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Abstract: This paper presents two offline, on-premise NLP proof-of-
concept assistants built on a shared architecture for internal knowl-
edge access in the Central Bank of Bosnia and Herzegovina: (i) a 
semantic document search tool for internal Word/PDF repositories 
and (ii) an HR chatbot that applies retrieval-augmented generation 
(RAG) over indexed HR policies and procedures. Rather than pro-
posing a novel NLP method, the paper contributes by document-
ing a reusable offline architecture for institutional AI assistants in a 
security-constrained central banking environment and by providing 
pilot evidence on how established semantic retrieval and RAG tech-
niques can be adapted to strict requirements of confidentiality, data 
sovereignty, and governance. The semantic search assistant com-
bines exact phrase matching with embedding-based retrieval and 
hybrid re-ranking, while the HR chatbot generates source-grounded 
answers using locally hosted language models under explicit gov-
ernance constraints, including B/H/S-only output, strict fallback be-
haviour, and transparent display of retrieved passages. Pilot results 
indicate that hybrid retrieval offers the most reliable performance 
across representative internal queries, while the HR chatbot dem-
onstrates the feasibility of document-grounded employee support 
under offline institutional constraints. The findings provide prelimi-
nary evidence that offline NLP assistants can improve access to in-
ternal institutional knowledge while remaining compatible with the 
security and operational risk requirements typical of central bank-
ing environments.
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1. Introduction

Natural Language Processing (NLP) has become an important enabler of intel-
ligent access to unstructured textual information, particularly in organizations 
that rely heavily on document-based knowledge. Recent advances in transformer 
models and sentence embeddings have improved the ability of systems to retrieve 
information on the basis of semantic meaning rather than exact keyword over-
lap, making such approaches increasingly relevant for professional and regula-
tory environments.

Central banks represent a domain in which access to internal documents is both 
critical and challenging. A substantial part of institutional knowledge is stored in 
unstructured formats such as internal reports, regulatory texts, policy analyses, 
procedures, and correspondence, most commonly in Word and PDF files. These 
documents are often distributed across multiple directories and repositories, ac-
cumulated over many years, and written by different organizational units. As a 
result, conventional keyword-based search frequently proves insufficient, espe-
cially when users are unfamiliar with the exact terminology used in the source 
documents.

At the same time, the use of AI-based tools in central banking is constrained 
by strict requirements related to confidentiality, security, data sovereignty, and 
operational risk. In many such environments, sensitive internal data cannot be 
exposed to external cloud services, and reliance on internet-based AI processing 
is unacceptable. These constraints create demand for offline, on-premise AI sys-
tems that can improve access to institutional knowledge while remaining com-
patible with internal governance and security requirements. 

In addition to document retrieval for analytical and supervisory work, similar 
challenges also arise in internal support functions such as human resources. HR 
policies, procedures, and benefits guidance are often dispersed across unstruc-
tured documents, leading to repetitive employee queries and inconsistent inter-
pretation of internal rules. This creates a suitable use case for document-ground-
ed conversational assistants operating under controlled institutional constraints.
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This paper presents two offline, on-premise proof-of-concept (PoC) NLP assis-
tants developed for the Central Bank of Bosnia and Herzegovina: (i) a semantic 
document search system for internal Word/PDF repositories and (ii) an HR chat-
bot for employee support based on retrieval-augmented generation (RAG). The 
purpose of the paper is not to propose a novel retrieval or language-generation 
method, but to examine how established NLP techniques can be operationally 
and institutionally deployed in a central bank setting under strict offline security 
and governance constraints.

The contribution of the paper is threefold. First, it documents a reusable offline 
architecture for NLP-based assistants suitable for central banking environments 
characterized by strict confidentiality and operational risk requirements. Second, 
it shows how established techniques in semantic retrieval, sentence embeddings, 
and retrieval-augmented generation can be adapted to institutional requirements 
such as on-premise deployment, source-grounded outputs, controlled fallback 
behaviour, and restricted language generation. Third, it provides operational in-
sights from pilot implementation of two practical assistants—a semantic search 
tool and an HR chatbot, highlighting deployment trade-offs, governance con-
siderations, and structured pilot evaluation results relevant for similar regulated 
public-sector institutions.

Taken together, these contributions are not aimed at algorithmic novelty, but at 
the design and pilot evaluation of a reusable offline NLP assistant architecture 
adapted to the governance, confidentiality, and operational constraints of a cen-
tral bank.

Although the proposed system was developed and evaluated within the Central 
Bank of Bosnia and Herzegovina, the architectural principles described in this 
study may also be relevant for other central banks and regulated public-sector 
organizations operating in similarly restricted IT environments.

2. Literature review: AI-enabled internal knowledge access in central 
banking

2.1. AI and NLP in central banking

Artificial intelligence (AI) and data-driven analytics are increasingly used in 
both commercial and central banking. In central banks, much of this work has 
focused on macroeconomic analysis, financial stability, supervisory technology, 
regulatory reporting, and broader challenges related to fintech and institutional 



102 Journal of Central Banking Theory and Practice

adaptation (Araujo et al., 2024; Doerr et al., 2021; Grigorescu, 2024; Vučinić & 
Luburić, 2024). International initiatives such as the BIS Central Bank Language 
Models (CB-LMs) further illustrate growing interest in NLP applications for cen-
tral bank communication and analysis (Araujo et al., 2024; Gambacorta et al., 
2024).

However, comparatively less attention has been devoted to practical, user-facing 
systems that support day-to-day access to internal institutional knowledge. This 
is an important gap because a substantial share of operational knowledge in cen-
tral banks remains embedded in unstructured internal documents, including re-
ports, procedures, regulatory materials, and correspondence, most often stored 
in Word and PDF formats.

2.2. Access to unstructured internal documents

Retrieval from unstructured document repositories is still often based on key-
word search. Although useful for known-item lookup, such approaches may per-
form poorly when users are unfamiliar with the exact wording used in source 
documents or when terminology differs across departments and time periods. 
In banking and related institutional settings, prior work suggests that valuable 
knowledge is frequently dispersed across heterogeneous document collections, 
limiting efficient reuse and institutional learning (Cimpeanu et al., 2023; Koti, 
2024).

These challenges are particularly relevant in central banks, where internal docu-
ments are distributed across multiple units and often subject to strict confiden-
tiality and compliance requirements. As a result, there is a practical need for re-
trieval systems that can improve access to internal knowledge without relying on 
externally hosted AI services.

2.3. Semantic search and sentence embeddings

Recent advances in NLP have made semantic search increasingly viable through 
the use of embeddings. Sentence embedding models map text segments into vec-
tor spaces in which semantic similarity can be measured computationally, al-
lowing retrieval based on meaning rather than exact lexical overlap. This is par-
ticularly useful in professional environments where users may express queries in 
conceptual rather than document-specific language.
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Transformer-based multilingual embedding models are especially relevant for 
institutional repositories with mixed-language content. By indexing overlapping 
chunks rather than full documents, semantic search systems can retrieve specific 
passages that are more directly useful to end users. Hybrid retrieval approaches 
that combine semantic similarity with lexical matching have been proposed to 
balance recall and precision, especially in domains where formal terminology 
still matters.

2.4. Retrieval-augmented generation in regulated environments

Large language models can provide flexible natural-language responses, but their 
use in regulated institutional environments is constrained by the risk of unsup-
ported or hallucinated outputs. Retrieval-augmented generation (RAG) address-
es this limitation by grounding answer generation in retrieved passages from a 
trusted document base. In this architecture, relevant fragments are first retrieved 
and then used as contextual input for generation, allowing outputs to remain 
traceable to source documents.

For central banking environments, RAG is attractive because document inges-
tion, embedding generation, retrieval, and language-model inference can all be 
implemented on-premise. This makes it possible to combine conversational ac-
cess with stronger control over confidentiality, data sovereignty, and governance 
than is typically feasible in cloud-based deployments.

2.5. On-premise AI, governance, and security constraints

Security, confidentiality, and operational risk are central considerations in AI 
adoption within central banks. More broadly, prior work on automation in bank-
ing has also shown that technology adoption in regulated financial institutions 
must be aligned with control, governance, and operational-risk considerations 
(Villar & Khan, 2021). Many institutions operate in restricted network environ-
ments where sensitive internal data cannot be transferred to external services. 
Consequently, AI systems intended for internal knowledge access must often be 
designed for offline or fully on-premise deployment.

Recent literature emphasizes the importance of trustworthy and governed AI 
systems in regulated financial institutions, including transparency, bounded out-
puts, and institutional control over model behaviour (Araujo et al., 2024; Grigor-
escu, 2024; Soundenkar et al., 2024). In this context, architectural choices such as 
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local inference, source-grounded outputs, and fallback behaviour are not merely 
technical preferences, but governance-relevant design decisions.

2.6. HR chatbots and employee self-service

Conversational agents are increasingly used in human resource management as 
part of broader employee self-service systems. HR chatbots typically provide ac-
cess to policies, procedures, and routine guidance, helping reduce repetitive in-
quiries and improve consistency of interpretation (Majumder & Mondal, 2021). 
Recent research also highlights the importance of document grounding, trans-
parency, and governance when generative AI is applied in HR contexts (Bernik & 
Šprajc, 2025; Budhwar et al., 2023; Li & Cheng, 2025).

These issues are especially important in regulated institutions, where HR-related 
responses must remain bounded, policy-based, and auditable. This makes HR 
a suitable use case for controlled, document-grounded conversational assistants 
operating entirely within institutional infrastructure.

2.7. Research gap

Although existing literature documents growing use of AI and NLP in central 
banking, most prior work focuses on analytical applications rather than opera-
tional systems for internal knowledge access. At the same time, research on se-
mantic search and RAG is well established in the broader NLP literature, but rela-
tively little has been published on how such methods can be adapted to the con-
fidentiality, governance, and infrastructure constraints typical of central banks.

This gap motivates the present study. Rather than proposing a new retrieval or 
generation method, the paper examines how established semantic retrieval and 
RAG techniques can be implemented as offline, on-premise assistants for internal 
document access in a central banking environment. The contribution, therefore, 
lies in institutional adaptation, governance-aware system design, and pilot evalu-
ation in a real organizational setting.
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3. System architecture and implementation

3.1. Overall Architecture: Two Assistants, One Offline Pipeline

The proposed proof-of-concept system is designed as an on-premise, offline-ca-
pable architecture for secure access to internal knowledge resources. Its design 
reflects the operational constraints of a central bank where document confiden-
tiality, restricted connectivity, and institutional control over AI outputs are pri-
mary requirements.

At a high level, the system consists of four modules: (i) document ingestion and 
preprocessing, (ii) chunking and embedding generation, (iii) retrieval and rank-
ing, and (iv) a web-based user interface. All components execute locally within 
institutional infrastructure, without reliance on external APIs or cloud services. 
This architecture ensures data sovereignty while allowing modern NLP tech-
niques to be applied to internal document collections.

A key architectural feature is that the same offline pipeline is reused by two as-
sistants with different user-facing functions. The first is a semantic document 
search assistant focused on retrieval of relevant document passages. The second 
is an HR chatbot that builds on the same retrieval pipeline and extends it with 
controlled language generation through a retrieval-augmented generation (RAG) 
workflow. This shared architecture reduces implementation complexity and sup-
ports consistent governance across both use cases.

3.2. Shared Document Ingestion, Chunking and Indexing Pipeline

The system processes internal document collections stored in Microsoft Word 
(.docx) and PDF (.pdf) formats. During indexing, the ingestion module recur-
sively scans a user-specified root directory and its subdirectories to identify eli-
gible documents.

Extracted text is normalized to remove excessive whitespace and formatting 
artefacts. Documents are then segmented into overlapping text chunks, which 
serve as the basic retrieval units. This chunk-based representation balances two 
competing objectives: preserving enough local context for meaningful semantic 
retrieval while keeping the units small enough for efficient indexing and ranking. 
Overlap between adjacent chunks helps retain information that might otherwise 
be split across chunk boundaries.
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Each chunk is encoded using a multilingual sentence embedding model and 
stored together with its metadata in a local index. Embedding generation is per-
formed in batches for efficiency, while model-specific caching is used to avoid 
unnecessary recomputation when indexed documents remain unchanged. This 
design supports practical incremental indexing and is particularly useful in in-
stitutional environments where document repositories evolve gradually rather 
than continuously.

3.3. Design rationale for offline indexing

The indexing pipeline was designed to support a medium-scale, heterogeneous 
document corpus under restricted infrastructure conditions. Three design choic-
es are particularly important.

First, multilingual sentence embeddings were selected because the institutional 
document environment is linguistically mixed and cannot assume English-only 
content. Second, chunk-level indexing was preferred over full-document index-
ing because users often need access to specific passages rather than entire files. 
Third, local caching of embeddings was introduced to reduce repeated index-
ing costs and make the system operationally sustainable on standard on-premise 
hardware.

These choices do not represent methodological novelty; rather, they reflect the 
adaptation of established NLP practices to the practical and governance con-
straints of a central banking environment.

3.4. Assistant A: Semantic Document Search

The first assistant provides semantic retrieval over internal document reposito-
ries. It is intended for use cases in which staff need to locate relevant passages 
across heterogeneous Word and PDF collections without knowing the exact 
wording, file location, or document source in advance.

Document chunks are represented in a shared vector space using multilingual 
sentence embeddings, enabling similarity-based retrieval at query time. Several 
pre-trained embedding models were considered in order to accommodate differ-
ent trade-offs between semantic quality, indexing speed, and hardware require-
ments. All models are used strictly in inference mode, and all processing remains 
within local institutional infrastructure.
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This design is particularly suitable for central banking environments because it 
supports meaning-based retrieval while preserving confidentiality and avoid-
ing reliance on external services. It also allows model selection to be adapted 
to operational needs, ranging from lightweight indexing for large collections to 
higher-capacity models for more semantically demanding queries.

3.4.1. Search Modes and Retrieval Logic

The semantic search assistant supports three complementary retrieval modes.

The first mode is exact phrase search, intended for cases where precise wording 
matters, such as references to formal terms, legal provisions, or procedural ex-
pressions. The second mode is semantic similarity search, where the user query is 
embedded into the same vector space as indexed chunks and compared by vec-
tor similarity. This mode supports concept-based retrieval even when the user’s 
wording differs from that used in the documents.

The third mode is a hybrid approach that combines semantic retrieval with lexi-
cal overlap signals through re-ranking. This mode is particularly useful in in-
stitutional document collections, where both conceptual relevance and termi-
nological precision may matter. Optional filters by file type and directory path 
further allow narrowing of the search space when needed.

The three modes were included not to introduce a new retrieval method, but to 
reflect different categories of information needs observed in professional docu-
ment use: known-item lookup, exploratory search, and mixed analytical queries.

3.4.2. User Interface and Interaction

Both assistants are accessed through a lightweight web-based interface. The in-
terface supports authenticated use, configuration of indexing and retrieval set-
tings, and transparent inspection of returned results.

For the semantic search assistant, retrieved fragments are displayed together 
with relevance indicators and source references. This presentation is intended to 
support user verification and interpretability, rather than treating the system as a 
fully autonomous decision tool. Figure 1 illustrates the interface of the semantic 
document search assistant.



108 Journal of Central Banking Theory and Practice

Figure 1: User interface of the NLP-driven semantic document search system with hybrid 
retrieval results

3.5. Assistant B: HR Chatbot (RAG Workflow)

The second assistant is an HR chatbot that reuses the same offline ingestion and 
embedding pipeline as the semantic search system but extends it with retrieval-
augmented generation using a locally hosted LLM.

The purpose of the HR chatbot is not to provide open-ended conversational in-
telligence, but to offer concise, policy-grounded assistance for routine employee 
questions based on authoritative internal HR documents. This use case was se-
lected because HR queries are often repetitive, document-based, and suitable for 
constrained answer generation under strong governance requirements.

3.5.1. Retrieval stage

In the HR chatbot, retrieval is the first controlled stage of the RAG workflow. 
HR policies, procedures, and internal guidelines are segmented into semantically 
coherent chunks and indexed in a local FAISS vector store using multilingual 
sentence embeddings. At query time, the system retrieves the most relevant pas-
sages based on vector similarity.
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To limit noise and unnecessary context, retrieval is constrained to TOP_K = 3. 
This setting is appropriate for HR content, where concise and authoritative ex-
cerpts are generally preferable to a larger set of partially relevant passages. Chunk 
size and overlap are aligned with the structure of HR documents so that retrieved 
fragments typically preserve complete policy statements or procedural instruc-
tions.

3.5.2. Prompt template and response policy

Answer generation is governed by a fixed prompt template that enforces insti-
tutional constraints and consistent system behaviour. The model is instructed 
to respond exclusively in Bosnian/Croatian/Serbian (B/H/S) and to use only the 
passages retrieved during the retrieval stage. It is explicitly prohibited from rely-
ing on unsupported assumptions or external knowledge.

Responses are limited to a maximum of six bullet points in order to promote con-
cise, policy-oriented answers and predictable offline inference time. When the 
retrieved context is insufficient to support a reliable answer, the chatbot returns a 
standardized fallback response indicating that the requested information cannot 
be confirmed from the available documents. In this way, the prompt functions 
not only as a generation instruction, but also as a governance mechanism sup-
porting accuracy, transparency, and human oversight.

3.5.3. Model runtime and deployment 

The HR chatbot relies on locally hosted large language models executed through 
an on-premise runtime. All inference is performed within institutional infra-
structure, without external network access. The system supports CPU-based ex-
ecution and optional GPU acceleration depending on available hardware.

To maintain predictable operational behaviour, generation parameters such as 
output length, temperature, and time limits are explicitly bounded. This allows 
pilot deployments to balance answer quality with acceptable latency under offline 
inference conditions. Figure 2 illustrates the HR chatbot interface.
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Figure 2: User interface of the offline HR chatbot PoC with configurable LLM settings and 
response-time telemetry

3.6. Governance and Safety Controls

Because the system is intended for a regulated institutional environment, gov-
ernance and safety controls are implemented at the application level rather than 
treated as optional add-ons. These controls are designed to ensure that outputs 
remain verifiable, bounded, and compatible with institutional expectations of ac-
countability and human oversight.

A central design principle is traceability. Retrieved passages are displayed along-
side system outputs so that users can inspect the evidentiary basis of both search 
results and generated answers. This improves interpretability and reduces reli-
ance on opaque model behaviour.

Additional safeguards are implemented through output constraints, including 
language restriction, structured answer formatting, and fallback behaviour when 
supporting evidence is insufficient. Together, these measures reduce the scope for 
hallucinated or speculative responses and align the assistants with a document-
grounded support role rather than an autonomous advisory role.
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3.6.1. Data protection rules

The HR chatbot is limited to providing general, policy-based information. It is 
explicitly prohibited from generating personalized responses about identifiable 
individuals, including employment status, salary, disciplinary measures, or in-
dividual benefits. Queries requiring personal data are rejected or redirected to 
official HR channels.

3.6.2. Logging and auditability

To support accountability, the system maintains minimal operational logs for 
each interaction. Logged metadata includes a timestamp, anonymized user iden-
tifier, a hash of the query, and references to the retrieved sources. Full conversa-
tion content and personal data are not retained, thereby supporting auditability 
while minimizing data retention risk.

3.6.3. Access control

Access to the chatbot and its document indices is controlled through role-based 
permissions. Users are granted access only to document collections relevant to 
their organizational role or unit. This separation reduces the risk of unintended 
exposure of sensitive internal materials and supports the principle of least privi-
lege.

3.7. Deployment and Operational Considerations

The proposed architecture is intended for deployment on standard server or 
workstation hardware within a controlled institutional network. All processing 
steps—document parsing, embedding generation, indexing, retrieval, and gen-
eration—are executed locally and without Internet connectivity.

Operationally, the system supports offline execution, incremental indexing, con-
figurable model selection, and separation between data, models, and application 
logic. These characteristics make it suitable for pilot deployment in central bank-
ing environments, where experimentation with AI systems must be carefully bal-
anced against confidentiality, security, and governance requirements.
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At the time of writing, the system was transitioning from proof-of-concept to pi-
lot use within a controlled institutional environment. Although not yet a produc-
tion-grade platform, it already supports real document collections and practical 
internal use cases, thereby providing an empirical basis for further refinement 
and evaluation.

4. Evaluation and discussion

4.1. Dataset and Document Corpus Description

The proof-of-concept system was evaluated on an internal document corpus from 
the Central Bank of Bosnia and Herzegovina. The broader document repository 
contains approximately 4,000 files, while the evaluated subset used for index-
ing experiments consisted of 1,318 documents. The corpus primarily includes 
documents in PDF and Microsoft Word formats, such as press releases, laws and 

bylaws, regulatory documents, inter-
nal reports and procedures. Document 
creation dates span a period from ap-
proximately 2010 to 2025.

For semantic search purposes, docu-
ments were divided into overlapping 
text chunks of approximately 900 
characters, using an overlap of 150 
characters to preserve contextual con-
tinuity between segments as shown in 
Figure 3.

This resulted in approximately 7247 
indexed text segments, from 1,318 files 
with an average of 5.5 chunks per doc-
ument.

4.2. Evaluation Approach and Scope

The evaluation combines three complementary components: (i) system-level 
performance measurements (indexing time and query latency), (ii) a structured 
query–relevance assessment of retrieval modes, and (iii) a small-scale qualita-

Figure 3: Text segmentation settings for 
semantic indexing: chunk size and overlap
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tive evaluation of answer grounding for the HR chatbot. Because the system is 
at pilot stage and operates in a security-constrained institutional environment, 
the evaluation is intended to provide structured feasibility evidence rather than 
benchmark-level claims. The assessed use cases were designed to reflect realistic 
information needs within a central bank, including regulatory references, inter-
nal procedures, supervisory topics, and analytical reports stored across hetero-
geneous document repositories. The evaluation therefore prioritises operational 
usefulness, interpretability, and governance compatibility, while still incorporat-
ing limited systematic retrieval and answer-quality assessment.

4.3. Indexing and Performance Characteristics

The initial indexing and embedding generation process was executed entirely on-
premise using CPU-based computation. For the evaluated corpus (approximately 
1,300 documents resulting in 7,247 indexed text chunks), the full indexing pro-
cess required approximately two hours on standard institutional hardware (Intel® 
Xeon® CPU E5-2620 v4, 12 vCPUs, 16 GB RAM).

Indexing time was primarily influenced by the selected embedding model and 
chunking configuration. Lightweight multilingual models demonstrated faster 
embedding generation and lower memory consumption, while higher-capacity 
models required longer processing times but provided improved semantic repre-
sentation quality.

To optimize operational usability, embeddings were cached locally in a FAISS in-
dex, allowing subsequent re-indexing to be performed incrementally when docu-
ment changes occurred. This significantly reduced maintenance overhead and 
enabled practical updates without full recomputation.

The indexing process represents a one-time or infrequent computational cost, 
amortized over query-time operations, which remained suitable for interactive 
use as discussed below.

4.4. Semantic Document Search Characteristics

At query time, average response latency remained below 0.5 seconds for exact 
phrase search and below 2 seconds for semantic and hybrid search modes, sup-
porting interactive use in day-to-day operational contexts. The evaluation is 
based on observations from a pilot-stage deployment of the system, reflecting its 
transition beyond a standalone proof-of-concept.
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4.5. Comparative Behaviour of Search Modes for Semantic Document 
Search

The evaluation revealed clear functional distinctions between the three support-
ed search modes, each addressing different categories of information needs.

Exact phrase search performed reliably in cases where users knew the precise 
terminology or phrasing used in documents such as references to formal titles, 
legal provisions or specific regulatory expressions. Its deterministic behaviour 
and high precision make it well suited for compliance-oriented tasks, but its reli-
ance on exact wording limits recall when terminology varies across documents 
or organizational units.

Semantic similarity search demonstrated significant advantages in exploratory 
and analytical scenarios. Queries expressed in descriptive or conceptual terms 
frequently retrieved relevant document fragments even when no direct lexical 
overlap was present. This behaviour was particularly valuable for retrieving inter-
nal analyses, reports, and background materials authored using heterogeneous 
vocabulary. However, purely semantic ranking occasionally surfaced conceptu-
ally related but contextually less relevant results, especially for short or highly 
generic queries.

The hybrid search mode proved most effective for day-to-day professional use. 
By combining semantic similarity with lexical signals, the hybrid approach bal-
anced recall and precision, promoting results that were both conceptually rel-
evant and lexically grounded. This re-ranking strategy reduced the incidence of 
semantically plausible but practically irrelevant results and aligned well with the 
expectations of expert users accustomed to traditional search systems.

4.6. Performance and Resource Considerations

While embedding generation is computationally intensive during initial in-
dexing, this cost is incurred offline and amortized over subsequent search op-
erations through the use of persistent local caches. The model-specific caching 
mechanism significantly reduced re-indexing time when documents remained 
unchanged, enabling practical maintenance workflows even for moderately large 
document collections. Query-time performance was observed to be responsive 
for interactive use, as similarity computations are limited to precomputed em-
beddings and do not require external model calls. These observations suggest 
that transformer-based semantic search can be practically deployed in offline, 
on-premise environments without specialized hardware, provided that indexing 
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operations are managed appropriately. The categories in Table 1 reflect empirical 
observations during pilot indexing and querying under the described hardware 
setup, complemented by model documentation.

Table 1: Characteristics and deployment trade-offs of evaluated multilingual embedding 
models in the semantic search pipeline

Model name
Approx. 
memory 

usage

Relative 
speed

Semantic 
quality

Typical use case

paraphrase-multilingual-MiniLM-L12-v2 Low High Moderate
Large document collections, 

frequent indexing, limited hardware

paraphrase-multilingual-mpnet-base-v2 Medium Medium High
Analytical queries requiring better semantic 

precision

BAAI/bge-m3 High Low Very high
Complex semantic queries, smaller 

collections, powerful hardware

4.7. Structured Evaluation of Retrieval Modes

To complement the qualitative observations described above, a small structured 
evaluation of the retrieval modes was conducted using a set of 30 representative 
user queries reflecting typical institutional information needs, including regula-
tory references, internal procedures, supervisory topics, and analytical reports.

For each query, the top three results returned by the three retrieval modes (ex-
act phrase search, semantic similarity search, and hybrid search) were manu-
ally inspected. Relevance was assessed against the query intent and the returned 
document fragment. A result was labelled relevant if it contained information 
directly answering the query or clearly supporting the requested topic. The rel-
evance judgments were performed manually by the authors based on inspection 
of the retrieved passages and the underlying documents. To improve evaluation 
consistency, a subset of ten queries was independently reviewed by a second eval-
uator familiar with the document corpus. The resulting relevance assessments 
were broadly consistent with the initial labels. Minor differences in interpretation 
were resolved through discussion. Because the study is intended as a pilot-stage 
feasibility assessment, relevance judgments were binary and limited to the top 
three results per query. Although the query set is relatively small, it was designed 
to reflect representative institutional information needs observed during pilot 
system use.

Table 2 reports the resulting Success@3 values, defined as the share of queries for 
which at least one of the top three returned fragments was relevant, a metric com-
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monly used in information retrieval evaluation to assess retrieval success within 
the top-k results (Manning et al., 2008). In addition to Success@3, Precision@3 
was computed to provide a complementary perspective on ranking quality by 
measuring the proportion of relevant fragments among the top three returned 
results. Precision@3 was derived from the manually assigned binary relevance 
labels for the top three retrieved fragments across the evaluated query set.

Table 2: Retrieval performance across search modes measured by Success@3 and 
Precision@3

Retrieval mode Queries with ≥1 relevant 
result in top 3 Success@3 Precision@3

Exact phrase search 17/30 56.7% 42.0%

Semantic similarity search 22/30 73.3% 56.0%

Hybrid search 26/30 86.7% 68.0%

While Success@3 captures whether at least one relevant result appears among the 
top-ranked fragments, Precision@3 reflects the density of relevant information 
presented to the user within the top results.

The results indicate that the hybrid retrieval mode provided the most reliable 
performance across diverse query types. These findings are consistent with the 
qualitative observations presented earlier. Exact phrase search performs well 
when the user knows the precise wording used in the documents, while semantic 
similarity search improves recall when terminology varies. The hybrid re-rank-
ing approach combines these advantages by preserving lexical precision while 
promoting semantically relevant passages, resulting in more stable retrieval per-
formance in professional document collections.

4.8. HR Chatbot Runtime Characteristics

In addition to semantic document search, the HR chatbot proof-of-concept was 
evaluated with respect to response latency under offline, CPU-based inference 
conditions. The chatbot reuses the same FAISS-based vector index and embed-
ding store as the document search assistant; however, in the chatbot pipeline, the 
retrieval stage includes not only vector lookup but also query embedding com-
putation and preparation of retrieved passages for prompt construction. Under 
a representative configuration (Model: qwen2.5:1.5b, TOP_K = 3, temperature 
= 0.2), the total response time was 53.5 s, composed of 6.5 s for retrieval-stage 
processing and 47.0 s for local LLM generation. Overall, end-to-end latency was 
dominated by LLM inference, while retrieval contributed a smaller but non-neg-
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ligible share. These measurements highlight a practical quality–latency trade-off 
and suggest that pilot deployments should tune model size, TOP_K, and genera-
tion limits to balance answer quality with acceptable response times.

4.9. Mini quality evaluation for HR Chatbot

To complement latency measurements, a small-scale qualitative evaluation of 
answer grounding was conducted on a controlled set of 30 HR questions cover-
ing: (i) directly answerable policy queries, (ii) procedural “how-to” queries, (iii) 
exception cases, and (iv) intentionally out-of-scope questions designed to trigger 
fallback behaviour. For each query, the retrieved TOP_K passages and the gener-
ated response were logged and manually assessed against the retrieved evidence 
and the intended answer scope. The qualitative labels were assigned manually by 
the authors based on inspection of the retrieved evidence and the generated an-
swer. Responses were labelled as fully supported, partially supported, or unsup-
ported. In addition, cases where fallback behaviour was expected were reviewed 
to assess whether the standardized fallback response was appropriately triggered. 
Fallback behaviour was considered appropriate when the retrieved passages did 
not provide sufficient evidence to support a reliable policy-based answer within 
the scope of the indexed HR documents. In such cases, the chatbot was expected 
to return the predefined fallback response rather than generate a speculative an-
swer. Table 3 summarises the results.

Table 3: Summary of HR chatbot answer-quality and fallback evaluation

Evaluation metric Result

Fully supported responses 22/30 (73.3%)

Partially supported responses 6/30 (20.0%)

Unsupported responses 2/30 (6.7%)

Correct fallback triggers 4/10 (40.0%)

Overall, the results suggest that the implemented governance constraints reduce 
the incidence of unsupported answers under offline inference conditions. This 
corresponds to a fallback precision of 40.0%. At the same time, the comparatively 
low fallback precision indicates that fallback triggering remains insufficiently 
calibrated in the present proof-of-concept and is sensitive to retrieval quality, 
document coverage, and prompt behaviour. This limitation should therefore be 
interpreted not as a failure of the governance concept itself, but as evidence that 
retrieval thresholds and fallback policies require further refinement before pro-
duction deployment.
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Beyond the qualitative grounding assessment, informal pilot feedback from HR 
staff who tested the chatbot indicated that it was perceived as a useful solution 
for routine policy-related questions. As this feedback was not collected through 
a structured user-study design, it is reported here only as indicative practitioner 
feedback.

4.10. Impact on Access to Institutional Knowledge

From an operational perspective, the PoC system demonstrated clear potential 
to enhance access to institutional knowledge embedded in unstructured docu-
ments. Users were able to retrieve relevant information without prior knowledge 
of document structure, storage location, or exact phrasing. The chunk-based re-
trieval strategy further enabled direct access to specific passages within docu-
ments, reducing the need to manually scan entire files.

This capability is particularly relevant in central banking environments, where 
institutional memory is often distributed across long-lived document collec-
tions and staff turnover can lead to loss of contextual knowledge. By enabling 
meaning-based retrieval across heterogeneous sources, the system supports more 
efficient knowledge reuse and reduces dependency on informal expertise or per-
sonal familiarity with document repositories.

4.11. Security and Governance Implications

Data protection concerns and third-party dependency have been identified across 
different banking AI applications, reinforcing the relevance of fully controlled, 
offline-capable architectures (Sadok et al., 2022; Villar & Khan, 2021). A central 
outcome of the evaluation is the confirmation that advanced NLP-based docu-
ment search can be implemented without compromising security or data sover-
eignty. The absence of Internet connectivity during normal operation eliminates 
exposure to external services, reduces attack surface, and simplifies compliance 
with data protection and confidentiality requirements.

From a governance perspective, the system’s transparent retrieval logic—par-
ticularly the hybrid re-ranking approach—supports interpretability and user 
trust. Retrieved text fragments are explicitly displayed, allowing human users 
to validate relevance rather than relying on opaque automated decisions. This 
design choice aligns with central banking principles emphasizing accountability, 
explainability, and human oversight in the use of AI technologies.
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4.12. Limitations and Practical Considerations

While the PoC demonstrates clear benefits, several limitations were identified 
during evaluation. The current implementation relies on periodic re-indexing 
to incorporate document changes, which may limit suitability for environments 
with highly dynamic document repositories. In addition, access control is en-
forced at the application level rather than at a fine-grained document or fragment 
level.

The quality of semantic retrieval is influenced by the choice of embedding model, 
which involves trade-offs between computational cost and representational rich-
ness. Although multilingual models perform robustly across diverse document 
types, domain-specific fine-tuning was not explored in this PoC and represents 
an area for potential future enhancement.

Although the proposed architecture is likely transferable to other central bank-
ing environments, its practical deployment will depend on local factors such as 
corpus size, document heterogeneity, language distribution, access-control re-
quirements, and available hardware resources. Larger institutions may require 
more scalable indexing strategies, tighter integration with document manage-
ment systems, and more granular authorization models. Therefore, the present 
findings should be interpreted as evidence of feasibility in a medium-scale, mul-
tilingual, security-constrained environment rather than as directly generalizable 
performance benchmarks for all central banks.

The manual evaluation design improves interpretability in a pilot setting, but it 
remains sensitive to evaluator judgment and should therefore be expanded in 
future work through broader expert-based assessment.

4.13. Implications for Central Banks and Transferability

Although the system was developed within the Central Bank of Bosnia and Her-
zegovina, several design principles may be transferable to other central banks and 
regulated public-sector institutions operating under similar constraints. First, 
offline-first deployment is appropriate where internal document repositories 
contain sensitive or confidential information that cannot be processed through 
external services. Second, multilingual embedding models are particularly use-
ful in document environments where language use is heterogeneous and cannot 
be reduced to English-only workflows. Third, hybrid retrieval offers a pragmatic 
balance between lexical precision and semantic recall, which is especially rel-



120 Journal of Central Banking Theory and Practice

evant in professional institutions where both formal terminology and conceptual 
search matter. Finally, transparent display of retrieved passages, bounded genera-
tion, and explicit fallback behaviour support interpretability and human over-
sight, making such systems more compatible with internal governance expecta-
tions. At the same time, transferability depends on local factors such as corpus 
size, hardware capacity, language distribution, access-control requirements, and 
integration with document management systems.

4.14. Discussion Summary

Overall, the evaluation indicates that the proposed PoC system effectively ad-
dresses a well-defined operational gap in central banking environments: the need 
for secure, offline, and semantically meaningful access to unstructured inter-
nal documents. By integrating classical information retrieval techniques with 
modern sentence embeddings in a transparent and controllable architecture, the 
system demonstrates that AI-based document search can be responsibly applied 
within highly regulated institutional contexts.

The findings support the feasibility of extending the PoC into a production-grade 
family of offline assistants, provided that future work addresses scalability, access 
control, retrieval quality, and integration with existing document management 
and internal support infrastructures.

5. Conclusion

This paper presented two proof-of-concept NLP assistants designed to improve 
secure internal knowledge access in the Central Bank of Bosnia and Herzego-
vina: a semantic document search system and a document-grounded HR chatbot 
built on a shared offline architecture. The paper does not claim methodologi-
cal novelty in retrieval or language generation. Instead, its contribution lies in 
showing how established NLP techniques can be adapted to the governance, con-
fidentiality, and operational requirements of a central bank through an offline 
on-premise design.

The evaluation results indicate that hybrid lexical–semantic retrieval provided 
the most reliable performance across the assessed internal query set, while the 
HR chatbot demonstrated the feasibility of source-grounded conversational sup-
port under bounded offline inference conditions. At the same time, the findings 
should be interpreted as pilot-stage feasibility evidence rather than as benchmark-
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level performance claims. In particular, retrieval evaluation remains limited in 
scale, and fallback behaviour in the HR chatbot requires further calibration.

More broadly, the study suggests that offline NLP assistants can provide a prac-
tical and governance-compatible approach to institutional knowledge access in 
central banking environments. The combination of offline semantic retrieval, 
transparent source display, bounded generation, and fallback behaviour may 
serve as a useful deployment pattern for other regulated public-sector institu-
tions facing similar confidentiality and operational constraints.

Future work should extend the evaluation to larger and more diverse document 
repositories, strengthen retrieval assessment with broader expert-based relevance 
judgments, improve fallback calibration in the HR chatbot, and address produc-
tion-oriented requirements such as finer-grained access control, scalability, and 
integration with existing document management systems.
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