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Abstract 
 
In project management there are many problems that need to be updated with fresh 
approaches to their solution. One of these important problems is the totality of issues related 
to the methodology of mathematical modeling of projects. 
 
At present, this area is dominated by simple empirical models that are unable to provide 
answers to the challenging problems of the industry. To further promote the science of project 
management it is necessary to develop high-level mathematical models, reflecting systemic 
considerations of projects. 
 
Various tasks in the field of quantitative project management require an equally wide range of 
mathematical methods. We need to push the boundaries of traditional mathematical methods 
to make them adequate to the new challenges in project management. 
 
This paper consists of two parts. 
 
The first part of the paper discusses the general methodological issues of the mathematical 
theory of project management, and the second part is the application of different mathematical 
methods to the solution of the specific problems of project estimation. In particular discussion 
is focused on the functional relationships between project total effort, project duration and 
project staffing.  
 
Introduction 
 
The organization of human labor - it is a problem facing the whole world each day. The 
degree of rationality of this process is very important because even if a small successful shift 
in this area may have huge positive consequences. But to achieve sustainability in the 
organization of the people everyday work is possible only with the full examination of all its 
aspects. 
 
Of particular importance for this purpose is the development of quantitative methods of 
human work organization in the background of the existing successful qualitative methods 
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that are based on experience and intuition of managers of various ranks. This raises a 
fundamental question about the possibility of establishing successful working quantitative 
methods for the description and control of human labor. 
 
This problem has been widely debated by supporters and opponents of the development of 
quantitative methods of human work organization and project management.  
 
The main argument of the skeptics is that the uncertainties accompanying the human work 
create the barriers, even insurmountable difficulties in the way of establishing the quantitative 
methods of description and management of it. Obviously, this is true for the highest forms of 
work organization, mainly related to the work of creative people. 
 
But human labor is very multifaceted, and its manifestations are not limited by the creative 
work only and cover a very wide range of human activities starting from primitive forms of 
physical labor to complex projects, basic research programs and other manifestations of it 
including state level and even planetary scale human activities. 
 
The main argument of supporters of building a comprehensive mathematical theory of human 
work is based on the experience of many areas of knowledge that have already passed the 
stages of development and penetration of mathematical thinking into the specific problems. 
 
Besides, the history of the development of mathematical methods in specific sciences knows 
many examples of similar discussions, but most of these debates always end with a deeper 
understanding of the indispensable role of mathematics in the corresponding fields.  
 
In addition, virtually all agree that the degree of penetration of the serious mathematics in a 
specific area is a sure sign of the maturity of that field of knowledge. 
 
Therefore, all agree that, for example, in project management is better to have well-developed 
mathematical methods to solve specific problems of project analysis and estimation. But the 
initial enthusiasm and following disappointment about the quantitative methods because of 
their inaccuracy have led to almost universal disbelief in the usefulness of these techniques in 
project management. 
 
But this happened through no fault of mathematics, but because of its erroneous applications.  
Therefore the serious problems of mathematical analysis and control of projects in essence 
remained untouched even after the intensive research programs of the last 50 years. 
 
Therefore, it is time to seriously and competently applying a variety of mathematical methods 
in the description of human work and project management in particular. 
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Also, at this stage in the development of mathematical techniques of project management it is 
very important to restore the confidence of industry and researchers in quantitative methods, 
lost as a result of past failures and disappointments in this area. 
 
Part 1: Principles of mathematical modeling in project management 
 
Typically, discussions of the principles of mathematical modeling in a particular area of 
knowledge includes discussions of a number of other interrelated issues, too. These include 
the relationship of the power of database and its impact on the quality of the extracted 
functional relationships between parameters of the investigated object. A very important 
problem is the case of the sparse data, unsuitable for statistical processing. Also it is very 
important the discussion and the impact of hypothetical theories on the processing of project 
data. 
 
An in-depth study of the problems of constructing of the theory of project management leads 
to a discussion about the opportunities of building an axiomatic theory in this area of 
knowledge. Another important aspect of the same problem is to discuss the principles of 
human behavior to build a mathematical theory of human actions, and ultimately, the 
mathematical theory of project management. 
 
Large database is not a solution for existing project estimation problems 
 
There is a widespread opinion that the expanding of the existing project databases can help to 
solve the project estimation problems. 
 
This statement is a result of some misunderstanding because after some critical number of 
projects in the database there are only insignificant differences between small and large 
databases. 
 
After some critical size any database already contains all fundamental relationships between 
project parameters. 
 
The problem is how we can extract that knowledge from the data, and that the statistical way 
is not the solution of this problem. 
 
Also after some critical size of the database its further expansion doesn’t make any sense for 
the project estimation accuracy improvement. 
 
Moreover, as an information collecting process, the project database expansion is continuing 
to be very costly.   
 
Data independent top-down mathematical theory of project management is the solution 
of the problem 
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The best way to develop reliable quantitative methods of project prediction and planning is to 
combine a top-down theoretical approach with a bottom-up data mining [1]. 
 
The role of a fundamental top-down theory in this process is to serve as a clustering guide for 
the bottom-up project data mining.  
 
Top-down quantitative theory of project management has to be data independent or data 
invariant. 
 
Principles underlying human actions and behavior 
 
Human behavior, like any other form of motion of matter, has an extreme nature in all its 
manifestations. Human behavior as a whole consists of a sequence of individual actions. In 
turn, every human action is governed by the general principles underlying human behavior, 
which, in turn, have deep biological roots. That is all, without exception, human actions are 
aimed at self-preservation and reproduction principles. Because the entire life process of 
people (and not just people) proceeds in a random environment, this whole process is 
subordinated to the principle of maximum probability of survival. 
 
But on the other hand the life process runs in the strictest limits on the energy spent on every 
human act, since the foundation of energy - the food is produced in the hard struggle and there 
is never enough. Hence one of the basic principles of human behavior - minimizing spent at 
each step of energy, which in practice amounts to the principle of minimizing human effort in 
all its manifestations. 
 
But this is not the only principle that governs the daily lives of people and animals. Every 
human being in conditions of danger is prepared to develop a rabid activity that directly 
contradicts the principle of minimizing the consumed human effort. Such behavior is dictated 
by the desire to minimize the risks of self-preservation. Hence, the second general principle of 
human behavior – this is the principle of minimizing the risk in all its manifestations. 
 
If the energy sources - the food provided and the risk of completely missing, the human 
behavior (and not only human behavior) is governed by the third basic principle - the 
principle of maximization of pleasure. This is the pleasure of eating, the pleasure of the 
victory over the enemies, pleasure from the act of reproduction, the pleasure of creative 
activity, etc. 
 
Thus, any display of human behavior in a sequence of actions can be explained by the three 
following principles:  

1. Minimization of Human Effort in all its manifestations,  
2. Minimization of Risk in all its manifestations,  
3. Maximization of Pleasure in all its manifestations.  
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Naturally, for different actions the role and importance of these principles will change 
depending on their contribution to the generalized principle of self-preservation. 
 
Project management as a sequence of human actions can be explained by the same principles. 
Also these principles can serve as a basis for the building an axiomatic theory of project 
management. 
 
On the possibility of constructing axiomatic theories of human labor 
 
Quantitative description of human work is based on three mandatory components. The first of 
them is the description of goals and objectives of work in a quantitative form. The second 
component is the quantitative representation of the mechanisms and relationships of the 
dynamics of the work process. The third component is the quantitative representation of the 
restrictions imposed on the duration of work, the number of working people, on the finances, 
and so on. In short, the quantitative presentation of work processes is based on the three 
components - goals, description of the work dynamics and various restrictions can become a 
viable basis for the project planning, project synthesis and project execution. 
 
The same approach, which is based on the three components of human work description, can 
be successfully applied to the analysis and interpretation of project data. 
 
Possible mathematical modeling approaches in project management 

The notion of the quantitative description of work needs to be clarified, since it could cover 
the entire range of methods starting from simple empirical models of human work to the 
mathematical theories of a fundamental nature for it. It means that, depending on the level of 
development of the different knowledge areas those can use different mathematical apparatus 
and techniques adequate to the specific real modeling needs. For example, it makes no sense 
to apply the stochastic differential equations in the field, which is in a primitive stage of 
empirical development, regardless of the mathematical possibilities for this. On the one hand 
it would be incomprehensible and unacceptable for the people of the specific area of 
knowledge; on the other hand it will be an under-ripe fruit from the mathematical point of 
view. 
 
Also it is very important to understand that when studying a particular subject the desire for a 
generalized quantitative description is not an end in itself, but the mean to find out the most 
comprehensive and justified solution for the problems under study. In addition, the 
generalized mathematical models and theories have a great flexibility and universality in the 
specific applications. Examples of such universal mathematical theories are classical 
mechanics, classical electrodynamics, gravitation theory, quantum mechanics and other well 
known physical theories. 
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Today, project management and organization science have need for such mathematical 
theories of fundamental nature. 
 
Classification of mathematical methods by the level of their generality 

To better understand the current status of quantitative methods in the field of project 
management it is necessary to classify the existing mathematical models of human work.  
 
It is common for the penetration of mathematical methods into the specific fields of 
knowledge to have different levels of mathematical and theoretical generalization. 

1. As a rule the first level of penetration of the mathematical methods is the empirical 
bottom-up stage of development for the modeling of static and dynamic aspects of the 
phenomenon and processes under study.  Usually this level of development consists of 
two sublevels: 

1.1 The first sublevel is the direct treatment of data without taking into account 
ordinary considerations and achievements of the theory of experiment. It is 
characteristic for this sublevel of development the direct application of the 
methods of regression analysis for data processing, regardless of whether the 
data are the result of an active experimentation or it is a result of a passive data 
collecting process. 

1.2 The second sublevel of the pure bottom-up data processing methodology deals 
with active data, or transforms the collected passive data into the active data by 
applying some grouping rules for it. 

2. The second level of mathematical and theoretical generalizations in the data 
processing deals with simple hypotheses about the desired patterns in the data. This is 
a typical top-down approach to the data mining processes. 

Then, having the desired pattern in the form of algebraic formulas and comparing 
them with data, one can come to a conclusion about the suitability of the hypothesis. 
The purpose of the comparison of hypothetical formulas with the data is the 
refinement of the model coefficients in the formulas and the construction of the 
required mathematical model in the form of a family of graphs. 

3. In its turn the third level of model building for data mining and interpretation is a 
generalization of the second level models in the form of differential and integral 
equations. The meaning of generalization here is that the second level models or 
formulas are the specific solutions of differential and integral equations.   
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There is another circumstance that should be taken into account when analyzing the data and 
building mathematical models for them. There must be a correspondence between the power 
of the mathematical model and the problem being solved.  
 
For example, the state equation of ideal gases has a simple algebraic form that is adequate to 
the requirements of theoretical physics which is highly saturated area, in the sense of the 
utilized mathematical apparatus. 
 
Still needs to be taken into account the fact that the mathematical models of all levels can be 
either deterministic or probabilistic. In addition, high-level mathematical models are able to 
adequately represent such a complex behavior of the system as deterministic chaos, which is 
the intermediary between the deterministic and probabilistic behavior of systems. 
 
Quantitative description of human work 

Human work has an infinite variety of manifestations, and project work is the only one of 
those manifestations, although with many specific features. 

All kinds of human works are governed by the same fundamental laws, and therefore they 
should have a common mathematical base for their quantitative description. In other words 
the mathematical description of human work must be sufficiently powerful to cover all its 
various manifestations. 

Quantitative classification of human work 

For a quantitative description of human work there is a need to introduce some notions that 
can help to classify it. 
 
First of all different kinds of work can be described by the degree of their homogeneity. If the 
difficulty of the execution of the units of work is the same for different its parts then such 
work is called homogeneous. Otherwise, the work is called non-homogeneous or 
heterogeneous. 
 
According to another classification human work can be linear and nonlinear. In the case 
where the effort required to perform the work, depends linearly on the amount of work, such 
work is called linear. Otherwise, the work is called nonlinear.  

Besides, work can be static and dynamic. If the characteristic parameters of human work are 
not dependent on time, then such work is called static. Otherwise it is called dynamic. 

Random phenomena and processes play an important role in the daily human work. From this 
perspective, the human activities can be classified into deterministic work and stochastic 
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work. Deterministic work is the approximation of the human work, when it is considered that 
there is an unambiguous correspondence between the inputs of a work process and its outputs. 
In this case, simply assumed that random or stochastic component of the work, compared with 
its deterministic component is negligible. But if the random component of the work is 
essential and cannot be ignored, the results of the work can be described by distribution 
functions. 

Thus, using the above classification, human work can be linear or nonlinear, homogeneous or 
heterogeneous, static or dynamic, deterministic or stochastic. In this sense, in general the 
project work can be characterized as nonlinear, heterogeneous, dynamic and stochastic 
because: 

1. Usually, different parts of the project works are of varying degrees of difficulty during  
their execution. 

2. Effort spent on the execution of the project depends on its complexity nonlinearly, 
because the increasing complexity of the projects requires additional efforts related to 
the coordination of the new works and new interpersonal contacts. In addition, almost 
all functional relationships between project parameters are non-linear. 

3. Project parameters cannot be forecasted clearly due to their random nature. The most 
complete understanding of these parameters should be based on their distribution 
functions. 

 
The difficulties facing the mathematical theory of human work 
 
Today, quantitative theory of project management has a great number of difficulties. 
Moreover, it is actually in a deep crisis because of the difficulties of project estimation 
methods.  
 
However, one should bear in mind that the tasks in such a generalized statement, which 
simultaneously takes into account nonlinearity of the project works, and their dynamic 
behavior, their heterogeneity and stochastic behavior, usually faces with great mathematical 
difficulties. Therefore, as in all other areas of applied mathematics, usually it is a reasonable 
to simplify the tasks in order to get acceptable practical solutions. 

But on the other hand, we must also admit that currently even the simplest tasks in the field of 
project management do not have exact mathematical solutions. In this sense, the problem of 
finding functional relationships between the total effort of a project, its duration and the 
number of working people is very revealing.  
 
Let’s analyze this problem from the point of view of multi-level mathematical modeling.  
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Part 2: Application examples of multi-level mathematical modeling in project 
management 
 
Relationships between project Total Effort, Duration and Staffing 

 
Despite the long history of development of this problem its decision remains problematic. 
This is one of the typical data mining problems with the use of direct methods of regression 
analysis for project data. But as we know this project data is a result of data collection, rather 
than active experimentation with the projects. This simply means that the methods of 
regression analysis cannot be directly applied to project effort, duration and staffing data.  
Given the practical importance of the functional relationships between project effort, its 
duration and the number of working people, consider the use of mathematical models of 
different levels of generality to address this problem. 
 
Empirical bottom-up analysis of project data: State of the art 
 
Currently functional relationship between project duration and project total effort has a central 
role in project forecasting and planning works. Usually the main source of information for 
establishing such a kind of relationship is the project data. During the last 30 years mainly in 
the area of software project management have been conducted numerous research works 
having a goal to derive a formula for the said functional relationship. Although there are 
several attempts to solve this problem using mathematical models of project works, but the 
majority of approaches are using simple data processing bottom-up methods to establish that 
relationship. The main result here has the form which is a common for many works    

                                                ET   ,                                                   (1) 

where T - is the project duration in calendar-months; 

           E - is the project total effort in person-hours; 

             and   are empirical fitting coefficients. 

Different   and   empirical coefficients are characterizing different types of works. Let’s 
for instance take one of typical articles in this area of research [2]. Dividing the whole dataset 
of 312 projects into relatively homogeneous three different subsets of projects in this work 
have been derived three independent expressions for functional relationship between project 
duration and project total effort.  

1. For so-called mainframe projects: 

                                         366,0*458,0 ET  ,                                          (2) 



 
 

Published in PM World Today – August 2009 (Vol XI, Issue VIII) 
 
 

PM World Today is a free monthly eJournal - Subscriptions available at http://www.pmworldtoday.net Page 10 

2. For mid-range projects: 

                                        360,0*548,0 ET  ,                                          (3) 
 

3. For personal computer projects: 
 

                                              201,0*936,1 ET   ,                                      (4) 
 
These results are just one example. There are many others with similar results. Typically the 
value of coefficient   lies in the range somewhere between 0.2 and 0.4 depending on the 
specific dataset. 
In fact each new dataset can generate a new pair of these coefficients which is a sure sign of 
unreliability of this approach. We can see this, analyzing the project data presented in Fig.1 
 
As we can see the result has very low accuracy and in fact cannot be used for project 
estimation purposes.  
Using the extracted relationships (2), (3) and (4) we can obtain similar relationships between 
average staffing level 

avN . For that purpose we can use the obvious balance equation  

                                                  TNE av *                                                 (5) 

Substituting expressions (2), (3) and (4) into the balance equation (5) and rearranging the 
results we can have relationships between average level of staffing and total project effort. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Project data with the fitting results 
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1. For so-called mainframe projects: 

 
                                         634,0*183,2 ENav  ,                                      (6) 

 
2. For mid-range projects: 

 
                                        64,0*825,1 ENav   ,                                         (7) 

 
3. For personal computer projects: 

 
                                        799,0*517,0 ENav    ,                                       (8) 

 
Comparison of the empirical relationships for the duration of the projects and the average 
number of people raises some important questions about the asymmetry of the obtained 
formulas, despite the symmetry of the balance equation (5) on the same parameters. From the 
mathematical point of view this is a valid sign that the results contain some error somewhere. 
 
In general, empirical relationships generated by this bottom-up data processing methodology 
have poor estimation accuracy and therefore they have a little impact on the real PM world. 
Moreover, because of their high inaccuracy, the PM community has a skeptical attitude to the 
project estimation methodologies in general. 
 
The main reason for this inaccuracy is the data processing methodology, because: 

• Project data is a result of a random data collection and cannot be considered as a result 
of a planned experimentation, 

• In other words project data is a passive data and methods of regression analysis cannot 
be applied to them directly. 

 
Besides there are some other reasons for the poor project estimation results: 

• Extracted empirical relationships are data dependent and therefore unreliable for 
project management purposes, 

• A considerable part of project parameters are direct functions of projects goals and 
objectives, 

• Contemporary project data mining methodologies do not take into account these 
obvious functional relationships between project parameters and project objectives 

 
To solve these problems it is necessary to make a transition to the next level of mathematical 
modeling and processing of passive project data. 
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Project Total Effort vs. Project Duration and Staffing: Top-down mathematical 
approach  

 
 Preliminary analysis of project data  

 
Let’s start the discussion of this problem with analysis of software project data shown in 
Fig.2, where the coordinates of an arbitrary point indicate the average staffing level (y axis) 
and actual duration of projects (x axis).  
 
As usual this data is a result of a project data collection which is a typical passive 
experimentation process. Earlier we had indicated that direct application of regression 
analysis methods to this kind of data leads to the unreliable results. In order to overcome this 
difficulty it is necessary to transform this passive project data into the active (or almost active) 
data before it can be analyzed using standard regression analysis methods. This brings up the 
following question: On what ground and on the basis of what principles it is possible to 
accomplish such a kind of artificial data transformation? Obviously that can be done by 
utilizing some similarity criteria for grouping the project data. 
 
For analyzing this problem it is convenient to rely on the simple expression for project total 
effort (5).  
 

avN  
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T  
Fig.2   Each point of this coordinate system represents itself a project with average staffing  

avN and duration T  

There might be different project similarity criteria: by effort, by project scaling, etc. 
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For analysis purposes let’s classify projects by total consumed effort. Corresponding constant 
effort curve in the form of a hyperbola is presented in Fig.3. Assume the goal is to extract 
possible functional relationship between average staffing level and project duration. 
 

avN  
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T  
Fig.3 Projects located in the narrow vicinity on the hyperbola have approximately the same 
total effort 
 
Although projects located on this hyperbola and in the narrow vicinity of it have 
approximately the same total effort but at the same time they are differ significantly by the 
effort distribution over time (Fig.4).  
 
This circumstance makes it difficult to treat such a kind of different projects together for 
extracting a functional relationship between average staffing level and project duration, and 
this is the main reason why the direct application of standard regression methods to them 
could result in a poor approximation. So in order to find out a good grouping principle of 
projects we need a quantitative measure of the effort distribution over time. The goal here is 
to find out a project similarity criterion that is able to reflect project scaling.  
 
For that purpose let’s analyze Fig.5, where are presented three projects with the same 
distribution of the total effort over time. In this figure each project represents itself a rectangle 
with the same Height/Base ratios. 
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Fig.4 Projects along the curve have approximately the same total effort but different effort 
distributions over time 

 
This means that if projects in the Average Staffing and Duration plane have a similar effort 
distribution over time then they are located close to the blue line in Fig.6. It means that those 
projects approximately have the same Height/Base ratio or Average Staffing/Duration ratio. 
This ratio is a simple measure of project similarity by effort distribution over time. So it can 
serve as a criterion for grouping the raw (passive) project data in order to generate groups of 
quasi-active data. This means that for those projects  

                                              ConstC
T

N av                                            (9) 
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Fig.5 Three projects with the same effort distribution over time 
 
The practical meaning of this similarity measure by project scaling is shown in Fig.6, where 
projects located along with the tick blue line can serve a basis for extracting functional 
relationships between project effort, project duration and staffing level. 
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Fig.6 Projects along the blue line and in its vicinity have apprximately the same effort 
distribution over time 
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In its turn Fig.7 presents two groups of similar by scaling projects. Those projects are placed 
along with two tick blue lines. 
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Fig.7 Two groups of similar by scaling projects 
 
Similarly, all data in these figures one can cover with the zones of similarity by project 
scaling. 
 
It is important to note another feature of these groups of similar projects. The division of data 
into groups makes the similarity curves invariant with regard to project data. This very 
important feature will be discussed below. This is the main difference between the traditional 
data dependent mining of the project data and data invariant mining of the data suggested in 
this work.  

 
Model–based top-down analysis: Relationships between project parameters 
 
Let’s use project similarity criterion (9) for the top-down theoretical analysis combining it 
with the main expression for project total effort (5). Putting these two expressions together we 
can have the following system of simple equations 
                                        
                                       TNE av   

                                       cTNav                                                                 (10) 
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In fact we have a system of two equations with respect to the variables 
avN andT . Solving 

this system of equations (10) we can derive the following simple expressions  
 

                                       
c
ET      ,                                                            (11) 

                                     cENav                                                                (12) 

 
Comparing these results with the equations (2), (3), (4) and (6), (7), (8) and their analogues 
from the literature, that have a wide acceptance and extensive use in industry, we can find 
some similarities with them and, which is more important, a few differences of a fundamental 
nature between them too. The main similarity between them is that in both cases all the 
functional relationships have the form of a power function. The first and most important 
difference between the new formulae and those from the literature is that the new formulae for 
project predictions are completely data independent and therefore they are applicable for each 
separate data point. In contrast with them the analogous formulae from the literature are 
highly data dependent that makes them vulnerable for project prediction and planning 
purposes.  
 
     T  
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Fig.8 Project duration vs. project total effort: Project data 
 
The second difference between them is that the coefficient   in the new formulae is equal to 
0.5 and thus is data independent, whereas the same coefficient in the literature has data driven 
values within the range 0.2 – 0.4, which leads to the highly inaccurate predictions. The third 
difference between them is the coefficient . For the new approach this coefficient has a very 
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clear meaning, whereas for the old formulae it is a completely data driven number with highly 
uncertain meaning.  
 
Let’s apply formulae (11) for the analysis of data presented in Fig.8. 
Applying formula (11) for this data analysis we can have the picture, presented in Fig.9. 
The meaning of this family of curves is the following. Firstly this approach shows that any 
system of experimental data points or project data can be covered by a family of curves that 
are invariant with respect to these data. 
 
Besides, this means that it is possible replace the traditionally used one curve (1) with the low 
approximation accuracy by the family of curves, each one of which has much greater 
approximation accuracy, and hence more accurate estimation of project parameters.  
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Fig.9 Project duration vs. project total effort: Project data with the family of the theoretical 
curves 
 
Yet such an approach is fundamentally changing the existing methodology for the analysis 
and interpretation of project data. This is especially true for the sparse data and even for a 
single project data. In other words for the new project data mining methodology the statistical 
data completeness is not a mandatory condition, because the new methodology for analysis 
and interpretation of project data is not a statistical one.  
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In order to show the complete delusiveness of the direct usage of regression methods for data 
analysis it is enough to compare the results of project data approximations using in parallel 
the direct approach and data grouping based on the new methodology (Fig.10). 
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Fig.10 Comparison of two project data mining methodologies: The red curve is the result of 
approximation of all points with power law 

 
Both parameters of the red curve are in close dependence on the data, while the family of blue 
curves is invariant with respect to the project data. 
 
The results of the top-down approach to the data analysis is data independent, because the 
final results doesn’t depend on the local geometrical characteristics such as density of data 
points or their orientation in the project space. 
 
Relationship between average project staffing and total effort  
 
The same analysis methodology can be applied to the functional relationship between average 
project staffing and project total effort. The results of this analysis are presented in Fig.11, 
Fig.12 and Fig.13. 
 
In this case too, the blue curves represent the results of theoretical analysis, while the red 
curve is the direct result of statistical processing of project data. 
 
 
 

34.05.9 ET   
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Fig.11 Project average staffing vs. project total effort: Project data 
 
As before, in the case of direct statistical data processing, the result depends directly on the 
data which is a sure sign of the unreliability of the result. 
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Fig.12 Project average staffing vs. project total effort: Project data with the family of the 
theoretical curves 
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Fig.10 Comparison of two project data mining methodologies: The red curve is the result of 
approximation of all points with power law 
 
Results of the theoretical analysis are invariant with regard to project data, which makes them 
suitable for analysis of project data from any field of application, including software projects, 
construction projects, and so on. 
 
1.3 Mathematical representation of the effort dynamics over time 

Suppose there is a project with a number of working people as a function of time )(tn  
(Fig.11). Taking value )(tn  as a constant in the small interval ),( dttt   one can write 

                                          dttndE )( .                                                      (13)  
 
Integrating this expression we can obtain the total effort of the design team as a function of 
time 

                                       
t

dttntE
0

)()(                                                 (14) 

The differential form of the same expression will be 

                               )(tn
dt
dE

  .                                                    (15) 

658.01.0 ENav   
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This expression reflects the dynamics of the project effort over time and it is the dynamic 
analogue of the static formulae (5). 

Function )(tn  indicates the distribution of the project effort over time and besides it has close 
links with system level charcteristics of projects such as cost, risk, etc.  

       )(tn   

 

 

 

 

                                                  t        dtt       Time 

Fig.11 Staffing profile of a project 
 

Practice has shown that different distributions of the same project effort over time may have 
different systemic effects. This naturally leads to thoughts about the existence of an optimal 
curve )(tn  that corresponds to the extreme values of the system-level project quality 
indicators. In the mathematical sense, this formulation of the task of the effort distribution 
over time leads to the well known variational problems [3]. 
 
Conclusions 

Part 1: 

1. Analysis of the principles of mathematical modeling in project management indicates 
that currently quantitative project management is in the primitive empirical stage of 
development.  

2. This is a serious obstacle for the development of a genuine quantitative project 
management that must be based on the general principles of mathematical modeling.  

3. In order to overcome this difficulty it is necessary to make a transition to the top-down 
mathematical modeling methodology in quantitative project management. 

4. For project data mining it means to make a transition from the existing direct 
applications of regression analysis to the new top-down data mining methodology. 

5. There is a widespread opinion that the expanding of the existing project databases can 
help to solve the existing project estimation problems. 

6. This statement is a result of some misunderstanding because after a certain critical 
number of projects in the database there are no differences between small and large 
databases. 
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7. After some critical size any database already contains all fundamental relationships 
between project parameters. 

8. The problem is how we can extract that knowledge from the data and that the 
statistical way is not the solution of this problem. 

9. Also after some critical size of the database its further expansion doesn’t make any 
sense for the accuracy improvement. 

10. Moreover as an information collecting process it is continuing to be very costly; 
therefore the large database is not a solution of the existing problems. 

11. Data Independent Top-down Mathematical theory of project management is the 
solution of the problem. 

12.  The best way to develop reliable quantitative methods of project prediction and 
planning is to combine top-down theoretical approach with the bottom-up data mining.  

13. The role of a fundamental top-down theory in this process is to serve as a clustering 
guide for the bottom-up project data mining.  

14. Before any type of processing project passive data must be divided into meaningful 
groups of “similar” projects. 

15. Therefore project grouping principles have a paramount importance for a proper data 
processing. 

16. In fact these principles are helping to transform passive project data into the quasi-
active groups of data. Methods of regression analysis are applicable for the quasi-
active groups of data. 

17. For an effective project data mining and interpretation it is necessary to make a 
transition from single fitting curves to the families of multi-parametric functional 
relationships between project parameters. 

 
Part 2: 

 
18. Direct application of the methods of regression analysis to the project effort, duration 

and staffing passive data is the main reason of the large estimation errors in statistical 
project management.  

19. We simply do not have rights to apply principles of statistical data mining to the 
passive effort, duration and staffing data. 

20. For the existing relationships in the literature Effort vs. Duration and Effort vs. 
Average Staffing there is no symmetry which is the first sign of their incorrectness. 

21. Before statistical processing of this project data there is a need to group them utilizing 
some “similarity” principles. 

22. For effort, duration and staffing project data that is the principle of similarity by 
project scaling. 

23. This project grouping principle makes it possible to derive data invariant functional 
relationships between project effort, duration and average staffing. 

24. Functional relationship between project duration and effort has the form of square root 
law.  

25. The same law is valid for the relationship between average number of people and 
project effort. 
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26. This new project data mining and interpretation methodology makes it possible to 
analyze sparse and even single project data. 
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