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Abstract

Legislative knowledge evolves as an intricate hypertext in which documents are interconnected through complex, often implicit relationships.
In this paper, we introduce ReSB², a framework for retrieving and linking similar legislative bills that supports human–machine collaboration and helps reduce redundancy in the lawmaking process. The framework fine-tunes two ModernBERT-based language models on authentic legislative data, incorporating domain-specific formatting and procedural constraints derived from real workflows in a Brazilian state-level legislative assembly. To ensure transparency, ReSB² integrates an explainability module based on Integrated Gradients, enabling analysts to inspect which textual elements most influence model decisions. Evaluated on a large corpus of official bills, the framework outperforms both general-purpose and domain-specific baselines in identifying semantically similar documents, achieving recall values of approximately 0.9. Human-centric evaluation with domain experts further demonstrates that ReSB² serves as an effective human-centered augmentation tool, supporting the consistency and governance of legislative knowledge.

CCS Concepts: • Information systems → Information retrieval; • Information systems → Language models; • Information systems → Specialized information retrieval.
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1 Introduction

Legislative processes involve the creation, review, and approval of bills that propose new laws or amendments to existing ones [8][6]. These documents do not exist in isolation. Rather, they form a dynamic, non-linear network of information, interconnected through explicit citations and implicit semantic relationships. Figure 1 illustrates examples of bills and their hypertextual links based on similarity (linked) and keywords (indexing). Therefore, legal documents exhibit an inherent hypertextual nature [34][10][9].

[image: Figure 1: Two examples of Bills: Bill PL 5012/2025, linked by similarity to Bill PL 4980/2025. The latter is connected to three additional bills, totalling five linked bills forming a non-linear network of information.]Figure 1: Two examples of Bills: Bill PL 5012/2025, linked by similarity to Bill PL 4980/2025. The latter is connected to three additional bills, totalling five linked bills forming a non-linear network of information.
In the Legislative Assembly of Minas Gerais (ALMG), a Brazilian state-level legislative assembly, the lawmaking workflow requires that new proposals be constantly integrated into this evolving network. When a new bill is introduced, procedural rules require identifying similarities to existing documents. If such a connection is found, a formal link is established, associating the documents to prevent redundancy and ensure the coherence of the legal ecosystem [6]. Importantly, similarity in this context is not defined solely by lexical overlap or textual resemblance. Instead, ALMG analysts establish similarity links when two bills address substantially the same legislative matter or pursue equivalent regulatory objectives, such that they should be analyzed together to avoid redundancy or inconsistent legal outcomes. This assessment relies on expert legal interpretation and is subsequently constrained by procedural rules defined in the ALMG Internal Rules.

Figure 1 illustrates this process, showing a bill linked by similarity to another, which is in turn connected to three additional bills, forming a non-linear network of information with five linked documents in total. However, navigating this intricate web of legal knowledge poses a significant scaling challenge. Identifying similar legislative bills is far from trivial: legislative language is highly technical, featuring complex sentence structures, frequent references to legal norms, and substantial variation in writing style.

This work addresses a domain-specific Semantic Textual Similarity (STS) task in which similarity is defined by legislative substance. Specifically, two bills are considered similar when they address substantially the same legislative matter or pursue equivalent regulatory objectives, even if they differ considerably in wording. Consequently, high-recall semantic retrieval must be combined with institutional constraints and human validation.

This challenge is further compounded by the fact that similarity identification is not merely a linguistic problem, but also a task of discovering associative trails governed by domain-specific rules and procedural constraints. For instance, the ALMG Internal Rules [6] impose temporal and situational filters for a similarity link to be considered valid, Article 173, Section III restricts comparisons to bills currently under discussion, whereas Article 284, Section I limits comparisons to bills that were approved or rejected within the same legislative session. Effectively transforming simple retrieval into a form of rule-aware navigation.

In this paper, we introduce ReSB², a framework for machine-assisted linking of legislative texts that supports domain specialists in identifying similar bills in accordance with procedural requirements. The system acts as an augmentation tool, enabling effective human–machine collaboration by combining high-recall retrieval with interpretable similarity signals, allowing analysts to validate and refine suggested links.

ReSB² utilizes domain-adapted ModernBERT models to identify semantic connections beyond the limitations of keyword-based tools. The framework integrates an Explainable Artificial Intelligence (XAI) module based on Integrated Gradients, allowing analysts to inspect the textual features that contribute to each suggested link. Validated through retrieval metrics and qualitative feedback from ALMG specialists, ReSB² demonstrates how AI can serve as a stewardship tool for large-scale digital corpora, fostering consistency and transparency in the democratic process.

The main contributions of this paper are:

1. The ReSB² Framework: A framework for machine-assisted linking of legislative texts, integrating semantic similarity modeling with procedural constraints and Explainable Artificial Intelligence (XAI) methods for providing local explanations.

2. Domain-Specific Language Models: The development of two adaptations of Multilingual ModernBERT, specifically pretrained and fine-tuned to capture the business rules and nuanced semantics of the Brazilian legislative domain.

3. The SB Dataset: The introduction of the Similar Brazilian State Bills dataset, containing 121,766 documents and 47,238 similarity pairs, providing a foundation for future research in Linked Legal Data.

4. Human-Centric Evaluation: An in-production evaluation of the framework based on real-world usage and feedback from domain experts. We demonstrate that offline results generalize to practice, highlighting the role of the framework as an assistive tool that preserves human agency in legislative workflows.



2 Related Work

The intersection of Legal Information Retrieval (LIR) and hypertext has a rich history, rooted in early legal retrieval systems [2][25] and specialized legal hypertext databases [35]. More recently, the convergence of LIR and Artificial Intelligence has advanced the study of law, framing it as a complex and dynamic hypertextual ecosystem [34][10].

The conceptualization of lawmaking as a hypertextual endeavor argues that legal texts are not merely static documents but dynamic structures that undermine traditional, linear theories of legislation and interpretation [9]. This paradigm shift has led to the development of integrated legal decision-support systems that prioritize human augmentation over autonomous robot lawyers, emphasizing the importance of sustainable, accessible legal advisory infrastructures [14]. Modern applications of this hypertextual approach extend to the virtualization of parliamentary debates, where systems like VR-ParlExplorer utilize Large Language Models (LLMs) and chatbots to create immersive, spatial hypertext environments for collaborative interaction [1]. Furthermore, the challenge of navigating these vast institutional corpora is addressed through AI-driven automatic indexing, which cross-references multimedia streams with verbatim reports to generate “Video Tables of Contents” (VTOCs), thereby enhancing the accessibility and non-linear navigability of public records [7]. Together, these works position hypertext as a suitable architecture for transparent, interlinked, and human-centered legal systems.

Operationalizing such hypertextual structures, however, requires robust semantic representations capable of capturing nuanced relationships between documents. This need has driven the adoption of Natural Language Processing (NLP) techniques, particularly in light of open government data policies that promote transparency and accessibility of public information [12][18][28].

For Portuguese-language applications, most models are derived from BERTimbau [29], a general-purpose model pre-trained on a large corpus of Portuguese texts collected from the web and based on BERT [11].

These models have been adapted to several specialized domains, including legislative and legal contexts. For example, GovBERT-BR [27] extends BERTimbau through continued pre-training on texts from the legal and administrative domains, improving performance on government-related NLP tasks. Another noteworthy contribution is JurisBERT [32], a BERT model pre-trained from scratch on Brazilian legal texts and refined for the legal sub-language. It was trained on pairs of legal case summaries annotated for Semantic Textual Similarity (STS). BERTikal [23] is a Brazilian legal-domain language model based on the BERT-base architecture, initialized from the BERTimbau [29] checkpoint and further pre-trained on corpora composed of Brazilian legal texts, this additional domain-specific training enables the model to better capture the linguistic patterns and terminology characteristic of legal documents.

More recently, ModernBERT [33] was introduced as an evolution of the BERT architecture, designed to handle long documents and extended contexts more efficiently. While maintaining the foundational design of BERT, ModernBERT incorporates key improvements such as an expanded context window and optimized attention mechanisms, allowing it to process large texts without substantial increases in computational cost. Building on this, Multilingual ModernBERT (mmBERT) [20] extended the architecture to support over 1,800 languages, including Portuguese. To the best of our knowledge, there has not yet been an adaptation of mmBERT to the Portuguese legal or legislative domain.

Alongside these models, several legislative datasets have been published. The UlyssesNER-Br dataset [3] contains documents from the Brazilian Chamber of Deputies annotated with named entities. LegisPL-BR [19] is another dataset that provides legislative texts from the same institution. Additionally, the dataset presented in [4] includes bills from the Rio Grande do Norte Parliament (ALRN), thereby extending coverage to a Brazilian state-level legislative assembly.

In Explainable Artificial Intelligence (XAI), recent work has applied Integrated Gradients (IG) [30] to improve the interpretability of BERT-based models. Talebi et al. [31] used IG to analyse decision-making in neuroradiology protocol assignment. Makino et al. [17] examined the sensitivity of IG to the number of integration steps and proposed adaptive step selection to reduce interpretability errors. These works show that IG-based explanations are reliable and semantically coherent, supporting their use in sensitive, high-stakes domains such as law and government.



3 SB² Dataset: Similar Brazilian State Bills

Before introducing the proposed framework, this section describes the SB² dataset and the preprocessing pipeline applied, both essential components of our approach. The dataset consists of legislative bill texts collected from two primary sources: the Legislative Assembly of Minas Gerais (ALMG) and the Brazilian Chamber of Deputies1.

Although other datasets include Brazilian legislative bills [3][19][4], none of them provide information on similarity relationships between bills. This is precisely the distinctive contribution of the SB² dataset.

The preprocessing procedure applied to both sources involved several steps designed to reduce textual noise and remove content irrelevant to the similarity detection task:

Length-based filtering. Bills with fewer than 100 characters or with empty or null text were removed to eliminate incomplete or irrelevant records.

Removal of justification sections. Sections explicitly marked as “justification” (and their variants) were removed using regular expressions. Since these typically contain subjective arguments or political context rather than the bill’s substantive content, thus introducing noise to the model.

Text standardization to ALMG format. Each document was reformatted according to the ALMG convention, concatenating the summary before the main body of the bill text to ensure structural consistency across documents.

After preprocessing, the dataset comprised 49,868 legislative bills from ALMG, including 3,754 similar pairs, and 71,898 bills from the Chamber of Deputies, with 43,484 similar pairs.

The positive pairs correspond to similarity links previously established by legislative analysts at ALMG and the Brazilian Chamber of Deputies during the regular legislative workflow. These links serve as the reference labels used throughout our experiments and reflect expert assessments that two bills address substantially the same legislative matter or pursue equivalent regulatory objectives. Consequently, the labels capture substantive legislative relatedness rather than purely lexical or semantic similarity.



4 ReSB² Framework: Retrieving Similar Brazilian State Bills

This section describes ReSB², the proposed framework for retrieving similar legislative bills 2. The framework is designed to assist legislative staff by automatically retrieving bills that are considered substantively related according to institutional legislative practice, thereby supporting analysts in establishing similarity links, improving both the efficiency and accuracy of the legislative review process. ReSB² operates through four main stages, as illustrated in Figure 2: (1) model training; (2) embedding generation and indexing; (3) similarity search; and (4) explanation generation.

By combining domain-specific adaptation, task-focused fine-tuning and efficient vector-based retrieval aligned with institutional business rules, ReSB² provides a robust and scalable solution for retrieving substantively related legislative bills through semantic representations in Brazilian state parliaments.

The similarity search process follows a two-stage architecture, combining a bi-encoder for large-scale candidate retrieval with a cross-encoder for fine-grained re-ranking. This architecture has become a standard and well-supported design pattern in modern Information Retrieval (IR) systems. Recent evaluations across multiple domains, including argument retrieval [36] and semantic textual relatedness [22], reinforce the effectiveness of this architecture by achieving an effective balance between scalability and ranking precision.

In the first stage, a bi-encoder [24] maps queries and documents into a shared embedding space, enabling efficient k-nearest neighbors (k-NN) search over large corpora. The second stage then refines the top-k candidates using a cross-encoder, which jointly encodes the query–document pair to capture token-level interactions. Cross-encoders consistently deliver substantial ranking improvements due to their richer attention mechanisms and deeper semantic alignment [5][16].

Overall, the combination of bi-encoder retrieval followed by cross-encoder re-ranking is widely recognized as a state-of-the-art IR strategy, supported by contemporary empirical evidence and increasingly adopted in high-precision applications. Additionally, the framework supports interpretability through the application of Integrated Gradients (IG) [30], enabling users to visualize which textual elements most influenced the model’s similarity predictions.

The base model used in ReSB² is Multilingual ModernBERT (mmBERT) Base [20], which contains approximately 307 million parameters. This model was selected because it combines the efficiency of the ModernBERT architecture with multilingual support, including Portuguese.



4.1 Model training

The model training stage forms the foundation of the proposed framework, enabling language models to effectively capture the semantic and structural characteristics of legislative texts. This phase involves both continued pre-training and fine-tuning procedures, ensuring the models are adapted to the legal and legislative domain 3. Continued pre-training allows the base language model to internalise domain-specific vocabulary and stylistic patterns from legislative corpora, while fine-tuning optimises performance for the similarity-detection task. Together, these steps ensure that the resulting models can generate high-quality embeddings and accurate similarity judgments, forming the backbone of the retrieval process in subsequent stages.

4.1.1 Continued pre-training. Before fine-tuning, the base model underwent a continued pre-training phase using the Masked Language Modeling (MLM) objective. The goal was to expose the model to the syntactic patterns, terminology, and legal-drafting style typical of legislative texts, enabling it to better adapt to the linguistic characteristics of this domain. The resulting domain-adapted model was then used as the initialisation point for both the bi-encoder and cross-encoder fine-tuning stages.

4.1.2 Fine-tuning the Bi-Encoder. The next phase involved fine-tuning for embedding generation using a bi-encoder architecture, implemented following the Sentence-BERT (SBERT) framework [24]. In this setup, each legislative bill is independently encoded as a dense embedding vector, meaning the model processes one document per context window. The similarity between two bills is then computed by comparing their embeddings.

The main advantage of this approach is its efficiency for large-scale retrieval: the resulting embeddings can be indexed and queried in vector databases, enabling fast, scalable search across thousands of documents. However, since the bi-encoder encodes texts separately, it does not fully capture fine-grained token-level interactions between the two bills. To address this limitation, a second re-ranking stage is later applied using a cross-encoder model.

During training, we employed the Multiple Negatives Symmetric Ranking Loss [15]. This loss function requires only positive (i.e., similar bills) pairs, while treating all other examples within the same batch as implicit negatives. This setup allows the model to efficiently learn to bring embeddings of similar bills closer together while pushing apart those of dissimilar bills, without the need to manually construct negative pairs.
This procedure is particularly effective when the objective is to build a vector index for similarity-based retrieval systems.

4.1.3 Fine-tuning the Cross-Encoder. Finally, a cross-encoder model was fine-tuned to re-rank the candidate pairs retrieved by the bi-encoder. Unlike the previous architecture, the cross-encoder processes each pair of bills jointly within the same context window. This allows the attention mechanism to model detailed token-to-token interactions between the texts, generally leading to more accurate similarity judgments.

The loss function used in this stage was Binary Cross-Entropy with Logits Loss [13], suitable for binary classification of similarity. Although the cross-encoder is computationally more expensive and not suitable for large-scale searches, it is highly effective for refining the ranking of the top candidate pairs retrieved in the first stage. In this sense, it acts as a high-precision re-ranking layer, valuable for identifying nuanced semantic relationships between texts that are not evident from embeddings alone.



4.2 Embedding Generation and Indexing

The bi-encoder model was employed to generate dense embeddings for all legislative bills in the dataset. Each embedding represents the semantic content of a bill in a high-dimensional vector space, enabling efficient similarity-based retrieval.

Once generated, these embeddings were indexed using an indexing system such as Elasticsearch4
or OpenSearch5
. These systems provide efficient k-nearest neighbors (k-NN) search, enabling efficient retrieval of semantically similar bills. In addition, they operate as full-fledged databases capable of storing both embeddings and structured metadata, enabling domain-specific business rules to be applied directly during retrieval.

[image: Figure 2: Overview of the ReSB² Framework.]Figure 2: Overview of the ReSB² Framework.


4.3 Similarity Search

The similarity search process combines two complementary stages: embedding-based retrieval with the bi-encoder model and re-ranking with the cross-encoder model.

In the first stage, the query bill is encoded into a dense vector by the bi-encoder and compared against pre-indexed embeddings using the indexing mechanism described in the previous section. This step efficiently retrieves the top-k most similar documents based on vector similarity. Acting as a fast pre-selection filter, it substantially reduces the search space while maintaining high recall.

During this stage, metadata attributes associated with each bill can also be used to impose constraints before the k-NN search, thereby integrating business rules directly into the retrieval pipeline. This hybrid approach, combining semantic retrieval with structured metadata filtering, ensures both context-aware search and alignment with institutional legislative requirements, thereby enhancing the practical applicability of the ReSB² framework in real-world legislative environments.

In the second stage, each retrieved candidate bill is paired with the query text and jointly processed by the cross-encoder, which was fine-tuned for pairwise similarity classification. The cross-encoder generates a refined similarity score for each pair, allowing the retrieval results to be re-ranked by semantic relevance.

Overall, this two-stage retrieval strategy leverages the scalability of embedding-based retrieval and the precision of token-level interaction modeling, ensuring both efficiency and accuracy in retrieving candidate bills for substantive legislative similarity assessment.



4.4 Explanation generation

To provide additional insight into the cross-encoder stage, we apply Integrated Gradients (IG) [30], a widely adopted Explainable Artificial Intelligence (XAI) method for attributing model predictions to individual input features. IG estimates the contribution of each token in the input sequence processed by the cross-encoder (i.e., the two bills being evaluated for similarity), indicating how much each token positively or negatively influences the final similarity score. The contribution of the padding token is used as the baseline reference. Since IG generates token-level attributions, each word receives the average relevance of its subwords.

For visualization, we scale word contributions to [-1,1], keep only positive values above 0.2, and highlight them in shades of green: lighter tones show weaker influence, and darker ones indicate stronger relevance. This filtering and color scheme reduces visual clutter and helps users quickly identify the key words that guided the cross-encoder’s decision.

Although transformer-based models remain largely opaque due to their complex internal mechanisms, IG provides a practical approach for obtaining local explanations of model predictions. Rather than revealing the complete reasoning process of the cross-encoder, IG highlights input features that contribute to a given prediction, offering partial transparency into similarity judgments. This information allows users to inspect which terms contributed most to the predicted relevance scores, particularly in cases where similar legislative bills share influential concepts.



5 Offline Evaluation

This section describes the experimental setup used to evaluate the proposed framework for identifying similar legislative bills. The experiments were designed to assess model performance under realistic legislative conditions, in line with the specific operational and institutional constraints of the Brazilian state legislature. All experiments used consistent training and evaluation procedures to ensure comparability, reproducibility, and statistical reliability.



5.1 Hyperparameters

The continued pre-training stage was executed for five epochs, while fine-tuning of both the bi-encoder and cross-encoder was performed for three epochs, balancing computational cost with sufficient training time to learn meaningful patterns.

All models were trained with a fixed hyperparameter configuration. Preliminary experiments indicated that this setup provided stable convergence and consistent validation loss. Training employed the AdamW optimizer with a learning rate of 5e-5, β₁ = 0.9, β₂ = 0.999, weight decay of 0.01, dropout probability of 0.1, and a warm-up ratio of 0.1. All other settings used the default parameters of the Hugging Face Transformers library. 6

To obtain robust performance estimates, each experiment was executed five times with different random seeds (148937, 529411, 785321, 903112, 662977), and the results were averaged.



5.2 Experimental Setup

The experiments were structured to reflect practical use cases of the legislative analysis process. Two search configurations were evaluated: (i) a session-restricted setting, in which similarity searches were limited to bills from the same legislative session, mirroring internal procedural rules that differentiate ongoing bills from those already concluded. (ii) a no-restriction setting, in which cross-session comparisons were allowed to capture broader patterns of similarity across the entire corpus.

The indexing system used was OpenSearch7, which provides efficient k-NN search. The retrieval pipeline followed the ReSB² framework described in Section 4.3. We evaluated two variants: (i) the full two-stage pipeline, combining bi-encoder retrieval with cross-encoder re-ranking (with the first stage using k=50 in the k-NN search), and (ii) the first stage alone, consisting of the bi-encoder with indexing, to assess the impact of cross-encoder refinement on retrieval quality.

For evaluation, we use Recall to measure the proportion of relevant documents retrieved among the candidates. As most bills have only one relevant document, the task corresponds to a known-item search scenario [26]. In this setting, precision-based metrics are inherently limited, for example, Precision@10 has a maximum value of 0.1. Consequently, Mean Reciprocal Rank (MRR) is particularly suitable, as it captures how early the relevant document appears in the ranked list. Together, Recall and MRR provide complementary perspectives on retrieval effectiveness and the practical usefulness of ranked results in legislative similarity search.



5.3 Dataset Construction

To fine-tune the similarity models, we constructed pairs of legislative bills from SB² Dataset. Pair sampling was designed to ensure diversity and class balance, using a 25%–75% ratio of similar to non-similar pairs. For ALMG bills, this resulted in 3,754 similar and 11,262 non-similar pairs; for the Chamber of Deputies bills, 43,484 similar and 130,444 non-similar pairs. Non-similar pairs were randomly sampled to avoid topical or temporal biases.

In the SB² dataset, data from the Brazilian Chamber of Deputies were incorporated as an external corpus for knowledge transfer, enriching the linguistic and structural diversity available during training. The procedural rules described in Section 5.2 (e.g., restricting comparisons to bills within the same legislative session) can only be applied to the ALMG data, since legislative session metadata are not available for the Chamber of Deputies. For this reason, all evaluation was carried out exclusively on ALMG bills, ensuring methodological consistency and alignment with real-world operational conditions.

For training, all Chamber of Deputies pairs were combined with 50% of the ALMG pairs; from this combined set, 90% (163,343 pairs) were used for training and 10% (18,150 pairs) for validation. The remaining 50% of the ALMG pairs were reserved for testing, yielding a test set of 7,510 pairs, including 1,877 labeled as similar. From these 7,510 test pairs, 11,701 distinct bills were extracted and then indexed in the indexing system. The 1,877 similar pairs were used to construct the queries, formatted as (bill, list of similar bills), producing 1,795 queries under the same-session restriction and 3,155 under the unrestricted configuration.

Bills not selected for pair construction (either for training or testing) were repurposed for continued pre-training using the Masked Language Modelling (MLM). The amount of data available for MLM varied across the five experimental repetitions due to the randomness of non-similar pair sampling, but averaged approximately 42,000 documents.

Figure 3 shows the distribution of token counts in ALMG bill texts after preprocessing, with several documents exceeding mmBERT’s 8,192-token context limit. A 1,500-token window (≈ 96th percentile) was chosen to fully capture most bills. Accordingly, bi-encoder training and continued pre-training used a maximum sequence length of 1,500 tokens, while the cross-encoder, which processes both bills jointly, employed a 3,000-token window (≈ 1,500 tokens per bill) to ensure consistency across stages.

[image: Figure 3: Distribution of token counts ( computed using the mmBERT tokenizer) across ALMG bills.]Figure 3: Distribution of token counts ( computed using the mmBERT tokenizer) across ALMG bills.


5.4 Baselines

We compare ReSB² against a diverse set of baseline models, covering both domain-specific and general-purpose approaches:

(i) JurisBERT [32], a transformer model trained from scratch on Brazilian Portuguese legal texts and subsequently fine-tuned for the Semantic Textual Similarity (STS) task.

(ii) BERTikal [23], a domain-adapted transformer model based on BERTimbau [29], further pre-trained on Brazilian Portuguese legal corpora to better capture domain-specific language patterns.

Both JurisBERT and BERTikal are tailored to legal language in Brazilian Portuguese. However, as they are built upon the original BERT architecture, they are constrained to a maximum context window of 512 tokens.

(iii) OpenAI Text Embeddings 3 Large [21], a general-purpose multilingual embedding model that captures broad semantic relationships across domains and languages. This model supports a significantly larger context window (up to 8192 tokens), providing a strong cross-domain baseline.

(iv) mmBERT [20], a multilingual ModernBERT model, serves as the base architecture for ReSB². This baseline allows us to isolate and measure the impact of the domain-adaptive pre-training (MLM) and fine-tuning strategies introduced in our framework. For a fair comparison, mmBERT is evaluated using the same context window as ReSB² (1500 tokens in the bi-encoder).

(v) ReSB² ALMG, a variant of our framework trained exclusively on data from the Legislative Assembly of Minas Gerais (ALMG). As described in Section 5.3, the full SB² training set includes legislative data from both ALMG and the Brazilian Chamber of Deputies, the latter serving as an external corpus for knowledge transfer, while all evaluations are conducted on ALMG bills. This baseline assesses the contribution of incorporating external legislative data during training. The same context windows as ReSB² are used (1500 tokens for the bi-encoder and 3000 tokens for the cross-encoder).

Together, these baselines offer complementary perspectives for evaluation. OpenAI embeddings provide insight into general-purpose, cross-domain performance with extended context capacity. JurisBERT and BERTikal establish strong legal-domain baselines, although they are constrained by the limited context window of the original BERT architecture. Finally, mmBERT (the base model used in ReSB²) and ReSB² ALMG (a variant trained on a reduced dataset) enable a controlled analysis of the impact of domain-specific training under different data compositions, while maintaining the same architecture and context window as the full ReSB² framework.



5.5 Results

The results, summarized in Table 1 and visualized in Figure 4, reveal substantial performance differences across models and evaluation settings, highlighting the challenges of legislative similarity retrieval and the strengths of the proposed ReSB².

Table 1: Retrieval performance across different models and experimental conditions

		Recall@n				MRR@n			
		n=5	n=10	n=15	n=20	n=5	n=10	n=15	n=20
		Same legislative session							
	JurisBERT	0.571 ± 0.010	0.676 ± 0.006	0.729 ± 0.006	0.766 ± 0.003	0.421 ± 0.005	0.435 ± 0.005	0.440 ± 0.005	0.442 ± 0.005
	BERTikal	0.481 ± 0.003	0.553 ± 0.005	0.598 ± 0.005	0.635 ± 0.006	0.366 ± 0.006	0.376 ± 0.005	0.379 ± 0.005	0.381 ± 0.005
	OpenAI Emb Large	0.803 ± 0.014	0.864 ± 0.008	0.885 ± 0.009	0.903 ± 0.008	0.655 ± 0.009	0.663 ± 0.008	0.665 ± 0.008	0.666 ± 0.008
	mmBERT	0.416 ± 0.012	0.477 ± 0.014	0.522 ± 0.015	0.555 ± 0.009	0.320 ± 0.011	0.329 ± 0.010	0.332 ± 0.010	0.334 ± 0.010
	ReSB² ALMG	0.777 ± 0.013	0.868 ± 0.011	0.912 ± 0.013	0.939 ± 0.010	0.601 ± 0.005	0.613 ± 0.005	0.616 ± 0.005	0.618 ± 0.005
	ReSB² stage 1	0.851 ± 0.008	0.905 ± 0.007	0.929 ± 0.005	0.942 ± 0.005	0.683 ± 0.005	0.690 ± 0.005	0.692 ± 0.005	0.693 ± 0.005
	ReSB²	0.856 ± 0.008	0.913 ± 0.008	0.937 ± 0.006	0.951 ± 0.005	0.686 ± 0.010	0.694 ± 0.010	0.696 ± 0.010	0.697 ± 0.009
		No restriction							
	JurisBERT	0.427 ± 0.004	0.486 ± 0.003	0.524 ± 0.004	0.550 ± 0.006	0.331 ± 0.007	0.339 ± 0.006	0.342 ± 0.007	0.344 ± 0.006
	BERTikal	0.419 ± 0.007	0.465 ± 0.008	0.490 ± 0.007	0.510 ± 0.007	0.342 ± 0.004	0.348 ± 0.004	0.350 ± 0.004	0.351 ± 0.004
	OpenAI Emb Large	0.724 ± 0.004	0.793 ± 0.005	0.821 ± 0.004	0.838 ± 0.005	0.568 ± 0.007	0.578 ± 0.007	0.580 ± 0.007	0.581 ± 0.007
	mmBERT	0.391 ± 0.004	0.427 ± 0.004	0.448 ± 0.003	0.465 ± 0.004	0.324 ± 0.002	0.329 ± 0.002	0.330 ± 0.002	0.331 ± 0.002
	ReSB² ALMG	0.685 ± 0.017	0.793 ± 0.012	0.850 ± 0.005	0.882 ± 0.002	0.508 ± 0.023	0.523 ± 0.022	0.527 ± 0.022	0.529 ± 0.021
	ReSB² stage 1	0.735 ± 0.011	0.811 ± 0.006	0.846 ± 0.004	0.868 ± 0.002	0.571 ± 0.009	0.582 ± 0.009	0.584 ± 0.009	0.586 ± 0.009
	ReSB²	0.724 ± 0.029	0.821 ± 0.012	0.868 ± 0.004	0.892 ± 0.002	0.529 ± 0.045	0.542 ± 0.042	0.546 ± 0.042	0.547 ± 0.042
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mmBERT achieves the lowest performance across all evaluated metrics, which is expected given that it does not incorporate any domain-specific adaptation to the legal context. BERTikal performs better, as it is pre-trained on Brazilian legal corpora and can therefore capture domain-relevant linguistic patterns. JurisBERT further improves upon these results, as it is not only trained on legal texts but also fine-tuned for the Semantic Textual Similarity (STS) task, making it particularly well-suited for this evaluation setting.

OpenAI Text Embeddings 3 Large also operates without task-specific fine-tuning in our experiments. However, its substantially deeper architecture, larger context window, and broader training corpus result in a more expressive embedding space. Despite being a general-purpose model, its competitive performance suggests that it captures legislative or formal-text patterns more effectively, enabling stronger semantic matching.

Given the nature of the task, retrieving semantically similar bills to support legislative analysis, it can be characterized as a high recall system, making Recall a more critical metric than MRR. In practice, analysts are willing to examine all documents retrieved within a reasonable cutoff to ensure that no redundant bills advance through the legislative process. Under these conditions, maximizing Recall becomes the primary objective.

Since the Recall values of ReSB², ReSB² Stage 1, ReSB² ALMG, and OpenAI Text Embeddings 3 Large fall within overlapping margins of error (mean ± standard deviation), we further assess statistical significance using the Wilcoxon signed-rank test, which is appropriate for paired samples. Specifically, we compare each of ReSB² Stage 1, ReSB² ALMG, and OpenAI Text Embeddings 3 Large against ReSB², testing whether the median difference in Recall is zero at a significance level of α = 0.05. This analysis is conducted for both the same legislative session and the no-restriction settings.

ReSB² ALMG achieves strong performance in terms of Recall@10 and Recall@20, remaining competitive with the full ReSB² model. However, the Recall values of ReSB² are statistically significantly higher than those of ReSB² ALMG in both the same legislative session and no-restriction settings (Wilcoxon signed-rank test, W = 15.0, p ≤ 0.05 across all Recall cutoffs). ReSB² ALMG also exhibits considerably lower MRR values, indicating that although relevant documents are often retrieved within the top-k results, they tend to appear in lower-ranked positions.

The substantial performance gap between ReSB² and mmBERT highlights the effectiveness of the training strategy in Section 4. Furthermore, the significant difference between ReSB² and ReSB² ALMG evidences the benefit of incorporating the Chamber of Deputies’ external knowledge base during training.

When restricting the search space to bills within the same legislative session, all models naturally achieve higher Recall and MRR, reflecting the more homogeneous and temporally aligned nature of these documents. Across all metrics and values of n, the full ReSB² pipeline consistently outperforms all baselines (Wilcoxon signed-rank test, W = 15.0, p ≤ 0.05 across all Recall cutoffs). These improvements are pronounced at higher cutoffs, for instance, ReSB² reaches 0.951 Recall@20 in the same-session scenario, surpassing all baselines by a considerable margin. Gains from ReSB² Stage 1 are also evident, indicating that even without the re-ranking, the specialized retrieval stage substantially enhances performance.

In the no-restriction scenario, where candidate bills come from all sessions and no metadata filters are applied, performance declines across all models due to increased heterogeneity. Even under these more challenging conditions, ReSB² maintains superior performance compared to ReSB² ALMG, as previously discussed. It also outperforms OpenAI Text Embeddings 3 Large, with statistically significant gains (Wilcoxon signed-rank test, W = 8.0, p ≤ 0.05 for Recall@5, and W = 15.0, p ≤ 0.05 for the remaining Recall cutoffs).

While Stage 1 achieves slightly better results at the very top of the ranking compared to ReSB² (e.g., Recall@5, with W = 15.0, p ≤ 0.05), the full ReSB² framework demonstrates more robust performance as n increases. For Recall@10, although ReSB² shows numerically higher values than Stage 1, the difference is not statistically significant (W = 12.0, p > 0.05). However, for Recall@15 and Recall@20, ReSB² significantly outperforms Stage 1 (W = 15.0, p ≤ 0.05). This pattern suggests that, in more heterogeneous settings, the cross-encoder introduces a re-ranking effect that may slightly alter the top-ranked positions, but becomes increasingly beneficial at deeper ranks by correcting mid-ranking errors and improving the retrieval of relevant bills beyond the first positions. This behavior also helps explain the higher variance observed in the full ReSB² framework under these conditions.

As discussed earlier, Recall is the most critical metric for this task, and the full ReSB² framework consistently achieves the best performance under this criterion, making it the most reliable approach for real-world legislative retrieval scenarios.



6 Human-Centric Evaluation

This section presents a human-centric evaluation of ReSB² in a real-world production environment. Rather than relying solely on offline experiments, we assess the framework as a tool for human augmentation within the legislative workflow of the Minas Gerais Parliament (ALMG). The system implementing ReSB² has been deployed for four months; however, consistent usage began only two months ago. Since then, a total of 2,319 queries have been issued by 11 distinct users.



6.1 Professional Feedback

When a bill is queried, the system presents the top-10 retrieved bills as candidates for linkage. Users can provide explicit feedback for each suggested bill through a binary signal (positive or negative), indicating whether the retrieved bill is similar to the queried one. If no relevant bill is retrieved, users may manually specify the appropriate linkage. Importantly, this feedback does not constitute the final linking decision; rather, it serves as optional input to support future model improvements.

In total, 136 explicit feedback instances were collected, covering 90 distinct bills. Among these, 25 bills were excluded from the analysis, as they received neither positive feedback nor manual linkage, making it impossible to determine whether no similar bill existed or whether it was not retrieved by ReSB². This results in a final set of 65 evaluated bills.

Out of these, 53 bills had at least one correct suggestion among the results presented by ReSB², as indicated by positive user feedback, while in 12 cases the correct bill had to be manually inserted. This corresponds to a success rate of 81.5%. Given that users are presented with the top-10 results, the corresponding metrics are Recall@10 = 0.815 and MRR@10 = 0.619.



6.2 Field Study

A complementary evaluation was conducted based on actual linkage decisions made by users. In total, 197 bills were linked following a query and the corresponding retrieval of candidate bills by ReSB². Among these, 162 cases included the final linked bill within the top-10 suggestions provided by the system, resulting in a success rate of 82.2%. Under this setting, the observed performance corresponds to Recall@10 = 0.822 and MRR@10 = 0.545.



6.3 Qualitative Analysis

Beyond quantitative results, human-centric evaluation revealed a fundamental trade-off in legislative retrieval: balancing large context windows with domain-specific expertise.

The Challenge of Scale (Fiscal Links). In cases involving complex fiscal legislation, particularly bills containing extensive annexes, tables, and structured forms, documents tend to be significantly longer. We observed that the general-purpose model OpenAI Text Embeddings 3 Large, which support context windows of up to 8,152 tokens, occasionally outperformed the base ReSB² architecture. These cases typically occurred when the relevant semantic signal was located near the end of long documents or embedded within technical attachments. In such scenarios, the ability to process larger contexts allowed generalist models to capture information that would otherwise be truncated or diluted in models constrained by shorter input limits.

The Advantage of Domain Knowledge (Procedural Links). Conversely, ReSB² consistently demonstrated superior performance in identifying procedural and institution-specific relationships that general-purpose models failed to capture. These connections often arise from implicit legislative rules and workflow conventions rather than surface-level textual similarity. For instance, the framework successfully linked bills with distinct vocabularies but equivalent procedural roles or legislative statuses. This behavior highlights the importance of domain-adaptive training, enabling the model to bridge structurally related yet lexically divergent documents, an ability that general-purpose models typically lack.



6.4 Discussion

In both the Professional Feedback and Field Study analyses, it is not possible to determine whether procedural filtering rules were applied; consequently, it is unclear whether the queries correspond to the same legislative session or to a no-restriction scenario. Nevertheless, the observed Recall@10 and MRR@10 values are consistent with those reported in Table 4 under the no-restriction setting. This alignment suggests that the performance observed in offline experiments generalizes well to real-world usage.

The interaction of domain experts with the system demonstrates that ReSB² effectively supports the identification of relevant legislative connections. Moreover, the feedback collected during the qualitative analysis provides valuable insights that can guide future improvements to the framework.

In practice, ReSB² shifts the interaction between analysts and legislative documents from manually searching large collections to reviewing a ranked list of candidate bills. This human-in-the-loop workflow preserves expert judgment while focusing the analyst’s attention on the most relevant candidates. Although our evaluation did not directly measure productivity gains or task completion times, the sustained use of the system (2,319 queries issued by 11 users) indicates that it integrates naturally into the legislative analysis process.



7 Explanation example

Figure 5 presents an example of a local explanation generated by ReSB² using Integrated Gradients (IG). Green highlights indicate positive contributions to the predicted similarity, with darker shades representing stronger contributions of individual words.

[image: Figure 5: Example of an explanation generated by ReSB². Green highlights indicate positive contributions to the predicted similarity, with darker shades representing stronger contributions of individual words.]Figure 5: Example of an explanation generated by ReSB². Green highlights indicate positive contributions to the predicted similarity, with darker shades representing stronger contributions of individual words.
In the example, the highlighted words correspond to the core regulatory concepts shared by the two bills, such as the prohibition of associating gifts with the sale of food products. Despite differences in wording, the explanation shows that the model focuses on legally meaningful concepts rather than relying solely on lexical overlap. These explanations provide legislative analysts with additional evidence to verify whether a suggested linkage is supported by relevant legislative content, thereby increasing transparency and facilitating human validation within the retrieval process.



8 Conclusions and Future Work

This work presented ReSB², a framework for retrieving and linking similar legislative bills in the Brazilian legislative context. The framework supports human–machine collaboration and helps reduce redundancy in the lawmaking process.

Compared to OpenAI’s embedding-based solution, ReSB² achieved superior performance across all evaluated metrics. Moreover, the use of a local model enables the application of interpretability methods, such as Integrated Gradients, allowing analysts to inspect word-level contributions to similarity judgments and providing partial insight into the re-ranking process. These results demonstrate that ReSB² not only achieves strong performance but also provides a cost-effective, domain-adapted, and partially transparent solution suitable for integration into legislative workflows.

Domain specialists interacted with the link suggestions generated by ReSB², achieving a success rate above 80%. This human-in-the-loop evaluation indicates that the framework effectively complements legal expertise, acting as an assistive tool that surfaces relevant candidates within a large and complex search space. Furthermore, because the architecture combines generic neural retrieval components with institution-specific training data and procedural filters, it can potentially be adapted to legislatures in other countries, provided equivalent corpora and similarity annotations are available.

Limitations. A key limitation of the dataset is the presence of semantically similar bills that were never formally linked due to political factors, resulting in structural false negatives that may affect evaluation. In addition, some legislative bills exceed the maximum input length supported by the current model configuration, requiring truncation that may omit relevant long-range information.

Future Work. Future work will focus on incorporating a user feedback loop to iteratively refine similarity signals based on expert input, thereby mitigating false negatives. Another promising direction is to investigate architectures and training strategies capable of processing longer legislative documents.
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Notes

1. Data available at https://huggingface.co/datasets/lucas-lage/SB2-Dataset.

2. Framework code available at https://github.com/LucasLage/ReSB2-Framework.

3. Trained models are publicly available:
ReSB²-Base: https://huggingface.co/lucas-lage/ReSB2-Base
ReSB²-Bi-Encoder: https://huggingface.co/lucas-lage/ReSB2-Bi-Encoder
ReSB²-Cross-Encoder: https://huggingface.co/lucas-lage/ReSB2-Cross-Encoder

4. https://www.elastic.co/elasticsearch/

5. https://opensearch.org/

6. https://huggingface.co/docs/transformers/

7. https://opensearch.org/
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