Contents

Synopsis vii
I Systems, Entities as Part of a Whole..........ccocooieiinieniinieiieiee, vii
Systems as Objects of Study.....
Behaviour of Systems............cc.ccccceeceneinnnnn.
I System Approaches ...........ccoevecvervecvennenen.
Blackbox APProach...............cccoveeeiiiiiiiiiiiiiieeeeeee e
AGGVEGALION SIVALA. ..ot Xii
I PrOCESSES ..ttt ettt ettt et nneas xiii
Static and Dynamic SYSEEMS ..............cccooeveireoiiinsiieiae et xiv
Processes: Change of State..................ccccoccevciniciiioiiincciiiniiiiecieeeee Xiv
FURCHION ...t xv
IV Control 0f PrOCESSES......c.ecveviievirreiinieiinieinieeinreenteeeeeeerenevenenennenes XV
DIUFECHING ...ttt xvi
FE@ABACK. ... xXvi
FeedfOrward.............cccoociiiiiiiiiiieeeseet e xvii
Completing DefiCIONCIES .............cccccuiuieieiieieiieeiieeee et XViii
v Steady-State Model
Coding and Decoding
QUALTLY FIlEETS ...ttt bens
Buffers and Overflow Valves.............ccccooeiieievenenieiiiieeeeeeeee e xxi
Initiation and EVAIUGHION...................ccccooivoiniiiiiiiiniicee e Xxii
Limitations of the Steady-State Model....................ccccoccoviiricinvinnnincnn. Xxii
VI AULOPOICSIS . ceueeeuieiieieieieieeitesie ettt ettt st xxiii
Structurally Closed and Self-Referential ...............cccooevvevevecineeceeianannn Xxiii
AIIOPOTELIC SYSTEMIS ...t Xxiv
VII  Complex Adaptive SYStEMS ........cceevveeverieeiiriieiieeeieereere e XX1v
STMPLE RULES. ...ttt xxv
Fitness LandSCapes...............ccccoeveviiiiiiiiiiiieeeeseee et xxv
VIII  Breakthrough Model ..........cccovevieieniieiieieiecieeeeee e XXV
IX  Model for the Dynamic Adaptation Capability..........ccceecuernenneen. XXVii
Foreword to the Second Edition XXXV
1 Introduction 1
1.1  Concise History of Systems Theories .........c.cceoereererienenienienieneene 1
1.2 Application of Systems TheOries ........ccccverrircieriecienieiereeee e
1.3 Foundations of Applied Systems Theory .........ccecererienerieiinienene
1.4 Hard Systems Approach vs. Soft Systems Approach
1.5  Who Might Benefit from Applied Systems Theory and How? ........ 10
1.6 Outline 0f BOOK.....c.coevieuinieiinieiinicinicirictreccece e 11



XXX

Applied Systems Theory

RETETENCES ... ene e en 12

Basic Concepts of Systems Theories 15

2.1

2.2

23
24
2.5
2.6
2.7
2.8

System Approaches

£ 131 1TSS
Defining SYSIEMIS ........c.ccuciiiiiiiiiiiiiiiet ettt
ELCIENLS ..ottt
ReLALIONSHIDS ...ttt
URIVETSE ...ttt

SEUCTUTE ..ottt ettt sttt e
ABPIDULES ...ttt
Emergence

Wholeness and Independence
SUDSYSTEIIS ...ttt ettt
ASPECESYSIEIMIS ..ottt sttt ettt st
State Of SYSTEMS ...ouvievieeieiieieie et
Behaviour of SYStems.........cceviecierieriereeieceeie et
Systems BoUNdary ..........c.cceecveriieviereenieiieieceeie et

3.1

32
3.3

34

3.5
3.6

Modelling and ADStraCtion ..........ccceevevieereerieeierieeieseereeeereeeenees
CLASSIFICALION ...

AGGTOGALION ..ottt
GENEFALISALION ...t
Blackbox Approach
Deductive, Inductive and Abductive Reasoning
Deductive ReASONING ............c..ccceveevuevveveeiiieeerainannn
Equifinality, Homeostasis and Deductive Reasoning
INAUCHIVE REASONING. ...ttt
ADAUCTIVE REASONING ...ttt
Types 0f MOdEIS .....c.evuiriiriiiiieicicieteer e
ISOMOFDRISIIL ...
HOMOMOFDIISIL ........oooeveeiesiesie ettt
Analogies and MetapRoFs...............c.ccoeoevecireoiiiniieeaeeet e
Qualitative Models.



Contents

XXXi

4 Generic Approaches to Problem Analysis and Solving 83

4.1  Types of Decision MaKing ..........cceeeveeeeviineeniieeenieeeesieeeesreeneeneens
Programmed DeCiSIONS.............c.cccucouevuiviniiiiiiiiieieieeeee e
Non-Programmed DeCiSIONS...............cccceeveiiriirciiiiieieeenesese e
DeCiSTONS T1 CFISES ....oeeiieiesiiiieeee e

4.2 Problem ANalysiS.......cccooerieiirieniieieeeeie et
Problem DefiRition. ............ccccuicuiiiiiieniiiieeeeeet e
ANaAlySing ProBIems ............ccccoccieieieieiiiiiiie et
Redefining Problem DefinitionN..............ccccccouoiioieoieiieieieienesese e

4.3  Finding and Weighing AIternatives.........ccccoevevueeercerenrenenenenennens
Generating Alternatives and Principle Solutions
Weighing AIerNALIVES ..............cccccirieiriiiiciiiiiiiieieee e
[Pugh’s] Controlled Convergence Method.....

4.4  Decision Making ............cceevreverrervennenenn
Multiple-criteria Decision Making.......

Decision Trees ...........c.ccecueevenennnn.

SatiSficing........ccooevevennn.

Case-Based REASONING ..............cccccouiivieiieiiiieieeeeee e
Decision Making in GFOUDS ............ccccoccrverierierieioiiieiineneneseee et
Abilene PAradox ..............cccccueeueeiieiininiiniiiiiieieeeeee e

4.5  Implementation of SOIUtIONS ......cccvvereeeciieiiieiieie e
Detailing Of SOIMION. ...........ccocoeiiiiiiiieieet et
Effectuation of SOIULION ............cccoevuiviiiiiciiiiiiieieeesest et

4.6 Evaluation of SOIUtions .........cccevevererininenienicicicececceeeeeeee

4.7  Overview of Process for Problem Solving and Decision Making . 109

4.8  Some Further NOtes........ccovieiiiiieiecieeeeeee e 110

4.9 SUMIMATY ..eeiriiiiieeiiieeteerte ettt sttt et et e saeesaeees 113

RETEICIICES ...ttt 114

5 Processes 117

5.1  Processes as INteraction...........ceceeevuevrerienienienienieneeneeeeeeeese e 117

5.2 Types of Processes ......ccccoeeeverienenienieienceie e 119
Homeostatic Processes .............cccccocevcevcenenncn. 121
Adaptive Processes.......... 122
Depicting Processes............c.cccoevercencencenennns 123

5.3 Primary and Secondary Processes..........cceceriereereeneneenienienienneans 124
PFINATY PFOCESS ..ottt 125
SECONAATY PFOCESSES.........cocvviieeiiiiiiiiieeteee et 126

5.4 Process and FUNCHoN............cceeeiiiiniiineiincincccrcccceeeeiees 127

5.5  Systems of RESOUICES......ccvvcveriieiiieiieiieieie e 130

5.6 Behaviour and Processes.........ccooeeveeneenieireencinieenieeereneenenes 131

5.7  Processes and Blackbox Approach............ccecveevervenieiienienienieenns 133

5.8  Business Process Mapping........ccccecveeveviecienierieneenieseensesnenieenens 135
Structured Systems Analysis and Design Methodology.............................. 136

International DEFinition Method...................ccccccocoveeeeeeiciiieiieeieeeneenn 137



XxXil

Applied Systems Theory

ASME Mapping Standard ...................ccccoccovveniiinioiiiniciiiiineeseeee 139
Unified Modelling Language...................cccccccevenoiniiiiicieiaieeseee e 140

Soft Systems Methodology ................ccccociieoiiinciiieiiiieiieeeee e 141

5.9 SUIMIMATY weeiiiiiiiieiie ettt ettt ettt st e sateesbaesaneenne 142
RETEICINCES ...ttt 143
6 Control of Processes 145
6.1  Generic Concept of CONtrol .........ccccoveeiiiiieiinieeeieeee e 146
6.2  Control and DIreCting..........ccccveeveevuieeeriieeenieeiesieeeesreeeesreenenreens 149
6.3  Feedback as Control MechaniSm ...........coceeeeveeeenenencnenenennenes 152
6.4  Feedforward as Control Mechanism ..........cccooeeeverienienieneeinnne 157
6.5  Completing DefiCiencies ........ccceeveeruirieninienenieneeieseeee e 161
6.6  Application of Control Mechanisms.............cceceveeeiereecieneeciennenns 163
6.7 Echelons of Control...........cocceerirenineneninieieeieenenesesese e 167
6.8  Law of Requisite Variety .........ccoecevieienieenieeseeie e 168
6.9 SUIMMATY ..eiiiieiieeiiecieeie et ettt siee st eeseeeae e beesaveebeessseenseenns 170
REfETENCES ...ttt e 171
7 Steady-State Model 173
7.1  Boundary Control........ccccecevirinienenienienieieeeieeeceenenie e 173
SEAAY SIAT. ...t 174
BOUNAQEY ZONES ..ot 176
HEIEFOSIASIS ...ttt 178

7.2 Input Boundary Zone .........ccceccevieriiienenieeeeeeee e 179
COING ..ottt ettt ettt ss s b e b s eseeneeneas 180
Quality Filter INDUL.............c.ccccccoiiciiiiiiiiiieiieeet et 181
Control Mechanism (Feedforward) ..............ccccooevoivieoencncneniineicienne 181

INPUE BUSTET ... 182
OVEIAIOW (VAIVE) ..o 182

7.3 Output Boundary Zone..........cccceeeeruereenenienieeieseeiesie e seeeeeeene 183
Control Mechanisms (Feedback and Completing Deficiencies)................. 183

OQUIDUE BUFFEF ...ttt eneas 185
OVEIAIOW (VAIVE) ...t 185
DECOATNG ... 186

7.4  Regulatory Boundary Zone ...........ccoceevivieniiieenenienieeeenieeeenens 186
INIHIALING PPOCESS ..ot 186
EVQAIUALION PPOCESS ...ttt 187

7.5  Limitations of Steady-State Model ...........cccoceveeviirieniincierieeienns 189
7.6 SUIMIMATY weeiiiiiiieniieeieeete ettt st ettt et et st esaeesateesbaesaneenne 191
RETEICINCES ..ot 192
8 Autopoietic Systems 193
8.1 AULOPOICSIS ..eeutieietieiieie ettt sttt sttt et 194
8.2  Principles of AUtOPOICSIS.....cecvverieriirrerieiieieeeesieetereeeeesreeeeereens 195



Contents XXXiii
8.3  Autopoiesis and Self-Organisation...........cccceeeeveeceecerrcrcnencnennenne. 196
Self-organised CritiCQlity............ccccovouioiiiiieiiiiiiieieeeeeeee e 199
Self-organisation Versus ERIFOPY.........c..cccecveveeeeeeieeienieeeeeeeeeseeseeeseeens 200
Autopoietic Aspects of Self-OrganiSation ................ccccocecuccreeieenncenencn. 201

8.4  Interaction with Environment

8.5  Perception and Cognition........

8.6 AllOPOICtiC SYSLEMS.....coveruirtirririiriinienieneetcteteeeeete e
Allopoietic Systems as CreAtION.................cccecereeireeieineoiiinieieneieeeeens
Stakeholders and Boundary Critique

8.7  Social Systems as Autopoietic Systems

8.8 SUMMATY ..ot

RETEIENCES ...ttt e

9 Complex Adaptive Systems 211

9.1  Dimensions of COMPIEXItY.......c.ccrrierrireeriiiierieieerieseesreeeesaeeenens 211

9.2  Attributes of Complex Adaptive SyStems ........cccoceevereereneenennens 213
Distributed CONIOL.............c..cccoueoiiiiiiiiiiiiiieteeeeeee et 213
COMNECLIVILY ...ttt 214
CO-EVOIULION ... 215

9.3 Fitness LandsCapes........ccoeiecverierienierienieieeeeieseeieseeesesnenseennens 217
Wright s Adaptive Landscape..................c.ccccoueveciieniicnciieisineeaeens 217
Random Fitness LandSCapes.................cccocuvivcieoiioiicicnininiiiiiniiieeeeenns
Rugged Fitness Landscapes.......

Co-Evolution and NK-model

9.4  Self-Organisation by Complex Adaptive Systems.............cecuenneee 224
Simple Rules and Complex Behaviour................cccccoeeveeeeeeiaiaieieieneenn, 225
ATFACIOTS ...t 225
DIiSSIPALIVE SIFUCTUFES ...ttt 226
EdGE-0f"CRAOS ......c..coeiiiiiiiiiieeeeseseetee e 227

9.5  Recursive Behaviour ..........occovieiiiieiinieccee e 227

9.6

9.7

References

10 Organisations and Breakthrough 235

10.1 Adaptation by Organisations............c.eceeverrereenreeeereesseersesseessennnes 236
Creation Of MUTAIIONS ...........c.cccecueeueeeeieieeieieieieieie st saeaenaens 236
Organisations as Allopoietic SYStemS ..............ccccuceveeecineiinieeiieieeeens 239
Evolution by Organisations

10.2  Processes of Foresight.............

SIPAIEGY ...ttt
Dynamic Strategies...............ccccoucouceuiiiiiiiiieiieieieieieee e
FOPCCASTING ...t

Techniques fOr FOTESIGRL ............c.ccevueveeeieeeeieieteieieiesie e eae e ereeaenaens



XXX1V Applied Systems Theory
SCENATIO PIANNING ........o.oeeeieieieeeeeeee et 251

10.3  Breakthrough Model .........cccvveiirieiiiieiieieccee e 255
Strategy FOFMALION ............c.cccovceiiieeeeiiee et 255
Confrontation and TUNING................cccccecirieiiiiniiiiceiecee e 256
Configuration and Resource AllOCALION.................c.ccocovvceeveeceniieieieinnnn 257
OPCFALIONS ...t 258
Verification of Master PLan...................ccccovoivccincoiiiiniciiieicneteeee e 259
Evaluation of Strategy ...............ccccocevivioiiioiiiiiicieiieeecteeee e 260

10.4 Model for the Dynamic Adapation Capability .........c.cceeeverrernennen. 260
Learning Processes and Innovation Impact POInts .................c.ccccoceeecennenn 261
Dynamic Adaptation Capability ...............ccccocoviiniciniiiiiniiieiinecnens 262

10.5 Differences with Steady-State Model...........ccecerveceniecereeienen. 264
Capability for AAPIAtioNn. ................c.coeveeeiieieieieieeeeeeee e 264
Linking Steady State to Breakthrough ................c.ccccocvevvevieveneniieinaennn 265

10.6 SUMMATY ...ooviviiiiiiiiiiieeit ettt sttt ettt e e b eiee s 265
RELEIENCES ....ceviniiiciieciirectrctrctte ettt 266
11  Applications of System Theories 269
11.1  Systems Engineering..........cccceeeuereeieneenienienieeieneeene e 270
11.2  Biological SYStemS.......cceerieruiriieniieieeieieeiceste e 272
SYSEMS BIOIOZY ...ttt 273
Biological ECOSYSIEMS .....c..cccociviiiiiiiiiieiiieeiese ettt 275

11.3 OrganiSations.........cceeeerueeierieeientieieeieeteetee e eeeeneeeeeeseeeeeseeeeenneas 277
Management CYDEFRELICS ..........c.coccuueeeeieeiiiiniiiiisteeeee e 278
Analysis and Design of OrganiSAtions................c.coceceeeveeeeeaenesiaeeaens 279
Organisations as Allopoietic SYStems...........cccoccuvevciviivoencncneninenescnnn 281
Evolutionary Approaches for Organisations ..................cccoceeeeeeeeneneennns. 282

11.4  Other Systems Theories in Brief ..........ccccooceniiiinniiniiiee 285
SYSEEM DYNATNICS ...ttt 285

Soft Systems Methodology ................cccceciiioiiiiiciiieiiiieeeeeeeeeee 287

The Viable System Model....................ccocociriiniiniiioiiiiiiieeienenceeeeeae 289
MetaSystem Transition TREOTY ............cccceeeviniiniiniiniiiiiieieeneseseseee 290
Critical Systems THIiNKING ..........c..cccooeviviviiniiiiiiiieieeeeeee e 291

11.5 Research Methods ........ccccoeviiviniinieiiinieiiiiieccceeee e 293
11.6  Concluding Remarks..........cccceeviiiiiiniiiiiiieeeeeeeee 295
REfEIENCES .....ouviuiiieiiiiiicieee et 296

Index 301




2 Springer
http://www.springer.com/978-3-319-57525-4

Applied Systems Theory

Dekkers, R.

2017, X000, 315 p. 88 illus,, Hardcowver
ISBN: 978-3-319-57525-4



	Contents



