
Index

802.11 (Wireless LAN), 105
802.15.4 (ZigBee), 77

Actor–actor coordination, 216
Actuator, 74, 211
Ad hoc network, 67

Definition, 70
Properties, 68

Ad Hoc on Demand Distance Vector
(AODV), 134

Ad hoc routing, 123
AODV, 134
Classification, 127
DSDV, 131
DSR, 132
DYMO, 138
Geographical, 130
Hybrid, 129
On-demand, 128
Power-aware, 130
Proactive, 127
RABR, 141
Reactive, 128

Adaptive listening, 116
Adaptive Self-Configuring Sensor

Network Topologies
(ASCENT), 234

Address-based routing, 79
Addressing, 143
Affinity

Link, 141
Measure, 320

Affinity maturation, 319
Agent-based systems

Routing, 170
Aggregation, see Data aggregation

Self-Organization in Sensor and Actor Networks Falko Dressler
 2007 John Wiley & Sons, Ltd

Agriculture, 88
Alliance, 258
Allocation, see Task allocation
Amplification, 50
Ant Colony Optimization (ACO),

313
Ant foraging, 312
Ant-based routing,

315
AntHocNet, 316
AntNet, 315
Task allocation, 316

AntHocNet, 159, 316
Antibody, 319
Antigen, 319
AntNet, 315
Area coverage, 84
Artificial Immune System (AIS), 39,

310, 318
Affinity measure, 321
Application examples, 322
Principles, 318
Shape-space, 320

Artificial Neural Networks (ANN), 38,
309

Asimov, 26
Attractor, 28, 38, 167
Auction, 258

Auction-based task allocation,
257

Combinatorial, 260
Sequential, 260

Autonomic networking, 43
Autonomous system, 41
Availability, 298

CO
PYRIG

HTED
 M

ATERIA
L



356 INDEX

Back-off
Binary, see Binary Exponential

Back-off (BEB)
Random distribution, 233, 289

Base station, 73, 205
Battery, 77
Battery management, 293
Belousov-Zhabotinskiy reaction, 4, 36
Bifurcation diagram, 25
Binary Exponential Back-off (BEB), 112
Bio-inspired, 37, 305

Artificial immune system, 39, 310
Artificial neural networks, 38, 309
Attractor schemes, 38
Cellular automata, 38
Cellular signaling pathways, 39,

311
Computing, 306
Evolutionary algorithms, 39, 308
Molecular computing, 39, 312
Networking, 306
Self-organization, 40
Swarm intelligence, 38, 310
Systems, 306
Techniques, 38

Blueprint, 22
Broadcasting, 160
BTnode, 77
Busy tone, 111

Carrier sensing, 100, 116, 121
Cell

Cellular network, 326
Proliferating, 35

Cellular automata, 38
Cellular network, 326

Motif, 326
Cellular signaling pathways, 39, 311,

323
Applicability, 327
Cellular signaling network, 326
Intercellular signaling, 325
Intracellular signaling, 324
Principles, 323

Center-based task assignment, 259
Chain-based aggregation, 181
Challenge problem

Sensor, 258
Channel utilization, 294
Clear To send (CTS), 111
Clock drift, 221
Clock synchronization, 220
Clustering, 185

Classification, 187
HEED, 195
Hierarchical, 190
k-means, 189
LEACH, 192
Pervasive, 177
Principles, 186
Requirements, 187
Single-linkage, 191

Collaboration, 216, 247
Emergent, 248
Intentional, 248

Collision, 109
Combinatorial auction, 260
Communication

Real-time, 93, 215
Stigmergic, 263, 286, 313

Complex system, 17
Computing

DNA, 39
Molecular, 39, 312

Connectivity, 84, 298
Contention-based protocols, 110
Controlability, 30
Cooperation

Emergent, 262
Intentional, 255

Coordination, 215, 223
Alliance, 258
ASCENT, 234
DEPR, 235
Distributed, 231
Scalable, 231
Selfish nodes, 237
Sensor–actor, 215
Span, 232
Stimulated, 237

Cougar, 239
Coverage, 83

Area, 84, 297
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Connected, 299
k-coverage, 84, 297
Radio, 84
Sensor, 84
Target, 84, 297

Cristian’s algorithm, 225
Cross-layer, 99
Cross-layer optimization, 218
Cross-mechanism interference, 30

Data aggregation, 80, 178, 193
Chain-based, 181
Definition, 179
Grid-based, 183
Limitations, 180
Objectives, 180
Topologies, 181
Tree-based, 182

Data dissemination, 153, 156
Data fusion

Definition, 179
Data-centric communication, 80, 153

Directed diffusion, 173
Flooding, 160
Gossiping, 163
WPDD, 168

Data-centric routing, see Data-centric
communication

Deployment, 84
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Regular, 84
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Determinism, 30
Differential equation model, 59
Diffuse transmission, 52, 106, 312
Diffusion techniques, 106, 154
Directed diffusion, 173

Aggressive diffusion, 176
Anticipatory diffusion, 176
Pervasive clustering, 177

Distance measure, 321
Distributed coordination, 215, 231
Distributed Event-driven Partitioning

and Routing (DEPR), 235
Distributed system, 11
DNA, 39, 312

Dual Busy Tone Multiple Access
(DBTMA), 111

Duplicate Address Detection (DAD),
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Duty-cycle, 114
Dynamic Address Allocation, 146

DAA, 146
DAD, 144
PDAD, 145

Dynamic address assignment, 143
Dynamic Host Configuration Protocol

(DHCP), 144
Dynamic MANET on Demand

(DYMO), 138
Dynamic negotiation, 258
Dynamic Source Routing (DSR), 132

Embedded system, 74, 76
Emergence, 19

Definition, 20
Properties, 24

Emergency operation, 87, 212
Emergent cooperation, 262
Emergent property, 19, 24
Emotion-controlled task allocation, 258
Encounter pattern, 265
Energy, 293

Management, 293
Transmission power, 294

Energy distribution, 192
Epitope, 319
Euclidean distance, 321
Evaluation, 291

Energy, 293
Network lifetime, 295
Scalability, 292

Evolutionary Algorithm (EA), 39, 308
Expanding ring search, 135
Exposed terminal problem, 111
External control, 22

Facilitator, 255
Feedback, 50, 278

Negative, 51
Positive, 50

Fire detection, 212
First responders, 212
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Flooding, 160
Geocast, 160
Probabilistic, see Gossiping
Topology-assisted, 162

Foraging, 312
Forward Error Correction (FEC),

169

Genetic Algorithm (GA), 39
Geocast flooding, 160
Geographical routing, 130
Global Positioning System (GPS), 98,

225
Global state, 103
Gossiping, 163

Attractor, 167
FEC, 169
Smart, 167
Spatial, 166
Two-threshold scheme, 165
WPDD, 168

Gradient, 173
Great Duck Island, 87
Greedy Perimeter stateless Routing

(GPSR), 130
Grid-based aggregation, 183

Habitat monitoring, 87
Hamming distance, 321
Health care, 88
Hidden terminal problem, 110
Hierarchical clustering, 190
Hill-climbing search, 260
Home automation, 88
Horizontal categorization, 97
Hybrid Energy-Efficient Distributed

Clustering (HEED), 195
Hybrid routing, 129

Idle listening, 110
Immune system, see Artificial Immune

System (AIS)
Implosion effect, 51
In-network operation and control, 154,

158, 238
Cougar, 239
RSN, 239

In-network processing, 93
Inhibition, see Negative feedback
Intentional cooperation, 255
Interactions, 52, 282

between individuals, 52
with the environment, 52

Interactivity, 72
Intruder detection, 212

k-coverage, 84, 297
k-means, 189

Lamport timestamp, 222
Latency, 298
Laws of robotics, 26
Layered system architecture, 99
Learning

Self-learning, 318
Supervised, 309
Unsupervised, 186, 309

Lifetime, see Network lifetime
Link affinity, 141
Local state, 99, 106
Location information, 98, 104
Logistics, 89
Loss, 298
Low-Energy Adaptive Clustering

Hierarchy (LEACH), 192

Mammalian immune system, 319
Management and control, 10

Centralized, 10
Distributed, 11
History, 7
Self-organized, 14

Manhatten distance, 321
Mediation, 260
Medium Access Control (MAC), 109

DBTMA, 111
MACA, 111
MACA-BI, 113
MACAW, 112
PCM, 119
S-MAC, 113

Mica mote, 77
Middleware, 12
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Mobile Ad Hoc Network (MANET), 44,
70

Definition, 71
Mobility, 70

Spatial, 70
Temporal, 70

Modeling, 58, 306
Differential equation, 59
Monte Carlo simulation, 60

Molecular biology, 323
Molecular computing, 39, 312
Monte Carlo simulation, 60
Moore’s Law, 7
Motif, 326
Multi-agent systems, 255
Multi-hop network, 68
Multi-robot system, 42
Multi-Robot Task Allocation (MRTA),

216, 248, 254
Classification, 252

Multiple Access with Collision
Avoidance (MACA), 111

Murdoch, 257

Natural self-organization, 33
Examples, 34

Negative selection, 319
Neighborhood information, 98, 105
Neighborship relations, 70
Network

Ad hoc, 67
Infrastructure, 67
MANET, 70
Overlay, 44
Peer to peer, 44
SANET, 45, 205
Sensor, 73
VANET, 45
Wireless mesh, 68

Network Allocation Vector (NAV), 112
Network capacity, 124, 292
Network lifetime, 92, 217, 295
Network Time Protocol (NTP), 226
Network-centric operation, 158
Network-centric pre-processing, 153,

158

Neural network, see Artificial Neural
Network (ANN)

Nuglet, 237
Nut/OS, 79

On-demand routing, see Reactive
routing

Open Agent Architecture (OAA), 255
Overhearing, 110
Overlay network, 44

Passive duplicate address detection, 145
Pathogen, 319
Peer-to-peer network, see Overlay

network
Pervasive clustering, 177
Pervasive computing, 9, 43
Pheromone trail, 313
Positive selection, 319
Post-facto synchronization, 229
Power-aware routing, 130
Power-Control MAC (PCM), 119
Precision agriculture, 88
Predictability, 30
Proactive routing, 127

DSDV, 131
Probabilistic algorithms, 99
Probabilistic techniques, 53, 107, 286
Processing element, 74
Profile matching, 94
Proliferating cell, 35
Protocol overhead, 292
Protocol stack, 80, 99

Quality of Service (QoS), 93, 124, 295

Radio coverage, 84
Radio transceiver, 77
Random deployment, 84
Random walk, 171, 313
Randomized carrier sense, 116
Reaction-diffusion system, 4, 37
Reactive routing, 128

AODV, 134
DSR, 132
DYMO, 138

Ready-to-send, 111
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Real-time communication, 93, 215
Real-time operation, 214, 217
Real-time system, 93
Received signal strength, 120, 143,

194
Receiver-based synchronization, 230
Receptor, 319, 323
Recruitment, 313
Regular deployment, 84
Reinforcement learning, 320
Resilient Overlay Network (RON), 44
Resource allocation, see Task allocation
Reverse path, 133, 157
Reverse path forwarding, 157
Robertino, 211
Robot

Mobile, 206
Multi-robot system, 42

Robot-assisted sensor networks, 208
Robustness, 92
Route Error (RERR), 133, 136
Route Reply (RREP), 132, 135
Route Request (RREQ), 132, 135
Route stability, 141
Route-Lifetime Assessment Based

Routing (RABR), 141
Routing

Ad hoc, see Ad hoc routing
Address-based, 79
Ant-based, 315
Data-centric, 80
Principles, 125
Requirements, 123

RTS/CTS handshake, 111
Rule-based Sensor Network (RSN), 239,

327
Rumor routing, 170

S-MAC, 113
Adaptive listening, 116
Performance, 118
Synchronization, 115

Scalability, 30, 292
Determinism, 293
Network capacity, 292
Protocol overhead, 292

Scalable coordination, 231

Self-learning, 318
Self-organization, 4, 19

Bio-inspired, 40
Definition, 19
Design paradigms, 54
Feedback, 50, 278
Interactions, 52, 282
Limitations, 30
Methods, 49, 101, 275
Modeling, 58
Natural, 33
Probabilistic, 53, 286
Properties, 5, 20
Sensor and Actor Network

(SANET), 277
Sensor network, 95
Technical system, 41

Self-X capabilities, 23
Selfish nodes, 218, 237
Sensor, 73, 77
Sensor and Actor Network (SANET),

45, 205
Applications, 212
Composition, 206
Definition, 209
Limitations, 217
Node, 210
Self-organization, 277

Sensor challenge problem,
258

Sensor coverage, 84
Sensor network, 73

Application, 86
Constraints, 90
Coverage, 83
Definition, 75
Deployment, 84
Energy, 83
Protocol stack, 81
Pull, 81
Push, 81
Reprogramming, 93
Research objectives, 92
Self-organization, 95, 101

Sensor network assisted robots,
207
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Sensor node, 76
Hardware, 77
Operating system, 78
Programming, 78

Sensor–actor coordination, 215
Sensor-MAC, see S-MAC
Sequential auction, 260
Service disruption tolerance, 298
Shape-space, 321
Signal strength, 120, 143, 194
Signaling

Cellular, 323
Intercellular, 325
Intracellular, 324
Molecule, 325

Signaling pathways, see Cellular
signaling pathways

Single-hop network, 68
Single-linkage clustering, 191
Smart home, 88
Snowballing effect, 51
Social dominance, 266
Software deployment, 93
Software development, 30
Software management, 93
Source routing, 132
Span, 232
Spatial information, 155
Spatial mobility, 70
Stigmergic action, 102
Stigmergic communication, 263, 286,

313
Stigmergy, 52
Stimulated coordination, 237
Stimulation by state, 264
Stimulation by work, 263
Supervised learning, 309
Suppression, see Negative feedback
Swarm intelligence, 38, 310, 312

ACO, 313
Ant foraging, 312
Ant-based routing, 315

Synchronization
Clock, 220
Complexity, 225
Time, see Time synchronization

Weak, see Coordination
Synchronized islands, 115
System architecture, 8

Layered, 99
System power management,

294
System test, 30

Target coverage, 84
Target tracking, 84
Task allocation, 216, 247

Auction-based, 257
Classification, 252
Dynamic negotiation, 258
Emotion-controlled, 258
Mediation, 260
MRTA, 216, 248
Murdoch, 257
OAA, 255

Technical self-organization,
41

Temperature control, 212
Template, 22
Temporal information, 129, 156
Temporal mobility, 70
Terminode, 45
Time

Absolute, 220
Logical, 222
Relative, 221

Time synchronization, 223
Cristian’s algorithm, 225
Errors, 227
External synchronization, 229
Internal synchronization, 229
NTP, 226
Post-facto, 229
RBS, 230
Requirements, 224
Sensor network, 228
TPSN, 230
Virtual clock, 228

Time To Live (TTL), 135, 160
Timing-sync protocol, 230
TinyOS, 79
Topology information, 129
Topology-assisted flooding, 162
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Transmission power management, 294
Tree-based aggregation, 182

Ubiquitous computing, 9, 43
Unsupervised control, 38
Unsupervised learning, 186, 309
User interaction, 72

Vehicular Ad Hoc Network (VANET),
45

Vertical categorization, 99

Weighted Probabilistic Data
Dissemination (WPDD),
168

Wireless LAN (WLAN), 105
Wireless Mesh Network (WMN), 68
Wireless Sensor Network (WSN),

73
Workload distribution, 233

ZebraNet, 87
ZigBee, 77


