Contents

1 Introduction to Grey Systems Research.......................
1.1  Appearance and Growth of Grey Systems Research..........
1.2 Development History and Current State . ... ...............
1.3 Characteristics of Uncertain System . .. ...................

1.3.1  Incomplete Information . .......... ... ... ... .. ...
1.3.2 Inaccuraciesin Data ...........................
1.3.3  The Scientific Principle of Simplicity ..............
1.3.4  Precise Models Suffer from Inaccuracies............
1.4  Comparison of Several Studies of Uncertain Systems. ........
1.5 Most Actively Studied Uncertain Systems Theories . .........
1.6 Elementary Concepts of Grey System. . . ..................
1.7  Fundamental Principles of Grey Systems . .................

2 The Grey Systems Theory Framework . .................... ..
2.1  Grey Models and Framework . . .........................
2.2 The Thinking, Models and Framework of Grey Systems

Theory . ...
2.2.1  Grey Numbers and Its Operations . . . ..............
2.2.2  The Grey Sequence Operator. . .. .................
2.2.3  The Grey Prediction Models . ....................
224  Grey Incidence Analysis Models. .. ...............
2.2.5 Grey Clustering Evaluation Models. . ..............
2.2.6  Grey Decision-Making Models . . .................
2.277 Combined Grey Models ........................
2.2.8 Grey Control Models. . .........................
2.3 The New Framework and Main Components
of Grey Systems Theory. . ......... ... .. ... .. ... .......

3 Grey Numbers and Their Operations . .......................
3.1 Grey Numbers . ...

3.2 The Whitenization of a Grey Number and Degree
Of GIreyness. . ... ..ot

18
18
19
20
21
22
24
25
25

26

29
29

30

XiX


http://dx.doi.org/10.1007/978-981-10-1841-1_1
http://dx.doi.org/10.1007/978-981-10-1841-1_1
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_1#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_2
http://dx.doi.org/10.1007/978-981-10-1841-1_2
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_2#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_3
http://dx.doi.org/10.1007/978-981-10-1841-1_3
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec2

XX

Contents

3.3  Degree of Greyness Defined by Axioms. . .................
3.4  The Operations of Interval Grey Numbers . ................
3.5 General Grey Numbers and Their Operations. . . ............
3.5.1 Reduced Form of Interval Grey Numbers . ..........
3.5.2  General Grey Numbers and Their Reduced Form . . . . .

3.5.3 Synthesis of Degree of Greyness and Operations
of General Grey Numbers . ... .......... ... ......

Sequence Operators and Grey Data Mining . . . . ...............
4.1 Introduction ............. ...
4.2 Systems Under Shocking Disturbances and Buffer

OPErators . . ..ottt
4.2.1  The Trap for Shocking Disturbed System
Forecasting ... ......... ... .. ... ... .. . ... ...

422  Axioms that Define Buffer Operators ..............
4.2.3  Properties of Buffer Operators. . ..................
4.3  Construction of Practically Useful Buffer Operators..........
4.3.1 Weakening Buffer Operators . ....................
4.3.2  Strengthening Buffer Operators . . . ................
4.3.3 The General Form of Buffer Operator. .............
4.4  Average Operator . . .. ... ..cuu vttt
4.5  The Quasi-Smooth Sequence and Stepwise Ratio Operator . . . .
4.6  Accumulating and Inverse Accumulating Operators . . ........
4.7  Exponentiality of Accumulating Generation . ...............

Grey Incidence Analysis Models. . . ..........................
5.1 Introduction ............ .. .. ...
5.2 Grey Incidence Factors and Set of Grey Incidence
OPETators . . . .ottt
5.3  Degrees of Grey Incidences Model. . .....................
5.4  Absolute Degree of Grey Incidence Model. ... .............
5.4.1 Relative and Synthetic Degree of Grey
Incidence Models ............ ... ... ... ... ..
5.4.2  Similarity, Closeness and Three-Dimensional
Degree of Grey Incidence Models. . ...............
5.5 Superiority Analysis . .. ......... ..
5.5.1 Practical Application . ..........................

Grey Clustering Evaluation Models. . ........................
6.1 Introduction ......... ... ... .. .. ...
6.2  Grey Incidence Clustering Model . . . .....................
6.3  Variable Weight Grey Clustering Model. . .. ...............
6.4  Fixed Weight Grey Clustering Model. ....................

40

47

60


http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_3#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_4
http://dx.doi.org/10.1007/978-981-10-1841-1_4
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_4#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_5
http://dx.doi.org/10.1007/978-981-10-1841-1_5
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_5#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_6
http://dx.doi.org/10.1007/978-981-10-1841-1_6
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec4

Contents XXi
6.5  Grey Clustering Evaluation Models Based on Mixed
Possibility Functions. . . .......... .. .. ... .. . oL 121
6.5.1  Grey Clustering Evaluation Model
Based on End-Point Mixed Possibility Functions . . . .. 121
6.5.2  Grey Clustering Evaluation Model Based
on Center-Point Mixed Possibility Functions. . ....... 127
6.6  Practical Applications. . .......... . ... ... ... ... 131
7 Seriesof GM Models. . . . ....... ... ... ... ... . 141
7.1  Introduction . ............ .. ... ... 141
7.2  The Four Basic Forms of GM (1, 1). ..................... 142
7.2.1  The Basic Forms of Model GM (1, 1).............. 142
7.2.2  Properties and Characteristics of the Basic Model. . . . . 145
7.3 Suitable Ranges of Different GM (1, 1) ................... 149
7.3.1  Suitable Sequences of Different GM (1, 1) .......... 149
7.3.2  Applicable Ranges of EGM. .. ................... 157
7.4 Remnant GM (1,1) Model . ........... ... ............... 160
75 Groupof GM (1, 1) Models. .. ........ ... .. ... .. ...... 165
7.6 The Models of GM (r, ). ... ..o 169
7.6.1 TheModel of GM (O, N) . ........ ... . ... ....... 169
7.6.2 TheModel of GM (1, N) ....................... 171
7.6.3  The Grey Verhulst Model .. ..................... 173
7.64 The Modelsof GM (r, h) ....................... 176
7.7  Practical Applications. . ......... ... .. ... i 178
8 Combined Grey Models . .................................. 183
8.1  Grey Econometrics Models. . ........................... 183
8.1.1  Determination of Variables Using the Principles
of Grey Incidence . . .............. ... ... .. ..... 183
8.1.2  Grey Econometrics Models . .. ................... 184
8.2  Combined Grey Linear Regression Models. . .. ............. 187
8.3  Grey Cobb-Douglas Model. . ........................... 190
8.4  Grey Attificial Neural Network Models . .................. 191
8.4.1 BP Attificial Neural Model and Computational
Schemes . ........ ... . . .. 191
8.4.2  Steps in Grey BP Neural Network Modeling. . . ... ... 192
8.5 Grey Markov Model................. .. ... ... ... . ..... 194
8.5.1  Grey Moving Probability Markov Model ........... 194
8.5.2  Grey State Markov Model. . .................. ... 195
8.6  Combined Grey-Rough Model . ................... ... ... 197
8.6.1  Rough Membership, Grey Membership and Grey
Numbers . . ... 197
8.6.2  Grey Rough Approximation ..................... 199
8.6.3 Combined Grey Clustering and Rough Set Model. . . . . 202
8.7 Practical Applications. ... ....... ... . ... 203


http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_6#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_7
http://dx.doi.org/10.1007/978-981-10-1841-1_7
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec14
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec14
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec15
http://dx.doi.org/10.1007/978-981-10-1841-1_7#Sec15
http://dx.doi.org/10.1007/978-981-10-1841-1_8
http://dx.doi.org/10.1007/978-981-10-1841-1_8
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec14
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec14
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec15
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec15
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec16
http://dx.doi.org/10.1007/978-981-10-1841-1_8#Sec16

XXii

10

11

Contents
Techniques for Grey Systems Forecasting. . .. ................. 209
9.1 Introduction ........... ... ... . 209
9.2 Interval Forecasting ............. ... ..., 211
9.3  Grey Disaster Forecasting. . ............................ 215
9.4  Wave Form Forecasting ... .......... ... ... ... ......... 219
9.5 System Forecasting. ............ ... ... .. .. .. ... ... 221
9.5.1 The Five-Step Modeling Process. ................. 221
9.5.2  System Models for Prediction . ................... 222
9.6  Practical Applications. . ... ............. it 223
Grey Models for Decision-Making . . . .......... ... .. ... ..... 227
10.1 Introduction . ........... ... ...t 227
10.2 Grey Target Decisions . .......... ... ... ... ... ....... 229
10.3  Other Approaches to Grey Decision. ... .................. 234
10.3.1 Grey Incidence Decision . . . ..................... 234
10.3.2 Grey Development Decision . .................... 239
10.3.3 Grey Clustering Decision . ...................... 241
10.4 Multi-attribute Intelligent Grey Target Decision Model . ... ... 241
10.4.1 The Uniform Effect Measure. . ................... 242
10.4.2 The Weighted Synthetic Effect Measure . ........... 244
10.5 The Paradox of Rule of Maximum Value and Its Solution. . . .. 248
10.5.1 The Weight Vector Group of Kernel Clustering . . . . .. 249

10.5.2 The Weighted Coefficient Vector of Kernel
Clustering for Decision-Making. . . ................ 250

10.5.3 Several Functional Weight Vector Groups

of Kernel Clustering .. ......................... 252
10.6 Practical Applications. ... ...... ... ..., 253
Grey Control Systems. . .. ......... ... ... ... ... ... ... ..... 257
11.1 Introduction ........... ... ... ...t 257
11.2  Controllability and Observability of Grey System. .. ......... 258
11.3 Transfer Functions of Grey System . ..................... 260
11.3.1 Grey Transfer Function. ... ....... ... ... ... .. ... 260
11.3.2 Transfer Functions of Typical Links . .. ............ 261
11.3.3 Matrices of Grey Transfer Functions. .. ............ 265
11.4 Robust Stability of Grey System. ... ..................... 266
11.4.1 Robust Stability of Grey Linear Systems. . .......... 266

11.4.2 Robust Stability of Grey Linear Time-Delay
SYStems. . ..o 269

11.4.3 Robust Stability of Grey Stochastic Linear

Time-Delay System. .. .......... ... ... ... ...... 271
11.5 Typical Grey Controls . .......... ... ... ... ... ... .. 276
11.5.1 Control with Abandonment. ..................... 276
11.5.2 Control of Grey Incidence. . ..................... 277

11.5.3 Control of Grey Prediction . ..................... 278


http://dx.doi.org/10.1007/978-981-10-1841-1_9
http://dx.doi.org/10.1007/978-981-10-1841-1_9
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_9#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_10
http://dx.doi.org/10.1007/978-981-10-1841-1_10
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec14
http://dx.doi.org/10.1007/978-981-10-1841-1_10#Sec14
http://dx.doi.org/10.1007/978-981-10-1841-1_11
http://dx.doi.org/10.1007/978-981-10-1841-1_11
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec7
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec8
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec9
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec10
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec11
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec12
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec13
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec14
http://dx.doi.org/10.1007/978-981-10-1841-1_11#Sec14

Contents XXiii

12 Introduction to Grey Systems Modeling Software .............. 285
12.1 Introduction .............. .. . ... i 285

12.2 Software Features and Functions ........................ 286

12.3  Main COMPONENLS. . . . . v oottt et et 288

12.4 Operation Guide . . . .......... .. .. 290
12.4.1 The Confirmation System . ...................... 290

12.4.2 Using the Software Package ..................... 291

Farewell to Our Tutor . ... ... ... ... ... ... ... ... .. ... ... ...... 301
References . . .. ... ... . . .. L 303


http://dx.doi.org/10.1007/978-981-10-1841-1_12
http://dx.doi.org/10.1007/978-981-10-1841-1_12
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec1
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec2
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec3
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec4
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec5
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec6
http://dx.doi.org/10.1007/978-981-10-1841-1_12#Sec6

2 Springer
http://www.springer.com/978-981-10-1840-4

Grey Data Analysis

Methods, Models and Applications

Liu, 5.; Yang, Y., Forrest, |,

2017, XXX, 333 p. 59 illus., 19 illus. in color., Hardcover
ISEM: 978-981-10-1840-4



	Contents



