
The law of Demeter in IT project development based on 
design pattern

Kateryna Kolesnikova1,†, Alexandra Klimanova1,∗,† and Vadim Ziuziun2,†

1International Information Technology University, 34/1 Manas St., Almaty, 050040, Kazakhstan  
2Taras Shevchenko National University of Kyiv, 64/13 Volodymyrska St., Kyiv, 01601, Ukraine

Abstract 
The Law of Demeter outlines critical principles for structuring the interaction of software modules or  
patterns within a system, emphasizing the importance of minimizing dependencies to enhance modularity 
and maintainability. Initially designed for software development, this law has found broader applications in 
IT project management, mainly through its use in structural diagrams that reflect system hierarchies. Based 
on homomorphism, these diagrams ensure that project models accurately mirror the original structure, 
while Markov models help predict future project states and decision pathways. This paper explores the  
integration of Demeter’s Law into project management frameworks, demonstrating that control schemes 
developed by this law exhibit simpler, more efficient, and more adaptable structures. By applying cognitive 
and  Markov  models,  the  study  offers  a  method  to  quantify  project  progress  and  forecast  outcomes, 
significantly improving the adaptability,  scalability,  and manageability  of  IT projects.  Additionally,  it  
highlights how these models can foster better decision-making and risk management, providing more 
reliable, data-driven insights.
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1. Introduction 

The ever-changing field of IT project management is constantly questing for efficient methodologies. 
This has led to exploring different design patterns and logical approaches to software development. 
One such approach uses design patterns and reusable modules that act as "building blocks" to create 
complex software systems [1-6]. These patterns streamline the software design process, making it  
more efficient and adaptable. However, organizing these patterns presents challenges, particularly in 
maintaining a manageable and modular structure [7].

A key concept in addressing these challenges is the Law of Demeter (LoD) [8], which provides  
principles for organizing the interactions of software objects or modules. Initially applied in software 
development, the Law of Demeter has also been extended to project management. LoD principles 
simplify project systems' management, analysis, and adaptation when applied to project structural 
schemes. They provide a homomorphic reflection of the original project structure and predict future 
project states through Markov models.

This  article  explores  the  significant  benefits  of  leveraging the  Law of  Demeter  to  optimize 
software development and project management. By applying its principles in the design of control 
schemes and project structures, you can enhance the efficiency and adaptability of systems.
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2. Statement of the problem and the objective of the study

In a narrow sense,  the law of Demeter defines the structure of interaction of  software objects  
(modules) or patterns. In a broad sense, the effect of the law of Demeter also extends to structural 
schemes of project management,  including those schemes that are included in GOSTs [7].  The 
objective of the study is to generalize the principles of constructing structural schemes of project 
management based on the homomorphism of the original (project) and its Markov model [7].

3. Literature review

The main problem with IT projects is that these projects are “black swans” — a term coined by Nassim 
Taleb [9], which describes rare, difficult-to-predict events with a huge impact. Another name for such 
projects is extreme projects, in which deadlines are critical, the cost of error is extremely high, and  
requirements change unpredictably, and the customer may decide at the last moment that he needs a 
completely different result [6].

Design patterns are one of the developer's tools that helps save time and implement design 
solutions at a higher quality level. Any design pattern is a formalized description of a frequently 
encountered design task, a solution to this task, as well as recommendations for applying the solution 
in various situations. In addition, a design pattern necessarily has a commonly used name [3, 7]. 

At the center of pattern technology is the idea of standardizing information about a typical 
problem and methods for solving it. In [3] it is shown that a pattern is a certain template, which was 
later called a form or format. The form uses five directions, according to which the discussion and 
application of patterns in specific situations was formalized.

An important stage when working with patterns is the correct modeling of the subject area under 
consideration. This is necessary both for formalizing the task at hand and for selecting appropriate 
design patterns.

Correct and timely use of design patterns gives the developer many advantages. A system model 
built  in  terms of  design patterns  is  actually  a  structural  representation of  those  elements  and 
connections that are most interesting and necessary for solving the task [12]. In addition, a model  
built using design patterns is simpler and more visual. However, despite its simplicity and clarity, it 
allows for a deep and comprehensive study of the architecture of the software being developed. The 
use of design patterns increases the system's resistance to changing requirements and simplifies its  
inevitable subsequent revision, which reduces the impact of risk on the success of projects [5]. A set 
of design patterns, which, as a rule,  have fractal properties [25],  essentially represents a set of  
repeating elements and methods for solving unique project management problems.

4. Main part

The multitude of factors in weakly structured systems forms a complex “web” of connections and 
states that change over time. The development of projects in such a multifactorial system can only be 
represented in the form of qualitative models [26 – 31]. At the same time, the transformation of 
qualitative  cognitive  models  into  Markov  models  will  allow  us  to  move  on  to  quantitative 
assessments of the progress and results of projects. 

In cognitive modeling of complex processes, the key concept is cognitive map, which displays the 
structure of interaction of project processes as a directed weighted graph, in which [12]:

 the vertices correspond to the basic factors (states) of the project;
 direct connections between factors reflect cause-and-effect chains along which the influence 

of a certain factor on other factors is spread; it is believed that factors included in the “if…,  



then…” condition influence the factors of  the consequence of the entire chain,  and this 
influence can be reinforcing (positive) or inhibiting (negative).

The cognitive map displays only the structure of connections between factors. It does not reflect 
the essence of the impact, nor the dynamics of changes in influences depending on changes in the  
situation or changes in the factors themselves over time. Displaying these features is possible at the 
next level of structuring information based on the cognitive model [13].  For this purpose, it  is  
proposed to use the Markov model of state change, which allows displaying the multi-vector essence 
of random processes of project/program/project portfolio management.

According  to  SWEBOK  [2],  software  development  is  based  on  the  application  of  10  main 
knowledge areas (Fig. 1):

1. Software requirements;
2. Design, software architecture;
3. Software design;
4. Testing;
5. Software support;
6. Software quality;
7. Tools and methods;
8. Software engineering processes;
9. Management in software engineering;
10. Configuration management.

Figure 1: Cognitive map of software development.

The cognitive map of software development includes 10 nodes corresponding to the main areas of 
knowledge (competencies and connections between these nodes (Fig. 1). In fact, this cognitive map of 
software development displays the states of the system and the transitions between these states. If we 
assume that the sum of the probabilities of all states is equal to one, and also that the transitions from 
each state to other states are disjoint events, then such a graph can be represented as a homogeneous 



Markov chain with discrete states and discrete time [10, 12]. To do this, we supplement the directed 
graph displaying the cognitive features of software development projects with delay connections in 
each of the 10 processes (states) and obtain a Markov chain. The matrix of conditional transition 
probabilities ||πij, i= 1 … 10; j =1 … 10|| for the Markov chain (Fig. 1) will have the form:

The specified transformation of the cognitive map into a Markov chain allows us to move from 
qualitative assessments of the progress of projects to quantitative characteristics. At the same time, 
quantitative assessments represent not only a multi-vector picture of the state of projects, but also 
have the property of forecasting [4].

The general solution for the Markov chain can be written in matrix form [5]:
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where 
T is the transposition sign; 
pi(k) and pi(k +1) are the probabilities of states at step k next step k+1; 
i – state number.
For the probabilities of states the following condition is true:                                          p1(k)+ p2(k)+ … + p10(k)= 1. (1)
The obtained probabilities of states as a result of the actions performed allow us to predict and  

evaluate the effectiveness of project implementation. Fig. 2 shows an example of the results of 
modeling a system using a Markov chain. As can be seen, as the project is implemented, the degree of 
resource intensity of individual processes will change. For the accepted conditions of the basic  
version of the control scheme shown in Fig.1, the highest probability of the state after the 30th step  
corresponds to process 5 - "Software support" and process 6 - "Configuration management" (Fig. 2a). 
In this model, the specified processes act as patterns.



a) basic version of the circuit, π 1.3 = 0.2; 
π 8.6 = 0.2

b) modified scheme, π 1.3 = 0; π 8.6 = 0

Figure  2.  Change  in  the  probabilities  of  states  of  software  development  processes  for 
different schemes: 1 - Software requirements; 2 - Design software, architecture; 3 - Software 
construction; 4 – Testing; 5 - Software support; 6 - Software quality; 7 - Tools and methods; 
8- Software  engineering  processes;  9  -  Management  in  software  engineering;  10  - 
Configuration management.

A modified control scheme is to be constructed, taking into account the requirements of the Law 
of Demeter. As can be seen, communication along the graph arc between states (patterns) 1 and 3 has 
parallel communication, which goes from state 1 to state 2 and further to state 3. The presence of 
parallel paths in the graph contradicts the Law of Demeter. To eliminate this contradiction, parallel 
communication  should  be  excluded  from  the  scheme.  To  do  this,  in  the  matrix  of  transition 
probabilities ||πij, i = 1…10; j =1…10|| can be write π1.3=0. Communication from state 8 to state 6 is  
also excluded, based on similar reasoning: π₈.₆ = 0.

Figure 3: Change in the probabilities of software development process states for different schemes: 1 
– basic scheme; 2 – modified scheme in accordance with the law of Demeter.



The results reflecting the project trajectory with the changed communication scheme are shown 
in Fig. 2b. As can be seen, the removal of parallel connections introduces some changes to the project 
trajectory.  However,  these  changes  are  not  disruptive  –  the  trends  of  changing  the  project 
parameters  practically  coincide.  Thus,  at  the  30th  step,  the  highest  probability  of  the  state 
corresponds to process 5 – “Software support”, 9 – “Management in software engineering” and 
process 6 – “Software quality” (Fig. 2b).

A comparison of  the values of  transition probabilities  for all  states does not  contradict  the 
conclusion that both options, like fractals, give practically the same probabilities for all states (Fig. 3).

The advantages of the Law of Demeter are that systems designed in compliance with this law are 
simpler, and the created systems are more efficient in terms of support and introduction of new 
modifications. This is explained by the fact that design patterns (states, processes) are less dependent 
on the structure and connections with other processes.

The disadvantages of using the Law of Demeter in the context of building project management 
systems include the fact that it is sometimes quite difficult to determine the "near and far" states. 
Some processes have several inputs and outputs. There are no methods for formally determining the 
inconsistencies of the Law of Demeter.

5. Conclusions

The  Law of  Demeter  significantly  impacts  software  development  and  IT  project  management,  
improving the efficiency and adaptability  of  project  structures.  By introducing modularity  and 
reducing  dependencies  between  system  components,  this  law  simplifies  project  management, 
analysis, and modification throughout their lifecycle, contributing to the prospective development of 
project management.

Research has shown that project management schemes built on this law are more resilient to 
changing requirements. Their simplicity facilitates modifications and maintenance. Transforming 
cognitive models into Markov chains enables quantitative assessment and forecasting of project 
outcomes, providing a clearer understanding of their state dynamics over time.

Despite the numerous advantages of applying the Law of Demeter to managing complex systems, 
certain challenges are also identified. However, these complexities do not diminish the benefits of 
utilizing this law in IT projects. Overcoming these challenges can be a source of inspiration and 
motivation for project managers and IT professionals.

Further research is essential and should aim to refine methods for implementing the Law of 
Demeter in project management, particularly to overcome its limitations and expand its applicability 
to  more  complex  project  environments.  Such  development  is  a  crucial  direction  that  requires 
collective efforts for successful realization.
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