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Active schedule, 331–337, 345, 399, 409–410,
414. See also Nondelay schedule

Active subproblem, 50
Activity network. See Network model; Project

scheduling; Series-parallel precedence
structure

Activity-on-arc (AOA) network. See Network
model, activity

Activity-on-node (AON) network. See Network
model, activity

Adjacent pairwise interchange (API), 17–18,
36–37

for Johnson’s rule, 232–234
for the E/T problem, 89
for the family scheduling problem,

302–303
for the F-problem with precedence constraints,

175
for the F-problem, 20–21
for the Lmax-problem, 21–22
for the T -problem, 25–28
in batch processing, 302–303, 319
in neighborhood search, 66–69, 342–345,

411–412
in stochastic scheduling, 126, 145
modified, 411–412
within blocks, 342–345

Adjacent Pairwise Interchange (API) Heuristic,
254–257, 262, 265–267

Adjusting procedure (mechanism), 333
Agreeable parameters, 25–26

and nonsimultaneous arrivals, 173–174
and related jobs, 175
in the dynamic U -problem, 174
in the stochastic flow shop problem, 266–267
in the stochastic T -problem, 126
in the stochastic U -problem, 155–156
in the T -problem, 25–26

Alldifferent constraint, 78, 131
Allocation decision, 4–6, 31, 200–201, 213,

219–222, 301, 311, 372, 381, 409
Allowance per operation (A/OPN) rule, 359, 362,

365–366
Anticipated work in next queue (AWINQ) rule,

352–353
AOA (activity-on-arrow). See Network model,

activity
AON (activity-on-node). See Network model,

activity
API Heuristic. See Adjacent Pairwise Interchange

Heuristic
API. See Adjacent pairwise interchange
Assembly coordination model (ACM), 420–426,

429, 436

Principles of Sequencing and Scheduling By Kenneth R. Baker and Dan Trietsch
Copyright C© 2009 John Wiley & Sons, Inc.

483

CO
PYRIG

HTED
 M

ATERIA
L



P1: OTA/XYZ P2: ABC
subind JWBS013-Baker March 5, 2009 13:28 Printer Name: Yet to Come
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Assembly tree (intree), 208
Assignment problem, 188
Association, stochastic, 124–127, 452–453

linear, 125–127, 154–156, 190, 261–262, 268,
418, 452–458

Asymptotic optimality, 148–149, 205, 208, 217,
222, 238, 257–258, 260–261, 267

Availability
batch, 285, 301, 309–313, 321
item, 285, 309–310

Backtracking, 51, 186
Batch

availability. See Availability, batch
flow. See Availability, batch
processing model, 301, 313–321

Beta distribution, 387–389, 392–393, 418
Block, 101–103, 150–151, 169–170, 172–174,

330, 342–345, 411–412
Blocking. See Flow shop
Booking resources. See Hierarchical balance
Bottleneck (critical) machine, 10, 166, 239–241,

295, 338–342. See also Shifting bottleneck
procedure

Branch and bound, 47–54, 57–58, 63, 133, 195,
321

and the parallel-machine model, 202
for the burn-in model, 320
for the dynamic Cmax-problem, 170. 172
for the dynamic Lmax-problem, 170, 172
for the dynamic T -problem, 173
for the E/T -problem, 103–104
for the flow shop makespan problem, 237–241
for the job shop problem, 336–342
for the resource-constrained project scheduling

problem, 401–404, 407, 414
for the stochastic E(max{g})-problem, 121
for the T -problem, 48–53
for the traveling salesperson problem,

184–189
Buffer

hidden, 450
of capacity, 450
project, 429. See also Safety time; Stochastic

balance
time. See Safety time

Burn-in model, 318–320
Bus scheduling problem. See Passenger

transportation

Campbell, Dudek, and Smith (CDS) algorithm,
242–243, 248

Capacity, effect on stochastic processing time,
450

Central limit theorem, 149, 192, 386, 438, 447,
449, 455. See also Lognormal central limit
theorem

Chain, 178–181, 195, 211–212, 330, 379
Closest unvisited city algorithm, 189–190,

246
Cmax-problem. See Maximum completion time
Coefficient of variation (cv), 262, 423, 338–439,

446, 449, 451, 456, 458
squared (scv), 262, 456–457

Complete enumeration, 41, 47, 148, 205. See also
Implicit enumeration

Completion rate
decreasing (DCR), 218, 450–451
increasing (ICR), 218, 222, 450–451

Complexity theory, 6. See also NP-hard
Composite bound, 402
Composite job, 302–303
CON due date rule, 29–30, 174, 361–362,

364
Connectivity, 342–343, 345
Construction heuristic procedure, 61–63, 80.

See also Priority rule
parallel, 408–409, 413
serial, 408–410, 413

Contiguity constraint, 178
Convexity

and positive Jensen gap, 122, 389
in setting due dates and release dates, 151.

See also Convexity of the PSB model
LP model as proof of, 295, 429, 433, 439
of the consistent sublot problem, 295
of the PSB model, 427, 429, 433

Correlation. See Stochastic dependence
Crashing (time/cost trade-off)

deterministic, 381–385
stochastic, 436–440

Critical activity, 379–382, 390–393. See also
Criticality

Critical fractile, 142–144, 146, 149, 260, 459–470.
See also Critical ratio

Critical machine. See Bottleneck machine
Critical path, 209, 222, 330, 342, 345, 379, 389,

393, 398, 420, 422, 427, 435
calculations, 377–380, 406, 411
nominal, 386, 388–390, 392

Critical path method (CPM), 372, 376–385,
393–394, 399, 404–405, 410, 414, 434,
436, 440. See also Program evaluation and
review technique

Critical ratio, 420, 423–425, 432, 461–467, 469.
See also Critical fractile

priority dispatching rule. See Priority rule
Critical sublot, 275–276, 279, 294
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Criticality (index), 391–392, 420, 422–425, 429,
433–434, 440. See also Project scheduling,
stochastic balance

local, 435. See also Hierarchical balance

DCR. See Completion rate, decreasing
Decomposition tree. See Series-parallel

precedence structure
Delivery time, 169–170, 338–339
Delta priority rule, 413
Dense schedule, 263–265, 267
Deterministic counterpart, 109, 115–117, 119,

122–123, 127–128, 132–133
of the parallel-machine makespan problem,

218–220
of the PERT model, 386, 390–391, 441
of the stochastic E/T problem, 147–150
of the stochastic flow shop problem, 251–254,

256–259, 261–262, 267
of the stochastic Lmax-problem, 122
of the stochastic Tmax-problem, 122
of the stochastic T -problem, 123
of the stochastic traveling salesperson problem,

190, 195
DFR (decreasing failure rate). See Completion

rate, decreasing
Discrete processor, 313–314, 320
Disjunctive arc, 329–330, 338–343
Disjunctive constraint, 473, 476
Dispatching, 58–64, 80, 104

in the dynamic job shop, 349–350, 352–370
in the dynamic single-machine model, 168–169,

172–173, 189, 195
in the flow shop with blocking, 247
in the job shop, 333
in the parallel-machine model, 202, 205, 208,

214, 216, 219–222
in the resource-constrained project scheduling

problem, 408–410, 414
with priority rules, 336–337, 346, 408, 410,

411–414
Dominance property, 43–47, 49–50, 54, 181.

See also Dominant set
for early/tardy problems, 88
for flow shop problems, 228
for lot streaming problems, 274, 287, 296
for the burn-in model, 318–321
in stochastic sequencing, 120, 123–127, 133,

262
Dominance relationship, 265, 274, 364, 367, 469
Dominant set, 14, 88, 473

in the E/T problem, 88–92, 94, 99–101
in the flow shop problem, 229, 238, 244–245,

247

in the job shop problem, 328, 331, 333, 345
in the restricted version of the E/T problem, 94,

99
with nonsimultaneous arrivals, 167–168

Due date, 11–12, 21–29, 87, 109, 358, 419.
See also Family due date; Operation due
date

as decision, 28–31, 87, 93–94, 99, 101, 258–261
in safe scheduling, 138–152, 220–221,

457–458
in the dynamic job shop, 361

common, 87–101, 104, 141–143, 149, 193–194
distinct, 101–104, 143–149
modified. See Modified due date
project, 386, 420–436
tight, 29–30, 138–145

Dummy activity, 375–376, 426
Dynamic programming, 37–42, 53–54, 57–58,

121, 133, 181, 320–321
and stochastic scheduling, 121, 123, 133, 157
and the parallel-machine model, 202, 214, 222
computer implementation, 41–42, 45–47
for the E/T problem, 95, 100
for the F-problem with batch availability,

311–312
for the F-problem with batch processing and

dynamic arrivals, 317–318
for the F-problem with general precedence

structure, 181
for the Fw-problem in family scheduling, 303
for the Lmax-problem in family scheduling, 306
for the T -problem, 39–40, 43–46
for the traveling salesperson problem, 183–184
for the U -problem, 41

Dynamic job shop model, 337, 349–370
conditional mean tardiness (CMT), 360, 369
mean flowtime, 349, 354–357, 369–370
mean tardiness (MT), 349, 360–370
proportion of jobs tardy (PT), 357, 360–361,

363–365, 368–369. See also Service level
Dynamic arrivals. See Nonsimultaneous arrivals

Earliest due date (EDD) rule, 21–22, 102, 104,
132, 358–361

and related jobs, 176
and stochastic feasibility, 152–156
and the late finish time priority, 408, 413
and the Lmax-problem, 21–22, 120
and the Lmax-problem with batch processing,

314
and the stochastic T -problem, 126–127
and the stochastic U -problem, 158. See also

Stochastic feasibility
and the T -problem, 26, 28–29, 61, 63
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Earliest due date (EDD) rule (Continued )
and the Tmax-problem, 22, 31, 36, 120
and the U -problem, 24
as a priority dispatching rule, 353, 360, 365
dynamic adaptation, 168, 171
in biased random sampling, 66
in family scheduling, 301, 304–305
in Smith’s rule, 23–24
in stochastic scheduling, 109, 115–117
nondelay implementation, 171–173

Earliest release date (ERD) rule, 169, 174, 314
as a priority dispatching rule, 353–354

Earliness/Tardiness (E/T) problem, 86–105.
See also Due date, common and distinct

in project scheduling, deterministic, 419–420
in project scheduling, stochastic, 420–436.

See also Stochastic balance
restricted version, 88, 92–99
stochastic counterpart, 145–151, 161, 468
unrestricted version, 88–94, 97–98, 100–101
with job-dependent costs, 100–103
with quadratic costs, 99–100

Early event time (ET), 377–380, 384
Early finish time (EF), 377, 400, 403
Early start schedule, 405–407
Early start time (ES), 377, 400–406, 419,

427–428
Elite solutions, 345
Economic balance, stochastic. See Stochastic

balance
Elimination, 49–51, 186
Enhanced neighborhood, 343–345
ERD. See Earliest release date
Error bound, 203, 205
Evolutionary Solver, 75–79, 127, 131, 134, 158
Excel, 75–79, 127–132, 445, 448, 457
Exponential distribution, 218–220, 252–257, 260,

262, 267–268, 362, 446–447, 449–451
completion rate (processing rate), 218,

252–253
computer simulation, 446
in examples, 219–220, 253, 257, 436–437
memoryless property, 437, 451

F-problem. See Total flowtime
Family due date, 305
Family scheduling model, 300–309
Feasibility

check (stochastic), 154
constraint, 4, 384
stochastic, 138–140, 152, 154–156

First Come First Served (FCFS) rule, 336, 348,
353–357, 363, 365, 368

First fit decreasing (FFD) procedure, 207

First Off First On (FOFO) rule, 173, 352
First-only-empty (FOE) algorithm, 314–315
Float, 379–381

free, 380
independent, 380
safety, 380
total, 380

Flow allowance, 29, 358–359, 361, 363–367, 369
Flow shop, 225–248, 272–273, 295–296, 306, 309,

315, 321, 325–327, 333, 351, 398, 418
2-machine, 230–235
3-machine, 236–237
m-machine, 236–247
no wait, 245–247
ordered, 237, 243–244, 274, 294
stochastic, 251–267
with blocking, 244–245, 247

Flowtime, 12–13, 15–21, 30, 109, 113–114, 116.
See also Total flowtime; Total weighted
flowtime

and inventory, 15–16, 19–21, 86, 354
mean. See Dynamic job shop model

Full-batch schedule, 314–315, 317
Fundamental partition. See Lot streaming
Fw-problem. See Total weighted flowtime

Gantt chart, 2–3, 16, 293, 408
in the job shop problem, 327–328, 331, 333
predictive, 153, 432–434, 439

Genetic algorithm, 74–76, 345. See also
Evolutionary Solver

Gilmore and Gomory algorithm, 245
Global left shift, 331
Global optimum, 68–70, 427, 429
Greedy procedure, 61, 80

for the traveling salesperson problem, 189
for the Tw-problem, 62–64, 69

Group technology, 271, 301–306, 308–309, 313,
320

Head-body-tail (HBT) problem, 169–172
in the shifting bottleneck procedure, 338–341,

346
Heuristic procedure (heuristic), 4–8, 48, 57–81,

100
for single-machine problems, 57–81
for stochastic scheduling, 133–134, 141,

145–149, 152, 158, 162, 192, 221, 251,
254–257, 262, 265–268

for the dynamic F-problem, 173
for the family scheduling problem, 320
for the flow shop makespan problem, 241–243,

247–248, 251, 254–257, 262, 265–268
for the job shop problem, 333, 336–346
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for the lot streaming problem, 295
for the parallel-machine Fw-problem, 215–218
for the parallel-machine makespan problem,

202, 205, 207–208
for the resource-constrained project scheduling

problem, 400, 407–414
for the restricted version of the E/T problem,

95–96, 99
for the traveling salesperson problem, 189–190

Hierarchical balance, 434–436. See also
Stochastic balance

ICR (increasing completion rate). See Completion
rate

IFR (increasing failure rate). See Completion rate
Implicit (curtailed) enumeration, 41, 47–48, 53,

205, 414
Implicit subproject, 434–435
Inserted idle time, 14, 101–104, 109. See also

Active schedule
in lower bound calculations, 239
in the dynamic single-machine model, 166–169,

195
in the flow shop problem, 227
in the job shop problem, 328
in the stochastic E/T problem, 149–152, 161

Insertion procedure, 61, 66, 80
for the flow shop problem, 236, 243
for the T -problem, 62
for the traveling salesperson problem, 189–190
for the Tw-problem, 62–63, 69

Integer programming (IP), 273, 279, 285, 414,
432, 471–477

Interdictive graph, 389–390, 427
Inventory, 15–16, 19–21, 86, 271, 354. See also

Flowtime
safety stock (as analogue of safety time), 137,

160
Item availability. See Availability, item

Jensen gap, 122, 219, 251, 257–258, 262–265,
267–268, 389, 393

Job shop, 3, 8, 261, 268, 325–346, 398, 418
closed, 351
dynamic, 346, 349–370
extended (to project scheduling), 372, 399–404
pure, 351

Johnson’s approximate method, 236
Johnson’s extended rule, 236
Johnson’s Heuristic (the deterministic counterpart

sequence), 254, 256–258, 260–262,
265–268

tie-breaking rule (for variance reduction), 254,
265

Johnson’s Rule, 230–236, 247, 252–254, 256–258,
260–262, 265–267, 296, 306

in family scheduling, 307–308
Jumptracking, 51–52
Just-in-time (JIT), 86, 104, 244, 272

Largest tail (LT) procedure, 169–172, 338–341
Late finish time (LF), 377, 408
Late finish time (LFT) priority, 408–410, 412–413
Late event time (LT), 377–380
Late start schedule, 405–407, 420
Late start time (LS), 278, 288, 377, 420
Late start time (LST) priority, 412–413
Lateness, 12, 21, 114, 175, 357. See also

Maximum lateness
maximum minimal lateness, 23, 413

Least work remaining (LWKR) rule, 336–337,
352–354

Lexicographic ordering, 210
Linear association, see Association
Linear programming (LP), 283–285, 295,

384–385, 429, 431–432, 438–440,
442–443

as proof of convexity. See Convexity
List scheduling, 202–208, 214, 216, 222, 413.

See also Construction heuristic procedure
Local left shift, 328
Local optimality, 37, 68–72, 80, 343, 427, 429,

433
Logical constraint (relationship), 327, 373–376,

379, 393. See also Precedence constraint
Logical feasibility, 408, 410–413. See also Logical

constraint
Lognormal central limit theorem, 262, 449, 455
Lognormal distribution, 262, 445, 447–451, 455,

457
and linear association, 455, 457
and stochastic capacity, 449
in examples, 127–128, 159, 423, 433, 457
computer simulation, 127–128, 448

Longest path, 209, 330, 339, 343, 379, 381,
390–392, 401, 420, 427. See also Critical
path

Longest processing time (LPT), 89, 91, 97
LPT/SPT sequence. See V-shaped sequence
and Johnson’s Rule, 231, 236
and the ordered flow shop, 244
in the job shop problem, 337
in the resource-constrained project scheduling

problem, 408, 410, 413
list scheduling procedure, 205–209, 219–220,

222
Longest expected processing time (LEPT),

126–127, 219–220, 222
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Longest weighted processing time (LWPT),
215–216

LWPT/SWPT sequence, 100
Look-ahead procedure, 168, 172, 179, 189, 195,

208
Loose schedule, 5, 263–265
Lot streaming problem, 271–297

continuous version, 273–277, 279–284,
286–287

discrete version, 273, 277–279, 284–285,
287–289

fundamental partition, 292–295
linear programming formulation, 283–284
partition set, 286. See also fundamental partition
with consistent sublots, 274–285, 290–292
with equal sublots, 290–291, 295–297
with intermittent idling, 274, 290–291
with no idling, 274, 276, 280–281, 283–284,

290–291
with three or more machines, 281–295
with two machines, 273–281
with variable sublots, 285–292

Lower bound, 49–54, 172, 184–187, 202,
206–207, 273, 278, 320. See also Branch
and bound

for Fw in the parallel-machine problem, 215
for release dates in stochastic balance

calculations, 422–424, 426–427
in flow shop scheduling, 236–241, 247
in job shop scheduling, 339, 341
in resource-constrained project scheduling,

401–404, 406–407

Machine-based bound, 239
Makespan, 13, 93, 182, 195, 321. See also

Maximum completion time
in a GT solution, 302
in the flow shop model, 229–247, 251–267,

475–476
in the flow shop with family setups, 306–309
in the head-body-tail (HBT) problem,

169–171
in the job shop model, 330–331, 337–345
probability distribution of, 142–143, 191–193,

220–221, 258–260, 263, 267, 385–389,
456–458, 469

project, 398–415, 419, 420
with a batch processor, 314–316
with lot streaming, 272–292, 294–297
with parallel machines, 201–212, 217–222

Maximum completion time, 13, 93, 112, 116.
See also Makespan

Cmax-problem, 13
dynamic version, 169–170

in safe scheduling, 141–143, 194–195,
259–261, 264–268, 457–458. See also Due
date in safe scheduling

in the stochastic counterpart, 112, 116, 122,
251–259, 261–268

with sequence-dependent setup times,
182–190, 195

Maximum cost problem, 34–36
stochastic counterpart 109, 117–122, 133
with precedence constraints, 176

Maximum flowtime (Fmax), 13, 15–16, 19–20
Maximum lateness, 21–23, 112, 115–116

Lmax-problem, 120, 122, 132
dynamic version, 171–173, 175–176.

See also Head-body-tail problem
with a batch processor, 314
with job families, 304–306, 320

Maximum tardiness, 13, 21–23, 109, 112,
115–116, 238

Tmax-problem, 35, 117, 120, 122, 132
dynamic version, 167, 171–172
relation to resource-constrained project

scheduling, 408, 413
with precedence constraints, 175–176

Memoryless property. See Exponential distribution
Minimum slack time (MST) rule 22–23, 66

as a dispatching rule, 353, 358–361, 366, 413
Modified API. See Adjacent pairwise interchange,

modified.
Modified due date (MDD) rule, 28, 51, 68, 80, 370

as a dispatching rule, 59–61, 353, 361–362,
365, 367

nondelay implementation, 173
weighted version (WMDD), 60, 62–63

Modified operation due date (MOD) rule, 362,
364, 367–370

Most work remaining (MWKR), 336–337
Multifit algorithm, 207–208

Nearly optimal solutions, 6, 192
Neighborhood search, 66–70, 80, 100, 103.

See also Genetic algorithm; Simulated
annealing; Tabu search

and minimizing D, 141
for the flow shop problem, 243
for the job shop problem, 327, 333, 342–346
for the parallel-machine makespan problem,

202, 205
for the resource-constrained project scheduling

problem, 410–412
in the stochastic E/T problem, 149, 152
in the stochastic flow shop problem, 251, 254.

See also Adjacent Pairwise Interchange
Heuristic
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Network model, 208–210, 214, 329–330, 339
activity, 372–394, 398–415, 420–421,

434–436
activity-on-arc (AOA), 373–376, 393
activity-on-node (AON), 373, 376, 393

series-parallel precedence structure, 179–181,
389

Network methods. See Project scheduling
Newsvendor model. See Critical ratio; Stochastic

balance
Nominal makespan, 263–264, 266
Nondelay dispatching procedure, 169, 408–410.

See also Inserted idle time
Nondelay schedule, 331–333, 335–337, 352,

408–410. See also Active schedule
Nonsimultaneous (dynamic) arrivals, 166–176,

195, 314–315, 317–318, 321. See also
Dynamic job shop

Normal distribution,146–149,192, 194, 255–257,
260, 262–263, 265–267, 386, 397,
437–438, 447, 449, 451, 455, 457,
467–470

computer simulation, 447
in examples, 139, 142–144, 147, 191–192, 256,

389, 457
NP-complete, 6
NP-hard, 6, 54, 93, 133, 317

E/T problem with distinct due dates, 101
F-problem for the burn-in model, 321
F-problem for the flow shop, 244
Fw-problem with batch availability, 310
Fw-problem with parallel machines, 214
HBT problem, 169, 338
in the ordinary sense, 54, 93, 100. See also

Pseudopolynomial algorithm
in the strong sense, 54, 202, 407
integer programming, 432
Lmax-problem with family scheduling,

305–306
Lmax-problem with nonsimultaneous arrivals,

171
makespan problem with parallel machines, 202,

208
makespan problem with parallel machines and

related jobs, 209–210
resource-constrained project scheduling

problem, 407
restricted version of the E/T problem, 95
stochastic T - and Tw-problems, 133
stochastic U -problem with service-level

constraints, 152, 156
T - and Tw-problems, 29, 54
three-machine makespan problem for the flow

shop, 236

traveling salesperson problem, 183
unrestricted version of the E/T problem with

nonidentical costs, 100
U -problem with nonsimultaneous arrivals,

174
Uw-problem, 25

Number of operations (NOP) due date rule, 361,
364, 369–370

Number of tardy jobs, 13, 24, 86
U -problem, 24–25, 41

dynamic version, 172, 174
stochastic version, 112, 115, 118, 122,

132–133, 138, 152–160
weighted version, 25, 41, 80

Operation due date, 359, 361
Operation Due Date (ODD) rule, 353, 359, 362,

364–367
as a dispatching rule, 353

Operation milestone, 359, 362, 364, 366–367,
370, 376

Operation slack time (OST) rule, 360, 362, 364,
366

Optimality principle, 38. See also Dynamic
programming

Optimization methods, 34–54
Ordered flow shop. See Flow shop
Origin node, 374

Palmer’s slope index, 242
Parkinson distribution, 445, 449–451
Passenger transportation, safe scheduling

examples, 2, 5, 193, 429–433
Partition set. See Lot streaming
Perfect schedule, 88
Performance guarantee, 203, 205, 208. See also

Asymptotic optimality
Performance measure (objective), 12–13, 34, 87,

109, 138–139, 141–143, 145–146,
156–157, 354, 359, 385, 419–421, 426.
See also Regular measure

secondary, 23, 92–93, 101, 423, 426
Permutation schedule, 11, 14, 168, 172, 327,

333
in the flow shop problem, 227–230, 236, 238,

244, 247
in the flow shop problem with no wait, 245
in the flow shop problem with time lags, 235
in the stochastic flow shop problem, 252, 263

PERT. See Program evaluation and review
technique

Planning, 2, 4, 29, 271, 372, 389, 393–394
Polynomial algorithm, 6, 54, 103, 214, 237, 245,

279
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Precedence constraint (relation), 166, 174–181,
195, 208–211, 225, 325, 327, 329–330,
373–376, 385, 398–399, 401–402, 411,
427

soft, 414, 418, 427
Predecessor, 166, 174–175, 329, 338–339, 350,

378, 408, 412, 420, 426–428
direct, 174, 178, 211, 225, 334, 380, 399–400

Predictive Gantt chart. See Gantt chart
Preemption, 14, 109, 271

in the dynamic single-machine model, 166–168
in the parallel-machine model, 201–203,

211–212, 222
in the resource-constrained project scheduling

problem, 415
in the shifting bottleneck algorithm, 340
preempt-repeat mode, 167–168, 172, 195
preempt-resume mode, 167–168, 172, 195

Priority rule, 28, 141, 336
allowance-based, 358, 365–366
critical ratio, 366–367
due date, 369
dynamic, 353
for resource constrained project scheduling,

408, 412–413
global, 352, 354–355
local, 352
modified operation due date, 367–368
slack-based, 358, 366
static, 352

Probabilistic. See Stochastic
Process batch, 272
Processing plus waiting time (PPW) due date rule,

361, 364
Program evaluation and review technique (PERT),

372–373, 376, 385–394, 399, 414, 418,
434, 440. See also Critical path method
(CPM)

Project buffers. See Buffer
Project scheduling, 268, 372–394, 398–415,

418–441
hierarchical, 434–436. See also Stochastic

balance
network models. See Network models, activity
resource-constrained. See Resource-

constrained project scheduling
stochastic, 385–393, 418–441

PSB (project stochastic balance) model, 426–434.
See also Stochastic balance

Pseudopolynomial algorithm, 54, 95, 100, 202
Pyramid sequence (SPT/LPT), 244, 274, 282, 294

Quadratic earliness/tardiness cost, 99–100

Random sampling (for seed generation), 63–66, 80
biased, 64–66, 80, 412–414

Regular measure, 13–14, 37, 86, 105, 137, 166,
228, 328, 331, 345, 399, 471

Reduction, 184, 186–187
Regularity condition, 204–205, 258
Related jobs, 166, 174–181, 208–212, 373, 411
Release date, 11–12, 29–30, 102, 149–152,

160–161, 167–176, 247, 314–315,
317–318, 338, 353, 358

active, 150, 152, 427, 436–437, 455
as safe scheduling decisions, 138, 149–152,

247, 454–456
criticality of. See Stochastic balance
different, 166
in projects, 413, 418–439, 441
inactive, 427

Renewable resource, 399
Resource-constrained project scheduling, 398–415

construction heuristics, 408–410
parallel, 408–410, 413
serial, 408–410, 413

lower bounds, 401–404, 406–407
neighborhood search, 410–412
priority lists, 408–414

Restricted neighborhood, 345
Reversed problem, 170, 172, 229, 273, 279, 281,

405, 408
Risk solver, 127–133, 158, 221, 256
Routing matrix, 326, 329, 351
Run-in time, 307–308
Run-out time, 307–308

Safe scheduling, 5, 137–161
and the traveling salesperson problem, 191–195
for project scheduling, 418–441
for the flow shop problem, 251–252, 258–263,

267–268
with linearly associated random variables,

154–156, 190, 261–262, 418, 433,
452–456

Safety time, 2, 5, 7, 105, 137–138, 143, 146–148,
160–161, 195, 264–265, 267–268, 420,
436, 439, 441, 457–458, 460, 467–468

Sample-based optimization, 112, 114–117, 133,
422–426. See also Simulation; Stored
sample

Sample size
for sample-based optimization, 112–113, 116,

129–130, 133, 423–425
for the random sampling heuristic, 64–66

Scenario, 112–115, 139, 152, 192, 220, 313,
423–425, 429, 433, 459
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Scheduling, 1
Schedulable activity, 399–401, 403, 408–410
Schedulable operation, 329, 334–335
Schedule generation procedure, 333–337, 400,

408–410
Search techniques, 63–75
Secondary measure. See Performance measure
Semiactive schedule, 328–331, 342
Sequence-dependent setup times, 166, 181–195,

246, 301. See also Traveling salesperson
problem

Series-parallel precedence structure, 179–181, 195
decomposition tree, 180–181, 195
network structure, 389

Service level (SL), 5, 137, 145–146, 191–194,
220–221, 258–261, 389, 429, 436–438,
456–458. See also Dynamic job shop,
proportion of jobs tardy

constraint, 137–139, 157, 193–194. See also
Feasibility, stochastic

maximizing for a given due date, 193
maximizing the minimum, 117
optimal, 142–144, 148, 420, 422, 425, 438,

461–462. See also Criticality; Stochastic
balance

target, 137–141, 153, 155, 425, 434. See also
Constraint

Setup time, 11–12, 108, 165, 178
attached, 235, 280, 307, 309
separable, 235, 280, 308
sequence-dependent, 166, 181–195, 221, 246,

301
Shifting bottleneck procedure, 337–342, 345–346
Shortest expected processing time (SEPT) rule,

109
and minimizing E(F), 113–115
and minimizing E(T ), 126–127
and minimizing U , 154–155
and parallel machines, 222
and safe scheduling, 145
in simulation, 113, 355, 370
SEPT/EDD, 126–127

Shortest processing time (SPT) rule, 17, 104
and Johnson’s Rule, 231, 236
and minimizing F , 17–18, 58, 354–357
and minimizing F in the ordered flow shop, 244
and minimizing J (inventory), 19
and minimizing L , 21
and minimizing maximum waiting time, 19
and minimizing T , 26, 28–30
and minimizing total completion time, 19
and minimizing total waiting time, 19
dynamic adaptation, 168

in relief (RSPT), 356–357
in the burn-in model, 319–320
in the dynamic job shop, 352–357, 359–360,

366–370
in the E/T problem, 89–92, 97–98, 101
in the family scheduling model, 301, 302
in the F-problem with batch availability, 311,

313
in the job shop problem, 336–337
in the stochastic counterpart, 109
nondelay implementation, 173
SPT/LPT sequence. See Pyramid sequence
string-based version, 177–179, 181, 195
truncated (TSPT), 353, 356–357, 360
with list scheduling, 214

Shortest remaining processing time (SRPT) rule,
168

Shortest weighted expected processing time
(SWEPT) rule, 109, 115, 222

Shortest weighted processing time (SWPT) rule,
20–21, 31, 37, 60, 65

in the dynamic Fw-problem, 173
in the E/T problem. See LWPT/SWPT sequence
in the family scheduling model, 302–303
in the parallel-machine problem, 215–217, 222

Simulated annealing, 72–74, 80, 343, 345, 410
for the family scheduling problem, 321
for the flow shop problem, 243

Simulation, 5–6, 8, 109, 112–113, 127–133, 160,
220–222, 252, 260, 263–265, 267, 389,
392, 429, 435. See also Sample-based
optimization

job shop, 349–370
of random variables, 445–448

reproducible, 352. See also Stored sample
Single-machine problem, 10–31, 34–54
Single-pass procedure (single-pass mechanism),

333
Skyline bound, 407
Slack (in project scheduling). See Float
Slack (SLK) due date rule, 29–30, 107, 174,

361–362, 364
Slack per operation (S/OPN) rule, 353, 359, 362,

366–367
Slack time, 22–23, 353, 358–360
SLK. See Slack due date rule
Smallest critical ratio (SCR) rule, 359, 366–367
Smallest operation critical ratio (OCR) rule, 360,

366–367
Smith’s Rule, 23–24
Sorting rule, 57–60, 68, 80, 148–149, 232–234,

254–245, 257
SPT. See Shortest processing time
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Stable sequence, 254–257
Start lag. See Time lag
Static priority, 58–59, 352–353
Statistical independence. See Stochastic

independence
Stochastic association. See Association, stochastic
Stochastic balance (economic), 420–441. See also

Safety time
ACM model (assembly coordination), 420–426
hierarchical, 434–436
in crashing. See Crashing
PSB model (project stochastic balance),

426–434
Stochastic counterpart, 108–134, 137

of the dynamic problem, 172
of the E/T problem, 145–152, 161, 418–441,

455
of the flow shop problem, 251–258, 262–267
of the Fw-problem with chains, 195
of the parallel-machine makespan problem,

202, 205, 218–220
of the traveling salesperson model, 190

Stochastic crashing. See Crashing
Stochastic dependence, 111–112, 124, 161, 385,

452–454
Stochastic dominance, 123–127, 133, 145, 193,

254, 262, 451–457, 469–470
Stochastic independence, 111, 115, 124–126, 149,

154, 161, 251, 257–261, 386–394, 420,
426, 436–437, 447, 449, 452–458, 470

Stochastic ordering, 124–126. See also Stochastic
dominance

and minimizing D, 145
and minimizing T , 126–127
and minimizing U , 153–156

Stochastic scheduling, 7, 108–134, 137–161,
190–195, 217–222, 251–268, 385–394,
420–441

Stop lag. See Time lag
Stored sample, 112–113, 115, 139, 151, 158,

160–161, 192, 252, 255–256, 260, 263
267, 352, 391, 418, 423–427, 429–434,
438, 454. See also Simulation

Straddling job, 89, 93–94, 98
String, 176–181, 195, 302, 307
Subproject, implicit, 435. See also Hierarchical

balance
Successor, 174, 176, 178, 180, 208–211, 225, 334,

338–339, 352, 399, 401
SWEPT. See Shortest weighted expected

processing time
SWPT. See Shortest weighted processing time
Synchronous manufacturing, 272

T-problem. See Total tardiness
Tabu search, 70–72, 80

for the family scheduling problem, 321
for the flow shop problem, 243
for the job shop problem, 343, 345–346
for the resource-constrained project scheduling

problem
Talwar’s Heuristic, 254–255
Talwar’s Rule, 254, 258, 262, 265, 267
Tardiness, 12, 76
Temporal analysis, 376–381, 386, 394, 405
Terminal job, 208–210
Terminal node (event), 374, 377, 379, 426
Throughput, 4, 169, 272
Tie-breaking rules

and Johnson’s Rule, 234
in Johnson’s Heuristic (for variance reduction),

254, 265–266
in prioritiy lists for project scheduling, 408, 413

Tightness, 29–30, 138, 141, 161, 192, 361–362,
364–365, 369

Time/cost trade-off. See Crashing
Time lag, 234–235, 308
Timeliness, 4
Total completion time, 19
Total cost, 34, 36, 39, 49

total cost with crashing, 381–383, 436, 438–439
total E/T cost (deterministic), 88–91, 94–98,

101–104, 419–420
total expected cost, 109–110, 137–138

Total flowtime, 12, 16–19, 30, 57, 86, 101
as a secondary measure, 23
F-problem, 13, 20, 58, 122, 132

dynamic version, 168, 173
for the burn-in model, 318–320
for the flow shop, 244
for the job shop, 337, 346
in batch processing, 302–304, 310–314,

317–321
stochastic counterpart, 109, 113–116, 195
with batch processing and dynamic arrivals,

317–318, 321
with chains, 178–181, 195
with dynamic arrivals, 173
with groups of jobs, 302
with parallel machines, 213–214, 221–222
with precedence constraints, 175
with series-parallel precedence structure,

179–180
with strings, 176–178, 195

in simulation, 112–113
Total lateness, 21, 112, 114–117, 122, 132
Total string flowtime, 176–177
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Total tardiness, 12, 25, 86, 116, 152, 161
T -problem, 12–13, 25–29, 31, 34, 36–37, 39,

43–44, 46–54, 59, 61, 68, 75, 93, 320,
471–476

dynamic version, 166–167, 172–173
in the flow shop model, 238, 272
in the job shop model, 346, 349
stochastic counterpart, 109–112, 116,

122–123, 126, 128–132, 152
trade-off with tightness, 141–145, 192–193,

450. See also Stochastic balance
with parallel machines, 222

Total unit penalty. See Number of tardy jobs
Total weighted flowtime, 19–21, 31

Fw-problem, 20, 31, 36, 40–41
stochastic counterpart, 115–116, 132,

426–436
with batch processing, 302–304, 310, 314,

320–321
with dynamic arrivals, 173
with job families, 302–304, 320
with parallel chains, 178–181, 195
with parallel machines, 213–217, 222
with series-parallel precedence structure, 195
with strings, 177–178, 195, 302

Total weighted tardiness, 29, 41, 43, 57, 118
Tw-problem, 43–44, 54, 60, 62, 80

test problems, 84–85
Total work (TWK) due date rule, 29–31, 174,

361–362, 364–365, 369–370

Trial solution, 48–54, 187
Trial value (makespan), 207, 278, 288–289, 315
Transfer batch, 234–235, 272
Transfer lag, 235
Transitivity, 37, 124, 167–168, 234–237, 265,

452
Traveling salesperson problem (TSP) 182–195

in the flow shop with blocking, 244–245, 247
in the flow shop with no wait, 246–247
in the safe scheduling problem, 191–195
stochastic counterpart 190

Turnaround, 4, 12, 15, 353–354, 356–357
TWK. See Total work due date rule
Tw-problem. See Total weighted tardiness

U-problem. See Number of tardy jobs
Uniform distribution, 237, 445–447, 451

computer simulation, 445
in examples, 112, 153, 259, 465

Uniform machines, 208, 214
Unrelated machines, 208, 214

Variance effect, 266
V-shaped sequence, 90, 94–97, 99, 104, 149

WMDD. See Modified due date rule, weighted
Worst-case performance bound, 204, 206–207,

210–211, 238
WSPT. See Shortest weighted processing time

(SWPT)
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