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a notation 103–4, 107–20, 135–47
linear regression 103–4, 107–20
slope significance test 112–20
variance 112

abscissa see horizontal axis
absolute value, notation 282–4
accuracy and reliability, data 17, 47
adaptive resonance theory 275
addition, mathematical notation 279
addition of normal variables, normal distribution

70
addition rule, probability theory 24–5
additional variables, linear programming

167–70
adjusted cash flows, concepts 228–9
adjusted discount rates, concepts 228–9
Advanced Measurement Approach (AMA) 271
advertising allocation, linear programming

154–7
air-conditioning units 182–5
algorithms, neural networks 275–6
alternatives, decisions 191–4
AMA see Advanced Measurement Approach
analysis

data 47–52, 129–47, 271–4
Latin squares 131–2, 143–7
linear regression 110–20
projects 190–2, 219–25, 228–34
randomised block design 129–35
sampling 47–52, 129–47
scenario analysis 40, 193–4, 271–4
trends 235–47
two-way classification 135–47
variance 110–20, 121–7

anonimised databases, scenario analysis
273–4

ANOVA (analysis of variance)
concepts 110–20, 121–7, 134–47
examples 110–11, 123–7, 134–40

formal background 121–2
linear regression 110–20
randomised block design 134–5, 141–3
tables 110–11, 121–3, 134–47
two-way classification 136–7

appendix 279–84
arithmetic mean, concepts 37–45, 59–60, 65–6,

67–74, 75–81
assets

classes 149–57
reliability 17, 47, 215–18, 249–60
replacement of assets 215–18, 249–60

asymptotic distributions 262
ATMs 60
averages

see also mean; median; mode
concepts 37–9

b notation 103–4, 107–20, 132–5
linear regression 103–4, 107–20
variance 112

back propagation, neural networks 275–7
backwards recursion 179–87
balance sheets, stock 195
bank cashier problem, Monte Carlo simulation

209–12
Bank for International Settlements (BIS) 267–9,

271
banks

Basel Accord 262, 267–9, 271
failures 58
loss data 267–9, 271–4
modelling 75–81, 85, 97, 267–9, 271–4
profitable loans 159–66

bar charts
comparative data 10–12
concepts 7–12, 54, 56, 59, 205–6, 232–3
discrete data 7–12
examples 9–12, 205–6, 232–3
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bar charts (cont.)
narrative explanations 10
relative frequencies 8–12
rules 8–9
uses 7–12, 205–6, 232–3

base rates, trends 240
Basel Accord 262, 267–9, 271
bathtub curves, reliability concepts 249–51
Bayes’theorem, probability theory 27–30, 31
bell-shaped normal distribution see normal

distribution
bi-directional associative memory 275
bias 1, 17, 47–50, 51–2, 97, 129–35

randomised block design 129–35
sampling 17, 47–50, 51–2, 97, 129–35
skewness 41–5

binomial distribution
concepts 55–8, 61–5, 71–2, 98–9, 231–2
examples 56–8, 61–5, 71–2, 98–9
net present value (NPV) 231–2
normal distribution 71–2
Pascal’s triangle 56–7
uses 55, 57, 61–5, 71–2, 98–9, 231–2

BIS see Bank for International Settlements
boards of directors 240–1
break-even analysis, concepts 229–30
Brownian motion 22

see also random walks
budgets 149–57

calculators, log functions 20, 61
capital

Basel Accord 262, 267–9, 271
cost of capital 219–25, 229–30

cash flows
adjusted cash flows 228–9
future cash flows 219–25, 227–34, 240–1
net present value (NPV) 219–22, 228–9,

231–2
standard deviation 232–4

central limit theorem
concepts 70, 75
examples 70

chi-squared test
concepts 83–4, 85, 89, 91–5
contingency tables 92–5
examples 83–4, 85, 89, 91–2
goodness of fit test 91–5
multi-way tables 94–5
tables 84, 91

Chu Shi-Chieh’s Ssu Yuan Y Chien 56
circles, tree diagrams 30–5
class intervals

concepts 13–20, 44–5, 63–4, 241–7
histograms 13–20, 44–5
mean calculations 44–5

mid-points 44–5, 241–7
notation 13–14, 20
Sturges’s formula 20
variance calculations 44–5

classical approach, probability theory 22, 27
cluster sampling 50
coin-tossing examples, probability theory 21–3,

53–4
collection techniques, data 17, 47–52, 129–47
colours, graphical presentational approaches 9
combination, probability distribution (density)

functions 54–8
common logarithm (base 10) 20
communications, decisions 189–90
comparative data, bar charts 10–12
comparative histograms

see also histograms
examples 14–19

completed goods 195
see also stock . . .

conditional probability, concepts 25–7, 35
confidence intervals, concepts 71, 75–81, 105,

109, 116–20, 190, 262–5
constraining equations, linear programming

159–70
contingency tables, concepts 92–5
continuous approximation, stock control 200–1
continuous case, failures 251
continuous data

concepts 7, 13–14, 44–5, 65–6, 251
histograms 7, 13–14

continuous uniform distribution, concepts 64–6
correlation coefficient

concepts 104–20, 261–5, 268–9
critical value 105–6, 113–20
equations 104–5
examples 105–8, 115–20

costs
capital 219–25, 229–30
dynamic programming 180–82
ghost costs 172–7
holding costs 182–5, 197–201, 204–8
linear programming 167–70, 171–7
sampling 47
stock control 182–5, 195–201
transport problems 171–7
trend analysis 236–47
types 167–8, 182

counting techniques, probability distribution
(density) functions 54

covariance
see also correlation coefficient
concepts 104–20, 263–5

credit cards 159–66, 267–9
credit derivatives 97

see also derivatives
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credit risk, modelling 75, 149, 261–5
critical value, correlation coefficient 105–6,

113–20
cumulative frequency polygons

concepts 13–20, 39–40, 203
examples 14–20
uses 13–14

current costs, linear programming 167–70
cyclical variations, trends 238–47

data
analysis methods 47–52, 129–47, 271–4
collection techniques 17, 47–52, 129–47
continuous/discrete types 7–12, 13–14, 44–5,

53–5, 65–6, 72, 251
design/approach to analysis 129–47
errors 129–47
graphical presentational approaches 1–20,

149–57
identification 2–5, 261–5
Latin squares 131–2, 143–7
loss data 267–9, 271–4
neural networks 275–7
qualities 17, 47
randomised block design 129–35
reliability and accuracy 17, 47
sampling 17, 47–52
time series 235–47
trends 5, 10, 235–47
two-way classification analysis 135–47

data points, scatter plots 2–5
databases, loss databases 272–4
debentures 149–57
decisions

alternatives 191–4
Bayes’theorem 27–30, 31
communications 189–90
concepts 21–35, 189–94, 215–25, 228–34,

249–60
courses of action 191–2
definition 21
delegation 189–90
empowerment 189–90
guesswork 191
lethargy pitfalls 189
minimax regret rule 192–4
modelling problems 189–91
Monty Hall problem 34–5, 212–13
pitfalls 189–94
probability theory 21–35, 53–66, 189–94,

215–18
problem definition 129, 190–2
project analysis guidelines 190–2, 219–25,

228–34
replacement of assets 215–18, 249–60
staff 189–90

steps 21
stock control 195–201, 203–8
theory 189–94

degrees of freedom 70–1, 75–89, 91–5, 110–20,
136–7

ANOVA (analysis of variance) 110–20, 121–7,
136–7

concepts 70–1, 75–89, 91–5, 110–20, 136–7
delegation, decisions 189–90
density functions

see also probability distribution (density)
functions

concepts 65–6, 67, 83–4
dependent variables, concepts 2–5, 103–20, 235
derivatives 58, 97–8, 272

see also credit . . . ; options
design/approach to analysis, data 129–47
dice-rolling examples, probability theory 21–3,

53–5
differentiation 251
discount factors

adjusted discount rates 228–9
net present value (NPV) 220–1, 228–9,

231–2
discrete data

bar charts 7–12, 13
concepts 7–12, 13, 44–5, 53–5, 72

discrete uniform distribution, concepts 53–5
displays

see also presentational approaches
data 1–5

Disraeli, Benjamin 1
division notation 280, 282
dynamic programming

complex examples 184–7
concepts 179–87
costs 180–82
examples 180–87
principle of optimality 179–87
returns 179–80
schematic 179–80
‘travelling salesman’ problem 185–7

e-mail surveys 50–1
economic order quantity

see also stock control
concepts 195–201
examples 196–9

empowerment, staff 189–90
error sum of the squares (SSE), concepts 122–5,

133–47
errors, data analysis 129–47
estimates

mean 76–81
probability theory 22, 25–6, 31–5, 75–81

Euler, L. 131
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events
independent events 22–4, 35, 58, 60, 92–5
mutually exclusive events 22–4, 58
probability theory 21–35, 58–66, 92–5
scenario analysis 40, 193–4, 271–4
tree diagrams 30–5

Excel 68, 206–7
exclusive events see mutually exclusive events
expected errors, sensitivity analysis 268–9
expected value, net present value (NPV) 231–2
expert systems 275
exponent notation 282–4
exponential distribution, concepts 65–6, 209–10,

252–5
external fraud 272–4
extrapolation 119
extreme value distributions, VaR 262–4

F distribution
ANOVA (analysis of variance) 110–20, 127,

134–7
concepts 85–9, 110–20, 127, 134–7
examples 85–9, 110–20, 127, 137
tables 85–8

f notation 8–9, 13–20, 26, 38–9, 44–5, 65–6, 85
factorial notation 53–5, 283–4
failure probabilities

see also reliability
replacement of assets 215–18, 249–60

feasibility polygons 152–7, 163–4
finance selection, linear programming 164–6
fire extinguishers, ANOVA (analysis of variance)

123–7
focus groups 51
forward recursion 179–87
four by four tables 94–5
fraud 272–4, 276
Fréchet distribution 262
frequency

concepts 8–9, 13–20, 37–45
cumulative frequency polygons 13–20, 39–40,

203
graphical presentational approaches 8–9, 13–20

frequentist approach, probability theory 22, 25–6
future cash flows 219–25, 227–34, 240–1
fuzzy logic 276

Garbage In, Garbage Out (GIGO) 261–2
general rules, linear programming 167–70
genetic algorithms 276
ghost costs, transport problems 172–7
goodness of fit test, chi-squared test 91–5
gradient (a notation), linear regression 103–4,

107–20
graphical method, linear programming 149–57,

163–4

graphical presentational approaches
concepts 1–20, 149–57, 235–47
rules 8–9

greater-than notation 280–4
Greek alphabet 283
guesswork, modelling 191

histograms 2, 7, 13–20, 41, 73
class intervals 13–20, 44–5
comparative histograms 14–19
concepts 7, 13–20, 41, 73
continuous data 7, 13–14
examples 13–20, 73
skewness 41
uses 7, 13–20

holding costs 182–5, 197–201, 204–8
home insurance 10–12
Hopfield 275
horizontal axis

bar charts 8–9
histograms 14–20
linear regression 103–4, 107–20
scatter plots 2–5, 103

hypothesis testing
concepts 77–81, 85–95, 110–27
examples 78–80, 85
type I and type II errors 80–1

i notation 8–9, 13–20, 28–30, 37–8, 103–20
identification

data 2–5, 261–5
trends 241–7

identity rule 282
impact assessments 21, 271–4
independent events, probability theory 22–4, 35,

58, 60, 92–5
independent variables, concepts 2–5, 70, 103–20,

235
infinity, normal distribution 67–72
information, quality needs 190–4
initial solution, linear programming 167–70
insurance industry 10–12, 29–30
integers 280–4
integration 65–6, 251
intercept (b notation), linear regression 103–4,

107–20
interest rates

base rates 240
daily movements 40, 261
project evaluation 219–25, 228–9

internal rate of return (IRR)
concepts 220–2, 223–5
examples 220–2

interpolation, IRR 221–2
interviews, uses 48, 51–2
inventory control see stock control
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investment strategies 149–57, 164–6, 262–5
IRR see internal rate of return
iterative processes, linear programming 170

j notation 28–30, 37, 104–20, 121–2
JP Morgan 263

k notation 20, 121–7
‘know your customer’ 272
Kohonen self-organising maps 275

Latin squares
concepts 131–2, 143–7
examples 143–7

lead times, stock control 195–201
learning strategies, neural networks 275–6
less-than notation 281–4
lethargy pitfalls, decisions 189
likelihood considerations, scenario analysis

272–3
linear programming

additional variables 167–70
concepts 149–70
concerns 170
constraining equations 159–70
costs 167–70, 171–7
critique 170
examples 149–57, 159–70
finance selection 164–6
general rules 167–70
graphical method 149–57, 163–4
initial solution 167–70
iterative processes 170
manual preparation 170
most profitable loans 159–66
optimal advertising allocation 154–7
optimal investment strategies 149–57, 164–6
returns 149–57, 164–6
simplex method 159–70, 171–2
standardisation 167–70
time constraints 167–70
transport problems 171–7

linear regression
analysis 110–20
ANOVA (analysis of variance) 110–20
concepts 3, 103–20
equation 103–4
examples 107–20
gradient (a notation) 103–4, 107–20
intercept (b notation) 103–4, 107–20
interpretation 110–20
notation 103–4
residual sum of the squares 109–20
slope significance test 112–20
uncertainties 108–20

literature searches, surveys 48

loans
finance selection 164–6
linear programming 159–66
risk assessments 159–60

log-normal distribution, concepts 257–8
logarithms (logs), types 20, 61
losses, banks 267–9, 271–4
lotteries 22
lower/upper quartiles, concepts 39–41

m notation 55–8
mail surveys 48, 50–1
management information, graphical

presentational approaches 1–20
Mann–Whitney test see U test
manual preparation, linear programming 170
margin of error, project evaluation 229–30
market prices, VaR 264–5
marketing brochures 184–7
mathematics 1, 7–8, 196–9, 219–20, 222–5, 234,

240–1, 251, 279–84
matrix plots, concepts 2, 4–5
matrix-based approach, transport problems

171–7
maximum and minimum, concepts 37–9, 40,

254–5
mean

comparison of two sample means 79–81
comparisons 75–81
concepts 37–45, 59–60, 65–6, 67–74, 75–81,

97–8, 100–2, 104–27, 134–5
confidence intervals 71, 75–81, 105, 109,

116–20, 190, 262–5
continuous data 44–5, 65–6
estimates 76–81
hypothesis testing 77–81
linear regression 104–20
normal distribution 67–74, 75–81, 97–8
sampling 75–81

mean square causes (MSC), concepts 122–7,
134–47

mean square errors (MSE), ANOVA (analysis of
variance) 110–20, 121–7, 134–7

median, concepts 37, 38–42, 83, 98–9
mid-points

class intervals 44–5, 241–7
moving averages 241–7

minimax regret rule, concepts 192–4
minimum and maximum, concepts 37–9, 40
mode, concepts 37, 39, 41
modelling

banks 75–81, 85, 97, 267–9, 271–4
concepts 75–81, 83, 91–2, 189–90, 195–201,

215–18, 261–5
decision-making pitfalls 189–91
economic order quantity 195–201
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modelling (cont.)
guesswork 191
neural networks 275–7
operational risk 75, 262–5, 267–9, 271–4
output reviews 191–2
replacement of assets 215–18, 249–60
VaR 261–5

moments, density functions 65–6, 83–4
money laundering 272–4
Monte Carlo simulation

bank cashier problem 209–12
concepts 203–14, 234
examples 203–8
Monty Hall problem 212–13
queuing problems 208–10
random numbers 207–8
stock control 203–8
uses 203, 234

Monty Hall problem 34–5, 212–13
moving averages

concepts 241–7
even numbers/observations 244–5

moving totals 245–7
MQMQM plot, concepts 40
MSC see mean square causes
MSE see mean square errors
multi-way tables, concepts 94–5
multiplication notation 279–80, 282
multiplication rule, probability theory 26–7
multistage sampling 50
mutually exclusive events, probability theory

22–4, 58

n notation 7, 20, 28–30, 37–45, 54–8, 103–20,
121–7, 132–47, 232–4

n! notation (n factorial) 54–5
narrative explanations, bar charts 10
natural logarithm (base e) 20, 61
negative exponential distribution see exponential

distribution
negative exponents, concepts 282
net present value (NPV)

concepts 219–22, 228–9, 231–2
examples 219–20, 231–2
expected value 231–2
probability distribution (density) functions

231–2
risk/uncertainty 228–9, 231–2

networks, neural networks 275–7
neural networks

algorithms 275–6
concepts 275–7
critique 276–7
learning strategies 275–6
non-linear relationships 275
uses 275, 276

Newton-Raphson iteration 224–5
nodes

neural networks 275–7
tree diagrams 30–5

non-linear relationships
complexity 170
neural networks 275
scatter plots 3–4, 103–4

non-zero lead times, stock control 199–201
normal distribution

addition of normal variables 70
binomial distribution 71–2
central limit theorem 70, 75
concepts 67–81, 97–8, 231–2, 257–8
confidence intervals 71, 75–81, 105, 109,

116–20, 190, 262–5
conventions 68
examples 67–70
log-normal distribution 257–8
mean 67–74, 75–81, 97–8
net present value (NPV) 231–2
normal probabilities 67–70
notation 67–8, 75–6, 79–81, 83–5
Poisson distribution 72–3
sampling 70–1, 75–89
standard deviation 67–81, 83, 97–8, 102,

232–4
tables 67, 74
truncated normal distribution 259, 260

north-west corner strategy, matrix-based approach
171–7

not-equal-to notation 281–4
notation

class intervals 13–14, 20
concepts 7–8, 13–14, 21–30, 37–45, 53–5,

68–9, 75–6, 79–85, 99–104, 121–2,
131–5, 185–7, 196–9, 203–5, 219–25,
234, 254–5, 279–84

key notation 279–84
linear regression 103–4
mathematics 7–8, 196–9, 219–20, 222–5, 234,

279–84
normal distribution 67–8, 75–6, 79–81,

83–5
summary 279–84

NPV see net present value
null hypothesis

see also hypothesis testing
concepts 77–81, 85, 121–7, 135

observations, concepts 7–12, 37–9, 63–5, 67–8,
77–81, 116–20, 235–47, 262–5

obsolescence, reliability 215–18
office politics 227
ogives see cumulative frequency polygons
one-tail test, hypothesis testing 77–81
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operational risk
Bayes’ theorem 27–8
modelling 75, 262–5, 271–4
sensitivity analysis 267–9

opportunity costs, linear programming 167–70
optimal advertising allocation, linear

programming 154–7
optimal investment strategies 149–57, 164–6,

262–5
optimality principle, dynamic programming

179–87
options

see also derivatives
valuations 58, 97–8

order costs, stock control 197–201
ordinate see vertical axis
outliers, scatter plots 4
output reviews, modelling 191–2
outsourcing 130–1
overlapping probabilities, consideration needs 25

p notation 132–5
P/E ratio see price/earnings ratio
paired data

concepts 97–120
sign test 98–9
t test 97–8, 114–20, 121, 125, 127
U test 99–102

parentheses notation 291–4
partially finished goods 195

see also stock . . .
Pascal’s triangle, concepts 56–7
payback period, concepts 219, 222–5
PCs see personal computers
people costs 167–70
perception 275
permutation, probability distribution (density)

functions 55
personal computers (PCs) 7–9, 58–60, 130–1,

198–9, 208–10, 215–18, 253–5
pictures, words 1
pie charts

concepts 7, 12
critique 12
examples 12

planning, data collection techniques 47, 51–2
plot, concepts 1, 10
plus or minus sign notation 279
Poisson distribution

concepts 58–66, 72–3, 91–2, 200–1, 231–2
examples 58–65, 72–3, 91–2, 200–1
net present value (NPV) 231–2
normal distribution 72–3
stock control 200–1
suicide attempts 62–5
uses 57, 60–5, 72–3, 91–2, 200–1, 231–2

population considerations, sampling 47, 49–50,
75–95, 109, 121–7

portfolio investments, VaR 262–5
power notation 282–4
predictions, neural networks 276–7
presentational approaches

concepts 1–20
good presentation 1–2
management information 1–20
rules 8–9
trends 5, 10, 235–47

price/earnings ratio (P/E ratio), concepts 222
principle of optimality, concepts 179–87
priors, concepts 28–30
Prob notation 21–35, 68–70, 254–5
probability distribution (density) functions

see also normal distribution
binomial distribution 55–8, 61–5, 71–2, 98–9,

231–2
combination 54–8
concepts 53–95, 203, 205, 231–2, 257–60
continuous uniform distribution 64–6
counting techniques 54
discrete uniform distribution 53–5, 72
examples 53–5
exponential distribution 65–6, 209–10, 252–5
log-normal distribution 257–8
net present value (NPV) 231–2
permutation 55
Poisson distribution 58–66, 72–3, 91–2, 200–1,

231–2
probability theory

addition rule 24–5
Bayes’theorem 27–30, 31
classical approach 22, 27
coin-tossing examples 21–3, 53–4
concepts 21–35, 53–66, 200–1, 203, 215–18,

231–2
conditional probability 25–7, 35
decisions 21–35, 53–66, 189–94, 215–18
definitions 22
dice-rolling examples 21–3, 53–5
estimates 22, 25–6, 32–5, 75–81
event types 22–4
examples 25–35, 53–5
frequentist approach 22, 25–6
independent events 22–4, 35, 58, 60, 92–5
Monty Hall problem 34–5, 212–13
multiplication rule 26–7
mutually exclusive events 22–4, 58
notation 21–2, 24–30, 54–5, 68–9, 75–6,

79–81, 83–5, 99–104, 121–2, 131–5,
185–7, 254–5

overlapping probabilities 25
simple examples 21–2
subjective approach 22
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probability theory (cont.)
tree diagrams 30–5
Venn diagrams 23–4, 28

problems, definition importance 129, 190–2
process costs 167–70
production runs 184–7
products awaiting shipment 195

see also stock . . .
profit and loss accounts, stock 195
profitable loans, linear programming 159–66
projects

see also decisions
alternatives 191–4, 219–25
analysis guidelines 190–2, 219–25, 228–34
break-even analysis 229–30
courses of action 191–2
evaluation methods 219–25, 227, 228–34
finance issues 164–6
guesswork 191
IRR 220–2, 223–5
margin of error 229–30
net present value (NPV) 219–22, 228–9, 231–2
P/E ratio 222
payback period 219, 222–5
returns 164–6, 219–25, 227–34
sponsors 190–2

quality control 61–4
quality needs, information 190–4
quartiles, concepts 39–41
questionnaires, surveys 48, 50–1
questions, surveys 48, 51–2, 97
queuing problems, Monte Carlo simulation

208–10
quota sampling 50

r! notation 54–5
r notation 104–20, 135–47
random numbers, Monte Carlo simulation 207–8
random samples 49–50
random walks

see also Brownian motion
concepts 22

randomised block design
ANOVA (analysis of variance) 134–5, 141–3
concepts 129–35
examples 130–1, 140–3
parameters 132–5

range, histograms 13–20
ranks, U test 99–102
raw materials 195

see also stock . . .
reciprocals, numbers 280–4
recursive calculations 56–8, 61–2, 179–87
regrets, minimax regret rule 192–4
relative frequencies, concepts 8–12, 14–20

relevance issues, scenario analysis 272, 273–4
reliability

bathtub curves 249–51
concepts 17, 47, 215–18, 249–60
continuous case 251
data 17, 47
definition 251
examples 249
exponential distribution 252–5
obsolescence 215–18
systems/components 215–18, 249–60
Weibull distribution 255–7, 262

reorder levels, stock control 195–201
replacement of assets 215–18, 249–60
reports, formats 1
residual sum of the squares, concepts 109–20,

121–7, 132–47
returns

dynamic programming 179–80
IRR 220–2, 223–5
linear programming 149–57, 164–6
net present value (NPV) 219–22, 228–9,

231–2
optimal investment strategies 149–57, 164–6
P/E ratio 222
payback period 219, 222–5
projects 164–6, 219–25, 227–34
risk/uncertainty 227–34

risk
adjusted cash flows 228–9
adjusted discount rates 228–9
Basel Accord 262, 267–9, 271
concepts 28–30, 159–66, 227–34, 261–5,

267–9, 271–4
definition 227
loan assessments 159–60
management 28–30, 159–66, 227–34, 261–5,

267–9, 271–4
measures 232–4, 271–4
net present value (NPV) 228–9, 231–2
operational risk 27–8, 75, 262–5, 267–9, 271–4
profiles 268–9
scenario analysis 40, 193–4, 271–4
sensitivity analysis 40, 264–5, 267–9
uncertainty 227–34
VaR 261–5

RiskMetrics 263
rounding 281–4

sample space, Venn diagrams 23–4, 28
sampling

see also surveys
analysis methods 47–52, 129–47
bad examples 50–1
bias 17, 47–50, 51–2, 97, 129–35
cautionary notes 50–2
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central limit theorem 70, 75
cluster sampling 50
comparison of two sample means 79–81
concepts 17, 47–52, 70, 75–95, 109, 121–7,

129–47
costs 47
hypothesis testing 77–81, 85–95
mean 75–81
multistage sampling 50
normal distribution 70–1, 75–89
planning 47, 51–2
population considerations 47, 49–50, 75–95,

109, 121–7
problems 50–2
questionnaires 48, 50–1
quota sampling 50
random samples 49–50
selection methods 49–50, 77
size considerations 49, 77–8, 129
stratified sampling 49–50
systematic samples 49–50
units of measurement 47
variables 47
variance 75–81, 83–9, 91–5

scaling, scenario analysis 272
scatter plots

concepts 1–5, 103–4
examples 2–3
uses 3–5, 103–4

scenario analysis
anonimised databases 273–4
concepts 40, 193–4, 271–4
likelihood considerations 272–3
relevance issues 272, 273–4
scaling 272

seasonal variations, trends 236–40, 242–7
security costs 167–70
selection methods, sampling 49–50, 77
semantics 33–4
sensitivity analysis, concepts 40, 264–5,

267–9
sets, Venn diagrams 23–4, 28
sign test, concepts 98–9
significant digits 281–4
simplex method, linear programming 159–70,

171–2
simulation, Monte Carlo simulation 203–14,

234
size considerations, sampling 49, 77–8, 129
skewness, concepts 41–5
slope significance test

see also a notation (gradient)
linear regression 112–20

software packages
reports 1
stock control 198–9

sponsors, projects 190–2
spread, standard deviation 41–5
square root 282–4
SS see sum of the squares
SSC see sum of the squares for the causes
SST see sum of the squares of the deviations
Ssu Yuan Y Chien (Chu Shi-Chieh) 56
staff

decision-making processes 189–90
training needs 189

standard deviation
see also variance
cash flows 232–4
concepts 41–5, 67–81, 83, 97–8, 102, 104–20,

232–4
correlation coefficient 104–20
examples 42–5, 232–4
normal distribution 67–81, 83, 97–8, 102,

232–4
uses 41–5, 104–20, 232–4

standard terms, statistics 37–45
standardisation, linear programming 167–70
statistical terms 1, 37–45

concepts 1, 37–45
maximum and minimum 37–9, 40, 254–5
mean 37–45
median 37, 38–42
mode 37, 39, 41
MQMQM plot 40
skewness 41–5
standard deviation 41–5
standard terms 37–45
upper/lower quartiles 39–41
variance 41–5

statistics, concepts 1, 37–45
std(x) notation (standard deviation) 42–5
stock control

concepts 195–201, 203–8
continuous approximation 200–1
costs 182–5, 195–201
economic order quantity 195–201
holding costs 182–5, 197–201, 204–8
lead times 195–201
Monte Carlo simulation 203–8
non-zero lead times 199–201
order costs 197–201
Poisson distribution 200–1
variable costs 197–201
volume discounts 199–201

stock types 195
stratified sampling 49–50
Sturges’s formula 20
subjective approach, probability theory 22
subtraction notation 279
successful products, tree diagrams 30–3
suicide attempts, Poisson distribution 62–5
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sum of the squares for the causes (SSC), concepts
122–5, 133–47

sum of the squares of the deviations (SST),
concepts 122–5

sum of the squares (SS)
ANOVA (analysis of variance) 110–20, 121–7,

134–5
concepts 109–20, 121–7, 132, 133–47

supply/demand matrix 171–7
surveys

see also sampling
bad examples 50–1
cautionary notes 50–2
concepts 48–52, 97
interviews 48, 51–2
literature searches 48
previous surveys 48
problems 50–2
questionnaires 48, 50–1
questions 48, 51–2, 97

symmetry, skewness 41–5, 67–9, 75–6, 98–9
systematic errors 130
systematic samples 49–50
systems costs 167–70

t statistic
concepts 75–81, 97–8, 114–20, 121, 123, 125,

127
tables 75, 81

tables
ANOVA (analysis of variance) 110–11, 121–3,

134–47
chi-squared test 84, 91
contingency tables 92–5
F distribution 85–8
normal distribution 67, 74
t statistic 75, 81

tabular formats, reports 1
telephone surveys 50–2
text surveys 50–1
three-dimensional graphical representations 9
time constraints, linear programming 167–70
time series

concepts 235–47
cyclical variations 238–47
mathematics 240–1
moving averages 241–7
seasonal variations 236–40, 242–7
Z charts 245–7

trade finance 164–6
training needs, communications 189
transport problems

concepts 171–7
ghost costs 172–7

‘travelling salesman’ problem, dynamic
programming 185–7

tree diagrams
examples 30–4
Monty Hall problem 34–5
probability theory 30–5

trends
analysis 235–47
concepts 235–47
cyclical variations 238–47
graphical presentational approaches 5, 10,

235–47
identification 241–7
mathematics 240–1
moving averages 241–7
seasonal variations 236–40, 242–7
Z charts 245–7

true rank, U test 99–102
truncated normal distribution, concepts 259,

260
truncation concepts, scatter plots 2–3
Twain, Mark 1
two-tail test, hypothesis testing 77–81, 109
two-way classification

analysis 135–47
examples 137–40

type I and type II errors
examples 80–1
hypothesis testing 80–1

U test, concepts 99–102
uncertainty

concepts 108–20, 227–34
definition 227
linear regression 108–20
net present value (NPV) 228–9, 231–2
risk 227–34

upper/lower quartiles, concepts 39–41

valuations, options 58, 97–8
value at risk (VaR)

calculation 264–5
concepts 261–5
examples 262–3
extreme value distributions 262–4
importance 261

variable costs, stock control 197–201
variables

bar charts 7–8
concepts 2–3, 7–12, 13–14, 27–35, 70, 103–20,

121–7
continuous/discrete types 7–12, 13–14, 44–5,

53–5, 65–6, 72, 251
correlation coefficient 104–20
data collection techniques 47
dependent/independent variables 2–5, 70,

103–20, 235
histograms 13–20
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linear programming 149–70
linear regression 3, 103–20
scatter plots 2–5
sensitivity analysis 40, 264–5, 267–9

variance
see also standard deviation
ANOVA (analysis of variance) 110–20, 121–7,

134–47
chi-squared test 83–4, 85, 89, 91–5
comparisons 83–9
concepts 41–5, 65–6, 67, 75–81, 83–9,

91–5, 102, 104, 107, 110–20, 233–4,
263–5

continuous data 44–5
covariance 104–20, 263–5
examples 42–5
F distribution 85–9, 110–20, 127, 134–7
linear regression 104, 107, 110–20

var(x) notation (variance) 42–5, 233–4
VC see venture capital

Venn diagrams, concepts 23–4, 28
venture capital (VC) 149–57
vertical axis

bar charts 8–9
histograms 14–20
linear regression 103–4, 107–20
scatter plots 2–5, 103

volume discounts, stock control 199–201

Weibull distribution
concepts 255–7, 262
examples 256–7

‘what/if’ analysis 33
Wilcoxon test see U test
words, pictures 1
work in progress 195

Z charts, concepts 245–7
z notation 67–74, 102, 105, 234
zero factorial 54–5

Index compiled by Terry Halliday
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