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Continuous Improvement on the Free-Throw -

Line, 412-414 . ,. -
CPFR;-706-.-708 -
Designing Superrnarkets,,235-236
Developing the J-1-T Philosophy,'635
Do You Want Pickled Beets with That?,

131-132 -
Duplicate .Orders:-Can Lead -to Excess -

Capacity, 5447545 -
E-Procurement-;at.I13M,,704_705
Gazing atat the Crystal Ball, 98-100- -
Global-Strategy: -GM is Building P'ants in-

Developing -Nations to Woo New
Markets, 358-359.

The -International Space.:Station Prøject- .(]SS);- -
727-728::

J1T .II;'64l-642--
Living- With-a-Self-Directed Work-Team,-

303-305-
Making Hotplates, 333-334
Making It-(Almost)-NewAgain, 140-142 ...
Manager's Joumal:.When -Customer Research.

Is a-Lousy..1dea,d34-135
Not-So-Clear Choices: Should-You , Export, or

Manufacture Overseas?, 36G-362
The Nuts and Bolts of Japan's FactOries,-.--.

- 6l8-619.
Pedai,-Eushers, 627-628
Productivity Gains atWhirlpool, 55-56
Project Managers Have Never-Been.More....

Critical, 732-733 'T'

Quality Programs Don't Guaran ee ;.
Results; 403

Rise of the -3PL, 70 1702 .
Romantic MT and Pragmatic -JIT, 620
Servicing.Passenger Planes;677-678 -
Stopped ata Light? -Why Not Read This, You

May.HaveTime, 81 1413.,.
Time-Based Innovation, 150-152 - -
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The Top 10 ERP Mistakes, 600401
Tour de Force, 224-226
Using Information to Speed Execution, 710
Viasic on a Roll with Huge Pickle Slices,

135-137
What Works to Cut CTD Risk, Improve Job

Productivity?, 314-315
Why Manufacturing Matters, 27-28
Why Productivity Matters, 50
Workplace Upheavals Seem to Be Eroding

Employees' Trust, 300-301
Would You Like That Rare, Medium, or

Vacuum-Packed?, 178-180
Receiving function, 714
Recycling, 139, 173
Reddy, Ram, 98, 100
Redesign of products and services; See Design,

of products and services
Reduced transaction processing, 637
Redundancy, 156
Redundant constraints, 277-278
Reengineering, 647
Reeser, Clayton, 774
Regenerative system, 58$
Regional factors, location decisions and,

351-353,355
Regression, 85-89
Regret (opportunity loss), 199
Reliability, 129-130, 155-160
Remanufacturing, 140-142
Reorder point (ROP), 504-511
Repetitive processing, 219-222, 228-231
Replacement maintenance, 652
Research and development (R&D), 133-134
Reservation systems, 677
Response time, 46, 712
Retail sector

layout, 235
location planning, 8,351-352,355-357

Return on investment (ROl), 484
Return on quality, 392
Reverse engineering, 133
Rework costs, 391
REID, 488-489, 700-701
Risk, 197,199-200
Risk management, 758-759
Ritter, Diane, 428
Roach, Stephen, 61
Robinson, Alan, 418
Robitaille, Denise E., 426
Robot, 223-224
Robust design, 130-131
Rolling horizon, 544, 588
Romig, H. G., 21, 382
Roos, Daniel, 32, 625
Rosenthal, Stephen R., 154
Ross, D. F., 61,723
Ross, Joel E., 429
Ross, S. M., 469
Rough-cut capacity planning, 561
Rowe, G., 118
Run chart, 414
Run size, ofjobs, 657-658
Run tests, 447-451
Rush, 666-671

S/O (Slack per operation) rule, 666-671, 683
Safety, 51, 312-314
Safety stock, 505-506, 589
Salegna, Gary, 401,429
Salesforce opinions, used to forecast, 69
Sampling distribution, 437-438
Sampling plans, 471
Sasser, W. Earl, 154
Scanning, environmental, 43-44
Scatter diagrams, 409,411
Schardt, David, 235
Schedule chart, 659, 661
Scheduled receipts, 582
Scheduling, 654-690

appointment system, 676
assignment model, 662-663, 680-682
backward, 661
cyclical scheduling, 678-679
defined, 655
forward, 661
Gantt charts, 20, 659-660, 736
high-volume systems. 656-657
Hungarian method, 663
intermediate volume systems, 657-658
job shops/low-volume system, 658-676

loading, 659-665
sequence dependent setup times, 674-675
sequencing, 665-671
two work centers, sequencing through,

671-673,683-684
multiple resources, 679
problems with, 174, 675
reservation system, 677
service systems, 676-679
theory of constraints, 675-676
workforce scheduling, 678

Schematic decision making models, 13
Scherkenbach, W. W, 429
Schilling, Edward G., 469
Schlesinger, Leonard A., 154
Schmidt, C. P., 214
Schorr, John E., 723
Schragenheim, Eli, 614, 723
Schroeder, Richard, 428
Science of management, 19
Scientific management, 19-20, 299
SCOR model, 705-706
Scott, Gerald, 224, 226
Scrap rates, 51
Seasonal demand patterns, 176
Seasonal indexes, 82
Seasonal inventories, 485
Seasonal relative, 82
Seasonal variations, 81-84, 176
Seasonality, 70-71,81-84
Sebastianelli, Rose, 418
Secondary reports, 588
Self-directed teams, 301-305
Sensitivity analysis, 203-204, 283-287
Sequence dependent setup times, 674-675
Sequencing, 665-671
Servers, numbers of, 782-783
Service, 146
Service blueprint, 147-149
Service delivery system, 146

Service design, 146-149; See also Design, of
products and services

Service layouts, 235
Service level, 505-506, 509-511
Service package, 146
Service patterns, 782-785
Service sector

aggregate planning, 558-559
capacity planning, 183-184
designing for, 146-149
employment in, II
facilities layout, 235
inspection points, 434
JIlT, 639-641
location planning. 8, 355-357
versus manufacturing, 5-8
MRP, 590
operations activities. 8
productivity, 50-51
quality, 8, 387-388

Setrakian, Scott, 361
Setup costs, 658
Setup time reduction, 624-625
Shadow price, 286
Shafer, Scott M., 775
Sharman, Graham, 403
Shaw, John C., 154
Sheffi, Yossi, 723
Shellenbarger, Sue, 300-301
Shewhart, Walter, 21, 382-383, 412-414
Shewhart cycle, 404
Shin, Hojung, 647
Short range planning, 561
Short-range plans, 542
Short-term capcity needs, 176
Shortage costs, 489-490, 514
Shortages, 509-511
Shulman, L. E., 61
Shook, Dan L., 264
Silver, E. A., 539, 573, 690
Silverstein, Judith, 703, 723
Simchi-Levi, David, 702, 723
Simchi-Leyi, Edith, 702, 723
Simo chart, 310, 311
Simple linear regression, 85-89, 101
Simplex method, 281
Simulation, 814-833

advantages and limitations of using,
825-826

computer simulation, 825
defined, 814
Monte Carlo method, 816-822
project management and, 753
steps in the process, 815-816
theoretical distributions, 822-825

Simulation models, 557-558
Simultaneous chart, 310,311
Simultaneous development, 137
Singhal, Vinod R., 428
Single-period model, 514-517
Single-sampling plans, 471
Single server, 788-790
Sipper, Daniel, 573
Site related location factors, 354
Six sigma, 400-401,453-454
Slack, 280-281,738
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Slack time, 546, 746-747
Slater, Derek, 595, 599, 614
Smith, Adam, 20
Smith, Gerald, 429, 469
Smith-Daniels, Dwight, 775
Smoothing, exponential, 75-76, 80-81,

97,101
Sole source suppliers, 636
Solutions and corner points, 278
S&P 500 Index, 390, 395
SPC; See Statistical process control (SPC)
Spearman, Mark L., 32, 118, 539, 572, 614,

647,690
Special variation, 437
Specialization, 299, 300
Specifications, 133, 451-452
Spencer, Michael S., 647
SPT (shortest processing time), 666-671
Sriparavastu, Loknath, 647
Stalk, George, Jr., 61,150,152
Stamatis, D. H., 429
Standard elemental times, 320
Standard parts, 622
Standard time, 315, 318
Standardization, 51, 126-127, 128
Standardized parts, 20
Statistical models, 14
Statistical process control (SPC), 435-451

control charts
attributes, 442-446
defined, 92, 411,435,438
errors, 438-439, 473
forecasting, 92-96
mean, 439-440, 442-443
range, 441-442
run tests, 447-451
variables, 439-442
when to use, 446-447

control process, 435-436
defined, 435
statistical quality control, 382, 396
variations and control, 436-438

Statistical quality control, 382, 396
Stauffer, Robert, 264
Steeples, Marion M., 429
Steinberg, Neil, 468-469
Step costs, 186
Stevens, Tim, 627-628
Stevenson, William J., 214, 295, 376, 378, 429,

775,813
Stocking levels, 515-517
Stockouts, 485
Stokes, Andrew, 225
Stoll, Henry, 264
Stopwatch time study, 315-320, 326
Storage layouts, 235
Straight piecework, 328
Strategic partnerships, 708-709
Strategies

defined, 38
external, 44
formulation of, 43-45
functional, 38, 40
goals, 38-40
growth, 45
internal, 44

Strategies-Cont.
mission, 38-40
operations, 42-43
organizational, 38, 40
quality based, 46
time based, 46

Strengths, weaknesses, opportunities, and
threats (SWOT), 43

Subcontracting, 547
Suboptimization, 197
Substitutability, of parts, 142
Sullivan, Robert S., 833
Summers, Donna, 405, 429, 469
Suppliers

analysis of, 717
audits, 717-718
certification of, 635-636, 718
JIT systems, 635-636
management of, 717-719
partnerships with, 708-709, 718-719
quality and, 399
selection of, 717
sole source, 636
tiers of, 636-637
world class, 718

Supply chain, 23, 174, 693
Supply chain management, 692-724; See also

Purchasing
benefits of effective, 696
challenges, 713-717
CPFR, 706-708
defined, 23-24, 693-695
distribution requirements planning, 700
e-commerce, 22, 696, 702-704
electronic data interchange, 700
elements of, 696-697
logistics, 697-702
need for, 695-696
outsourcing and, 24
purchasing and, 713-717
requirements for success, 705-706
steps in creating effective, 708-709
supplier management, 717-719
value chains, 694

Supply Chain Operations Reference (SCOR)
model, 705-706

Supply chain visibility,705
Surplus, 280-281
Surveys, consumer, 69
Sutton, Margaret, 775
Swamidass, Paul M., 154
Swanson, Christine A., 647
SWOT analysis, 43
System, 14
System design, 9-10; See also Process selection

and design
System flexibility. 175
System nervousness, 593
System operation, 10
System utilization, 787
Systems approach, to decision making,

14-15

Tactics, 38
Taguchi, Genichi, 131, 385, 455
Taguchi cost function, 385, 455

Taguchi's approach, to robust design, 131
Tamimi, Nabil, 418
Tangible output, 5
Taxes, impact on location decisions, 353
Taylor, Bernard W, 214,295
Taylor, Frederick Winslow, 19-20,299,382
Teams

incentives for, 328
problem solving and, 399
self managed/directed, 301-305

Technology; See also Internet
impact on strategies, 44
management of, 22
productivity improvements and, 51

Temperature and humidity, 310
Teplitz, Charles T., 345
Ternicko, John, 154
Tersine, Richard J., 539
Theoretical distributions, 822-825
Theory of constraints, 675-676
Theory X, Y, Z, 20-21
Therbligs, 310
3-PL (Third-party logistics), 701-702
Three-sigma, 441
Time-based competition, 542
Time-based strategy, 46
Time-based system, 326-327
Time buckets, 581
Time estimates

deterministic, 739-740
probabilistic, 747-750

Time fences, 564-565, 593
Time-ordered plot, 438
Time-phased requirements, 581
Time reduction, 24, 46
Time series, 70
Time series data, forecasting using

averaging, 72-76, 96, 101
cycles, 70-71,85
defined, 68
naive method, 70-71, 101
seasonality, 70-71,81-84, 176
trend, 70-71, 76-80, 101
trend-adjusted exponential smoothing, 80-81,

97,101
Time-series forecasts, 68
Time studies, 315-320, 326
Time value of money, 187
Timing, 175
Tippett, L. H. C., 21
Tolerances, 451
Torgersen, P. E., 345
Total-cost curve, 500-504
Total cost of ownership (TCO), 597
Total productive maintenance, 651
Total quality management (TQM), 24,397,

398-403; See also Quality
Townsend, George E, 428
Toyota Production System (TPS), 628
TQM, 24, 397-403
Tracking signal, 93, 101
Trade-off decisions, 14
Traffic management, 699
Training, 8, 299
Transfer batch, 676
Transformation process, 4-6
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Transportation
costs, 247-248, 351, 365, 695
model, 365, 374-378

Transportation-type programming model,
555-557

Trend, 70-71, 76-80, 101
Trend-adjusted exponential smoothing,

80-81,97,101
Trial-and-error techniques, 551-555
Trust, in management, 300-301
Tumay,K., 833
Turban, Efraim, 214
Turnover

inventory, 486
labor, 52

Two-bin system, 487
Two work centers, sequencing jobs through,

671-673,683-684
Type! error, 438-439,473
Type II error, 439,473

U-shape layouts, 230-231
Ulrich, Karl T., 154
Uncertainty, 197-199
Uniform Commercial Code (UCC), 125
Universal Product Code (UPC), 487-488, 700
Upper control limit, 438
Upton, David, 194,264

Value-added, 5
Value analysis, 715
Value chains, 694
Van Nim Wegen, Harm, 428
Vargus, Vicente, 690
Variability, process, 437,451-452
Variable costs, I 84-185
Variable demand, 512
Variables, 439-442
Variations and control, in SPC, 436-438
Velocity, 709
Vendor analysis, 717

Ventilation, 310
Vertical loading, 300
Vertical skills, 328
Villa, A., 572
Vision statements, 39-40
Visual inspection, 234-235
Visual systems, 633-634
Viswanathan, S., 723
Vollman, Thomas E., 539, 573, 615, 621,637,

647,671,690
Vranizan, Michelle, 401

Wages/salaries, 326-328
Wait-and-see strategy, 188
Waiting lines, 778-813

analysis of, 188
characteristics of, 781-786
cost analysis, 794-795
finite-source models, 799-804
goals of analysis, 780-781
infinite source models

basic relationships, 787-788
multiple priorities, 796-799
multiple servers, 790-794
single server, 788-790

managerial implications of, 780
maximum line length, 795-796
performance measures. 786
queue discipline, 785
queuing theory. 779-780
reasons for, 780

Walker, William T., 724
Ward, Stephen, 775
Ware, Norman, 573
Warehousing, 235
Warranties, implied, 124
Wartzman, Rick, 56
Waste, in JIT, 622
Weatherford, Larry R., 214
Weighted average, 74-75
Weightman, Clive, 601

Weinstein, Bob, 732
Wester, L., 264
Whang, Seunjin, 723
Wheatley, Malcolm, 615
Wheeler, John, 249
Wheelwright, S., 221
White, John A., 264, 373
White, Richard E., 647
Whitney, Eli, 20
Whybark, D. Clay, 539 573, 614, 615, 62 1,

647,690
Wight, Oliver W, 615
Wilson, J. Holton, 118
Wilson, Larry W., 539
Wireman, Terry, 653
Womack, James P., 32,625
Woolsey, Gene, 484
Work breakdown structure (WBS), 734-735
Work breaks, 312
Work-in-process, 484, 625
Work measurement; See also Job design

defined, 315
predetermined time standards, 321
standard elemental times, 320
stopwatch time study, 315-320, 326

Work sampling, 321-326
Work system design; See Job design
Worker-machine chart, 307-308
Workers, as assets, 629
Workforce scheduling, 678
Working conditions, 310-315
Workstation, 236,244-M, 665-666
World class suppliers, 718
Wright, G., 118

Zangwill.Willard 1., 134-135
Zeithaml, Valarie A., 387
Zenger, John, 334
Zero defects, 382, 384-385
Zipkin, Paul H., 539, 620, 647
.Zucco, James, 350



.03

.5120

.5517

.5910

.6293

.6664

.7019

.1357

.7673

.7967

.8238

.8485

.8708

.8907

.9082

.9236

.9370

.9484

.9582

.9664

.9732

.9788

.9834

.9871

.9901

.9925

.9943

.9957

.9968

.9977

.9983

.9988

.9991

.9994

.9996

.9997

.04

.5160

.5551

.5948

.6331

.6700

.7054

.7389

.7703

.7995

.8264

.8508

.8729

.8925

.9099

.9251

.9382

.9495

.9591

.9671

.9738

.9793

.9838

.9815

.9904

.9927

.9945

.9959

.9969

.9977

.9984

.9988

.9991

.9994

.9996

.9997

.05

.5199

.5596

.5981

.6368

.6736

.7088

.7422

.7734

.8023

.8289

.8531

.8749

.8944
.9 115
.9265

.9394

.9505

.9599

.9678

.9744

.9798

.9842

.9878

.9906

.9929

.9946

.9960

.9970

.9918

.9984

.9989

.9992

.9994

.9996

.9997

.06

.5239

.5636

.6026

.6406

.6712

.7 123

.7454

.7764-

.8051

.8315

.8554

.8770

.8962

.9131

.9219

.9406

.9515

.9608

.9686

.9750

.9803

.9846

.9881

.9909

.9931

.9948

.9961

.9911

.9979

.9985

.9989

.9992

.9994

.9996

.9997

.07

.5279

.5675

.6064

.6443

.6808

.7157

.7486

.7794

.8078

.8340

.8577

.8790

.8980

.9141

.9292

.9418

.9525

.9616

.9693

.9756

.9808

.9850

.9884

.9911

.9932

.9949

.9962

.9972

.9979

.9985

.9989

.9992

.9995

.9996

.9997

.00

.5319

.5714

.6103

.6480

.6844

.7190

.1517

.7823

.8106

.8365

.8599

.8810

.8997

.9162

.9306

.9429

.9535

.9625

.9699

.9761

.9812

.9854

.9887

.9913

.9934

.9951

.9963

.9973

.9980

.9986

.9990

.9993

.9995

.9996

.9991

.09

.5359

.5753

.6141

.6517

.6879

.7224

.7549

.7852

.8133

.8389

.8621

.8830

.9015

.9177

.9319

.9441

.9545

.9633

.9706

.9167

.9817

.9857

.9890

.9916

.9936

.9952

.9964

.9974

.9981

.9986

.9990

.9993

.9995

.9997

.9998

Areas under the standardized normal curve, from -00 to + z

/
,

0	 z

.00

.0 .........5000

.1 .........5398

.2 .........5793

.3 .........6179

.4 .........6554

.5 ..........6915

.6 .........7257

.7 .........7580

.8 .........7881

.9 .........8159

1.0 .........8413
1.1 .........8643
1.2 .........8849
1.3 .........9032
1.4 .........9192

1.5 .........9332
1.6 .........9452
1.7 .........9554
1.8 .........9641
1.9 .........9713

2.0 .........9772
2.1 .........9821
2.2 .........9861
2.3 .........9893
2.4 .........9918

2.5 .........9938
2.6 .........9953
2.7 .........9965
2.8 .........9914
2.9 .........9981

3.0 .........9987
3.1 .........9990
3.2 .........9993
3.3 .........9995
3.4 .........9991

	.01	 .02

	

.5040	 .5080

	

.5438	 .5478

	

.5832	 .5871

	

.6217	 .6255

	

.6591	 .6628

	

.6950	 .6985

	

.7291	 .7324

	

.7611	 .1642

	

.7910	 .7939

	

.8186	 .8212

	

.8438	 .8461

	

.8665	 .8686

	

.8869	 .8888

	

.9049	 .9066

	

.9207	 .9222

	

.9345	 .9357

	

.9463	 .9474

	

.9564	 .9573

	

.9649	 .9656

	

.9119	 .9726

	

.9778	 .9783

	

.9826	 .9830

	

.9864	 .9868

	

.9896	 .9898

	

.9920	 .9922

	

.9940	 .9941

	

.9955	 .9956

	

.9966	 .9967

	

.9975 -	 .9976

	

.9982	 .9982

	

.9987	 .9987

	

.9991	 .9991

	

.9993	 .9994

	

.9995	 .9995

	

.9997	 .9997



.01

.0040

.0438

.0832

.1211

.1591

.1950

.2291

.2611

.2910

.3186

.3438

.3665

.4049

.4207

.4345

.4463

.4564

.4649

.4119

.4778

.4826

.4864

.4896

.4920

.4940

.4955

.4966

.4975

.4982

.4987

.02

.0080

.0418

.0871

.1255

.1628

.1985

.2324

.2642

.2939

.3212

.3461

.3686

.3888

.4066

.4222

.4351

.4414

.4573

.4656

.4726

.4783

.4830

.4868

.4898

.4922

.4941

.4956

.4967

.4976

.4982

.4981

.03

.0120

.0517.

.09.10

.1293

.1664

.2019

.2357

.2673

.2961

.3238

.3485

.3708

.3901

.4082

.4236

.4310

.4484

.4582

.4664

.4732

.4188

.4834

.4871

.4901

.4925

.4943

.4957

.4968

.4917

.4983

.4988

.0160

.0557

.0948

.1331

.1700

.2054

.2369

.2103

.2995

.3264

.3508

.3729

.3925

.4099

.4251

.4382

.4495

.4591

.4611

.4136

.4793

.4838

.4875

.4904

.4921

.4945

.4959

.4969

.4977

.4984

.4988

.0199

.0596

.0987

.1368

.1736

.2088

.2422

.2734

.3023

.3289

.3531

.3944

.4115

.4265

.4394

.4505

.4599

.4618

.4744

.4798

.4842

.4818

.4906

.4929

.4946

.4960

.4910

.4978

.4984

.4989

.06

.0239

.0636

.1026

.1406

.1712

.2123

.2454

.2164

.3051

.3315

.3554

.3170

.3962

.4131

.4279

A406
.4515
.4608
.4686
.4750

.4803

.4846

.4881

.4909

.4931

.4948

.4961

.4911

.4979

.4985

.4989

.04	 .05

Areas under the normal curve, 0 to z

.09

.0359

.0753

.1141

.1517

.1879

.2224

.2549

.2852

.3133

.3389

.3621

.3830

.4015

.4171

.4319

.4441

.4545

.4633

.4706

.4767

.4817

.4857

.4890

.4916

.4936

.4952

.4964

.4974

.4981

.4986

.4990

.06

0.0 .........0000
0.1 .........0398
0.2 .........0193
0.3 .........1179
0.4 .........1554

0.5 .........1915
0.6 .........2257
0.7 .........2580
0.8 .........2881
0.9 .........3159

1.0 .........3413
- 1.1 .........3643

1.2 .........3849
1.3 .........4032
1.4 .........4192

1.5 .........4332
1.6 .........4452
1.7 .........4554
1.8 .........4641
1.9 .........4713

2.0 .........4772
2.1 .........4821
2.2 .........4861
2.3 .........4893
2.4 .........4918

2.5 .........4938
2.6' ........4953
2.7 .........4965
2.8 .........4974

.2.9 .........4981

3.0 .........4987

	

.07	 .08

	

.0279	 .0319

	

.0615	 .0114

	

.1064	 .1103

	

.1443	 .1480

	

.1808	 .1644

	

.2157	 .2190

	

.2486	 .2511

	

.2794	 .2823

	

.3078	 .3106

	

.3340	 .3365

	

.3571	 .3599

	

.3790	 .3810

	

.3980	 .3991

	

.4147	 .4162

	

.4292	 .4306

	

.4418	 .4429

	

.4525	 .4535

	

.4616	 .4625

	

.4693	 .4699

	

.4756	 .4761

	

.4808	 .4812

	

.4850	 .4854

	

.4884	 .4867

	

.4911	 .4913

	

.4932	 .4934

	

.4949	 .4951

	

.4962	 .4963

	

.4972	 .4973

	

.4979	 .4980

	

.4985	 .4986

	

.4989	 .4990


