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This article examines the role of technical leadership in managing 

architectural debt in large software ecosystems. It analyzes the root 

causes of architectural debt, its impact on development quality and cost, 

and organizational and architectural practices that can help manage and 

mitigate its negative effects. Particular attention is paid to the 

relationship between architectural decisions, strategic management, and 

the culture of engineering leadership. 
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Introduction 

The scientific novelty of this article lies in its systematization of architectural debt as a sociotechnical 

phenomenon of large software ecosystems and its identification of the role of technical leadership as 

a key mechanism for its management. The paper demonstrates that architectural debt arises at the 

intersection of architectural decisions, organizational structure, and management practices, and its 

effective management requires the integration of architectural methods with technical and product 

leadership processes. 

Large software ecosystems that underlie modern digital platforms and corporate information systems 

are characterized by a high degree of structural and organizational complexity. The scalability of such 

systems, their ability to undergo long-term evolution, and their ability to integrate with external 

services are becoming critical factors for competitiveness in the face of dynamically changing market 

demands and technologies [1]. 

One of the key problems arising during the development of large-scale software ecosystems is the 

deterioration of their architectural characteristics due to the accumulation of implicit and poorly 

controlled architectural tradeoffs. These tradeoffs, formed under the influence of time, organizational, 

and economic constraints, over time transform into architectural debt, negatively impacting the cost of 

change and the sustainability of the system as a whole [2]. 

Unlike local implementation defects, architectural debt affects the fundamental properties of a software 

system and cannot be effectively addressed without coordinated action at the architectural management 

and strategic planning levels. In the context of distributed development and team autonomy, this 

problem is exacerbated by the lack of a unified architectural vision and mechanisms for making long-

term technical decisions [3]. 
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In this regard, technical leadership is particularly important, ensuring the alignment of architectural 

solutions with the development goals of the software ecosystem. Technical leaders act as mediators 

between engineering constraints and business strategy, shaping principles, practices, and cultural 

norms aimed at the informed management of architectural risks [4]. 

Despite the rapid development of research in the fields of technical debt and software architecture, the 

integration of architectural debt into technical leadership practices and the management of large 

software ecosystems remains insufficiently systematized. This underscores the relevance of this study, 

which aims to analyze the role of technical leadership in managing architectural debt and identify 

approaches that improve the resilience and evolvability of large-scale software systems. 

The concept of technical debt is used to describe the consequences of compromised engineering 

decisions made under limited resources and time constraints. This metaphor was first proposed by W. 

Cunningham, who compared simplified technical decisions to financial debt requiring subsequent 

"interest payments" in the form of increased costs for software maintenance and development [5]. The 

concept subsequently gained widespread acceptance and was formalized within the framework of 

research on the economics of software engineering [4]. 

In modern scientific literature, technical debt is defined as a set of design and implementation decisions 

that simplify development in the short term but increase the cost of future changes. Various types of 

technical debt are distinguished, including code, test, infrastructure, and architectural debt [6]. The 

latter is considered the most critical, as it relates to the fundamental structural properties of the system. 

Architectural debt is defined as the accumulated consequences of architectural decisions that limit the 

modifiability, scalability, and evolvability of a software system [2]. Unlike local implementation 

defects, architectural debt is systemic in nature and impacts multiple components and development 

teams. Resolving it typically requires significant organizational and technical effort, including 

reconsidering architectural principles and long-term refactoring planning . 

The relationship between architectural debt and software quality characteristics is confirmed by quality 

assessment standards, in particular ISO/IEC 25010, where architectural decisions directly impact the 

maintainability, reliability, and portability of a system [7]. Research shows that uncontrolled growth 

of architectural debt leads to an exponential increase in the cost of changes and a decrease in the 

system's ability to adapt to new requirements [8]. 

Thus, theoretically, architectural debt can be considered a key factor determining the long-term 

sustainability of software systems. Managing it requires a systematic approach that combines 

architectural analysis methods with management and economic decision-making models. 

Architectural debt in large software ecosystems has a number of specific characteristics that distinguish 

it from debt in isolated or monolithic software systems. First, such ecosystems include numerous 

autonomous components developed by different teams and often using heterogeneous technology 

stacks. This leads to fragmentation of architectural decisions and complicates maintaining a coherent 

architectural vision [1]. 

One of the key characteristics of architectural debt in large-scale ecosystems is its distributed and 

cumulative nature. Local architectural compromises made by individual teams may be rational in the 

short term, but collectively they create systemic constraints that impact the entire ecosystem. These 

constraints manifest themselves as complex dependencies, reduced modularity, and increased 

transaction costs when implementing changes [2]. 
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An additional factor is the close relationship between architectural debt and organizational structure. 

According to Conway's Law, the architecture of a software system reflects the organization's 

communication structures, which, in large-scale ecosystems, increases the risk of ineffective 

architectural decisions becoming entrenched [3]. As a result, architectural debt becomes not only a 

technical but also a sociotechnical problem. 

Finally, architectural debt in software ecosystems is highly costly to resolve. Resolving it requires 

coordinated changes across multiple subsystems, renegotiating collaboration contracts, and often 

changing the system's development management processes. This makes early identification and 

strategic management of architectural debt crucial for the long-term sustainability of the ecosystem. 

 
Figure 1. Software architecture debt diagram 

 

Technical leadership plays a key role in establishing and maintaining the architectural resilience of 

large software ecosystems. Unlike traditional management, technical leadership focuses on making 

engineering decisions that determine the long-term properties of a software system, including its 

modularity, evolutionary capability, and cost effectiveness. 

One of the central functions of a technical leader is to establish an architectural vision that ensures the 

consistency of local decisions made by autonomous development teams. The absence of such a vision 

leads to architectural fragmentation and the uncontrolled accumulation of architectural debt, which is 

especially characteristic of large-scale ecosystems with distributed responsibilities [3]. 

Technical leaders also act as intermediaries between the engineering and business sides of the 

organization, balancing short-term development velocity with long-term system sustainability. 

Research shows that architectural debt rarely arises solely for technical reasons; rather, it is often the 

result of management decisions that fail to consider the delayed costs of architectural trade -offs [4]. 

In this context, technical leadership promotes the explicit consideration of architectural debt in product 

and investment decision-making. 

An important aspect of technical leadership is the development of an engineering culture of conscious 

debt management, including practices of documenting architectural solutions, regular architectural 
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reviews, and shared responsibility for architectural quality. Such practices enable the early 

identification of architectural debt and prevent it from developing into systemic limitations. 

Furthermore, technical leadership plays a decisive role in the selection and implementation of 

evolution-oriented architectural approaches, such as modular and service-oriented architectures, as 

well as evolutionary architecture practices. These approaches help reduce the system's sensitivity to 

change and thereby limit the growth of architectural debt in the face of requirements uncertainty. 

Consequently, technical leadership is a system-forming factor in architectural debt management, 

integrating the architectural, organizational, and economic aspects of software ecosystem 

development. Its effectiveness directly impacts the system's ability to evolve over the long term and 

adapt to changing conditions. 

Managing architectural debt in large software ecosystems requires a systemic and multi-layered 

approach that goes beyond local refactoring or fixing implementation defects. In the scientific 

literature, architectural debt is viewed as a manageable quantity subject to identification, assessment, 

and control throughout the entire lifecycle of a software system [9]. 

1. Identification and analysis of architectural debt. The first stage of managing architectural debt is its 

identification and interpretation. Unlike code debt, architectural debt is often implicit and manifests 

itself through indirect signs, such as increased coupling, violation of architectural principles, and 

decreased system modifiability [2]. Architectural reviews , architectural decision analysis (ADR), and 

scenario-based architecture assessment methods, including ATAM, are used to identify it . 

2. Assessment and prioritization . Once architectural debt has been identified, it is necessary to evaluate 

it economically and strategically. Contemporary research emphasizes the importance of considering 

architectural debt in terms of costs, risks, and business impact, rather than solely technical metrics [8]. 

This allows for the integration of architectural debt into product and portfolio management processes, 

forming sound priorities for its repayment. 

3. Debt reduction and control strategies. Reducing architectural debt is typically accomplished 

incrementally and requires coordinated changes across multiple subsystems. In this regard, 

evolutionary architecture approaches have become widespread in architectural management practices. 

These approaches involve the continuous testing of architectural hypotheses and the limitation of 

architectural entropy as the system evolves [3]. The institutionalization of architectural practices, 

including architectural committees, guilds, and regular technical synchronizations, also plays an 

important role. 

4. Integration with organizational processes. Effective management of architectural debt is impossible 

without its integration into development management processes and organizational culture. Research 

shows that transparency of architectural decisions, collective responsibility, and support from technical 

leadership significantly reduce the risk of uncontrolled accumulation of architectural debt [1]. 
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Table 1 - Basic approaches to managing architectural debt 

Approach Target Basic methods Restrictions 

Architectural reviews Debt identification Expert assessment, decision 

analysis 

Subjectivity 

Documenting ADRs Fixing 

compromises 

Architectural Decision 

Records 

Requires discipline 

Scenario Analysis 

(ATAM) 

Assessing the 

impact of debt 

Quality Scenario Analysis High labor intensity 

Economic assessment Prioritization Cost and risk analysis Difficulty of 

quantification 

Evolutionary 

architecture 

Preventing growth Incremental changes, fitness 

functions 

Requires mature processes 

Architectural 

Department 

Control and 

coordination 

Committees, guilds, standards Possible bureaucratization 

 

The results obtained in this study confirm that architectural debt in large software ecosystems is an 

inherent consequence of their evolutionary development, and not solely the result of faulty engineering 

decisions. Its formation is determined by a combination of technical, organizational, and managerial 

factors, the interaction of which intensifies as the scale and complexity of the system increases. 

Analysis shows that architectural debt becomes systemic precisely in the context of distributed 

development and team autonomy, where locally optimal architectural decisions lead to global 

limitations across the entire ecosystem. In this context, the key factor influencing the manageability of 

architectural debt is the maturity of technical leadership and architectural governance. 

The approaches to architectural debt management discussed demonstrate that the most effective 

strategies are those integrated into architectural and product decision-making processes. Addressing 

architectural debt in isolation, without considering the business context and organizational structure, 

is typically unsustainable and leads to its recurrence. 

An important conclusion is that architectural debt should not be viewed solely as a negative 

phenomenon. In the face of uncertain requirements and limited resources, it can serve as a conscious 

strategic compromise. However, the lack of transparency, formal evaluation mechanisms, and 

accountability for architectural decisions transforms architectural debt into a long-term risk to the 

sustainability of the software ecosystem. 

Thus, architectural debt management should be viewed as a continuous process that requires 

coordination of architectural practices, technical leadership, and organizational decision-making 

mechanisms. 

Therefore, this article examines the characteristics of architectural debt in large software ecosystems 

and analyzes the role of technical leadership in its management. It demonstrates that architectural debt 

is an inevitable consequence of the evolutionary development of large-scale software systems, but its 

impact on the sustainability and maintainability of the architecture is largely determined by the 

maturity of architectural and management practices. 

An analysis of existing approaches confirms that effective architectural debt management requires its 

integration into architectural and product management processes, as well as the active participation of 
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technical leaders who ensure that engineering decisions are aligned with long-term system 

development goals. 

The findings can be used to develop architectural strategies and shape technical leadership practices in 

large software ecosystems. 
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