
E X E M P L I F I C A T [ O N  OF RU1N P R O B A B I L I T I E S  

NILS \¥1KSTAD 

Stocldlolm 

The following numerical  values of ruin probabilit ies,  qJ'(u, 7") for 
finite times T,  have been calculated by the method proposed in 
"Analy t ica l  steps towards a ntunerical calculation of the ruin 
probabi l i ty  for a finite period when the risk process is of the Poisson 
type or of the more general type studied by Sparre Andersen",  
l)resented to this colloquium by Olof Thorill. The notat ions used in 
the sequel follow those of Thorin. 

Two distributions of the individual claims are considered, viz., 

d.f. I ' P ( y )  = I - - e  - v  , y > o  

d . f .  I I :  P ( y )  = I - -  o . o o 3 9 7 9 3  c - ° ' ° t 4 6 a ' u  - -  

- -  0.1078392 e - ..,9o"-o,v _ _  

- -  0 . 8 8 8 1 8 1 5  e-'~'s14~8~v , y > o 

] 'he  la t ter  distr ibution is a ra ther  crude a t t emp t  to in terpre te  the 
ex t remely  skew distr ibution (Swedish non- indust ry  fire insurance 
1948-1951 ) considered by  Cram~r in his treatise "Collective Risk 
Theory" ,  Juhilee volume of lr6rslikringsaktiebolaget Skandia 

(1955) Pl). 43-45. 
Likewise two distr ibut ions of the interoccurence times are 

considered, viz., 

d . f .  A "  K ( t )  : I - - e  - t  , t ~ 0 

d.f. t3" K(I) = I - - o . 2 5 e - ° " ~ - - o . 7 5  e-04 , t > o 

The d.f.B was considered by Sparre Andersen (TICA 1957 vol. I f  

pp. 225-227). 
Note that  the first moment  equals one ill all the d.f. mentioned.  
Though the analyt ical  machinery also seems to work for o < c < I 

the ~P' \,allies are indicated only for some values of c > t. As known 
from Thorin 's  1)aper c s tands for I + X, where X is the premium 
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loading, which means that for c = o ~F(u, T) corresponds to the 
tail of the d.f. for the total amount of claims during the period 
(o, T). 

.For comparison the value of the "insolvency constant" R is also 
given. 

In the computer t)rogram used there is a subroutine for finding the 
roots of a polynomial equation with complex coefficients, which 
routine originates from the IBM SSP (PL I) library but has been 
modified and rewritten in .FORTRAN. The main algorithm is based 
on the Newton-Raphson method generalized by K. Nickel in ,,Die 
numerische Berechnung der Wurzeln eines Polynoms", Numerische 
Mathematik vol. 9 (1966) PP. 8o-98. 

.For the inversion we have at this stage used a method given by 
Piessens in "New Quadrature "Formulas for Numerical Inversion of 
the Laplace Transform", BIT vol. 9 (1969) PP. 351-361. So far as 
possible we have tried to check the obtained values. However, we 
must admit the possibility of sligllter differences from the exact 
values. Later a more careful study of such differences will be made. 

The tables are labelled after the d.f. involved, i.e. table IA means 
that the claims have the d.f. I and the interoccurence times have the 
d.f .A. 
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C ~ I.O 5 
C = 1 . 1 o  

C = t.15 
C = 1 . 2 0  

C : 1.2 5 
C = 1.3o 
C = 2.00 

C = I o 5  
C = 1 , 1 o  

C = 1.15 
C ~ 1 2 0  

C =  1 2 5  
C = 1.3o 
C = 2.00 

C =  ~o5  
C = I . I O  

C =  I . I 5  
C = 1 . 2 o  

C = 1.25 
C : 1.30 
C ~ 2 o o  

C = L.o5  
C ~  I . t O  

C = 1 . 1 5  

C = 1 2 0  

C = 1 2 5  

C = 1.3o 
C ~ 2 . 0 0  

C ~  I O  5 
C = 1 . i o  

C = 1 . 1 5  

C ~ I 2 0  

C = 1.25 
C = t . 3 o  
C - -  2 0 0  

U = 

U =  

U =  

U - -  

TABLE l A 

7 " - -  i 

0 I 10 100 

.4698 .2420 .ooo 3 .oooo 

.4634 .2381 .0oo 3 .oooo 

.4572 .2342 .0003 .oooo 

. 45 ro  .2305 .0003 .oooo 

.445 ° .2268 ooo 3 .oooo 

.4391 .2232 .ooo3 .oooo 

.3662 18oo .0002 .oooo 

T ~  TO 

O I tO  I O O  

.8042 .6376 .0367 .oooo 

.7854 .6126 .o319 .oooo 

.7666 .5882 .0277 .oooo 
7477 .5644 . ° 2 4 t  .oooo 

.729 ° . 5 4 t 4  .0209 .oooo 

. 7 i o 5  .5193 .o182 oooo 
• 4967 2993 .0028 oooo 

7" ~ IO0 

O I tO I00 

.9185 .8433 .3464 .OOOO 

.8900 .7948 .2605 .oooo 

.8594 .7451 . i 9 2 o  .oooo 

.8283 .6966 .1399 .oooo 

.7976 .651o . t o t 6  .oooo 

.7682 .609 ° .0741 .oooo 
5ooo .3o33 .0o34 .oooo 

T = IOOO 

O I 1 0  IOO 

-9494 9o24 .5673 .oo19 
.9088 8297 .3649 .oool  
.8695 .7632 .2359 .oooo 

.8333 .7054 .1574 .oooo 

.7999 .6549 . t o83  oooo 

.7692 .61o7 .0765 .oooo 

.5ooo .3032 .0034 .oooo 

0 I IO 1 0 0  

.9524 .9o81 . 5 9 t 6  .oo8r  

.9o9I  .83oj  .3663 .ooot  

.8696 7632 .236o .oooo 

.8333 .7054 1574 .oooo 

.8000 .655 ° .IO83 oooo 
7692 .6Jo  7 .o765 .oooo 

.5ooo .3o33 o034 .oooo 

I 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

.0000 

.0000 

.0000 

.0000 

I 0 0 0  

.0000 

.0000 
0000 

.0000 

.0000 

.0000 
0000 

I000  
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

1000 
0000 

.0000 

.0000 

.0000 
0000  

.0000 

.0000 

1000 
. 0 0 0 0  

. 0 0 0 0  

0000  
. 0 0 0 0  

0 0 0 0  

0 0 0 0  

0 0 0 0  

R 

.0476 

.0909 

.13o4 

.1667 

. 2 0 0 0  

.2308 

.5ooo 
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C = 1 .O 5 

C m I . I O  

C = I , l  5 

C ~ 1 . 2 o  

C ~ 1 . 2 5  

C = 1.3o 
C ~ 2 . 0 0  

C-- 1 o  5 
C I l O  

C = I . l  5 

C - ~  1 . 2 0  

C =  1 2 5  

C ~ 1 . 3 0  

C ~ 2 . 0 0  

C ~  I O  5 

C ~  1 . 1 o  

C = 1 . 1 5  

C -  1 . 2 o  

C -  [ .25 
C : 1.3 o 
C ~ 2 . 0 0  

C = 1 o 5 

C ~ 1 . 1 0  

C = 1.15 
C ~ 1 2 0  

C = 1 . 2 5  

C =-- 1.3o 
C ~ 2 . 0 0  

C ~ 1 . 0 5  

C = I . I O  

C = I 1 5  

C ] 2 0  

C ~ 1.25 
C = 1.3o 
C ~ 2 o o  

U = 

U ---- 

U = 

U 

U =  

' [ ' A B L E  1 1 3  

7 " - -  l 

O [ I O  I O O  

• 59o2 3438 . o o l o  o o o o  

• 5842 .3392 . o o l o  o o o o  
• 5783 .3347 o o i o  o o o o  
.5725 .33o3 o o o 9  .oooo  
.5667 .3259 .0009 o o o o  
.5609 32J6  0009  .oooo  
.4874 2683 o o o 6  o o o o  

T --  1 0  

0 1 I 0  I 0 0  

8559 .7252 .0946 o o o o  

.8445 .7o81 .o857 . o o o o  

.8329 .69o9 .o776 . o o o o  

. 8 2 1 2  . 6 7 3 9  0 7 0 2  . O O O O  

.8093 .6569 o 6 3 , 1  o o o o  

.7973 .64Ol 0573 o o o o  

.6345 4382 . o i 3 4  .oooo  

T ~ lOO 

O I I O  I O O  

9432 .889 ° .4855 . o o o o  

. 927 l  .8603 4 t l  7 . oooo  

.9o98 .8299 .3446 . oooo  

.8915 7988 .2857 o o o o  
• 8727 .7678 .2352 o o o o  
• 8539 7375 193 ° . oooo  
.6417 .4485 .o178 o o o o  

7" ~ 1 0 0 0  

O l I O  I O O  

.9686 .9386 7031 o196  

.9458 .8959 .5490 0 0 2 9  

. 0 2 2 0  8 5 2 8  . 4 2 2 7  0 0 0 3  

. 8 9 9 o  . 8 1 2 7  3 2 7 7  o o o o  

• 8772 7759 2 5 7 1  o o o o  
8565 7420 . 2 0 4 0  o o o o  

6417 .4485 .o178 o o o 0  

0 I 1 0  I 0 0  

{)724 0450 7377 o61,1 
.9465 .8972 .5542 .0045 
0221 .8530 .423 t 0004 

.89qt 8128 3277 o o o o  

• 8772 .7759 . 2 5 7 0  o o o o  

.8565 . 7 4 2 0  . 2 o 4 o  o o o o  

.6417 4485 .o178 o o o o  

I O 0 0  

0 0 0 0  

. 0 0 0 0  

0 0 0 0  

. 0 0 0 0  

0 0 0 0  

. 0 0 0 0  

0 0 0 0  

I O 0 0  

. o 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

0 0 0 0  

I 0 0 0  

0 0 0 0  

.0000 

.0000 

. 0 0 0 0  

. 0 0 0 0  

0 0 0 0  

. 0 0 0 0  

I 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

0 0 0 0  

. 0 0 0 0  

0 0 0 0  

. 0 0 0 0  

I O 0 0  

0 0 0 0  

0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

. 0 0 0 0  

0 0 0 0  

. O 0 0 0  

I? 

o 2 7 6  

.0535 

.0779 
I oot) 

. 1 2 2 8  

.1435 
3 5 R 3  
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TABLE 11 A 

U ~ 0 I I0  100 IO00 

C ~ 1.o 5 2338 0841 .o19o .ooo9 .oooo 
C -- I . l o  2277 .0836 .o189 0009 .oooo 
C : 1 1 5  2220 .0832 , 0 1 8 8  , 0 0 0 9  . 0 0 0 0  

C = t 2o .2166 .0828 o188 .0009 .oooo 
C ~ 1.25 .21[ 7 0824 . o / 8 7  0009 .oooo 
C = t 3 ° .2070 .0820 o i 8 6  ooo9 .oooo 
C = 2.00 1636 .o769 .o177 .ooo0 .oooo 

7" = I 0  

U ~ 0 I I 0 1 O 0  I O 0 0  

C = I .o 5 .5268 .3964 .1445 .oot)4 .oooo 
C ~ l . tO  .5148 .3874 14o8 .0094 .oooo 
C = I 15 .5032 .3787 1374 .0093 .oooo 
C = I 20 .4922 .3704 . [34  ° .0093 .oooo 
C = 1.25 .4815 .3623 .1308 .0092 .0000 
C = 1.3o .4712 "3544 '1277 .0092 .oooo 
C = 2.00 .3586 .267,) .0949 .0087 .oooo 

T ~  I 0 0  

U ~ o I t o  I O O  1 o o o  

C ~ 1.o5 .7592 -6846 4623 0896  oooo 
C = I . I O  .7374 .6605 .'1384 .0863 .oooo 
C = 1.15 .7164 .6377 .4164 .0833 .oooo 
C ~ i 2o .6962 .616o 3(}63 0804 .oooo 
C - -  t 25 .6768 .5955 3780 0777 .0000 
C = 1.3o 6582 .576r .3612 .o751 .oooo 
C = 2 oo .4697 .3918 2219 .0497 .oooo 

T ~ I O 0 0  

U ~ o 1 1 o  IOO I o o o  

C = i 05 8935 8602 7545 .4~15 .ooo4 
C = l . l o  .8672 .8278 .7077 3618 0003 
C = I f  5 .8400 .795 [ 6625 3186 0002 
C ~ 1 . 2 0  8 1 2 7  .7628 .6~97 . 2 8 1 3  . 0 0 0 2  

C = 1.25 7858 7314 .5798 .2493 .ooot  
C ~ 1.3o 7595 .7 o12 .5428 .221~ .oool  
C = 2 oo .5000 .4263 .2634 .o723 oooo 

V ~ 0 I 1 0  I 0 0  I 0 0 0  

C = t o  5 ,9524 .9374 8897 .7144 .114') 
C = 1 . to  .9o91 .8821 .7993 .5393 . 0 2 1 0  

C = 1.15 .8696 .8329 .7242 4247 .0054 
C -- 1.2o 8333 .7880 .6611 3455 . o o i 8  
C = t .25  8000 .7492 .6073 .2886 .0007 
C = =  1.3o .7692 .7133 561o 246t  .ooo3 
C = 2.oo .5000 .4263 .2634 .0724 .oooo 

I? 
. 0 0 2 0  

.0036 

. 0 0 4 , )  

0059 
.oo67 

.0o74 
Ol14 
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C 1.05 
C = l , l O  

C = I I  5 
C - r  1 . 2 o  

C = 1.25 
C ~- 1.3o 
C ~ 2 . 0 0  

C -  1 . o  5 

C = l . l O  

C = 1.15 
C = 1 . 2 o  

C = 1.25 
C- 1.3o 
C ~ 2 . 0 0  

C = I.O 5 
C = 1.1o 
C = 1.15 
C ~ 1 . 2 o  

C =  1 2 5  
C = 1.3o 
C ~ 2 . 0 0  

C = l . o  5 

C = i . l O  

C = 1.15 
C = 1 . 2 o  

C = ,.25 
C =  1 3 o  
C - 2 O 0  

C ~ 1 . o  5 

C = I . l O  

C = I . I  5 

C = 1 . 2 0  

C = [.25 
C = 1.3o 
C -- 2 0 0  

U - -  

U = 

U = 

U 

TABLE I I I 3  

O I IO IOO 1 o o o  

.3300 . t , 8 6  .o276 .oot  3 .oooo 

.3221 . I18o  .0275 .OOl 3 .oooo 

.3146 . I173 .0274 .OOl 3 .oooo 

.3076 . l i 6 7  .0273 OOl 3 .oooo 
3OlO .116, .0272 .OOl 3 .oooo 

.2948 . t155 .o271 .oo13 .oooo 

.2352 . to84 .0257 .oot 3 .oooo 

T ~ =  1o 

O 1 IO 1OO IOOO 

.5962 .4345 .1686 . o ,o  3 .oooo 

.5845 .4260 .1647 .OlO 3 .oooo 

.573 t .4178 .161o .OlO 3 .oooo 
5622 .4098 .1574 .OLO2 .oooo 
5517 .4021 .1539 .OLO2 .oooo 

.5415 .3946 . t5o6 .OLOI oooo 
.4280 . 3 to ,  .1145 .0096 .oooo 

7" --  1oo 

0 I 1 0  1 0 0  I 0 0 0  

.7978 .7o98 .4898 .0932 .oooo 

.7789 .6878 .4662 .0898 oooo 

.7605 .6667 .4444 .0867 .oooo 

.7426 .6466 4244 .0837 .oooo 

.7253 .6275 4059 .0809 .oooo 
• 7086 .6094 .3889 .0782 .oooo 
.5308 .4314 .2439 .o5I 9 .oooo 

T ~--- I000 

O I IO IOO IOOO 

.91t3  .8724 .7691 42o9 ooo 5 

.889o .8429 .7247 .37io  .ooo 3 

.8659 8 , 3 o  .6815 .3274 .0002 
• 8425 .7833 .6403 .2897 .0002 
• 8191 "7543 .60 '5  . 2 5 7 2  . 0 0 0 ,  

• 7961 7263 .5655 2293 ooo t  
.5582 .4644 .2853 .0754 .oooo 

T = m 

0 l I 0  '00 I O 0 0  

.9608 .9436 .8975 .7231 1225 
• 9247 .8933 .8125 .55o2 .o232 
89[3 .8484 .74t2 4356 .oo61 

.8603 .8o7~ .6806 .3557 .0020 

.8315 .7712 .6286 .2978 .0008 
• 8047 .7378 .5835 .2544 .0004 
.5582 .4645 .2853 .0754 .oooo 

/? 

0 0 2 0  

.0035 

.oo47 
oo57 
oo66 

oo73 
.O l  I 3 


