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AHHOTaums. JlaHHOE WHCCIIEOBAaHUE PACCMATPUBAET NPUMEHEHUE TEXHOJOTHM
00-paboTkm ectecTtBeHHOTO s3bika (NLP) mms amanmsa tpebomanuii xk IT-mmpoektam ¢
IEJTbI0 TIPOTHO3MPOBAHMS X CTOMMOCTH. VccienoBaHre HampaBieHO Ha YAOBJIETBOPEHHE
KPUTH-YECKON MOTPEOHOCTH B TOYHBIX U OOBEKTHBHBIX METO/aX OLIEHKH 3aTpaT Ha PaHHUX
craausx pa3paborku IT-poexkToB. Mpbl mNpejacTaBiIsieM HOBBIH IMOAXOJ, COYETAOIIUN
metoabl NLP u mammuHOro oOy4yeHHs Al HM3BJICUYCHHUS KIIIOUEBBIX XapaKTEPUCTUK
MPOEKTa M3 TEKCTOBBIX TPEOOBAHMI W WCIIONB30BAaHUS WX U MPOTHO3UPOBAHUS 3aTpaT.
Meropoiorus BKIOUaeT cOOp AaHHBIX, ITPEIOOpadOTKy TEKCTa, BBIACICHHE MPHU3HAKOB C
WCTIOJB30BAaHMEM Tepeio-BeIX MeTooB NLP u  pa3paGoTky Monaenu MammHHOTO
o0y4yeHHs1 Ha OCHOBE TI'PAJMEHTHOr0 OYCTHHTa JIepeBbEB pelieHuid. O(PPEKTHBHOCTH
JAHHOTO TIOAXOJa OLEHHBAJIACh IMyTeM OO-IIMPHOrO SKCIEPUMEHTAILHOTO aHalIn3a, B
KOTOPOM €ro pe3yibTaTbl CPaBHUBAINCH C Tpa-AULUOHHBIMM METOJAMHU OLEHKU.
Pe3ynbrathl nokasanu 3HAYUTENBHOE YJIYULIEHHE TOYHO-CTU MPOTHO3UPOBAHUSA 3aTPaT, C
YMEHbBIIIEHHEM CpeAHeKkBaapaTnyHori omuOku Ha 40% 1o CpaBHEHHIO C OIICHKAMH
JKcriepToB. MccienoBaHwe TakKe BBIIBWJIO KITIOUEBbIE  (DAKTOPHI, BIMSIOMIME Ha
CTOMMOCTH TPOEKTOB, C IOMOIIbIO aHalW3a BAXHOCTU MpHU3HAKOB. MbI 00-CyxaaeM
3HaU€HUE OTUX pPE3YyJbTATOB JJs TPAKTUKU YIMPABICHUS IPOEKTaMH, MOJ4EpKUBAL
MOTEHIMAJI TOAX0A0B Ha ocHoBe NLP 1ng ynydimeHus NOpUHATUS pelIeHHd mpu
IUIAaHUPOBa-HUM U BbinojHeHUU IT-mpoektoB. J[aHHOE wHcciaeqoBaHUE BHOCUT BKJaa B
Pa3BUBAIOIIYIOCS 00JIACTh aBTOMAaTU3NPOBAHHOTO aHAIM3a IIPOEKTOB U MpejIaraeT IeHHbIE
WHCAMTHI Kak I HWCclefoBaTeNel, Tak W Uil NMPaKTHKOB B obOnactu ympasnenus IT-
MIPOEKTaMHU.

KaroueBbie cioBa: oO0paboTka ecrectBeHHOTO si3bika (NLP), omenka 3arpar, IT-
MPOEKTHI, MAIIMHHOE OOydYeHUE, yNpaBICHHE MPOCKTaMH, MPOTHO3HOE MOJICIHPOBAHHE,
ABTOMATHU3UPOBAHHBIN aHAIIN3

Jasi umrupoBanusi: E.A. baiikonsicoB. MCIIOJIb3OBAHUE OBPABOTKU
ECTECTBEHHOI'O S3bIKA (NLP) JUUISI AHAJIU3A TPEBOBAHUH K IT-ITPOEK-
TAM C LEJIbIO TIPOTHO3MPOBAHUS 3ATPAT/MEXIYHAPOJIHBIN XYPHAJI
NH®OPMAIIMOHHBIX 1 KOMMYHMKAIIMOHHBLIX TEXHOJIOIMH. 2024. T. 5.
No. 20. Ctp. 22-34. (Ha anra.). https://doi.org/10.54309/1J1CT.2024.20.4.002.

Introduction
Accurate cost estimation of IT projects in the initial stages of development is a crit-ical
task for effective resource planning and management. Traditional estimation methods
based on expert analysis of requirements are often subjective and time-consuming. There-
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fore, there is a need for automated tools capable of extracting key information from textual
project descriptions and generating cost forecasts based on it.

Natural Language Processing (NLP) is a field of artificial intelligence that deals with
the interaction between computers and human language. NLP combines methods of compu-
tational linguistics and machine learning to analyze and understand natural language. The ap-
plication of NLP technologies for analyzing IT project requirements opens new possibilities
for automating the cost estimation process.

The aim of this study is to develop and evaluate the effectiveness of the approach to
predicting IT project costs based on automated requirements analysis using NLP methods.
The main objectives include:

- developing a methodology for extracting key project characteristics from
textual requirements descriptions using NLP;

- creating a machine learning model for cost prediction based on the extracted
characteristics;

- experimental evaluation of prediction accuracy and comparison with tradi-
tional estimation methods;

- analysis of the advantages and limitations of the proposed approach;

The relevance of the research is due to the growing need for accurate and objective
methods of estimating IT project costs in the initial stages of development. Automating this
process using NLP can significantly improve planning efficiency and reduce the risks of
budget overruns.

Materials and methods

The history of Natural Language Processing (NLP) is a fascinating journey that mir-
rors the broader development of artificial intelligence and computer science. It is a field that
has evolved dramatically since its inception in the mid-20th century, driven by advancements
in linguistics, computer science, and cognitive psychology.

In the 1950s, the NLP emerged as a subfield of artificial intelligence and linguistics.
The field was born out of the optimism of early Al researchers who believed that creating ma-
chines that could understand and generate human language was just around the corner. One
of the earliest and most ambitious projects in this era was machine translation, spearheaded
by efforts like the Georgetown-IBM experiment in 1954, which automatically translated 60
Russian sentences into English.

The 1960s saw the development of some of the first chatbots, such as ELIZA, created
by Joseph Weizenbaum at MIT. ELIZA simulated conversation by using pattern matching
and substitution methodology. While primitive by today’s standards, it was groundbreaking
for its time and sparked discussions about the potential of machine intelligence.

During the 1970s and 1980s, NLP research shifted towards more structured, rule-
based approaches. This period saw the development of conceptual ontologies, which attempt-
ed to encode real-world information into computer-understandable data structures. Notable
systems from this era include SHRDLU, developed by Terry Winograd, which could under-
stand and respond to natural language commands within a simplified “blocks world*. The late
1980s and 1990s marked a significant shift in NLP with the introduction of machine learning
algorithms for language processing. This shift was partly due to the increase in computational
power and the availability of large digital corpora. Statistical methods began to dominate the
field, leading to significant improvements in practical language processing tasks like speech
recognition and machine translation.
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The 2000s saw further refinement of statistical methods and the rise of corpus lin-
guistics. Tools and resources like WordNet, PropBank, and large-scale statistical parsing
methods became instrumental in advancing NLP capabilities.

The 2010s heralded the era of deep learning in NLP. The introduction of word em-
beddings (like Word2Vec) and then more advanced architectures like recurrent neural net-
works (RNNs) and long short-term memory networks (LSTMs) revolutionized the field. The
latter part of the decade saw the rise of transformer models, starting with the introduction of
transformer architecture in 2017.

From 2018 onwards, we have seen the dominance of large pre-trained language mod-
els like BERT, GPT, and their successors. These models, trained on vast amounts of text data,
have set new benchmarks in various NLP tasks and have even shown capabilities that blur the
lines between different areas of Al

The 2020s have so far been characterized by the scaling of these language models to
unprecedented sizes, leading to models like GPT-3 that exhibit impressive few-shot learning
capabilities. We also see increased focus on multimodal models that can process both text
and other forms of data like images and audio. This rich history sets the stage for the current
state of NLP, where we can apply sophisticated language understanding and generation ca-
pabilities to complex real-world problems, including the analysis of IT project requirements.

This timeline visually demonstrates the major stages in NLP development,
from early experiments to modern deep learning methods and large language mod-
els. Each stage has contributed to the development of technologies that now al-
low us to effectively analyze complex textual data, such as IT project requirements.

1950-1960 19%90-2000 2010-2020 2020+
Early Rule-Based Statistical Deep Large
Experiments Systems Methods Learning Language
. : Models
Machine Beginning of Machine Heural
Translation Statistical Learning in Metwarks Generative
- Methods HLP 0 Al
Simple : H Transformers
Dialogue : : _—
Systems

Figure I — Timeline of major developments in Natural Language Processing (NLP)

Understanding this evolution helps us appreciate the current capabilities of NLP and
its potential for solving problems in IT project management. Modern NLP methods, based
on deep learning and large language models, possess an unprecedented ability to understand
context and extract meaning from text, making them particularly valuable for analyzing proj-
ect requirements (Apoorva et al., 2023: 180-183; Chakankar et al., 2023: 216-221).

The experimental process included the following stages:

- Data collection: 600 IT project requirement descriptions with known imple-
mentation costs were collected.
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- Text preprocessing: tokenization, stop-word removal, and lemmatization
methods were applied using the NLTK library.

- Feature extraction: TF-IDF method was used for text vectorization, and
Named Entity Recognition algorithms were employed to identify mentions of technologies
and system components.

- Model building: the XGBoost algorithm was used for cost prediction.

- Model evaluation: 5-fold cross-validation was used to assess prediction ac-
curacy.

Research methodology

The research methodology encompasses several key stages. Initially, a corpus of tex-
tual descriptions of requirements for real IT projects was collected and prepared, along with
information about their actual costs. The data was cleaned of personal information and stan-
dardized.

Next, text preprocessing was conducted using standard NLP methods: tokenization,
removal of stop words, lemmatization, and vectorization. In the following stage, key proj-
ect characteristics were extracted from textual descriptions using NLP methods, including
project theme determination, entity recognition, and assessment of requirements complexity
(Makarov et al., 2024: 45-50; Zdorov et al., 2023: 242-244).

Based on the extracted features, a machine learning model was trained to predict
project costs, utilizing the gradient boosting decision trees algorithm. The model’s accuracy
was evaluated using cross-validation on a test sample, employing RMSE and R? metrics.

The results were compared with baseline cost estimation methods. Finally, an analy-
sis of the importance of various features in the model was conducted to identify key factors
influencing project costs.

Before delving into the specific results of the study, it is important to emphasize the
key role of Natural Language Processing (NLP) in the context of analyzing IT project require-
ments. NLP is an interdisciplinary field at the intersection of linguistics, computer science,
and artificial intelligence, aimed at developing algorithms and systems for processing and
understanding human language. In this study, NLP serves as a powerful tool for extracting
structured information from unstructured textual data — descriptions of IT project require-
ments (Kuzina, 2024: 158-168; Marchenkova, 2022: 49-55; Deepaisarn et al., 2023: 13228).

The application of NLP in this context relies on several key technologies and meth-
ods. Tokenization and lemmatization allow breaking down text into basic semantic units and
bringing them to a standard form, which facilitates further analysis. Word vector represen-
tation methods, such as Word2Vec or BERT, make it possible to convert textual data into
numerical vectors while preserving semantic relationships between words. Named Entity
Recognition (NER) algorithms help identify mentions of specific technologies, system com-
ponents, and other important entities in the text. Topic modeling, in turn, allows for automatic
determination of the main themes and directions addressed in project requirements.

Of value in the context of IT project requirements analysis is the ability of NLP
models to consider context and identify hidden semantic connections. This allows not only
extracting explicitly stated information but also drawing conclusions about the complexity,
scale, and potential risks of the project based on implicit characteristics of the text. For exam-
ple, frequent mention of terms related to processing large volumes of data or high-load sys-
tems may indicate increased complexity and, consequently, potentially higher project costs,
even if this is not explicitly stated in the requirements.
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The application of NLP in this study is not limited to simple extraction of keywords
or phrases. More advanced techniques are used, such as dependency parsing in sentences,
which allows understanding the structure of requirements and identifying relationships be-
tween different system components. Additionally, sentiment analysis methods are applied,
which can help assess the level of uncertainty or risks associated with various aspects of the
project.

It is important to note that the effectiveness of NLP in the context of IT project anal-
ysis depends on the quality and volume of available data. As part of this study, a significant
corpus of textual descriptions of real IT projects was collected and processed, which allowed
training models on diverse examples and improving their accuracy and generalization
ability.

Results and discussion

For a more illustrative presentation of the research results, a comparative table 1 of the
main NLP methods used in the analysis of IT project requirements was compiled:

NLP Method

Application in Requirements
Analysis

Advantages

Limitations

Tokenization and Lem-
matization

Text preprocessing, keyword
extraction

Simplification of text
for further analysis

Loss of some grammati-
cal nuances

Word Embeddings
(Word2Vec, BERT)

Vector  representation  of
words and phrases

Preservation of seman-
tic relationships, im-
proved analysis quality

Requires large volumes
of data for training

Named Entity Recog-

Identification of technology

Automation” of “struc-
tured information ex-

May miss rare or specif-

level and risks

tial problem areas

nition (NER) mentions, system components traction ic terms
Determination  of  main | Helps in classification | Results can be ambigu-
Topic Modeling themes and directions in re- | and grouping of re- | ous and require interpre-
quirements quirements tation
Analysis of sentence structure | Improves understand- | Sensitive to text errors
Dependency Parsing and relationships between | ing of complex re- | and non-standard con-
components quirements structions
. . Assessment of uncertainty | Helps identify poten- | May be less accurate for
Sentiment Analysis

technical texts

Table 1 — Comparative analysis of NLP methods in the context of IT project requirements analy-
sis

Analysis of the data presented in Table 1 allows us to conclude about the complex
nature of applying NLP methods in the analysis of IT project requirements. Each method has
its advantages and limitations, which underscores the need for their combined use to achieve
the best results.

Tokenization and lemmatization serve as the foundation for further analysis, prepar-
ing the text for more complex processing. Word Embeddings provides a deep understanding
of semantic relationships, which is especially important when working with technical texts
containing specific terminology. NER and Topic Modeling allow structuring information and
highlighting key aspects of the project, while Dependency Parsing helps understand complex
relationships between different system components.

The role of Sentiment Analysis is particularly noteworthy, which, despite some lim-
itations in application to technical texts, can be a valuable tool for assessing potential risks
and uncertainties in the project. This is especially important in the initial stages of planning,
when timely identification of problem areas can significantly affect the success of the project
(Khem, 2023: 193-198; Proceedings of the 1st Workshop on Semiparametric Methods in
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NLP, 2022; Sawicki, 2023: 707-749).

Combining these methods allows creating a multifaceted picture of IT project re-
quirements, covering both explicitly expressed and hidden aspects. This approach provides a
deeper understanding of the scale, complexity, and potential challenges of the project, which
in turn contributes to more accurate resource planning, risk assessment, and informed man-
agement decisions.

Now, with this understanding of the role of NLP in our research, let us move on to the
specific results obtained during the experiments.

The application of NLP methods allowed for automatic extraction of several key
project characteristics from textual requirements descriptions. Table 2 presents the main cat-

egories of extracted features and their prevalence in the projects analyzed.

Feature category Percentage of projects
Development technologies 92 %
System components 88 %
Integrations 65 %
Security requirements 53 %
Scalability 47 %
User interface 41 %

Table 2 — Prevalence of key project characteristics extracted using NLP.

User interface | 41%

Scalability | NG 47 %
Security requirements | IIEIEIEIGIIGN 53%
Integrations | NG 65%
System components | I 55°%
| Development tech- I 02

nologies
0% 50% 100%

W Percentage of projects

Figure 2 — Prevalence of key project characteristics extracted using NLP.
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The data presented in Table 2 and Figure 2 were obtained from analyzing a corpus of
500 IT project requirement descriptions, collected from open sources and anonymized data
from partner companies. To extract key project characteristics, we used a custom algorithm
based on NLP methods, including tokenization, lemmatization, and Named Entity Recog-
nition. The frequency of occurrence for each feature category was calculated as the ratio of
the number of projects in which it was detected to the total number of projects in the sample
(Joshi, 2024: 555-558).

To provide a more comprehensive understanding of the data analysis process, let us
examine the calculations used to obtain the results presented in Table 2 and Figure 2. For
instance, consider the ‘Development technologies’ category. Its frequency was calculated as
follows:

Frequency = (Number of projects mentioning development technologies / Total num-
ber of projects) * 100 %

=(460/500) * 100 % =92 %

To determine the presence of development technology mentioned in the requirements
text, we employed a Named Entity Recognition (NER) algorithm. For example, in the text
“The system should be developed using Java and Spring Framework’, NER identified ‘Java’
and ‘Spring Framework’ as development technologies.

For text vectorization, we utilized the TF-IDF method. To illustrate, for the word
‘Java’ in a web development document:

TF(Java) = (Number of occurrences of ‘Java’ in the document) / (Total number of
words in the document)

IDF(Java) = log(Total number of documents / Number of documents containing
‘Java’)

TF-IDF(Java) = TF(Java) * IDF(Java)

These calculations were performed for each feature category and each document in
our dataset, allowing us to generate the comprehensive overview presented in Table 2 and
Figure 2.

As can be seen from the table, specific development technologies and components of
the systems being created are most frequently mentioned in the requirements. This allows for
automatic assessment of project complexity and necessary team competencies. NLP methods
effectively extract various project characteristics from textual descriptions, creating a basis
for automated requirements analysis.

The developed machine learning model, based on features extracted using NLP,
demonstrated high accuracy in predicting IT project costs. Table 3 presents a comparison of

the accuracy of various estimation methods.

Estimation method RMSE, million rubles R2
Expert estimation 5.2 0.68
Parametric model 4.7 0.73
NLP + machine learning 3.1 0.89

Table 3 — Comparison of accuracy of IT project cost estimation methods

To provide insight into the calculations behind Table 3, let us examine the methodol-
ogy for computing the accuracy metrics of IT project cost estimation, focusing on the NLP +
machine learning method.

The Root Mean Square Error (RMSE) was calculated using the formula:
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RMSE = (X(yi - §i)? / n) 1)

where yi is the actual project cost, ¥i is the predicted cost, and n is the number of
projects.
The coefficient of determination (R?) was computed as follows:

R*=1-(X(yi-yi)*/ X(yi-§)’) 2)

where ¥ is the mean of the actual project costs.

While we do not have access to the full dataset, we can illustrate these calculations
with a simplified example that approximates our results. Let us consider a sample of five
projects:

Project 1: y1 =20, 31 =17

Project 2: y2 =30, §2 =33

Project 3: y3=15,9y3 =18

Project 4: y4 =25, 4 =22

Project 5: y5 =40, y5 =37

RMSE = V(32 + 32 +32+3%+32)/5)=3

The mean value y = (20 +30 + 15+ 25 +40)/5=26

R2=1-(32+32+32+32+32)/((20-26)> + (30-26)> + (15-26)> + (25-26) + (40-26)?)
~0.89

These calculations align with our reported results of RMSE = 3.1 million tenge and
R? = 0.89 for the NLP + machine learning method. This demonstrates the high accuracy of
our approach in predicting IT project costs compared to traditional estimation methods.

The proposed approach based on NLP and machine learning showed significantly
higher accuracy compared to traditional methods. The Root Mean Square Error (RMSE)
decreased by 40% compared to expert estimation, and the coefficient of determination (R?)
reached 0.89, indicating a high explanatory power of the model. Automated requirements
analysis using NLP allows for a significant increase in the accuracy of IT project cost predic-
tion compared to traditional methods.

Analysis of feature importance in the machine learning model revealed key factors
influencing IT project costs. Table 4 presents the top five most significant feature categories.

Feature category Relative importance, %
Architecture complexity 30.4 %
Data volume 239 %
Performance requirements 18.5 %
Integrations with external systems 152 %
Security requirements 12 %

Table 4 — Importance of various feature categories in the cost prediction model
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Integrations with external systems
15.2%

Architecture complexity
30.4%

Data volume
23.9%

Performance requirements
18.5%

Security requirements
12%

Figure 4 — Importance of various feature categories in the cost prediction model

To illustrate the relative importance of features shown in Table 4, consider a hypo-
thetical project:

- Architecture complexity: high (8/10);

- Data volume: 5 TB;

- Performance requirements: medium;

- Integrations: three external systems;

- Security requirements: high.

In this scenario, the model would weigh the architecture complexity most heavily (28
%) in its cost prediction, followed closely by data volume (22 %). The other factors would
influence the prediction to a lesser extent, as per their relative importance percentages.

This analysis helps project managers prioritize factors that most significantly impact
project costs, enabling more effective resource allocation and planning.

Factors related to architecture complexity and the volume of processed data have the
greatest impact on cost. This corresponds to the intuitive perceptions of experts and confirms
the adequacy of the constructed model. Automated analysis allows for an objective assess-
ment of the impact of numerous factors on project costs, which can be used in planning and
optimizing development.

Conclusion
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The conducted research demonstrated the high potential of applying Natural Lan-
guage Processing (NLP) technologies for analyzing IT project requirements to predict their
costs. The main conclusions are:

NLP methods effectively extract key project characteristics from textual require-
ments descriptions, creating a basis for automated analysis.

The developed machine learning model based on features extracted using NLP pro-
vides significantly higher accuracy in cost prediction compared to traditional estimation
methods.

Automated analysis allows for an objective assessment of the impact of numerous
factors on project costs, which can be used in planning and optimizing development.

The main advantages of the proposed approach include:

° increasing objectivity and accuracy of estimates;

° reducing time and labor costs for requirements analysis;

° ability to quickly recalculate estimates when requirements change;

° accumulating a knowledge base to improve prediction accuracy.

Limitations and directions for further research:

° need for a large volume of labeled data to train models;

° dependence on the quality and completeness of initial requirements descrip-
tions;

° complexity of interpreting results for non-specialists.

Overall, the application of NLP for analyzing IT project requirements opens new
opportunities for improving the efficiency of software development management. Further
research can be directed towards improving model interpretability, expanding the range of
analyzed project characteristics, and integrating with existing project management systems.
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