for each preprocessing setting

Classical Retrieval Baselines

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Classical Baselines

Evaluation and results

Short-text retrieval (document titles)

Individual language-specific 

preprocessing and stemming 

Red values indicate scores 

lower than the baseline.

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Classical Baselines

Evaluation and results

Short-text retrieval: combined approach

DFR BM25 achieved the best performance up 

to ten cutoff (k=10) in terms of Precision, 

MAP, and NDCG.

Using DFR BM25, performance improved by 

up to 30.35% over the baseline at NDCG@10.

Hiemstra LM performed best at higher cutoff 

(k >= 20) across Precision, MAP, and NDCG.

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Classical Baselines

Evaluation and results

Long-text retrieval (document content)

Using Hiemstra LM, performance improved by up 

to 19.23% over the baseline at overall MAP.

Hiemstra LM performed best in almost all metrics 

and cutoffs.

Paper: https://arxiv.org/abs/2412.11758

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Search

www.labadain.tl

Showcasing the Best Retrieval Strategy for Tetun

General Architecture

Labadain Crawler

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Zero-Shot and Hybrid Retrieval

Objective

Overview

Investigate the performance of dense retrieval models under zero-shot 

and hybrid strategies in out-of-distribution scenarios.

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions

Combining traditional (sparse) 

and dense retrievers 

Evaluating models on Tetun, a 

language they were not trained on.

Applying pre-trained models to Tetun

without additional training or fine-tuning



35

Zero-Shot and Hybrid Retrieval

Methodology

Document representations

Retrieval 

strategies

New approach

▪ Basic zero-shot: adapted pretrained dense 

retrieval to queries and document titles for 

embeddings and evaluate their performance.

▪ Contextualized zero-shot: as above, but  titles + 

document summaries for embeddings.

▪ Basic hybrid: basic zero-shot + sparse retriever.

▪ Contextualized hybrid: contextualized zero-shot + 

sparse retriever.

Four Retrieval strategies are defined:Two factors studied

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Zero-Shot and Hybrid Retrieval

Document summarization

Configurations

▪ Approach: one-shot prompting, 

with one example per LLM call.

▪ LLM: Claude 3 Haiku.

▪ Prompt engineering: qualitatively 
evaluated multiple prompt variants 
based on observations.

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Zero-Shot and Hybrid Retrieval

Hybrid framework

Score fusion through a linear combination

Literature

Our proposal

𝑆𝑐𝑜𝑟𝑒 𝑞, 𝑑 = 𝛼 . 𝑆𝑐𝑜𝑟𝑒𝑙𝑒𝑥 q, d + 𝛽 . 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑚(q, d)

Dual-parameter tuning

A new parameter added

𝑆𝑐𝑜𝑟𝑒 𝑞, 𝑑 = 𝛼 . 𝑆𝑐𝑜𝑟𝑒𝑙𝑒𝑥 q, d + 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑚(q, d)

𝑆𝑐𝑜𝑟𝑒 𝑞, 𝑑 = 𝑆𝑐𝑜𝑟𝑒𝑙𝑒𝑥 q, d + 𝛼 . 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑚(q, d)

𝑆𝑐𝑜𝑟𝑒 𝑞, 𝑑 = 𝛼 . 𝑆𝑐𝑜𝑟𝑒𝑙𝑒𝑥 q, d + (𝛼 − 1) . 𝑆𝑐𝑜𝑟𝑒𝑠𝑒𝑚(q, d) Intuition

Sparse and dense retrievers 

may assign different scores to 

the same document, and 

therefore their signals should be 

balanced to improve relevance.

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Zero-Shot and Hybrid Retrieval

Experiment and results

Zero-shot retrieval: relative performance gain over baseline

Baselines
Model performance was compared 

against the DFR BM25 baseline.

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Zero-Shot and Hybrid Retrieval

Experiment and results

Hybrid basic retrieval: relative performance gain over baseline 

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Zero-Shot and Hybrid Retrieval

Experiment and results

Hybrid contextualized retrieval: dual-parameter tuning

ColBERTv2 + Hiemstra LM with dual 

parameters significantly outperformed the 

baseline, achieving up to +4.24% at 

MAP@10 (p < 0.05).

ColBERTv2 + sparse with a single parameter 

also outperformed the baseline, achieving up 

to +4.03% at MAP@10 when the parameter 

was assigned to the dense retriever.

Dataset: https://doi.org/10.25747/RFZX-M945

Paper: https://dl.acm.org/doi/abs/10.1145/3731120.3744593
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RAG is an architecture that combines information 

retrieval (IR) with generative large language 
models (LLMs) to produce more accurate and 
up-to-date responses.

A - Augmented Add it to the prompt context

R - Retrieval Find relevant documents

G - Generation Produce better responses

AI for Tetun (RAG Implementation)

What is RAG?

General RAG Architecture
Minaee et al. (2025). Large Language Models: A Survey. arXiv (2025). URL: https://arxiv.org/abs/2402.06196

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Chat (AI for Tetun)

Architecture and Application

www.labadain.com

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Labadain Chat www.labadain.com

Labadain Search www.labadain.tl

Google Search Console from Timor News

www.timornews.tl

Learning from Labadain’s Users

Search Log Analysis

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions

http://www.labadain.tl/
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Methodology
Log interval: 22 July 2025 - 3 October 2025 Total unique users: 904

Total prompts: 16,592

Learning from Labadain’s Users

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Results

Prompt log Analysis

Learning from Labadain’s Users

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Results

User log Analysis Peak time

Learning from Labadain’s Users

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Results

Traditional and LLM-based search

Distribution of user search intent

Categories of user search intent

A global trend towards command-based 

instructions is evident in Labadain search 

(a traditional search engine developed in 

the era of LLMs).

Learning from Labadain’s Users

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Results

Search topics Follow-up search sequences

Traditional and LLM-based search

Learning from Labadain’s Users

Dataset: https://doi.org/10.25747/X2DK-5Y06

Paper: https://dl.acm.org/doi/abs/10.1145/3731120.3744596

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions

https://doi.org/10.25747/X2DK-5Y06
https://doi.org/10.25747/X2DK-5Y06
https://doi.org/10.25747/X2DK-5Y06
https://dl.acm.org/doi/abs/10.1145/3731120.3744596
https://dl.acm.org/doi/abs/10.1145/3731120.3744596
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Why AI Matters for Tetun?

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions

Rapid AI evolution

We are in an era where AI empowers 

education, government, and innovation.

Inclusive digital future

Ensure every citizen can access digital 

services, information, and education in Tetun.

Bridging digital divide

Without Tetun-enabled AI tools, digital systems 

risk excluding the majority who use Tetun daily.

Empowering Local Knowledge

AI trained in Tetun can preserve local 

expressions and ways of thinking.

Strengthening Governance

AI-driven e-government services make 

public communication more inclusive.

Building Tech. Sovereignty

Developing AI for Tetun fosters national 

digital independence.



Takeaways and Future Directions
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Key Takeaways

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions

Language is the key to inclusion

A digital future that speaks Tetun ensures 

that everyone can access, understand, and 

benefit from technology.

AI for Tetun is both cultural and national

Building AI in Tetun preserves identity, 

strengthens sovereignty, and embeds 

local knowledge in digital systems.

The foundation is set, but 

capacity remains limited  

We now have initial resources, but 

continued research, training, and 

institutional support are crucial.

Collaboration is essential 

for progress

Academia, government, and int. partners 

must work together to develop tools, data, 

and infrastructure for sustainable growth.

The future is inclusive, intelligent, and local
Empowering Tetun through AI ensures Timor-Leste’s digital transformation truly belongs 

to its people.
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Challenges and Open Issues

Tetun text corpora remain limited.

Limited technical expertise in AI

within Timor-Leste.

Few institutions focus on language 

technology research and development.

Insufficient funding for Tetun language

innovation.

Advancing AI for Tetun remain a major challenge

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions
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Future Directions

Introduction Foundation and Application AI for Tetun Conclusion and Future Directions

Expand Tetun linguistic resources.

Expand techniques and tools for Tetun language processing.

Establish a dedicated AI R&D laboratory.

Encourage open collaboration and data sharing.



Thank You
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AI for Tetun: Building Timor-Leste’s 

Inclusive Digital Future

Gabriel de Jesus, PhD
Affiliated Researcher with INESC TEC
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November 21, 2025
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Empowering Language, Culture, and Innovation
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