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Modern complex systems in the fields of industry, administrative 

management, digital services, and intelligent platforms are characterized by a high 

degree of structural dynamism and intensive interaction among process 

components. Under these conditions, the adequate modeling of business processes 

and ensuring their structural, semantic, and behavioral quality become critical. The 

development of information technologies in the field of Business Process 

Management (BPM) is leading to an increase in the complexity of models, which 

requires the development of formal, automated, and scalable methods for assessing 

quality. In scientific discourse, issues of structural consistency, correctness, 

semantic completeness, and reproducibility of business process models are 

addressed by numerous studies that can be integrated into a holistic vision of 

future information technologies for the automated analysis of business processes. 

The review of works presented below reflects the current state of the field and 

outlines the foundations upon which our approaches to creating information 

technology for assessing the structural quality of business processes in complex 

systems are based. 

A broad body of research has emerged in the scientific literature, covering 

formal methods for testing, verifying, and analyzing models [1], [8], tools for 

checking syntactic correctness [2], assessing semantic correspondence to textual 

descriptions [3], simulation-based approaches to analyzing process behavior [5], 

as well as modern methods for applying large language models in modeling, 

quality assessment, and improving the comprehensibility of process structures [4], 



119 

[6], [7], [10] – [13]. Research emphasizes that effective information technologies 

must integrate these approaches into a unified system capable of providing a 

comprehensive analysis of a model, taking into account structural, logical, 

semantic, and behavioral aspects. Of particular relevance is the issue of user 

support at all stages of modeling, including automatic error detection, highlighting 

deficiencies, generating recommendations, and even creating or refining models 

with the help of artificial intelligence. 

One of the key areas of research in the field of BPM is the formal verification 

of Business Process Model and Notation (BPMN) models, which ensures that the 

process structure complies with specified requirements. The paper [1] presents a 

thorough analysis of approaches to testing and formal verification of BPMN 

models, covering methods of structural testing, regression analysis, and black-box 

and gray-box testing. An important contribution of this work is the development of 

the bPERFECT conceptual framework, aimed at bridging the gap between 

research in the field of process model verification and the practical needs of 

developers and analysts. The implementation of this approach lays the foundation 

for building comprehensive quality assessment systems capable of detecting 

violations of structural rules, logical inconsistencies, as well as errors in the 

integration or interaction of sub-processes. The classifications of testing types 

outlined in [1] are valuable for designing future information technology, as they 

allow for the formalization of evaluation criteria and ensure their 

operationalization in the system’s algorithmic components. 

The study [2] represents one of the most extensive empirical contributions to 

the field of BPMN modeling analysis, as the authors examined over 54,000 

models from various online repositories. 

The work demonstrates that syntactic violations are common in the vast 

majority of models, even when they are created by experienced professionals. The 

particular significance of this article lies in the application of the formal 

verification tools BEBoP and BPMN Inspector, which enable the automatic 
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assessment of structural correctness and adherence to modeling best practices. The 

results [2] convincingly demonstrate the need to integrate such tools into a 

comprehensive information technology framework for quality assessment, as they 

support large-scale computations and enable the comparison of models across 

different organizations, domains, and levels of complexity. Furthermore, analyzing 

the relationships between BPMN elements and modeling errors is crucial for the 

automated detection of typical patterns of structural deficiencies, which can be 

critical for ensuring operational stability in complex systems. 

For further analysis of structural correctness, it is advisable to represent the 

BPMN model as a directed graph: 

G = (N, F), 

where N is the set of model nodes (events, tasks, gates), F ⊆ N × N is the set of 

control flow arcs between nodes. 

A significant body of research focuses on the semantic quality of models. 

Article [3] establishes a theoretical foundation for evaluating the correspondence 

between BPMN models and textual descriptions of the domain by analyzing 

textual and semantic similarity. The paper generalizes Natural Language 

Processing (NLP) methods and approaches to comparing text documents and 

explores the possibility of creating an algorithmic tool for automated evaluation of 

semantic correspondence. This work is particularly relevant to research in 

information technology for complex systems, where business processes are often 

described by multilevel formal and informal documents; consequently, aligning 

models with textual specifications is a prerequisite for ensuring integrity. The need 

for a multidimensional approach to quality assessment, both syntactic and 

semantic, as demonstrated in [3] confirms the advisability of incorporating the 

corresponding components into the proposed information technology. 

The degree to which a model corresponds to a textual description of the 

domain can be expressed using a semantic similarity function: 

S(M, T) ∈ [0, 1], 
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where M is a formal model of the process, T is a textual description of the domain, 

and the value of S approaches 1 when there is complete semantic correspondence. 

Current research also focuses on the intersection of process modeling and 

artificial intelligence technologies. Article [4] demonstrates the application of 

Large Language Models (LLM) in the context of so-called “conversational process 

modeling”, where models are created based on textual descriptions and gradually 

refined under the guidance of LLM assistants. The authors investigate how such 

models meet quality criteria, including coherence, correctness, and compliance 

with specified requirements. The results in [4] show that while LLMs demonstrate 

significant potential in identifying process structures, the quality of the final 

models depends heavily on system configuration, the use of evaluation metrics, 

and the involvement of an expert modeler. This confirms the importance of 

incorporating “human-in-the-loop” interaction mechanisms into future information 

technology. 

The issue of simulation correctness of a model is addressed in [5], which 

proposes a set of metrics for evaluating the quality of business process 

simulations. The methodology is based on a multi-perspective analysis, in which 

each perspective of the process has its own measurable characteristics. It is 

particularly important that the authors examine models represented in BPMN and 

enriched with simulation parameters. Applying the approaches in [5] allows one to 

evaluate not only the correctness of the model’s static structure but also the 

model’s ability to reproduce the behavior of real processes, which is a key aspect 

for complex systems where the accuracy of simulating the interaction of sub-

processes determines the effectiveness of management. 

Assessing the quality of a process simulation requires taking into account 

several independent analytical perspectives: 

Q = {q1, q2, …, qn}, 
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where qi, i = 1, 2, …, n is a quality indicator for a specific perspective (structural, 

behavioral, resource-based, etc.), and n is the total number of perspectives 

considered. 

In recent years, considerable attention has been focused on researching the 

potential of LLMs to improve the semantic quality of BPMN models. The paper 

[6] explores the use of GPT-4 as an intelligent agent capable of analyzing models 

and offering recommendations for their supplementation or correction. The 

authors evaluate the results based on semantic and syntactic metrics, such as 

Model-richness and the number of activities in Lane structures. The results 

demonstrate that LLMs can identify semantic gaps but require clear interaction 

rules and specialized prompts, confirming the importance of prompt engineering 

in automated quality assessment. 

A related topic is explored in [7], which proposes a framework for evaluating 

the completeness and correctness of process models generated by LLM-based 

chat-bots. The use of precision and recall metrics allows for a quantitative 

assessment of how well the generated model aligns with the reference structure. A 

comparison of LLM models with human-created models shows that automated 

systems are capable of achieving high accuracy but are prone to omitting 

important elements, especially when dealing with vague textual descriptions. The 

practical contribution of [7] lies in the creation of a standardized set of metrics that 

can be integrated into a general technology for evaluating business process 

structures. 

The accuracy of the reproduction of the reference process structure is 

evaluated using two standard metrics: 

Precision = (TP + FP) / TP, 

Recall = (TP + FN) / TP, 

where TP is the number of model elements correctly identified, FP are elements 

incorrectly identified by the model, FN are elements missed by the model relative 

to the reference standard. 
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Formal approaches to constructing correct business processes are presented in 

[8], where the authors propose the domain-specific language BPMN_R, which 

enables the construction of models that are “correct by design.” The use of formal 

grammar, semantic rules, and verification using New Symbolic Model Verifier 

(NuSMV) creates the basis for automated verification of the behavioral properties 

of models. This approach is extremely important for complex systems where 

behavioral scenarios can lead to unpredictable states, and where formal methods 

guarantee the absence of undesirable situations. 

The paper [9] focuses on improving the clarity of BPMN models through the 

formal prioritization of recommendations using the Analytic Hierarchy Process 

(AHP) method. The authors show that experts consider recommendations 

regarding the correct application of structural elements, especially gateways, to be 

key. This work is important for our field in that it underscores the significance of a 

controlled, formalized approach to assessing structural quality, in which expert 

judgments are transformed into quantitative importance coefficients. 

Article [10] continues the research on LLMs in the context of process 

modeling, proposing a comprehensive evaluation framework for 16 state-of-the-art 

models. The use of fitness and precision metrics based on event logs allows for 

determining how well the models correspond to the actual behavior of processes. 

This work is particularly relevant for automated systems for analyzing complex 

processes, as it combines LLM-generated models with rigorous behavioral 

validation. 

The paper [11] presents a comprehensive framework for the automated 

generation and step-by-step refinement of models using LLMs. Key features 

include the implementation of quality assurance mechanisms and the ability to 

export models into standardized notations. The study demonstrates that only an 

iterative process incorporating user feedback can ensure high levels of structural 

alignment. 
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The issue of semantic enrichment of models through prompt engineering 

mechanisms is discussed in [12], where the authors demonstrate the effectiveness 

of zero-shot, few-shot, and chain-of-thought techniques for identifying missing 

concepts. Although the methodology is notation-independent, its results correlate 

directly with the semantic completeness of BPMN models, which is an important 

component of overall quality. 

In the study [13], LLMs are used to improve the understanding of complex 

BPMN models, which is critically important in large enterprises and systems with 

highly complex interactions. The authors emphasize the importance of cognitive 

support in modeling and demonstrate the ability of LLMs to identify critical 

problem areas in the structure of models, which helps improve the quality of the 

entire process architecture. 

Finally, [14] considers BPMN as a reference framework for analyzing low-

code platforms. The results demonstrate that the quality of process modeling 

depends not only on the modeler or the methods used, but also on the 

characteristics of the tools. Comparing platforms based on BPMN-inspired criteria 

is crucial for developing technologies where model quality is shaped by the 

interplay between tool limitations and user skills. 

An overall assessment of the quality of a business process model is calculated 

as the weighted sum of its individual components: 

Qtotal = ∑ wi qi, 

where wi, i = 1, 2, …, n are weighting coefficients reflecting the relative 

importance of each quality component, qi, i = 1, 2, …, n is the value of the 

corresponding indicator, and the sum of the weights satisfies the condition 

∑ wi = 1. 

To summarize the works discussed, it should be emphasized that the current 

state of research in the field of business process evaluation is characterized by the 

intensive integration of formal methods, automation tools, semantic analysis, and 

artificial intelligence technologies. All the areas discussed, ranging from formal 
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verification [1], [8], large-scale syntactic analysis [2], semantic correspondence 

[3], simulation-based analysis [5], and cognitive support for LLM [4], [6], [7], 

[10] – [13] to tools for high-quality modeling [9], [14], form a comprehensive 

scientific foundation for developing information technology to assess the quality 

of business process structures in complex systems. Such technology must integrate 

various methodological approaches, ensure multidimensional model evaluation, 

account for the specifics of complex systems, and support automated, scalable 

processing of large numbers of models. The scientific findings of the works 

discussed demonstrate the relevance and urgency of creating comprehensive 

quality assurance systems for process models, which in the future may become 

key elements of the intellectual infrastructure for managing complex 

organizational, production, and information systems. 

Declaration on the use of generative AI. During the preparation of this 

chapter, the author used DeepL for grammar and spell checking, as well as Claude 

Sonnet 4.6 for rephrasing and reformulating the text. After using these tools, the 

author reviewed and edited the content as necessary and take full responsibility for 

this content. 
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