
This study is related to the increasing role of prognostic 
models in the management of production systems. It is associ-
ated with increasing requirements for management efficiency 
and with the need to take into account external factors. Our 
objective is to support management and to improve decision-
making. In order to gain this objective we use and combine 
various approaches and methods from innovation and perfor-
mance management, data mining and predictive models, time 
series and semi-supervised training. The application of the 
various approaches, which are presented in this book, makes 
it possible to improve the validity and quality of management 
decisions.
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The relevance of this study is related to the increasing role of prognostic models in
the management of production systems, which is associated with the increased require-
ments for management efficiency and the need to take into account external factors
affecting the system and the consideration of ongoing processes in dynamics and in
interconnection between the chain of managerial decisions and the values of the used
management parameters. The goal of the study is the solution of scientific and prac-
tical problem of the development of models and supporting methods for the effective
decision-making in the management of project implementation processes in production
systems on the basis of the data analysis of the life circle of projects, of their interaction
with other projects within the framework of the system under consideration and taking
into account the time factor. In order to gain this goal we use methods of innovation
management from the point of performance management indicators; formalization of
management tasks in the form of predictive models; DataMining for intellectual data
analysis and support for decision-making management; predicting the parameter val-
ues presented in the form of time series and the application of time series as a way
of representing the process parameters under study; approaches from a wide field of
semi-supervised training, taking into account structured and unstructured data at the
same time; methods for assessing the credibility of taken management decisions. The
data considered in the monograph allow to receive and to solve the tasks of the man-
agement of production systems arising in the practice based on the forecast data for
sets of indicators and parameters involved in decision-making. That makes it possible
to increase the validity and quality of management decisions.

Keywords:project management, production systems management, forecast, time
series, risk assessment, management parameters, data preparation, DataMining, statis-
tics, training.



Contents

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

1 Innovation performance management . . . . . . . . . . . 15
1.1 Terms and definitions . . . . . . . . . . . . . . . . . . . . . 16

1.1.1 Processes and projects . . . . . . . . . . . . . . . . 16
1.1.2 Project portfolio . . . . . . . . . . . . . . . . . . . . 18
1.1.3 Innovation management . . . . . . . . . . . . . . . . 19
1.1.4 Performance management . . . . . . . . . . . . . . . 22

1.2 Performance management for innovation activities . . . . . 23
1.2.1 Published performance measurement systems . . . . 24
1.2.2 A new approach for quantitative control of innova-

tion activities . . . . . . . . . . . . . . . . . . . . . 24
1.3 The framework of innovation management indicators . . . . 27

1.3.1 Measurement of output . . . . . . . . . . . . . . . . 27
1.3.2 Measurement of input . . . . . . . . . . . . . . . . . 29
1.3.3 Measurement of capacity utilisation . . . . . . . . . 31
1.3.4 Measurement of duration . . . . . . . . . . . . . . . 32
1.3.5 Measurement of adherence to schedules . . . . . . . 33
1.3.6 Measurement of availability . . . . . . . . . . . . . . 34
1.3.7 Measurement of reliability . . . . . . . . . . . . . . 36
1.3.8 Measurement of stakeholder satisfaction . . . . . . . 37
1.3.9 Measurement of changes . . . . . . . . . . . . . . . 39
1.3.10 Measurement of problems and issues . . . . . . . . . 40
1.3.11 Measurement of risks . . . . . . . . . . . . . . . . . 41
1.3.12 Measurement of incidents . . . . . . . . . . . . . . . 42
1.3.13 Measurement of size . . . . . . . . . . . . . . . . . . 43

4



Contents

1.3.14 Measurement of complexity . . . . . . . . . . . . . . 45
1.3.15 Return on investment (ROI) . . . . . . . . . . . . . 46

1.4 Stop-or-go decisions . . . . . . . . . . . . . . . . . . . . . . 47
1.4.1 Stopping processes . . . . . . . . . . . . . . . . . . . 48
1.4.2 Stopping projects . . . . . . . . . . . . . . . . . . . 48

1.5 Summary to chapter 1 . . . . . . . . . . . . . . . . . . . . . 54

2 Formalization of management tasks in production systems 55
2.1 General setting of management task in production-and-

economic systems . . . . . . . . . . . . . . . . . . . . . . . 56
2.2 Optimal management and control in production systems . . 60

2.2.1 The tasks of project implementation management in
production systems . . . . . . . . . . . . . . . . . . 60

2.2.2 Management and control tasks of production system
that implements commodity projects . . . . . . . . . 64

2.2.3 Procurement and stock control . . . . . . . . . . . . 68
2.2.4 Waste management . . . . . . . . . . . . . . . . . . 69

2.3 Joint consideration of optimal management and control
tasks by taking into account the factor of time . . . . . . . 72

2.4 The interaction of economic efficiency and the parameters
of production system . . . . . . . . . . . . . . . . . . . . . 74

2.5 The specifics of decisions as the functions of time . . . . . . 78
2.6 Summary to the chapter 2 . . . . . . . . . . . . . . . . . . 81

3 Data preparation for management support systems . . . 82
3.1 Data selection . . . . . . . . . . . . . . . . . . . . . . . . . 84
3.2 Data cleansing . . . . . . . . . . . . . . . . . . . . . . . . . 86

3.2.1 Data integration and cleansing . . . . . . . . . . . . 87
3.2.2 Cleansing of erroneous data . . . . . . . . . . . . . 89
3.2.3 Methods for data cleansing . . . . . . . . . . . . . . 90

3.3 Handling missing attribute values . . . . . . . . . . . . . . 91
3.4 Discretization methods . . . . . . . . . . . . . . . . . . . . 93

3.4.1 Unsupervised discretization methods . . . . . . . . . 95
3.4.2 Supervised discretization methods . . . . . . . . . . 96

3.5 Dimension reduction and feature extraction . . . . . . . . . 97
3.5.1 Feature generation . . . . . . . . . . . . . . . . . . . 98
3.5.2 Feature selection . . . . . . . . . . . . . . . . . . . 100

5



Contents

3.5.3 Data Visualization . . . . . . . . . . . . . . . . . . 102
3.5.4 General dimension reduction algorithms . . . . . . . 104

3.6 Outlier detection . . . . . . . . . . . . . . . . . . . . . . . 106
3.6.1 Outlier detection based on statistical models . . . . 108
3.6.2 Proximity-based outlier detection . . . . . . . . . . . 110
3.6.3 Outlier detection in high-dimensional data . . . . . . 110

3.7 Summary to chapter 3 . . . . . . . . . . . . . . . . . . . . . 111

4 Some aspects of work with time series . . . . . . . . . . . 112
4.1 The tasks of time series analysis . . . . . . . . . . . . . . . 113
4.2 Anomaly detection . . . . . . . . . . . . . . . . . . . . . . 114

4.2.1 Pattern fragment detection (based on the elements
of time series) . . . . . . . . . . . . . . . . . . . . . 116

4.3 ST Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
4.4 Time series as storage object . . . . . . . . . . . . . . . . . 126
4.5 Conclusion of the chapter 4 . . . . . . . . . . . . . . . . . . 133

5 Semi-supervised learning . . . . . . . . . . . . . . . . . . . 135
5.1 The learning problem . . . . . . . . . . . . . . . . . . . . . 138
5.2 Semi-supervised classification . . . . . . . . . . . . . . . . 141

5.2.1 Self-training . . . . . . . . . . . . . . . . . . . . . . 142
5.2.2 Graph-based methods . . . . . . . . . . . . . . . . . 145
5.2.3 Generative models . . . . . . . . . . . . . . . . . . . 150

5.3 Constrained clustering . . . . . . . . . . . . . . . . . . . . . 154
5.3.1 COP-k-Means . . . . . . . . . . . . . . . . . . . . . 156
5.3.2 PCKMeans . . . . . . . . . . . . . . . . . . . . . . . 156
5.3.3 MPCKMeans . . . . . . . . . . . . . . . . . . . . . 159

5.4 Summary to chapter 5 . . . . . . . . . . . . . . . . . . . . . 163

Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 178

6


