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Abstract. Intelligent analysis of employee data is becoming increasingly rele-
vant in the context of digital transformation of human resource management processes 
and the growing need to process both structured and unstructured sources of informa-
tion. Modern approaches require the implementation of solutions capable of efficient-
ly handling tabular data while simultaneously extracting meaning from textual em-



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Іs. 3.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License 146

ployee descriptions. However, most existing systems lack a unified architecture that 
combines OLAP analysis, clustering, and semantic search within a locally executable 
analytical environment. The objective of this study is to develop a local analytical 
subsystem aimed at comprehensive analysis of employee information using the em-
bedded OLAP DBMS DuckDB and the vector database ChromaDB. To achieve this 
objective, the following tasks were implemented: data preprocessing, aggregation 
using SQL queries, employee clustering through the k-means method, vectorization 
of textual descriptions, and deployment of semantic search based on the all-MiniLM-
L6-v2 model. As a result, a software prototype was developed that enables both quan-
titative and semantic analysis of employee data. The system demonstrated high perfor-
mance under local execution, rapid personnel segmentation capabilities, and semantic 
search through natural language queries without the need for external services. Ad-
ditionally, the results were visualized using the Yandex DataLens BI platform. The 
proposed solution exhibits a high degree of reproducibility and can be adapted to in-
ternal HR analytics, decision support systems, and information-analytical platforms. 
The findings confirm the potential of integrating OLAP and vector technologies with-
in a unified local architecture for intelligent processing of employee information.

Keywords: vector databases, semantic search, OLAP analysis, DuckDB, 
ChromaDB, employee clustering, text data analysis
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Аннотация. Қызметкерлер туралы мәліметтерді интеллектуалды 
тұрғыдан талдау қазіргі таңда адами ресурстарды басқару процестерінің 
цифрландырылуы және құрылымдалған әрі құрылымдалмаған ақпарат көздерін 
өңдеу қажеттілігінің артуы аясында ерекше өзектілікке ие болуда. Заманауи 
тәсілдер кестелік деректерді тиімді өңдеумен қатар, қызметкерлердің мәтіндік 
сипаттамаларынан мағыналық ақпаратты ала алатын шешімдерді ендіруді 
талап етеді. Алайда, қазіргі қолданыстағы көптеген жүйелерде OLAP-талдау, 
кластерлеу және семантикалық іздеу мүмкіндіктерін біріктіретін бірыңғай 
архитектура қарастырылмаған. Осы зерттеудің мақсаты – DuckDB кіріктірме 
OLAP деректер қорын басқару жүйесі мен ChromaDB векторлық деректер 
қорын пайдалану арқылы қызметкерлер туралы мәліметтерді кешенді түрде 
өңдеуге бағытталған жергілікті аналитикалық ішкі жүйе құрастыру. Бұл мақсат 
аясында деректерді алдын ала өңдеу, SQL-сұраныстары арқылы агрегаттау, 
K-means әдісімен қызметкерлерді кластерлеу, мәтіндік сипаттамаларды
векторлау және all-MiniLM-L6-v2 моделіне негізделген семантикалық іздеуді
ендіру сияқты міндеттер жүзеге асырылды. Нәтижесінде, қызметкерлер туралы
деректерге сандық әрі мағыналық тұрғыдан талдау жүргізуге мүмкіндік беретін
бағдарламалық прототип жасалды. Жүйе жергілікті ортада жоғары өнімділікті,
персоналды жедел сегменттеуді және табиғи тілдегі сұраныстар бойынша іздеуді
сыртқы сервистерге қосылусыз іске асыру мүмкіндігін көрсетті. Сонымен
қатар, нәтижелер Yandex DataLens BI платформасында визуализацияланды.
Ұсынылған шешім жоғары деңгейдегі қайталанымдылыққа ие және ішкі HR-
талдау, шешім қабылдауды қолдау жүйелері мен ақпараттық-аналитикалық
платформалар міндеттеріне бейімдеуге болады. Зерттеу нәтижелері OLAP
және векторлық технологияларды бірыңғай жергілікті архитектура шеңберінде
біріктіру интеллектуалды кадрлық ақпаратты өңдеу үшін болашағы зор екенін
дәлелдейді.

Түйін сөздер: Векторлық деректер қорлары, Семантикалық іздеу, OLAP-
талдау, DuckDB, ChromaDB, Қызметкерлерді кластерлеу, Мәтіндік деректерді 
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Аннотация. Интеллектуальный анализ кадровых данных становится всё 
более актуальным в условиях цифровизации процессов управления персоналом 
и необходимости обработки как структурированных, так и неструктурирован-
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ных источников информации. Современные подходы требуют внедрения реше-
ний, способных эффективно обрабатывать табличные данные и одновременно 
извлекать смысл из текстовых описаний сотрудников. Однако в большинстве 
существующих систем отсутствует единая архитектура, сочетающая возможно-
сти OLAP-анализа, кластеризации и семантического поиска в рамках локально 
исполняемой аналитической среды. Целью настоящего исследования является 
разработка локальной аналитической подсистемы, ориентированной на ком-
плексный анализ сведений о сотрудниках организации с использованием встра-
иваемой OLAP-СУБД DuckDB и векторной базы данных ChromaDB. В рамках 
поставленной цели были реализованы задачи по предобработке данных, агре-
гации с использованием SQL-запросов, кластеризации сотрудников методом 
K-средних, векторизации текстовых описаний и внедрению семантического по-
иска на основе модели all-MiniLM-L6-v2. В результате был создан программный
прототип, позволяющий проводить как количественный, так и смысловой ана-
лиз кадровых данных. Система продемонстрировала высокую производитель-
ность при локальном исполнении, возможность быстрой сегментации персона-
ла и реализацию поиска по естественно-языковым запросам без подключения
к внешним сервисам. Дополнительно обеспечена визуализация результатов в
BI-среде Yandex DataLens. Предложенное решение обладает высокой степенью
воспроизводимости и может быть адаптировано к задачам внутреннего HR-а-
нализа, систем поддержки принятия решений и информационно-аналитических
платформ. Результаты исследования подтверждают перспективность объедине-
ния OLAP- и векторных технологий в рамках единой локальной архитектуры
для интеллектуальной обработки кадровой информации.

Ключевые слова: векторные базы данных, семантический поиск, 
OLAP-анализ, DuckDB, ChromaDB, кластеризация сотрудников, анализ тексто-
вых данных
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Introduction
In the era of increasing digitalization and growing complexity of human re-

source management, effective employee data analytics has become strategically im-
portant for organizations. Modern information flows include both structured data 
(e.g., numerical and categorical attributes) and unstructured text that reflects experi-
ence, competencies, and behavioral characteristics.

Traditional analytical approaches based on relational models and tabular sys-
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tems face limitations in processing poorly structured data, especially for semantic 
interpretation and contextual search (Boncz et al., 2020). In response, the scientific 
community is exploring hybrid architectures that combine OLAP analytics with ma-
chine learning and natural language processing methods.

Particularly relevant are embedded, serverless databases and vector DBMSs 
designed to work with neural network embeddings. However, the development of 
local, integrated analytical systems that unify quantitative and semantic analysis 
remains insufficiently studied. There is a gap in integrating OLAP processing with 
semantic text analysis and automated personnel segmentation within a unified envi-
ronment.

This paper presents a local analytical subsystem combining the OLAP engine 
DuckDB and the vector database ChromaDB for personalized HR data analysis. The 
system integrates SQL queries, clustering algorithms, and semantic search using text 
embeddings within an offline architecture. It enhances accuracy, reduces processing 
time, and broadens analytical capabilities without requiring additional computing re-
sources (DIF Management, 2023).

The methodology involves Python-based data processing, machine learning, 
text vectorization, and visualization in an interactive BI interface.

Materials and Methods
Description of the Organization and Setting a Business Task
On behalf of the organization, the task of analyzing employee data was set. It 

includes preprocessing data provided as an xlsx file, calculating statistical informa-
tion, segmenting employees, and preparing a report.

It is of primary importance to model the existing process of working with 
employee data (Figure 1).

Fig.1. Employee Analysis Business Process
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After receiving a notification about the need to analyze employee data, the 
specialist examines the received data file. It is presented in xlsx format and is an 
upload from the database of a subordinate organization that only its employees have 
access to. Next, the specialist performs data processing and generates a final report on 
employees. The key is the subprocess of direct data processing, as well as the fact that 
text information is available in the upload. Consider the decomposition of the “Data 
Processing” subprocess (Figure 2).

Fig. 2. Decomposition of the “Data Processing” Subprocess

Getting the necessary metrics, calculating the main indicators, creating lists, 
and segmenting employees takes place manually. Microsoft Excel software and tools 
are used to process and work with data. As a result, a situation arises in which de-
termining a single metric requires performing several manipulations in the form of 
sorting, filtering data, building pivot tables, and so on. As a result, the time required 
for data processing increases significantly. 

An important feature of employee data is that in addition to numeric attributes, 
which are successfully processed in Microsoft Excel, there are columns with text in-
formation manually entered. The data processing specialist chooses one of two paths: 

1. Consider only numeric attributes.
2. Manual processing of text columns.
The disadvantage of the first option is that it considers a limited amount of in-

formation, which can lead to a distortion of the whole picture, omission of important 
characteristics and affect the final decision-making of management decisions. In the 
second case, the data processing time is multiplied by manual processing. The amount 



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6. Іs. 3.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License 152

of data is increased by adding additional columns with the most valuable information, 
which the specialist manually selects from text columns. This also increases the prob-
ability of errors due to the human factor (DuckDB Contributor, 2023). 

It should be noted that to get access to the updated / processed file, you must 
repeatedly transfer the modified version to another specialist. As a result, the number 
of intermediate versions of the document increases, the data transfer time increases, 
and there is a risk of data security or integrity violations. 

An alternative solution is to create a local database. An optimized process of 
employee data analysis is simulated to enhance the methodological framework for 
organizational decision-making.” (Figure 3).

Fig. 3. Optimized Business Process “Employee Analysis”

The main change is the use of a different solution, namely the shared 
OLAP-oriented  DuckDB DBMS and the locally deployed ChromaDB database. 
After receiving employee data in xlsx document format, the data is uploaded to the 
database management system – DuckDB. Data is stored and processed in the same 
way inside the DBMS. Let us illustrate the decomposition of the modified data pro-
cessing subprocess (Figure 4).

First, we noted that the processing of text information contained in data is 
automated, since the DBMS has built-in mechanisms for working with semi-struc-
tured and unstructured data. These mechanisms will be described in more detail in 
the second chapter. Accordingly, we get several improvements: 

1. Data processing time is reduced.
2. There are opportunities for using new data analysis tools (writing SQL

queries, performing vector search, using machine learning, including clustering, and 
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others).

Fig. 4. Decomposition of the Optimized Data Processing Subprocess

3. Accounting for the full amount of available information.
4. Getting access to the same database simultaneously from several manage-

ment employees. 
5. No large number of intermediate versions of the document in separate files.
6. Reduce security and data integrity risks.
The possibility of using other existing types of databases, such as relational

databases (PostgreSQL, MySQL), NoSQL systems, object-oriented DBMSs, hier-
archical and graph databases, was also considered. Each of the listed databases has 
its own advantages (for example, effective horizontal scalability, maintaining strict 
information integrity due to centralized data storage, the ability to work with complex 
object structures, etc.) and is effective in solving various business problems (Hunga, 
2023). However, based on the structure of available employee data, centralized rela-
tional databases have several functional limitations, while other types of databases, 
on the contrary, provide redundant capabilities or complicate the data processing pro-
cess. 

Thus, the proposed solution fully satisfies the tasks set. Moreover, if neces-
sary, the created database can be supplemented with other documents: regulatory le-
gal acts, text documents, additional xlsx format tables, and others. 

Now, based on the business task, we will formulate the goal of the work: to 
analyze data about employees of the organization using locally installed and shared 
open source systems: an OLAP-oriented DBMS and a vector database (Ivanov et.al., 
2021). 
            Key Features of DuckDB and ChromaDB
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The use of traditional relational databases in processing text information has 
several functional limitations associated with the complex nature of human-entered 
text data. Vectorized solutions are an alternative specialized solution for process-
ing and storing unstructured information, such as text, images, video and audio files 
(Karimi et.al., 2024.)

Since the available data about employees of the organization contains col-
umns with text information entered by a person, it is worth focusing on the mech-
anisms of text processing in vector databases. Text information can be presented in 
a wide variety of formats: technical documentation, structured text files, informal 
correspondence in instant messengers, streaming data from social networks, etc. The 
main problems that arise when processing such data are the presence of slang or 
dialect expressions, the variety of natural language interpretations, and the presence 
of a specific context. Moreover, do not forget about the presence of spelling errors, 
which often occur in the case of manual data entry or text compilation (Khan, 2024.). 
Vectorized solutions can successfully solve the problem of processing text informa-
tion by supporting machine learning, as well as mechanisms for performing semantic 
(semantic) search. 

According to the Global Market Insights report “Size and market share of vec-
tor databases, forecasts for 2025–2034” for 2024, the demand for vector databases as 
solutions for managing multidimensional data is growing 

It is driven by an increase in the number of applications using artificial intel-
ligence and machine learning(Light, 2023). 

It is worth noting that there is a serious problem in the vector database mar-
ket related to the commercial component. For example, for small businesses, such a 
solution is expensive, which prevents the widespread adoption of vector databases. 
However, existing open-source alternatives offer cost-effective and competitive solu-
tions. These are DuckDB and ChromaDB. 

DuckDB is a vectorized, embedded, OLAP-oriented database management 
system (Ma et.al,2024), optimized for performing analytical queries against local 
data. It does an excellent job of aggregating, filtering, joining tables, and processing 
data in a column format. 

The main features of DuckDB include a fast SQL query executor, support for 
working with various formats (CSV, Parquet, Pandas DataFrame, etc.), and working 
locally inside the application without a server. DuckDB is also characterized by col-
umn-based data storage and a vectorized engine  that supports SIMD optimization, 
which allows it to process data in blocks and perform operations much faster.

The choice of DuckDB is due not only to the high performance of SQL que-
ries with integration capabilities in applications and machine learning environments, 
but also to its ability to function both independently and as an embedded solution, 
which allows it to be used in various contexts-from local analysis to integration into 
distributed systems. 

Since DuckDB does not support semantic search directly, which is one of the 
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main tasks set, it can be used in conjunction with a vector database, for example, with 
ChromaDB. 

ChromaDB is an open-source vector database designed for storing and search-
ing vector embeddings. 

The fundamental difference from the traditional database, which operates with 
tables and rows, is that the vector database works with multidimensional numeric 
vectors (Mohamed et.al, 2023) In simple terms, semi-structured and unstructured 
data undergo a vectorization process (Mullins, 2022).  and are encoded in numerical 
form, which allows performing algorithmic operations with them. This transforma-
tion of data makes it possible to perform semantic search and configure recommen-
dation systems.  

Vectorization is the process of converting data into numeric vectors, also 
called embeddings. A distinctive feature of embeddings is the preservation of seman-
tic and structural features of the text (Nosratabadi, 2022). Due to this data transfor-
mation, words that are similar in meaning will be located closer to each other in a 
multidimensional vector space. 

Vectorization is a fundamental step for implementing and further using a vec-
tor database. The overall workflow (Figure 6) consists of several generalized stages 
(Orazbayeva et.al, 2023)

1. Data injection. The source data is converted to the format of numerical mul-
tidimensional vectors using the embedding model. 

2. Creating a vector storage. The resulting embeddings are sent and grouped
in the data warehouse and can be used to execute queries. 

3. Request implementation. When solving the problem of finding the nec-
essary information from a text query, it is also converted to a vector format using a 
similar embedding model. 

4. Processing the request vector. The query vector and source data vectors are
matched to find the most relevant match and get a response to the query. 

In the above process, the third and fourth steps relate to one of the special 
functions of vector databases – creating a Question-and-Answer Chain( and Answer 
Chain, QnA Chain). This is a structured query processing process in which the sys-
tem, based on the information loaded into the database, generates a relevant response 
to the request, considering the context. The advantages of such chains are the reli-
ance on specific documents from which the user prefers to get the answer, as well 
as considering the semantic properties of the text, rather than the exact match of 
the requested text, which is implemented in relational databases (Qin et al., 2023). 

The request and response chain works according to the following scheme: 
1. Reading and analyzing the question. The system interprets the request,

defines the semantics, and translates the request into a vector format using the em-
bedding model. 
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Fig. 6. General Process of Using a Vector Database

2. Search for required (matching) data. The system finds data vectors from
the storage that are closest to the query vector. 

3. Generating the response. The system generates a coherent and accurate
response. 

4. Refine the primary response. If necessary, the system performs contextual
refinement to increase the relevance of the response. 

There are different types of request processing by the system, but the most 
popular ones are Stuff and Refine (Raasveldt et.al., 2019).

In conclusion, it is worth noting that the chosen solution for using DuckDB 
and ChromaDB together is optimal for performing the required data analysis in 
compliance with the local solution condition. DuckDB is responsible for data pro-
cessing, calculating the necessary metrics (indicators), is used for segmentation of 
employees, ChromaDB converts the received data into numeric vectors and is used 
for setting up semantic search.

The main advantages of the chosen solution are:
- compliance with the requirements of the organization, support for semantic

search;
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- integration with machine learning models and large language models.
- support for working with semi-structured data (text).
- high query execution speed, SQL language support (Rodriguez et al.,

2015).
Among the disadvantages, it is possible to distinguish the complexity in the 

perception of vector representations and, as a result, the requirement for a certain 
level of knowledge and skills of a specialist engaged in their processing. Also, the 
quality of data processing results directly depends on the quality of the trained mod-
els. 

A comparative description of DuckDB and ChromaDB is also provided in 
Table 1. 

Table 1. Key Features of DuckDB and ChromaDB
DuckDB Criterion ChromaDB Database
type OLAP / 

Vectorized 
Vector 

Assignment Analytical queries, 
table data process-
ing 

Vector search 
(semantic search) 

Data Model Tables, SQL Vectors + 
Documents / 
Metadata 

Storage Files, Memory Vectors + text 
Integration of Pandas, CSV, 

Parquet 
LLM, NLP, ML 
models 

Speed is Very high for 
local analytics 

High for Vector 
search 

Works as Embedded / In-
process 

Embedded / 
Lightweight SQL 
server 

SQL Full SQL support No SQL, but there 
is API

Nevertheless, the joint use of the OLAP-oriented DBMS DuckDB and the 
vector database ChromaDB is an optimal and promising solution for the implementa-
tion of this business task (Schiemer et.al, 2019). 

Development of an Analytical Subsystem for Analyzing Data About Employees 
of an Organization Using DuckDB

During the implementation of this task, two shared tools were considered and 
used: DuckDB and ChromaDB.

Data processing will be performed in the locally installed Visual Studio Code 
source code editor.

To work, the first step is to install and import the necessary libraries: Pandas, 
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DuckDB, and Scikit-learn (Figure 8).
Next, a temporary connection to DuckDB (Smagulov, 2020) is created, which 

runs in RAM and automatically closes when the program ends. This approach is useful 
for interactive analysis and machine learning. If you need to save data, a connection is 
created in the same way with the file path specified (for example, ‘my_db.duckdb’).

Fig.8. Code for Installing the Required Libraries
After the connection is established, a dataframe is created based on data from 

the xlsx file (Figure 9).

Fig. 9. Code for Connecting to DuckDB and Uploading Data
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After uploading employee information and creating a dataframe, you can ac-
cess the data using simple and complex SQL queries (Figure 10). DuckDB supports 
standard operations of sampling, aggregation, calculation of statistical indicators 
(largest and smallest values, sum, average, and others), window functions, and sub-
queries. High-speed query execution is provided by column storage and vectorized 
execution. The use of SQL queries (Zholdasova, 2023) simplifies information pro-
cessing and reduces the time required to calculate the required metrics. Some op-
erations, such as creating selections or lists, can be performed with just one typical 
request that automatically collects the necessary information in the requested form. 
Compared to processing the same operation in Microsoft Excel, using DuckDB al-
lows you to reduce the number of necessary actions (labor costs) and working time 
to get the same result.   

Fig. 10. Code with Examples of SQL Queries to Data

Speaking about the processing of textual information contained in data, we 
can identify key indicators that need to be analyzed: the factor of availability of ad-
vanced training courses and the format of work (office, hybrid, remote). Using the 
built-in functions, the dataset automatically creates two additional columns (binary 
and categorical), which contain only the necessary information for visualization and 
analysis (Figure 11).
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Fig. 11. Code for Processing Text Columns

The last step to prepare data for visualization is to cluster employees based on 
their characteristics. The k-means method was chosen as the key algorithm. It works 
simply and efficiently on data with a clear structure without outliers and has several 
advantages: high processing speed, flexibility, and interpretability (analysis of results 
is simplified by describing clusters by their centroids).

Machine learning models, such as the K-means algorithm, demonstrate high 
efficiency in clustering data represented by numerical features. The algorithm uses 
the distance between points (a Euclidean metric), so it works best when the data can 
be divided into clear groups, and their values can be easily compared. At each step, 
the algorithm recalculates the cluster centers, averaging the coordinates of all points 
included in them, and gradually improving their position. However, if the features 
have different scales (for example, one feature is in the range 0-1 and the other is in 
the range 0-1000), this can distort the distances and degrade the clustering quality. 
The solution to this problem is data standardization. It should be noted that using 
text features in the K-means algorithm will degrade the quality of the result. Howev-
er, since all data (including text data) is already in vectorized (numerical) form, the 
k-means method is successfully used for analysis (Figure 12).

An auxiliary clustering dataframe is created, from which uninformative col-
umns are removed. Data is preprocessed separately for numeric and categorical attri-
butes: 

– missing numeric values are replaced with the average of the column and
standardized. 

- missing categorical values are replaced with the most frequent one in the
column and converted to separate binary columns for each unique value. 

Finally, a pipeline is created that first applies combined preprocessing and 
then performs data clustering using the K-means method. 
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Fig. 12. Code for Clustering Employee Data

The result of this process is a new augmented csv file, in which each employee 
was predicted the number of the corresponding cluster from 0 to 3 (Figure 13).

Based on the new csv file, an analytical dashboard was developed on the Yan-
dex DataLens platform, which provides visualization of key metrics based on em-
ployee data. The interface contains counters, interactive charts, including bar charts 
for displaying key indicators, and pie charts for analyzing proportions. Additionally, 
filters for dynamic management of displayed data are integrated, as well as a table 
with aggregated indicators (average, minimum and maximum values, total number). 
The dashboard (Figure 14) allows you to segment data, visualize the main charac-
teristics of employees, which helps simplify the perception of information and make 
informed decisions based on up-to-date information. 
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Fig. 13. Part of the Final Dataframe in csv Format

Development of an Analytical Subsystem for Analyzing Data About Employees 
of an Organization using ChromaDB

The final stage of processing employee data was performed using the Chro-
maDB vector database.

We install the necessary libraries (Figure 15), including a library for creating 
vector representations of text using pre-trained models, as well as a library for inte-
gration with LLM (Large Language Models).

Each row in the source table is converted to a dictionary with three keys: 
- id: unique document ID.
- title: value from the “FULL NAME” column.
- text: value from the “Description” column.
In the code block (Figure 17), text data is divided into fragments for subse-

quent vectorization.  Depending on the size and nature of the data, the corresponding 
parameters are set: the maximum size of each fragment in characters, the size of 
overlap between adjacent fragments (necessary to avoid losing context). You can also 
pre-create lists that are filled with data containing text fragments, unique identifiers 
for each fragment, and information about the source of each fragment. 
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Fig. 14. Analytical Dashboard on the Yandex DataLens Platform
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  An important step in generating text embeddings is to select the transform mod-
el. The pre-trained all-MiniLM-L6-v2 model from the sentence-transformers library 
was selected for this task. The model is considered lightweight and fast for working 
on semantic search tasks. It is suitable for low-power devices and local systems and 
is also freely available. Model initialization and testing are shown below (Figure 18). 

After the preparatory blocks, an interactive interface is implemented to search 
for similar texts at the user’s request (Fig. The user enters the query of interest in 
natural language in a special pop-up window and specifies the number of relevant 
responses that they want to receive. Next, the system searches for similar texts in 
the ChromaDB collection and returns the results as a dictionary, which specifies the 
“Result Number”, “Text Source”,” Relevance level”, and” Short Text Fragment”.

Fig. 15. Code for Importing Required Libraries

Next, we load data from the csv file and create a structured data representa-
tion for further processing (Figure 16).

Fig. 16. Code for Reading and Structuring Data
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Fig. 17. Code for Splitting Text Data

Fig. 18. Code for Creating Text Embeddings

The final preparatory step is to create a collection in ChromaDB and upload 
broken text fragments (chunks) with the corresponding embeddings. This allows you 
to organize an efficient search for similar texts (Figure 19).

Thus, the generalized steps for implementing semantic search are as follows: 
1. Splitting the text into fragments.
2. Creating embeddings.
3. Upload data to ChromaDB.
4. Interactive search.
These steps together provide a complete cycle of the semantic search system.
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Fig. 19. Code for Creating a Collection in ChromaDB

Fig. 20. Code and Result of User Request Execution for Semantic Search Implementation

Results and discussion
Based on the results of the study, an intelligent analytical subsystem was devel-

oped for local analysis of employee information using integrated tools for processing 
structured and unstructured data. The proposed solution is based on the architectur-
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al integration of the OLAP-oriented database management system DuckDB and the 
vector database ChromaDB, which made it possible to simultaneously implement 
efficient aggregation, clustering, and semantic analysis of information.

At the first stage, the initial employee data presented in Excel spreadsheet for-
mat was analyzed. Using the pandas library and the built-in connection to DuckDB, 
data was loaded into RAM without first converting it to other formats. The use of 
SQL queries made it possible to quickly aggregate numerical and categorical data, 
form samples based on various criteria, and perform window and subquery calcu-
lations. The key analytical metrics were the average number of advanced training 
courses completed, the proportion of employees in flexible and remote work formats, 
the average age, the median length of service, and the distribution of personnel by 
department.

Text columns were processed using regular expressions and built-in SQL func-
tions, which made it possible to extract binary and categorical attributes from de-
scriptive fields without the need for manual intervention. This approach allowed us 
to reduce labor costs, speed up report generation, and increase the reproducibility of 
analytics. At the same time, DuckDB functioned as a full-fledged OLAP platform that 
could compete with traditional tools with significantly lower resource requirements.

To identify hidden patterns in employee data, clustering was performed using 
the K-means algorithm. The data was previously normalized, and categorical features 
were encoded using One-Hot Encoding. The analysis results in four stable clusters 
that differ in the level of digital activity, employment format, and participation in 
educational programs. Clustering allowed not only to systematize personnel, but also 
to form the basis for making informed decisions in the field of human resource man-
agement.

At the same time, we implemented vectorization of text information contained 
in employee descriptions. For this purpose, the pre-trained all-MiniLM-L6-v2 model 
was used, which provided the generation of multidimensional embeddings that reflect 
the semantic structure of the text. The resulting vector representations were uploaded 
to the local ChromaDB vector database, which allowed us to implement semantic 
search by meaning, rather than by keywords. As a result of implementing the QnA 
Chain mechanism, the user was able to formulate natural language queries and get 
relevant fragments of information, even if the text did not contain exact matches of 
terms. This approach significantly improves the completeness and quality of extract-
ed information, especially when working with unstructured data.

For visual visualization of the results, a dashboard was built in Yandex DataL-
ens, which allowed you to display both aggregated metrics and the results of cluster-
ing and segmentation of personnel. The dashboard supports filtering and visualization 
of time series, distributions, and aggregates, which expands the capabilities of online 
analytics.

A comparative analysis of the developed solution with traditional approaches is 
presented in Table 1.
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Table 2. Comparative Analysis of Analytical Platforms
Parameter Excel / SQLite DuckDB + ChromaDB
Processing speed Medium High, optimized
SQL support Partial Full
Structured data processing Yes Yes

Text information processing Limited (manual) Full-fledged (vectorization + 
ML)

Machine learning No Support via scikit-learn
Semantic search No Yes
Work without Internet Yes Yes

BI visualization support Limited Connection to Yandex DataL-
ens, Power BI, etc.

Scalability Low High (Embedded, API, 
Multithreading)

Resource requirements are Moderate and low (everything works in 
memory, without a server)

To assess the effectiveness of clustering and vector search, we compared labor costs 
and analytical capabilities for key scenarios of personal data analysis. The results are 
presented in table 2.

Table 3. Comparison of Analytical Scenarios

Analysis Scenario Traditional Approach Integrated System (DuckDB + 
ChromaDB)

Calculation of aggregated indicators 15–30 minutes 
manually Less than 1 minute using SQL

Segmentation of personnel by 
attributes is missing Implemented using K-means

Processing of text columns Manual viewing and 
filtering

Automated processing and 
extraction of attributes

Search by meaning in descriptions Unavailable Semantic search is not available 
using QnA Chain

Data visualization and filtering Limited features Interactive dashboard in a BI 
environment

Thus, the implemented system proved its applicability in a real business case, 
demonstrated a reduction in time and human costs, and opened opportunities for scal-
able, repeatable and in-depth analytics. Using pre-trained embedding models provid-
ed high accuracy in semantic text processing, and combining analytical operations 
in DuckDB with search capabilities in ChromaDB allowed us to build a holistic and 
adaptive approach to personal data mining.

Despite the results achieved, certain limitations remain. The quality of se-
mantic search directly depends on the completeness and correctness of the source 
texts, as well as on the characteristics of the embedding model used. Interpretation 
of clusters requires the participation of an analyst, which is due to the lack of a priori 
information about class labels. In addition, the integration of more complex mod-
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els (for example, LLM) requires additional computing resources, which may require 
compromises within the local architecture.

Nevertheless, the generalized results of the work confirm the prospects of 
using vectorized and OLAP-oriented solutions in the practice of HR management, 
HR analytics, and automation of business processes related to the processing of com-
plex multidimensional information. The developed system can be adapted to different 
types of organizations and used as a basis for building recommendation systems, 
recruitment platforms, and intelligent enterprise data analysis modules.

Experimental Evaluation / Quantitative Evaluation of Results
To confirm the performance and quality of the proposed system, quantitative 

experiments were conducted, covering both employee clustering and semantic search 
by text descriptions.

1. Evaluation of clustering quality
To test the stability and separability of clusters constructed by the k-means

method, three classic metrics were used:
- Silhouette Score = 0.62 — an above-average value, indicating good separa-

tion of clusters and moderate density within them;
- Davies–Bouldin Index = 0.48 — a low value indicates weak overlap be-

tween clusters;
- Calinski–Harabasz Index = 312.4 — a sufficiently high value, confirming

pronounced intercluster variation.
These results show that employees were segmented into stable and interpreta-

ble groups, which confirms the practical applicability of the method for HR analytics.
2. Evaluation of semantic search relevance
To analyze the efficiency of search by vector representations in ChromaDB, a

test set of natural language queries with reference answers was prepared. The system 
showed the following results:

- Precision@5 = 0.87 — on average, 87% of documents in the top 5 results
were relevant;

- Recall@5 = 0.81 — the system successfully found more than 80% of rele-
vant documents among the first five;

- nDCG@10 = 0.84 — high quality of ranking by relevance;
- MRR (Mean Reciprocal Rank) = 0.91 — the relevant answer, as a rule, was

in the first position.
Thus, the implemented semantic search module demonstrates high accuracy 

and completeness, allowing users to effectively formulate queries in natural language 
and receive relevant answers.

3. Comparative analysis
Comparison with the traditional approach (manual Excel processing)

showed that:
- employee clustering time was reduced from 15-20 minutes to less than

1 minute,
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- text column processing became fully automated,
- search by meaning, impossible in Excel, is implemented in ChromaDB with

high accuracy.
Conclusion
The research was aimed at developing and implementing an intelligent analyt-

ical subsystem for local analysis of information about employees of the organization 
based on the integration of the OLAP-oriented DuckDB database and the ChromaDB 
vector database. The relevance of this development is due to the need for efficient 
processing of both structured and unstructured data in conditions of limited access to 
cloud computing and high requirements for the protection of personal information.

In this paper, we propose a methodological approach that combines SQL-based 
analysis with machine learning and semantic search capabilities. DuckDB was used 
as an embedded, high-performance OLAP platform that provides local SQL query 
execution, aggregation, filtering, and data preparation. This made it possible to reduce 
the analytical processing time and avoid time-consuming manual work with tables 
and intermediate files. An additional advantage of DuckDB is its ability to integrate 
with machine learning tools, which was implemented through employee clustering 
using the K-means method. As a result of segmentation, groups of personnel with dif-
ferent levels of involvement, qualifications and digital competencies were identified, 
which allowed us to offer a base for making informed HR decisions.

ChromaDB, in turn, was used for vector representation and storage of text infor-
mation to implement semantic search. Text vectorization using the all-MiniLM-L6-v2 
model made it possible to form embeddings that preserve the semantic structure of 
the text. The implementation of the semantic matching search system in ChromaDB 
has opened the possibility of interactively obtaining relevant information about em-
ployees based on natural language queries. This architecture has demonstrated high 
accuracy and relevance of the extracted results, even in the case of significant varia-
tions in wording and terminology.

The developed system was tested on real data and demonstrated stability, re-
producibility and high performance. The use of exclusively open-source components 
makes it applicable in resource-constrained environments, and autonomous execution 
— in environments with high data security requirements. Visualization of results in 
the Yandex DataLens environment provides a user-friendly interface for presenting 
and analyzing segmentation and processing results.

The scientific novelty of the work consists in combining OLAP and vector tech-
nologies into a single local analytical subsystem capable of performing both quanti-
tative and semantic data analysis. Practical significance lies in the possibility of using 
this subsystem in HR departments, analytical services, as well as in decision support 
systems related to personnel management.

At the same time, development has several limitations. The quality of semantic 
search directly depends on the completeness and correctness of the source texts, as 
well as on the characteristics of the embedding model. Interpretation of clustering re-
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sults requires the involvement of an analyst and can be ambiguous without additional 
verification. In addition, the use of more complex models, such as large language 
models (LLMs), requires additional computing resources, which may go beyond lo-
cal execution on low-power systems.

Prospects for further research are related to the introduction of predictive ana-
lytics based on time series of personal indicators, adaptation of the system to multi-do-
main data (for example, combining HR and production characteristics), expansion of 
mechanisms for explaining machine learning results, and integration with large lan-
guage models. Additionally, a web interface or mobile application can be developed 
that provides multi-user access to the system’s analytical capabilities.

Thus, the conducted work demonstrates that the use of DuckDB and ChromaDB 
is a promising direction for building scalable, productive and interpreted analytical 
solutions in the field of intelligent processing of personnel and organizational data.
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