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Trajectory of a generic insurance operation
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Trajectory of a SMP
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A general actuarial model

e arc = possible transition
@ = weights = couple (p,7), p probability transition, » reward & S




The Discrete Time non-Homogeneous SMP

(X, T ) non-homogeneous markovian renewal process

Q,N)=P[X =T, <t| X, =iT=s]

p;(s)= liinj (s,0); i, jeE, s,teN

t—>oo

S; () =Pl T, =t | X =i T=s]. §(s0) =0, (s0).




The Discrete Time non-Homogeneous SMP

b, (s;)=PlX =) T, =tlX, =iT=s]

G, S)=P[ T, <t X =i, X  =j,T=s].

pij(s,0)=0;;(1=5;(s,0)) + 2. Zpﬁ (9,0)b;g (5, D)
e J € Ev=1 SR s




b
Reward: fixed interest rate and rewards.

t
Vils,t)=(1=S; (s, )V, - a;,_g} +ﬂ2 > big (s, W, - ap_g} +
eF ¥=s

> Y b (s, W@ t)(1+7)" "
BeE ¥=s

* m.p.v. payments done from s up ¢
» reward paid for #-s periods
« rewards paid in the state i up to the first transition

payments in the states visited after first transition,_




Fixed interest rate and variable rewards.

V5.0 == 8,(5.)) Ty )41 +

v=s+1

2. Zb (s, 19)2%(\/) (L+7)™ +

BeE ¥=s

+ 3 i big (5,05 (D, t)(1+7)* "
Be E ¥=s




e ]
Variable reward and interest rate

« 1mplied forward rates term structure r, r,, ..., 7,

Vs, =(1=S(5,6)) S (v)- vy +

v=s+1

2. Zb (s, 19)21//1(\/) Uy +

BeE ¥=s

5
2 2 big(s, )V (0,0) vy
BeE ¥=s




Duration reward and variable interest rate

Vi(Sat):(l_Si(S,t)) il//l-(S,V —S)°1)Sv +

v=s+1

2. Zb (s, ﬁ)lefz(SV §)- Vgy

Be E ¥=s

£ Y3 b (s.0) Ve (i () + V5 (0.0)
Be E ¥=s

« reward, paid or received at moment state change

e reward taking in account the duration in the state




Stochastic interest rate structure.

estochastic interest rates F =101, Pr}

k¢
¢ij(S>t):5ij(1_Si(Sat))+%1192_41¢ﬂj(v9t)biﬁ (Saﬁ)

~1
h k
v(s.h)= TI [1+[2¢i,-<s,u>p,-n

U=s+1 j=1

e mean discounting factor for a

V:(s,h :
i(5:h) time A-s




e —
Duration reward, stochastic interest rate

VE (5.0)=(1=S,(5.0)) Ss(s.v—5) Vg (V) +

v=s+1

t ¥
2 2. big(s,0) 2yi(s,v =5) Ve (s,V) +
BeE ¥=s V=s

+ 3 % (s 0)v, (5,9)- (5 ) +VE (0.0))

Vi(s,t) = §/ Vi (Sat)(Pns (0,5)
e=1




General DTNHSMRP insurance model.

 Insurance environment two time variables
e time
e age

HYE (5,0)=(1-1S;(5,1)) SWi(s.v —5)- Dy (5.v) +

v=s+1

t Y
> 2 Mbip(s,0) Xwils,v —5) -V (s,V) +
BeE ¥=s V=s

+ ﬁZE ﬁi_ By (5,0) -0, (5,0) - (ri D+ 0=V E (0,1))




L
Meaning of the formula

 (e.p.v.) at time s all the sums in t-s RV €i(s,t)

t
ewithout transition (1_HS1' (5,8)) DW;(s,V—=5)-Vg(s,V)
v=s+1

*Before I transition D Z “b, B (s, 19)2% (5,Vv—25)-0.(s,V)
Be E ¥=s

t
Afir T ansi. 3. By (5,8) 0, (5,0)- (1o (@) + TPV E (9,0))
- =S




Data necessary to apply the model

* increasing d.f. "Gy (s,%)

e non-homogeneous Markov HP(s)
chain




Conclusions.

e General model can be applied to many insurance
problems
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