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Partial flow variable 311, 321
Partially ordered disassembly precedence graph 

207, 209
Partition 127

 

k

 

-partition 128, 146
Partly stable 275
Path 

closed directed 259
disassembly 15, 232, 236

PBDE (polybrominated diphenylether) 66, 67
PC (personal computer) 45, 50, 52, 61–66, 331, 

351, 384–385
notebook 50, 78–80, 82, 85

PC (polycarbonate) 42, 85
PCB (polychlorinated biphenyl) 41, 67
PCB (

 

see

 

 Printed circuit board; PWB)
PE (polyethylene) 42, 99
Peeling 90
Penalty factor 308
Pendent node 264
Perfect balance 378
Peripheral component 155, 265
Peripheral devices 50
Peripheral module 265

Permutation 217–218
PERT (

 

see

 

 Project evaluation and review 
technique) 

Petri net 14, 287, 293–296, 308
disassembly 293

Pheromone 389, 391
Phone (

 

see

 

 Telephone)
Phosphor(escent) (

 

see

 

 Fluorescent)
Photocopying machine (

 

see

 

 Copier)
Physical level 11
Physical programming (

 

see

 

 Linear physical 
programming)

Physical relationship 272
Place 293
Plastics 42, 47, 56, 59–67, 85

additives in 30, 66, 67
engineering 6, 109

Platinum (Pt) 42, 64
Point contact 245
Pole 270
Polygon, spherical 233
Polyhedral convex cone 233, 234
Polyhedron 229, 299
POM (polyoxymethylene) 42
Postconsumer processing (

 

see

 

 Recovery)
Power supply 44, 60, 63
PP (polypropylene) 99
Precedence diagram 120
Precedence graph 120–122, 170, 173, 206–219, 

255, 313, 
disassembly 327–329

Precedence matrix
disassembly 214, 253–255, 384

Precedence relationship 8, 78, 89, 120, 121, 168, 
169, 201, 250, 329, 378, 384, 385

automatic detection of 238
connection-oriented 170

Precious metals 9, 40, 42, 65
Preference index, structural 263
Preparation 343–344
Preparation cost 343
Preparatory disassembly task 15
Press fit 76
Price 41, 42
Primary material 28, 100
Primitive level 10
Primitive table 172, 173, 174
Principal direction of motion 234, 240
Principal disassembly direction 234
Principle of optimality (

 

see

 

 Bellman’s principle)
Printed wiring board (PWB) 6, 43, 50, 53, 60–66, 

85, 86
Printer 45, 61, 93
Probabilistic evolutionary algorithm 389, 391
Probability 389
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Process 25
Process industries 32
Process-oriented approach 11
Process waste 26, 27, 46
Product 14

complex 4, 31–37, 73
electric 46, 50, 59–67
electronic entertainment 40, 45, 50, 110
electronic 46, 50, 59–67
mechanical 46, 81, 84, 95, 222, 263
unconstrained 126, 130

Product level 10, 11
Product life cycle 24–28

conceptual 25
physical 25

Product-oriented approach 11
Product-process chain 18, 23–29, 35
Product responsibility (

 

see

 

 Product 
stewardship)

Product stewardship 28
Product type 332, 343, 350
Product waste 26, 41, 46–54
Production process 26, 27
Profit 102, 105
Profit function 102–106, 365
Profit rate 106–108
Profit variable, total 343
Project evaluation and review technique (PERT) 

120
Proper disassembly task 15
Protection, 

 

see

 

 Safety
Pruning 169, 170, 289
Prying out 91
PS (polystyrene) 42, 99
Pseudo algorithm 383, 387, 392
Pseudomatrix, connection 246
Pseudo operation 297
Pulling 90, 91
PUR (polyurethane) 56, 57
Purity 36, 41, 304
PVC (polyvinyl chloride) 31, 42, 67, 99
PWB (

 

see

 

 Printed wiring board) 
Pyramidal numbers 164

 

Q

 

Quadruple factorial numbers 140, 164
Quality achievement 364

degree of 360
Quality of incoming products 374
Quantity of components in incoming products

374
Quasi-component 15, 77, 87, 194
Query 169, 170, 175–177

 

R

 

Range is better 357, 363
Raw material 26, 27, 29
Ray 236
Reachability 167
Reassembly 17
Recollection 32, 344

efficiency 30
Recovery 18, 26, 28
Recovery efficiency 30, 84
Recovery rate (

 

see

 

 Recovery efficiency)
Recursive relationship 134, 138, 149–151, 160
Recycling 9, 18, 98
Recycling capacity 349
Recycling efficiency 48, 99, 101, 110, 111, 350
Recycling loop 29, 100
Recycling plant 38–40, 344
Recycling revenue 364
Reduced connection diagram 87
Reduced disassembly precedence matrix 254
Reduced surface adjacency graph 246
Reduced tree 175–176
Reduced obstruction component matrix 254
Redundancy 169, 257–258, 289

of selection rules 185, 213
Refrigerator 45, 50, 52, 53, 60, 108
Refurbishing 18, 98, 344
Regulation 25, 101
Relay 64, 67, 230
Reliability 373, 376
Reliable connection 271
Remanufactured engine 110
Remanufacturing 18, 32, 98

 

m

 

-Removability 229 
Reorientation 89, 90, 228
Repair 7, 17, 32, 119, 302
Reprocessing 37, 40
Resale 350, 359, 364, 368
Resources 101
Restricted approach 167
Return on investment (ROI) 106
Reuse 9, 17, 98, 348
Revenue 41, 98, 102, 105, 298

recycling 364
Revenue metrics 98–101
Revenue vector 321
Reverse assembly 174, 278
Reverse disassembly 168, 171
Reverse logistics 336
Reverse method 188–190, 193, 197
Reversibility 90
Reversible connection 271
Reversible operation 15
Reverted ordering 216
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Revisiting work-piece (RWP) 375
Rework 17
Rhodium (Rh) 64
Rigid body approach 167
Rigid connection 275
Rivet 76, 77, 91
Robot 5, 96, 171
Robot level 10
Robot-operated disassembly line 9, 91, 93
Robustness 377
ROI (

 

see

 

 Return on investment) 
Root 18, 142, 332–336
Rotational motion 236, 248, 276
Rubber 33, 47, 56, 57, 61, 85
Ruthenium (Ru) 64
RWP (

 

see

 

 Revisiting work-piece) 

 

S

 

Safety 92, 96
SAN (styrene-acrylonitrile) 99
Sandwich structure 6
Satellite node, 

 

see

 

 pendent node
Satisfice 341
SC (

 

see

 

 Screw) 75, 77, 91, 309
Scientific management 4
Scrap 42 

electric/electronic 52, 53, 59, 60
metal 6
prices 40–44

Screen glass 63, 65
Screw (SC) 75, 77, 91, 309

Phillips 92
Seal connection 76, 77
Seam fold 76, 77, 90
Search space 393
Secondary material 28–30, 35–36, 39, 51, 

100–101
Segner numbers 160
Selection rule 168, 191, 213, 214, 254

automated derivation 237–239
combined 200
connection-oriented 173
indirect 237
subassembly-oriented 179

Selective disassembly 16, 36, 56, 109, 341, 375
Selective dismantling 32
Selenium (Se) 30, 64, 67
Self-skipping workpiece (SSWP) 375
Semidestructive operation 16, 92
Semireversible operation 16
Sensitivity analysis 13
Separability 95
Separability index 234

Separation 17, 33
eddy current 17, 33, 109, 110
electrostatic 33
laser 33
magnetic 17, 33, 109, 110
materials 9

Separation direction vector 227, 232
Separation efficiency 40
Sequence

complete 156, 158
disassembly 8, 16, 96, 102, 103, 310
incomplete 150–151, 156, 158
sequential 16, 133, 136, 148

Sequence-dependent cost 308–313
Sequence-independent cost 289–308
Sequence space 216
Sequence, parallel 16, 138, 139, 149
Sequencing

assembly 8
disassembly 12

Sequencing assertion 170
Sequential approach (

 

see

 

 Sequential method)
Sequential disassembly 121, 310
Sequential method 133, 185–188, 190, 191, 197
Sequential operation 16, 89, 195, 327
Sequential sequence 16, 133, 136, 148
Serial sequence (

 

see

 

 Sequential sequence)
Service 14
Service-oriented approach 230–239, 262
Servo level 10
Set 73

orthogonal 167
Set partition 127
Set theory 171
SF (see Snap fit connection) 
Shipping (see Transportation)
Short tour 315, 319, 323
Shredder fluff (see Shredder residue)
Shredder light fraction (see Shredder residue)
Shredder residue 17, 33, 36, 45, 47, 56, 61, 62, 

99, 110
automotive 9, 49, 56, 57, 110

Shredding 9, 17, 33, 109
Shredding costs 44
Shrink fit 76, 91
SI (see Smoothness index) 378–379
Silicon (Si) 64, 66
Silver (Ag) 40, 42, 63, 64, 66
Simon, Herbert 341
Simulated annealing 12, 273, 313
Simultaneous engineering 6
Single-component disassembly 375
Sink 314
Skipping work-piece (SWP) 375
Slag 17, 34, 36

SL3348_Subject-Index  Page 416  Thursday, November 18, 2004  2:12 PM



Subject Index 417

Slaughterhouse 3, 4, 7, 376
Small white goods 45, 50, 52, 53
Smaller is better 357, 363
S-matrix (see Succession matrix)
SMD (see Surface mounted device) 
Smith, Adam 4
Smoothness index (SI) 378–379
SMT (see Surface mount technology) 
Snap fit connection (SF) 75, 77, 91, 309
Sodium (Na) 66
Soft class 356–357 
Soft constraint 169
Software, embedded 6
Solder 76, 77, 91
Solid waste 46
Sorting 17, 33, 344

automated 33
manual 33

Source 314
Space 367
Spacer 77
Spaghetti diagram 125
Spare parts 109
Speed, line 374, 383
Spherical coordinates 234
Spherical polygon 233
Spring 75, 77, 91
Spring connection 75
SSWP (see Self-skipping work-piece) 375
Stability 121, 167, 262
Stability analysis 228, 269–271, 274–279
Stability-directed graph 276–278
Stability index 263, 277
Stability matrix 276–278
Stable 261, 271, 274–279

partly 275
Stainless steel 42, 60, 62
Standard, industrial 4
Staple 75, 77
Star configuration 143–145, 148, 149, 151, 152, 164
State 102, 294

connection 124, 126–128, 144, 162
empty 175
final 16, 127, 156, 290, 295
initial 16, 295
intermediate 128
parallel 135 
subassembly 124, 126, 127, 144, 162
transition 129, 130

State diagram 124, 130, 134–135, 137, 138, 
146–147, 149, 151, 156–157, 176, 290

component-oriented 123, 124
connection-oriented 124, 289

State of Petri net 294
State shift 294

State shift matrix 293–294
Static component 139
Static subassembly 89, 90, 133, 277
Steel 49, 57, 109

stainless 42, 60, 62
Stirling, James 127
Stirling number of the second kind 127, 137, 160, 

161, 163
Storage 25

costs 44, 344
Stove 45, 59
Strictly lower triangular matrix 87, 88, 153
Strictly upper triangular matrix 87, 88, 153
String configuration 143–149, 152, 164
Strongly connected 125, 126
Strontium (Sr) 63, 67
Structural preference index 263
Structure-based approach 261
Subassembly 15, 121, 126, 127

child 90
dynamic 90, 133, 277
feasible 192, 198–199, 205
minimum 255
parent 16, 89, 124, 125, 132, 167, 228, 

294
static 89, 90, 133, 277

Subassembly assertion 170
Subassembly cost 291
Subassembly-oriented approach 170, 178–183, 

262
Subassembly-oriented selection rules 179
Subassembly state 124, 126, 127, 144, 162
Subgraph 128
Suboptimum 12, 300–301, 341
n-Subsequence 327
Subset 15, 152
Subset rule 169, 176–178
Subtask 4
Subtour, see Short tour
Succession matrix 321, 327
Super-component 122, 170, 203, 231
Superset rule 169, 176–179
Surface

free 230, 245
mated 230

Surface adjacency graph 245
reduced 246

Surface level 11
Surface mount technology (SMT) 62
Surface mounted device (SMD) 6
Surface-oriented analysis 227
SWP (see Skipping work-piece) 
SSWP (see Self-skipping work-piece)
Symmetric TSP 314
Systematic approach 7, 8
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T

Tabu list 382, 389
Tabu search 12
Tailing 46
Take back (see Recollection)
Tantalum (Ta) 64, 66
Target component 256
Target value 342
Task 11, 308

disassembly 89, 374, 377
Task allocation 4
Task level 10
Task planning 206
Task precedence graph, directed 313–314
Taylor, Frederick Winslow 4
Taylorism 4
Technical constraint 156, 167, 168, 173, 183–185
Technosystem 24
Telecommunication products 52
Telephone 6, 50, 62
Tentative module 262, 267
Terbium (Tb) 64
Ternary disassembly operation 131, 132, 208
Testing 32
Tetrahedral numbers 164
Textile, see Fabric
TFT (see Thin film transistors) 
Thin film transistors (TFT) 54
Three-dimensional (3-D) 170, 202–206
Time

disassembly 95, 96, 97, 105, 378, 384
idle 378, 379, 382, 384

Tin (Sn) 30, 64, 66, 67
Tires 57, 58
Titanium (Ti) 64, 67
Toaster 60, 230, 267–269
Token 294
Tool 15, 91–92
Tool exchange 89, 90, 96
Tool positioning 96
Topological constraint 155, 156, 167
Total profit variable (TPR) 343
Totally ordered disassembly precedence graph 

207, 209
Tour 386

long 317–318
neighboring 386–387
short 315, 319, 323

Toxicity 100
TPR (see Total profit variable) 
Trail (see Pheromone)
Transformation 25
Transformer 51, 60, 63–65
Transition 293

Transition matrix 294, 297, 312, 321
Transition state 129, 130
Transitive 212, 213
Transitive closure 278
Translational motion 236, 248
Transportation 25
Transportation costs 44, 344
Transpose 154
Traveling salesman problem (see Traveling 

salesperson problem)
Traveling salesperson problem 289, 314–315, 

391
constrained asymmetric 313–314
modified 319
symmetric 314

Tree
Bourjault’s 123, 173, 175, 330
disassembly 122–123, 175
hierarchical 18, 19, 92, 94, 142, 330–336, 350
reduced 175–176

Tree configuration 143, 151
Tree structure matrix 333
Triangular matrix 153

strictly lower 87, 88, 153
strictly upper 87, 88, 153

Triangular numbers 163, 164
TSP (see Traveling salesperson problem) 
TV set 45, 52, 53, 61, 143
Two-commodity network flow problem 320–323
Two-dimensional (2-D) 154
Typewriter 5

U

Uncertainty 9, 95, 110, 331
Unconstrained product 126, 130
Undirected graph 86, 216, 245
Uninterruptible power supply (UPS) 44, 60, 63
Unit 271
Unit circle (see Gaussian circle)
Unit sphere (see Gaussian sphere)
Unlocking 90
Unreliable connection 271
Unstable 275
Upgrading 30, 31
UPS (see Uninterruptible power supply) 
Utility function 353, 356

V

Vacuum cleaner 50, 60
Valuable materials 36, 51
Value is better 357
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Vanadium (V) 64
Variability 374
Variable cost 93, 97
Video equipment 60
Virgin (see Primary)
Virtual component 77, 245
Virtual connection 15
Virtual destruction 239
Virtual node 314
Virtual prototype 5
Visual inspection 227
Volume 367

W

Warehouse 367
Washer 77, 91
Washing machine 45, 50, 60
Waste 46

construction 46, 47–49
demolition 46, 47–49
exportation 41
hazardous 34, 37, 45, 104, 305
industrial 36, 74
municipal 34, 36, 45–47
process 26, 27, 46
product 26, 41, 46–54
solid 46

Weakly connected 142, 143, 146, 152, 172, 263
Weight factor 101, 268, 342, 353
Weighted connection diagram 95, 262–263

Weld 76, 77, 91
White goods 50, 52, 59, 60, 62

large 50, 52, 53, 62
small 45, 50, 52, 53

Whitworth, Sir Joseph 4
Wire (see Cable)
Wood 33, 49, 56, 60–62
Work element 390
Work analysis (see Work measurement)
Work measurement 4, 95–97
Working fluid 49, 56, 57, 59, 61, 109, 110
Work-piece 374
Workstation 7, 11, 12, 373, 377, 379, 384, 387

X

XOR-relationship (see Exclusive OR relation-
ship)

X-pattern 211

Y

Yield matrix 333
Yield vector 333
Yttrium (Y) 64, 67

Z

Zero operation 156
Zinc (Zn) 30, 42, 56, 63, 64, 66, 67
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