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accounting, 3-5, 12, 32 
acquisition reform, 360 
activity based costing (ABC), 31, 89-100 

activities, 95 
activity cost, 96 
activity rate, 96 
definition, 89 
example, 97-99 
history, 89 
overhead allocation, 96 
steps, 95 
vs. process-flow analysis, 99 

adjacency matrix, 184 
administrative delay time, 350 
advanced electronic power systems 
(AEPS), 199 
analytical models, 30 
availability, 332, 347-357 

achieved, 349 
calculation, 351-356 
contract clauses, 357 
costs, 357 
definition, 347-348 
inherent, 349 
instantaneous, 351 
Markov Chain calculation, 354-356 
mean, 351 
Monte Carlo calculation, 352-353 
operational, 350 
point, 351 
steady state, 351 

basis of estimation (BOE), 111 
Beta distribution, 353 
bid, 13 
binning, 47 
binomial  
 coefficient, 50, 128, 154 
 distribution, 51 
 Poisson approximation of, 51 
 series, 50 
bivariate distributions, 277 
 bivariate lognormal, 280-281 
 bivariate normal, 278-280 
Bose-Einstein distribution, 57 
Bradley M-2, 262, 328 
burden, (see overhead) 
can not duplicate (CND), 175 
capability index, (see process capability 

index) 
capacity, 38-40 
capital allocation problem, 16 

capital cost, 73, 84 
change-over costs, 74, 85 
chip, (see integrated circuit) 
COCOMO, 311-315 
commercial off the shelf (COTS), 360, 
364 
conceptual design, 13, 31, 261 
conditional expectation, 392-393 
conditional probability distributions, 277 
confidence interval, 251 
conversion matrix, 117-118, 148-151 
 example, 120-122 
cost 
 conditioned on schedule, 277, 282 
 definition, 10 
 manufacturing, 29-33 
 modeling, 6 
cost estimating relationship (CER), 104-
107 

cost-to-cost, 105 
cost-to-noncost, 105 
strengths and weaknesses, 106-107 

cost of ownership (COO), 31, 69-87 
 applicability, 70 
 contributions to, 72 
 definition, 69, 83 
 embedded passive example, 79-82 
 fundamental algorithm, 71, 83 
 history, 83 
 machine comparison example, 76-79 
cycle time, 38 
 penalty, 75, 86 
defects, 11, 37, 58 
 accumulating, 59 
 clustered, 53, 56 
 conservation, 118, 122 
 coverage, 151-152 
 definition, 47, 114, 147 
 density, 52, 54, 59 
 fatal, 48 
 gross, 47 
 level, 131-132, 155-156 
 metrology, 48 
 parametric, 47 
 random, 47 
 size distribution, 49 
 spatial distribution, 49, 52-56 
 spectrum, 116-122, 148-151 
depreciation, 21, 39 
design, 13, 31 

costs for chips, 295-306 
design cost example, 300-306 
design for test, 145 
design to cost, 11 
efficiency, 448 
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re-spin, 299 
reuse, 298 
software design, (see software) 

design for environment (DFE), 405-413, 
415-416 

definition, 405, 409 
disassembly, 441-456 
drivers, 410 
environmental impact, 408-409 
life cycle assessment (LCA), 415-
439 
master equation, 407-408 
salvage, 457-465 

design refresh planning, 372-377 
diagnosis, 189-190 

definition, 115, 125, 189 
diagnostic length, 190 
diagnostic test, 190 
diagnostic tree, 190 

die (bare die), 49, 52 
 cost, 34, 103 
 defect density, 58 
 size, 58, 102, 169 
 yield, 34, 202 
Dirac delta function, 54 
disassembly, 441-456 

accessibility, 447 
difficulty scores, 445-449 
energy calculations, 449-450 
entropy calculations, 451-456 
irreversible, 442 
Maynard operational sequence 
technique (MOST), 448 
paths, 455 
reversible, 442 
time, 443-444 
work, 444 

down time, 350 
DRAM, 274 
economic equivalence, 19 
economist, 4, 5 
electronic part obsolescence, (see 
obsolescence) 
embedded passives, 79 
emulation, 30 
end of life, 13 

disassembly, 441-456 
salvage, 457-465 

energy, 37 
engineering economics, 3, 9, 15-28 
 bridge building example, 23-25 

guaranteed pre-paid tuition example, 
26-27 

equipment cost, 39 
erroneous coverage, 140 

error function, 56 
evaluating assets, 20 
exponential distribution, 56, 335, 342-
343 
F-16, 262, 328 
failures avoided, 403 
fallout, 35, 37 
false positives, 138, 159-162 
fault, 11, 47, 49, 52, 114, 147 

coverage, 122-124, 127, 129, 132-
133, 151-153, 156 
coverage relation to test cost, 185 
dictionary, 190 
efficiency, 151 
spectrum, 116-122, 148-151 
types, 116 

feature points, 320 
fixed cost, (see non-recurring cost) 
flat panel display, 459-465 
flip chip bonding, 292-294 
function point analysis, 315-321 

adjusted function point count (FP), 
317 
counting, 316 
example, 319-320 
relationship to SLOC, 318 
technical complexity factor (TCF), 
317 
unadjusted function point count 
(UFC), 316 
weaknesses, 321 

functional block, 297 
gate count, 102 
half Gaussian distribution, 56 
hazard function, 386 
heuristics, 30 
hierarchy (of modeling), 30 
hypergeometric distribution, 128, 154 
income taxes, 22 
indirect cost, (see overhead) 
industrial ecology, 9, 417 
inflation, 22 
insertion, (see technology insertion) 
integrated circuit (IC), 

cost, 70 
design costs, 295-306 
lifecycle, 362 
reusable blocks, 300 

intellectual property (IP), 297 
library, 303-304 

interest, 18-19 
joint probability distribution, 277 
known good die (KGD), 63-64 
labor, 
 burden, 38 
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 cost, 32, 38, 73, 81 
 rate, 38 
leaning curves, 40, 207-240 

block data, 218-220, 232-234 
Boeing model, 209 
comparison of cumulative and unit, 
229-230 
Crawford model, 209 
cumulative average, 211, 225-226 
defect density learning, 237 
definition, 207 
DeJong, 223 
determining, 216-222, 230-234 
examples, 209 
history, 208, 223 
industrial learning, 207 
iterative midpoint method, 221-222 
learning index, 208, 224, 228 
learning rate, 209, 225, 228 
log-linear, 223 
management learning, 207 
marginal model, 226 
midpoint formula, 214-215, 228-229 
Northrop model, 210 
operator learning, 207 
S-curve, 224 
slide property, 212, 227 
sources, 216 
Stanford-B, 223 
unit curve, 213, 225 
Wright model, 210 
yield, 234-237 

least squares, 217, 232 
life cycle, 
 application service life, 363 
 cost analysis (LCC), 9, 261-263 
 definition, 11, 261 
 DRAM, 368 
 examples, 262 
 mismatch, 363 
 overlap, 274 
 phases, 327, 329, 366-367 
 product, 13, 362 
 profit, 368 
 technology, 362 
life cycle assessment (LCA), 415-439 

boundaries, 419 
definition, 415, 416 
goal and scope, 419-420 
history, 417 
impact, 418, 431-435 
improvement and interpretation, 
418, 436 
inventory, 418, 420-431 
ISO standards, 438 

material centric model, 421-431 
process flow model, 421-431 
scope, 417 
strengths and weaknesses, 437 

lifetime buy, 370-372 
logistic down time, 350 
lost opportunity costs, 74 
maintenance and maintainability, 325 

corrective, 350 
cost models, 400 
definition, 348 
fixed scheduled maintenance 
interval, 401-403 
preventative, 350 
scheduled maintenance, 73, 81, 400-
403 
unscheduled maintenance, 73, 81, 
400-403 

manufacturability, 2 
manufacturing cost models, 29-33 
market window, 265-283 
marketing, 13 
Markov chains, 354-356 

transition matrix, 355 
transition probability, 354 

mass, 37 
material, 
 content, 37 
 cost, 31, 39 
 waste, 37 
material centric model, 421-431 

additive, 421-422 
scrapping, 421-423 
subtractive, 421-422 
waste disposition, 423 

Maynard operational sequence technique 
(MOST), 448 
mean, 250 
mean time between failure (MTBF), 335, 
349, 400 
mean time to repair (MTTR), 349, 400 
minimal repair, 386 
mitigation of obsolescence cost analysis 
(MOCA), 375-377 
Monte Carlo analysis, 241-259 

availability calculation, 352-353 
Latin hypercube sampling (LHS), 
255-259 
sample size, 250-252 
sampling a distribution, 245 
stratified sampling, 255 
triangular distribution, 253-254 

Moore’s law, 298-299 
multichip module (MCM), 183 
multivariate probability theory, 276 
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Murphy yield model, 55-57 
Negative binomial distribution, 57 
net present value (NPV), 20, 374 
non-recurring cost, 5, 10, 71, 398 
nonstationary process, 393 
number-up, 40, 103 
object points, 321 
obsolescence, 359-378 

causes, 361-363 
costs, 365-366 
definition 359 
design refresh, 372 
design refresh planning, 373-377 
diminishing manufacturing sources 
and material shortages (DMSMS), 
359 
discontinuance, 367 
impact, 364 
last time buy, 373, 374 
life cycle planning, 373-377 
lifetime buy, 370-372 
mitigation, 369 
redesign, 372 

operating time, 350 
operation and support costs, 398 
operator utilization, 38 
overhead, 12 
 allocation, 92, 96 
 burden rate, 32 
parametric models, 30-31, 101-112 

analysis vs. estimation, 111 
calibration, 108 
cost estimating relationship (CER), 
104-107 
definition, 101 
example 102-104 
pitfalls, 109 
sustainment costs, 399-400 
uncertainty assessment, 108-109 

pass fraction, 135 
PCMCIA cards, 41 
performance costs in COO, 74-75, 85 
personal computer, 33, 262, 328 
pick and place, 41 
Poisson 

approximation of the binomial  
defect distribution, 54 
distribution, 51, 335 
cumulative distribution, 336 
intensity function, 392 
yield equation, 52-53, 57 

present value, 20 
price, 10 
price erosion, 272 
Price yield model, 56-57 

printed circuit board, 
cost, 70 
inner layer pair fabrication, 425-431 

process capability index (PCI), 65-67 
process-flow analysis, 31, 35-45, 185-
186 
process step, 
 definition, 35 
 example, 41-43 
 inputs/outputs, 37 
 inventory analysis, 421 
 types, 38 
producibility, 65-68 
product life cycle, 

curve, 265 
phase, 266 

product overlapping, 272 
product stewards, 412 
production, 13 
profit, 266 

profit curve, 273 
profit margin, 79-82 

prognostic health management (PHM), 
404 
qualification, 13 
quality, 10, 47-64 
quantity, 39 
quote, 30 
random failures, 403 
random numbers, 247-249 

linear congruential generator, 248-
249 
rules, 249 

real coded genetic algorithm (RCGA), 
183 
recurring cost, 5, 10, 71, 398 
redesign, 372-377 
redundancy, 404 
reflow, 41 
refresh, (see design refresh planning) 
reliability, 335 

definition, 348 
failure rate, 335, 336 

requirements capture, 13 
research and development costs, 398 
resources, 16 

consumption, 4 
depletion, 412 

retrofit, 334 
return on assets (ROA), 291 
return on equity (ROE), 290 
return on investment (ROI), 285-294 

definition, 285-286 
flip chip example, 292-294 
web advertising example, 287-289 
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return on sales, 291 
rework, 175-206 

cost, 203-204 
definition, 125, 175, 191 
multi-pass, 179-182, 194-198 
single-pass, 176-178, 192-194 
variable rework cost, 198 

risk, 243, 275-276 
salvage, 457-465 

flat panel display example, 459-465 
model, 458-465 

SavanSys, 42 
schedule, (see market window) 
scheduled maintenance, 73, 81, 400-403 
scrap, 37 
 costs, 75, 133 
 fraction, 135, 423 
Seeds yield model, 56-57 
semiconductor marketplace, 361 
sensitivity analysis, 243 
sequence, 36 
Simpson distribution, 55 
simulation, 30 
software, 307-322 

algorithmic models, 309-310 
annual change traffic (ACT), 314 
COCOMO, 311-314 
COCOMO II, 315 
delivered source instructions (DSI), 
308 
development cost, 307-308 
development schedule, 313 
feature/function /object points, 315-
321 
maintenance cost, 307-308, 314 
source lines of code (SLOC), 308 
thousands of delivered source 
instructions (KDSI), 311 
thousands of lines of code (KLOC), 
310 
types of cost estimation models, 309 

sparing, 331-345 
approximation for large quantities, 
338-339 
costs, 344 
definition, 332 
depot level maintenance, 333 
initial spares, 334 
line replaceable unit (LRU), 333 
quantity, 334 
rate model, 340-344 
replenishment spares, 334 
retrofit, 334 
shop replaceable unit (SRU), 333 

specification, 13, 31 

standard deviation, 250 
standard robotic and manual tools, 447 
standby time, 350 
stationary process, 393 
Strapper yield model, 56 
sustainment, 13, 323-330 
 Brundtland Commision, 324 
 COO costs, 73-74, 85 
 costs, 397-404 
 definition, 323-324 
 discrete event simulation, 401 
 examples, 328, 397 
 maintainability, 325 
 sparing analysis, 331-345 
 vicious circle, 329 
system planning, 2 
Taylor series expansion, 51 
technical cost modeling, 42-43 
technology insertion, 323 
test, 

automatic test equipment (ATE), 
170 
automatic test pattern generation 
(ATPG), 143-144 
bonepile, 162 
cascading test steps, 162-163 
cost of fault coverage, 185 
definition, 115, 125 
design for, 145, 166-170 
diagnostic, 190 
escapes, 136, 159 
false positives, 138, 159-162 
fault coverage, (see fault) 
financial models, 164 
functional, 190 
parallel test steps, 163-164 
pattern, 143 
step, 124, 152, 157-159, 161 
step yield, 136 
test economics, 113-145, 147-173 
testability coverage, 151 
throughput rate, 142, 166 
wafer probe, 142, 165 
yield of test steps, 136-137,159 

test/diagnosis/rework (TDR), 125, 179-
181, 189, 191-198 

example, 182, 199-202 
optimum placement, 182-188 

test economics, 113-173 
ThinPak, 201 
throughput, 38 
time, 37 
time to market, 267-273 

ahead of the market, 270 
consumer products, 268 
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early to market, 273 
example, 267, 271-272 
late, 269-272 
with the market products, 268-269 

time to repair, 400 
time value of money, 17-19 
tooling cost, 39 
tradeoff analysis, 1 
traditional cost accounting (TCA), 92-94 
tragedy of the commons, 405 
triangular distribution, 55, 461 
triple bottom line, 406 
unavailability, 336 
uncertainties, 40, 241-242 

aleatory, 242 
definition, 243 
epistemic, 242 
in parametric modeling, 108-109 
second order, 404 
types, 242 
vs. risk, 243 
vs. sensitivity analysis, 243 

uniform distribution, 56-57 
unscheduled maintenance, 73, 81, 400-
403 
value, 272 
variable cost, (see recurring cost) 
variance, 250 
verification, 13 
volume pricing, 40 
wafer, 40, 49, 102-103 

probe, 142, 165 
waiting sequential search (WSS), 183-
184 
warranty, 379-395 

base, 381 
combination, 381 
cost models (simple), 383-385 
costs, 382 
definition, 379 
explicit or express, 380 
extended, 381 
implicit or implied, 380 
ordinary free replacement, 381 
period, 383 
pro-rata, 381, 385 
repairable products, 386-388 
reserve fund calculation, 383-388 
role, 380 
two-dimensional, 388-395 
unlimited free replacement, 381, 
389-390 

wire bonding, 10, 117-121, 292 
yield, 10, 47-64, 67 
 accumulation, 58-59 

comparison with process capability 
index, 68 
cost of yield loss, 72, 84 

 definition, 48 
 normalized rolled-throughput, 58 
yielded cost, 11, 42, 60-63, 178, 184 
 cumulative, 42, 61 
 itemized, 61 
 iterative, 61 
 omission, 61-63 
  
 


