Index

14, 30, 85
13-17, 26
313-15, 316-17,

Accumulated value
Actuarial equivalence
Adjustment coefficient
323-4, 329

Aggregate mortality
Amortization 23
Annuity

benefit 191-2

benefit vector

certain 55

continuous 109-10, 1934

deferred 52-3

due 29, 101

guaranteed 51

immediate 100-1

joint-life  137-8

last survivor 138-9

life 45-57

monthly 109

reversionary 141

temporary 61, 69, 146

whole life 47, 55, 92, 207
Asset share 168
Associated single decrement table

135, 181

46, 70, 75, 140, 190, 198

159-63

Balance 18-24, 32, 168
Balducci hypothesis 105
Benefit
annuity 191-2
insurance 188-90
Binomial distribution 250, 251-3

Cash surrender value 84

Cashflow vector 7, 13, 20, 25,
31, 46, 55

Central rate of mortality 126

Chebyshev’s inequality 316, 337

Collective risk model 245-6
Common shock model 234-7
Compound distribution 245-70

Compound Poisson

distribution 259

process 300, 322-5
Conditional expectation 341
Conditional probability 174
Constant force assumption 124
Constant force of mortality
Contingency loading 198
Contingent insurances 143-6
Convolution 342-6
Copula 237-9
Counting process 296
Covariance 258, 340
Cumulative distribution function

Death benefit
144, 151, 165, 194, 195
Deductible 260-5
Deferred
annuity 52
contract 194
insurance 213

121-2

336

59, 61, 62, 63,78, 88, 116, 118,
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370 Index

Deficit at ruin  317-18
Density function 222
Difference formula 23, 86
Discount
force of 110-11
function 9-12, 25, 48-50
rate 12
Distribution 2824, 336
binomial 250
exponential 177, 325
gamma 2534
geometric 252, 286
Gompertz 178
lognormal 255
Makeham 178
negative binomial 251-3
normal 253
Pareto 255-6
poisson 251, 259
uniform 98, 177
Weibull 185
Distribution function 210-11, 222-7,
338
Dividends 81

Endowment 87
identity 67-8
insurance 190
pure 46, 62

Expectation 337-9

Expenses 165-8

Fackler reserve formula 79
Failure time 173-83
First death insurance 217-39
Force

of decrement 155

of discount 110

of failure 139

of interest 111, 207
Frequency 246, 250-3
Full preliminary term 168

Gains and losses 79-81
Gambler’s ruin 279-81, 309
Geometric distribution 251-2
Gompertz distribution 178

Hattendorf’s theorem 200
Hazard rate 174, 175, 219, 230

Increment

independent 295, 297

stationary 295, 297
Independence 227, 335, 340-1
Individual risk model 245
Insurance 75-89, 119, 137-9

casualty 245

deferred 213

endowment 62, 67-8, 87, 190

life 59-71

term 61, 212

whole life 62, 68, 82, 207
Intensity 174
Interest

constant 12-13, 111

force of 111, 207

nominal rate 97

rate 12, 17
Interest and survivorship 48-50
Internal rate of return 26

Joint density function 218, 339

Joint distribution 217-18, 220-7, 339
Joint distribution function 220-1
Joint-life status 135-7, 156

Joint survival function 218, 221

Last survivor status 138
Life annuity 47, 140-2, 1914
Life expectancy 40-2, 114, 182
complete 41, 114, 183
curtate 40
temporary 41-2, 114, 123
Life insurance 59-71
Life table 37-43
Limiting distribution 2834
Lognormal distribution 255
Loss elimination ratio 273
Lundberg’s inequality 329

Makeham distribution 178
Markov chain 277-80

finite state 281-88

models for insurance and annuities

187-202

periodic 284

reducible 284
Martingale 280
Maximal aggregate loss 325-9
Mean 247, 337
Minimum random variable 233



Mixtures 350
Mode 104
Modified reserve system 167
Moment 116, 139
Moment generating function
Mortality

force of 114

rate 38, 57, 80, 84, 91, 92, 102, 105, 129,

133

table 37, 68, 72, 92, 130
Multi-state annuities 152, 288, 290
Multi-state insurance 152, 288, 289
Multiple decrement

table 152, 153

theory 151
Multiplication identity 267, 282

346-8

Net amount at risk 79, 80, 81, 82, 85, 120,
201

Net annual premium 57, 61, 69, 103

Net cashflow vector 27, 32, 75, 76, 77, 78,
89, 90, 118

Net single premium 48, 60, 61, 67, 68, 69, 70,
106, 116, 119, 127

Nonforfeiture 83, 84, 87

Nonhomogeneous Markov chain 288

Nonhomogeneous Poisson process 299

Nonidentifiability 226

Normal distribution 253

Optional stopping theorem 310-13

Paid up formula 85-7
Pareto distribution 255
Periodic Markov chain 284
Poisson
distribution 251, 259
Premium
annual 52, 69, 213
equivalence principle
gross 53
net 53, 61, 81, 166
pattern vector 52, 61
single 68
vector 52,75, 104
Premium difference formula 86
Premium principle 199
Present value 13, 48, 99, 140, 188, 281
Probability density function 176, 255
Probability function 174, 187, 228, 247, 249,
252, 261, 265, 339

209

Index

Probability generating function 349
Probability mass function 213, 234
Probability measure 333-5
Prospective loss 208

Prospective method 21

Pure endowment 46, 62

Random variable
continuous 175, 336
discrete 174, 183, 247, 277, 336
Rate
discount 12
interest 12
mortality 38, 84, 102, 129-30
payment 109
Recurrent state 285
Recursion formula
aggregate claims 199
balances 22
reserves 22
ruin probabilities 319
Reducible Markov chain 284
Replacement principle 16, 18, 24, 113
Reserve
differential equation 120
at fractional durations 104
initial 104
Retrospective method 21
Risk
loading 313
Risk portion of premium 81
Ruin
functional equation approach 306-8
martingale approach 309-15
recursion formula 318-22
time of 308, 318

Sample space 333-5
Savings portion 81, 201
Second death insurance 174
Select and ultimate 130
Select mortality 129-30
Select period 130
Severity 246, 253-6, 325
Splitting identity 24, 65, 124
Standard deviation 199, 316, 337
Stationary increment 295, 296
Stochastic process

realization of 275, 276
Stochastic process 275-91
Stop loss reinsurance 264

371



372 Index

Stopping time 309
Submartingale 281
Supermartingale 281
Surplus process
compound Poisson 300, 322-5
discrete 313
Survival
distribution  173-82
function 174, 175, 222
Survivorship 48

Temporary life annuity 47
Time of ruin 280, 308, 318
Time shifting 24

Time value of money 8
Tontine 50

Total probability, law of 247, 257, 341

Transient state 284
Transition
matrix 281
probability 277, 296

UDD 98, 104, 114

Uncorrelated 340

Unearned premium 105

Uniform distribution 177
Uniform distribution of deaths 98
Uniform ratio hypothesis 232
Uniform seniority 185

Universal life 82

Value
accumulated 14
actuarial present 188
present 13, 99, 188
attime n 14

Variance 199, 207-10, 247

Waiting times 297
Weibull distribution 185

Yield 27,99, 248, 315



