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I. INTRODUCTION 

1 . 1 . -  In this paper we shall consider some of the decisions 
which have to be made in the normal course of business in an 
insurance company. We shall see that  the " r ight"  decisions can 
be found only when the problems are analysed in their proper 
dynamic context.  

As examples of the decision problems which we shall s tudy,  
we can mention the following: 

(i) Wha t  premium rates should be quoted on the insurance 
contracts, which the company offers to the public ? 

(ii) How much should the company spend to promote the sale 
of its policies ? 

(iii) When should the company refuse to underx~rite a proposed 
insurance contract  ? 

(iv) How shall the company reinsure its portfolio of insurance 
contracts ? 

(v) What  reserve funds should an insurance company keep? 

(vi) How shall the company 's  funds be invested ? 

Any ac tuary  will be familiar with such problems, and he will 
probably feel tha t  these problems cannot be satisfactorily solved 
with the methods offered by the classical actuarial theory. 

1.2. - -  In some earlier papers [I] and [2] it has been argued tha t  
such problems can best be solved in the frame work of utility 
theory. As an illustration we shall take Problem (iii) in the preceding 
paragraph, and consider an insurance company in the following 
situation : 

(i) The company has a capital S. 
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(ii) The c o m p a n y  holds a portfolio of insurance con t rac t s  
which will lead to a to ta l  pa~aaent  of x to sett le claims. 
Fl(X) is the dis t r ibut ion of the var ia te  x. 

When  all cont rac ts  in the portfolio have  expired, the c o m p a n y  
will have  a capi ta l  

Zt -~- ,S" - - X  

z~ is a vari.ate with the  dis tr ibut ion 

Gl(Zt )  = I -  F i ( , S - - 2 1 ) ,  Zl < S 

Let  us now assume tha t  this c o m p a n y  is offered an a m o u n t  P, 
if it will accept  an insurance cont rac t  (a re insurance t reaty)  with 
claim distri,bution F2(y). I t  the c o m p a n y  accepts,  its capi ta l  when 
all cont rac ts  have  expired will be: 

z2 = S + P - - x - - y  

The dis t r ibut ion of this var ia te  will be: 

Ge(z2) = i - - H ( S + P - - z e ) ,  z2 < S + P  

I f  the var ia tes  x and  3' are s tochast ical ly  independent ,  the  
distributi,on H will be the convolut ion of t71 and  1:2. 

1.3. I If the c o m p a n y  considered in the precedh~g pa ragraph ,  
accepts  the offer, it mus t  in some sense find the  dis t r ibut ion Go 
be t t e r  than  GL. In  order to compare  two a rb i t r a ry  distr ibutions,  

and  select the best,  the c o m p a n y  mus t  have  a preference ordering 
over  the set of all p robab i l i ty  distr ibutions.  

A preference ordering of this k ind mus t  obviously  depend on 
" sub jec t ive"  elements,  sach as the c o m p a n y ' s  willingness to 
assume risks. The  ordering can usually be described in several  
different ways.  I f  the ordering is consistent  in the precise sense, 
defined by  yon N e u m a n n  and. Morgenstern ['81, it can be described 
in a par t i cu la r ly  simple way.  In this case there exists  a funct ion 
u(x), so tha t  Go.(x) is preferred to Gt(x) if and only if 

I d > I ,,(x) d C.(.) 

The funct ion u(x) is usual ly referred to as the ulility function, 
because  it can be in te rpre ted  as the ut i l i ty  associated with an 
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amount  of money equal to x. F rom our point o! view it is, however,  
sufficient to consider ,u(x) as a convenient  way of describing a 
preference ordering. 

1 . 4 . -  The uti l i ty theory  of von Neumann and Morgenstern is 
mathemat ica l ly  elegant, and ha many  ways very  at t ract ive.  I t  can, 
however,  not be of much practical  use, unless we know something 
about  the shape of the uti l i ty function, which represents the prefer- 
ence ordering of our insurance company.  

As an approach to this problem we can ask what  is the uti l i ty 
of the capital, left with the company,  when all contracts  in the 
portfolio have expired. I t  seems tha t  we can answer this question 
only if we know something about  the future  plans of the conpany,  
i.e. the kind of insurance business which the company  expects  to  
under~,wite in later  periods. This na tura l ly  leads us to consider the 
essentially stat ic decision problem in a dynamic  setting. 

2. A SIMPLE DYNAMIC MODEL 

2.1. - -  As a first approach to a dynamic  formulat ion of tlm problem, 
we shall consider an insurance company  which operates under  the 
following conditions : 

(i) The company  has an initial capital  S. 

(if) In each successive underwri t ing period the company  
makes a profi t  x, which is a var ia te  with distr ibution 
F(x). The profi t  in any  period is stochastically independent  
of profits in other  periods. 

(iii) If the company ' s  capital  becomes negat ive at the end of 
an underwrit ing period, the company  is ruined, and will 
go out of business. 

(iv) If at the end of a period the company ' s  capital  exceeds Z, 
the excess will be paid out as dividend immediately.  

This model is a Ra~,Mom Walk with an absorbing barrier at 
S = o, and a reflecting barrier  at S = Z. 

If we let Z go to infinity, i.e. if we assume tha t  the company  
never  will pay  any  dividends, we obtain the model which forms 
the basis of Lundberg ' s  "Collective Theory  of Risk" [7J. This 
assumption is not very  realistic, and the resulting theory  has not 
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found m a n y  pract ical  applicat ions,  a l though it m a y  have  s t imu-  
lated fur ther  research. This has been poin ted  out i.a. by  de Finet t i  

[6], who first s tudied the far richer theory  we obtain  b y  adding a 
reflecting barr ier  to the model. 

2 . 2 .  - -  To i l lustrate tile possibilities of de F inc t t i ' s  general izat ion,  
let us first  consider tile funct ion 

D(S,Z) = the  expec ted  n u m b e r  of opera t ing periods before 

ruin occurs. 

F rom the condit ions in para  2.1 it follows tha t  

D(S,Z) = o for S < o 

D(S,Z) = D(Z,Z) for S > Z 

For  o < S _< Z it is easy to see tha t  D(S,Z) must  sat isfy the 

integral  equation" 

D(S,Z) = I + i D(S+x, Z) dF(x) 

De Fine t t i  s tudied the special case where 

F(x) = o for x < - - I  

Y(x) = I - - -p  f o r - - I  < x < i 

Y(x)= I f o r I _ < x  

In this case the integral  equat ion reduces to the  difference 

equat ion 

D(S,Z) = I + p D(S+I,Z) + (l---p) D(S--I,Z) 

This equat ion can be solved b y  e l emen ta ry  methods ,  and  the 
na tu re  of the solution has been discussed ill some detail  in ano the r  

paper  [4]- 
As a more general  case, let us assume tha t  F(x) is continuous,  

and t ha t  a densi ty  funct ion f(x) = F'(x) exists. 

The integral  equat ion can then be wri t ten:  

D(S,Z) = I -+- {I  --F(Z--S)} D(Z,Z) 4- ~ D(x,Z) f(x--S) dx 
o 

This is an equat ion of Fredholn l ' s  type,  with the simple kernel  

f(x--S),  and it can be solved b y  different methods.  We can, for 
instance, fo rm the i t e ra ted  kernels 
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f<,~(x--S)  = f ( x - - s )  
z 

f(n) (x--S) = J" f(n- l)(x-- l)  f(t--S) dt 
o 

and obtain the Liouvil le-Neumann expansion 

D(S,Z) = ~ + { ~ - - ~ ( Z - - S ) }  D(Z,Z) + ~ I /< -> ( . - -S )  ex 
n , , l  o 

+ D(Z,Z) ~, [ {~--F (Z--x)}f~.)(x--s) dx 
,~-  i ii 

We determine D(Z,Z) by requiring the solution to be continuous 
at S = Z. This gives the equation 

z 

O(Z,Z) = I + {I--Y(o)} D(Z,Z) + Z I f(n)(x--Z) dx 
~A = I n 

+ D(Z,Z) E i" { t - - F  (z--x) I f<n)(x--z)dx 
n i o 

2 . 3 . -  i f  at the end of underwriting period t the company's 
capital St exceeds Z, the excess st = S t -  Z will be paid out as 
d iv idend - - t o  share holders or policy holders, as the case may  be. 
Hence the company  will make a sequence so, st . . . .  st .  • . of divi- 
dend payments .  This sequence is a discrete stochastic process. 

Let  u~ now consider the expected discounted value of these 
payments ,  i.e. 

where o < v < I is a discount factor. 

Since this obviously depends on the initial capital S, and ola the 

reserve requirements  represented by Z, we shall write: 

l o V(S,Z) = E E vt st 
t , o  ! 

From the conditions in para  2.1 it follows that  

V(S,Z) = o for S < o 

v ( s , z )  = s - -  z + v ( z , z )  for S > Z 

For  o < S < Z the function V(S,Z) must  satisfy the integral 
equat ion 
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Z - S  

v ( s , z )  = v y v ( s + x , z ) d F f x )  + 
- - S  

v } { v ( z , z l  + x + s - z }  a~(x) 
Z - 8  

For the simple discrete ease considered in the preceding para- 
graph, the integral equation reduces to the difference equation 

v ( s , z )  = vp v ( s + ~ , z )  + v(~--p) v ( s - - ~ , z )  

This case has been discussed by de Finetti  [61, and in more detail 
in some other papers [3] and [4]. 

If F(x) is continuous, and a density function exists, the integral 
equation can be written: 

V(S,Z) = v f  lZ(x,Z) f (x--S) dx + 
0 

v ~ { v(z ,z)  + x - z} y(x-S) d~ 
Z 

This is again an equation of Fredholm's type. I t  can be solved 
by forming the iterated kernels and taking the Liouville-Neumann 
expansion: 

V(S,Z) = v{ I - -F(Z--S)}  V(Z,Z) + 
Z 

v i xf(x-t-Z--S)dx + ~ v" I f ( " )  (x--S)dx 
Z m , , l  0 

+ v(z,z) £ ~ {~- -F  (~ - -x ) } f . ,~ (x - -s )  ~lx 
n , i  o 

To determine V(Z,Z) we require the solution to be continuous 
at S = Z, and obtain: 

V(Z,Z) = v {I--F(o)} V(Z,Z) + v i xf(x)dx + Z vn f f in)(x--Z)dx 
o I t - I  o 

Z 

+ v(z,z) ~ I {~--F (z-~)}f.,>(~--~) d~ 
~ , 1  o 

2 . 4 . -  It is clear that  the two functions D(S,Z) and V(S,Z) are 
relevant to a number of decisions which have to be made in an 
insurance company. 

For instance : 
(i) If the objective of the company is to maximize the expected 
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discounted value of its dividend payment ,  we are led to 
seek the  value of Z, which maximizes V(S,Z), for given S. 

(if) If the required reserve Z is given, and the object ive of the 
company  is to survive as long as possible, we have some 
informat ion about  how the company  will make its reinsu- 
rance decisions. 

To illustrate this, let us assunle tha t  the company  receives an 
offer of the type  we considered in para  1.2. If the offer is accepted, 
the expected durat ion of life of the company  will be 

.f D(S+ P--y, Z) dF2(y) 
n 

If the company  pursues its overall object ive in a consiatent 
manner,  it will accept the offer only if this increases the expected 
life, i.e if 

i D(S+P--y, Z) df2(y) > D(S,Z) 
o 

This means, however, tha t  the company makes its decision as 
if its preference ordering over probabi l i ty  distr ibutions is repre- 
sented by  the uti l i ty function D(S,Z). Hence it appears tha t  the 
s tat ic  decision problem considered in Section i,  is solved almost 
automat ica l ly  when the problem is placed in its natural  dynamic  
context .  

I t  is possible to discuss such decision problems in full generality. 
To bring out the main features of the problems, it is, however,  
sufficient to discuss a special case. [n the following we shall do this, 
and we sha[l indicate when the results derived from the special 
case have general validity. 

3- A SPECIAL CASE 

3 . 1 . -  In general Fredholm's  integral  equat ion has no simple 
explicit  solution. \•;e are therefore  led to seek a case where the 
basic distr ibution F(x) has a form giving a solution which can be 
discussed in detail by  fairly e lementary  methods.  

As a reasonably realistic example,  we could consider the  case'  

f ( x )  = e . - v  x < p 

/ ( x )  = o x > P 
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We can in terpre t  this to mean  tha t  our c o m p a n y  in each opera t ing  
period receives an a m o u n t  of p r emiums  P, and accepts  a portfolio 
with the claim dis t r ibut ion F(x) = I - -  e -z. I t  is na tura l  to assume 
tha t  P > I, so t ha t  the game  is favorable  to the company .  

I t  has been shown in ano ther  paper  [5] tha t  the integTal equat ion 
in this case reduces to a differential-difference equation,  which has 
a solution given by  a finite expression. This  expression is, however ,  
far  f rom simple, and  is not  very  sui table  for detai led discussion. 

3 . 2 . -  As ano ther  example ,  let us consider 

f (x)  = ko~e-~'.* for x > o 

f(x) = ( i - - k )  rot x < o 

The value off(x)  for x = o does not mat te r .  We shall assume tha t  
1/2 < k < I, i.e. t ha t  the under~Tithlg is favorable  to the  company .  

The obvious object ion to this p robabi l i ty  dis t r ibut ion is t ha t  it 
does not put  any  upper  limit to the gain, which the  c o m p a n y  can 
make  in a single underwri t ing  period. We can jus t i fy  our choice 
of f (x)  s imply  b y  itb ma thema t i ca l  convenience.  

We can also assume tha t  the  c o m p a n y  invests  its funds in very  
specula t ive  shares, which may  give a very  high yield. 

The  integral  equat ion f rom para  2.3 can now be ~qi t ten as follows: 

s 

V(S) = v ( I - - k )  o~e <:<s J" l i ( x )  e ~<z d x  -Jr- vkc~e ~s V ( x )  e -<~z dx 
o o 

vk 
+ vk V(Z) e~' ( s - z )  + e~, cs-z~ 

For  s impl ic i ty  we have  wri t ten V(S) for V(S,Z) ,  since there 
~,hould be no risk of misunders tanding .  

3 . 3 . -  Different ia t ing the integral  equat ion twice with respect  
to S, we obta in :  

- -U( l i~)O~'2g -~S .~ V(X)C°~zdx " + U/7OC2e °~S ~ V(.'g)g cx:c dx 
o s 

+ vk o~ V(Z) ca(S--Z) + vk e~(.s'-z) 
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and  V"  (S) = v ( I - - 2 k )  o~ V'  (S) - -  vo~ 2 V(S)  

8 Z 

+ v(~--k)~3e-,S I V(x)e,~dx + vk~3 ~ I V(x)~-,~dx 
o S 

+ vk o~ 2 V(Z)  e~,(s--z) + vk o~ e~(S--Z) 

F r o m  these  express ions  it is easy  to  see t h a t  V(S)  m u s t  sa t i s fy  

the  different ial  e q u a t i o n :  

V "  (S) - -  o~ 2 V ( S )  = V ( l - - 2 k )  o~ V '  (S) - -  v o~ 2 V ( S )  

o r  

( I - - V )  ~2 V (S)  + v ( I - - 2 k )  e V '  (S) - -  V "  (S) = o 

H e n c e  our  in tegra l  e q u a t i o n  is r educed  to a h o m o g e n e o u s  
di f ferent ia l  equa t ion  of the  second  order  wi th  c o n s t a n t  coefficients.  
The  genera l  solut ion of this  equa t ion  is: 

V(S) = C~ e "~ + C~ e "~  

Here  C~ a nd  C2 are a r b i t r a r y  cons tan t s ,  and  rt  and  r~ are the  

roo t s  of the  charac te r i s t i c  equa t ion  

r 2 - -  v ( I - - 2 k )  o~ r - -  ( l - -V) o~ 2 = o 

We  f ind 

0~ 
= -- {v ( I - -2k )  + (v2(I--2k)  0~ + 4 - -  4v) '/°'} r t  2 

r2 = - {v ( I - -2k )  - -  (v2(I--2k)  -° + 4 - -  4v) '/2} 
2 

I t  is easy  to  ver i fy  t h a t  bo th  roots  are real, a n d  t h a t  rt > o, 

r 2 <  O. 

3 . 4 . -  T he  c o n s t a n t s  C, a nd  C2 m u s t  be d e t e r m i n e d  so t h a t  the  
genera l  solut ion of the  different ial  equa t ion  also is a solut ion of the  
in tegra l  equa t ion .  Subs t i t u t i ng  the  genera l  solut ion in the  in tegra l  

equa t ion ,  we f ind:  

v( I - -k )  
Ct e r,S + C~er'S __ 

v( I - -k )~  vk 
+ C~ {e r~s - -  e-  ~s} + _ _  

T2 ~- O~ TI -a 
C~ {e ( ' ' - ~ ) z÷~s  - -  e ' ' s }  
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vk o~ 
+ - -  C2 {e (r..-=)z+c,s __ d , s }  + vk  C1 e ( r , - ~ ) Z + a S  

T 2 - - O ~  

+ vk C~ e (r,-~,)z+c,s + vk  o~ e ~,(s-z) 

We shall write this expression as follows: 

l v ( I - - k ) , ,  vk  o~ I i + - -  Ci e ~,s + 

t I  + - -  I C . . e r = S - -  
T2 + O~ Y 2 - - f x  

and we find 

vk I v k  r 2  e ( r ' - ~ ) z  C 2  - +  - -  e - a z  e a s  ..-I..- - -  e ( r ~ - ~ ) z  C1 + r 2 - - c ~  ~. 

- -  C ,  + - -  C2  e - a S  = o I r~+o~ r~+o~ 
This equat ion must  hold for all values of S. Hence the four 

expressions in brackets  must  be zero. 
I t  is easy to verify tha t  the two first of these expressions, i.e. 

the coefficients of e r~s and e r,s are zero when r~ and ro" are the 
roots of the characterist ic  equation.  

We then obtain tlle following two equat ions for the de terminat ion  
of CL and C= 

Tl. C rtZ T2 ~r2Z I 
- -  C t  + - -  C2  = - - -  
r l  - -  o¢ r2  - -  a. m 

I I 
- -  C~ + - -  C2  = o 
rl + o~ r2 + o~ 

The de te rminant  of these equat ions is 

1,,lefl Z T2erz Z 

D = ( r l - - 0 t ) ( r o " + o d -  ( r l + o  0 ( ro"~)  

- - I  I 
c~ _ ~(~2 + ~) D'  C2 - -  ~(,L + ~) D 

This gives us the following explicit  expression for the expected 
discounted value of the dividend paymen t s  

I ~ e r~s e r,s .~ 
y ( s , z )  : t - -  ' 

vk rl 
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This expression is maximized for the value of Z which minimizes 
the absolute value of D, i.e. the value de termined by  the equat ion 

dD rl 2 e r'z r2 2 er..g 

d-Z- = (rt--0 0 (,o--~0~) - -  (r,+0¢) (r2--0¢) --  o 

o F  e = 

rC~(rl+~) (r2--o 0 

This value of Z is clearly unique, and independent  of S, i.e. there 
exists a unique opt imal  level for the company ' s  reserves. The 
result does, however,  not seem to hold in the general case. 

3 . 5 . -  By similar considerations we find tha t  D ( S ) =  D(S ,Z )  

must  satisfy the integral equat ion 

D(S)  : I + (I--k)o~ e-~,s i D~x) e ~'x dx 
o 

+ ko~d 's ~ D(x) e -~'x i x  + k e ~(s-z)  D(Z)  
g 

Different iat ing twice we find tha t  the integral equat ion can be 
reduced to the differential equat ion 

(2k- - i )  0~ D'  (S) + D"  (S) + a. 0~ = o 

The general solution of this equat ion is 

0~ 
D ( S )  = Ci  e -(2k-1)aS S -a t- C2 

2k - -  I 

where C, and Co. are constants  which must  be determined so tha t  
the sohltion also satisfies the integral equation. 

By a procedure similar to the one used in para  3.3, we find: 

2k 
C1 . . . .  e (2k-U~z 

(2k--I )  2 

k I 
C 2 -  - e (2k-t)~z 

(2k- - I )2( l - -k)  2k - -  I 
and 

k 2k 
D ( S , Z ) -  (2k- - i )  ( i - -k)  e(2k-l)~z (2k--I)  2 

I 

- -  27-  

e(o-k- ~)~(z- s) 
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3 . 6 . -  T o  i l l u s t r a t e  t h e s e  r e s u l t s  w i t h  a n u m e r i c a l  e x a m p l e ,  l e t  

us  t a k e  0c = I ,  r t  = o . I  a n d  r,, = - -  0.3. 

T h i s  c o r r e s p o n d s  to  v = 0.97,  a n d  k = o .6o3  

W e  t h e n  f i n d :  

143 e°'Xs - - 9 ~  e-°'3s 
V(S,Z) = 16 e °'lz + 2 1 e  o.az 

a n d  D(S,Z) = 37.5 e°'2z - -  5 ( I + S )  - -  3 ° e °'2zlz-s) 

T a b l e  I g i v e s  t h e  v a l u e  of  t h e  f u n c t i o n  V(S,Z) f o r  s o m e  s e l e c t e d  

v a l u e s  of S a n d  Z.  I t  is e a s y  t o  v e r i f y  t h a t  t h i s  f u n c t i o n  t a k e s  i t s  

m a x i m a l  v a l u e  fo r  Z = 3.45- 

Table I 

V(S,Z) ----- E x p e c t e d  d i s c o u n t e d  v a l u e  of  d i v i d e n d  p a y m e n t s  

27 
o 
1 

2 

3 
4 
5 

o t 2 3 4 5 

4 l i 57 1.68 1 . 7 4  t . 7 3  i 68 
2.4t 2.74 2 93 3 .02 3 o2 2.94 
3.41 3 74 4 03 4 . t6  4 . t6 4.04 
4.41 4.74 5 03 5 21 5 20 5.14 
5.4 [ 5.74 6 0 3 6 2rt 6 19 6.02 
6 4 t 6 74 7.03 7.21 7.~9 6 98 

T a b l e  2 g i v e s  t i m  v a l u e  of t h e  f u n c t i o n  D(S,Z) f o r  t h e  s a m e  

v a l u e s  of  S a n d  Z.  

Table 2 

D(S,Z) = E x p e c t e d  d u r a t i o n  of  life of t h e  c o m p a n y  

S•  o l 2 3 4 5 

"2.5 4 2 6.22 8 7 L I. 7 t5 .  4 
2 5 5 .8 9 6 13. 3 I9.O 25.2 
"2.5 5 8 ~ t.2 16 7 2 3 6 3 "2 4 
2 5 5 8 I I 2 t8. 3 27.0 37.0 
25  5 8  ~t 2 ~8. 3 28.6 4 o 4  
2 5 5 .8 11 2 t 8 3  286  42 o 

4. THE DECISION PROBLE~IS 

4 .1 .  - -  T h e  e x a m p l e  w e  h a v e  d i s c u s s e d  in S e c t i o n  3 b r i n g s  o u t  a n  

o b v i o u s ,  b u t  o f t e n  o v e r l o o k e d  t r u t h :  W e  c a n n o t  f i n d  t h e  r i g h t  

9 
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decision unless w e  really know what  we want .  This m a y  sound 
trivial,  bu t  our discussion indicates tha t  it m a y  not  a lways be so 
easy to spell out  wha t  we want  in an unambiguous  way. 

To i l lustrate  the point ,  let us assume tha t  we are the ma jo r i t y  
shareholders  of an insurance company .  We m a y  then want  to make  
the expected  life of our c o m p a n y  as long as possible. This implies, 
however,  t ha t  the c o m p a n y  should never  p a y  any  dividend, and  
this m a y  not  be qui te  wha t  we want .  Our second thought  m a y  
then be to maximize  the expected  discounted vahle of the dividend 
p a y m e n t s  which will be made  over  the l ifetime of the company .  
However ,  is this really wha t  we wan t  ? 

4.2. - -  To throw some light on these questions, let us assume tha t  
at  the end of an underwri t ing  period our c o m p a n y  has a capi ta l  

S = 4- Let  us fur ther  assume tha t  the  ac tua ry  of the c o m p a n y  
asks us to make  one of the following four decisions: 

(i) Set the  reserve requ i rement  a t  Z = 3, and  p a y  a dividend 
s = I. This will give:  
Expec t ed  dividend p a y m e n t  V(4,3) = 6.2I 

Expec t ed  life •)(4.3) = 18.3 

(ii) Set the reserve requ i rement  at Z = 3.45, and p a y  a dividend 

(iii) 

(iv) 

s = 0.55. This will give: 
Expec ted  d iv idend p a y m e n t  
Expec t ed  life 

Set the reserve requ i rement  at  

This will give: 
Expec ted  dividend p a y m e n t  
Expec t ed  life 

Set the reserve requi rement  at  
This  will give: 

Expec t ed  dividend p a y m e n t  
Expec t ed  life 

V(4, 3.45) = 6.23 
D(4, 3.45) = 22.7 

Z = 4, and p a y  no dividend 

V(4,4) = 6.19 
•)(4,4) = 28.6 

Z = 5, and  pay  no dividend. 

V(4,5) = 6.02 

D(4,5) = 40.4 

Is  it obvious tha t  we in this s i tuat ion select Decision (ii) ? Some 
people m a y  well be willing to sacrifice sonle dividends in order to 
prolong the life of the company ,  and  they  m a y  go in for Decision (iv). 

4.3. - -  Our  discussion indicates  tha t  we should be very  careful in 
spelling out  the objeclives of our insurance company ,  before we 
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get too excited over the advanced methods of operations research. 
These methods are powerful, and they will always give us the right 
solution, but this may be the solution to the wrong problem. 

If the general manager of our insurance company wants to run 
the company strictly as a business enterprise, he will probably 
always seek out the decisions which lnaximize V(S,Z). If, however, 
he is concerned with the social responsibility of the company, and 
the security which it offers to policy holders, he may also consider 
D(S,Z) when making his decisions. He will probably try to balance 
the two elements, but it is not easy to specify how this should be 
done. 

The general manager and his board must, however, solve this 
problem, and it seems that they must do it themselve% without 
much help from actuaries and other experts on operations research. 
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