Appendix
Not necessarily all formulas are needed to solve the problems in the exam.
1. Forward Kolmogorov equation:
d o
P (8,1) = —pij (5,1) iy () + ;;Dm (5,8) s (1), 1,5 €S,
J

with p;; (s,s) = 0, if i # j,pij(s,s) = 1, if i = j, where p; (t) =
D kg Mk (1) -

pj; (8,t) =Djj (s,t) = exp Z/ ik (u , JES’s.

k#j

3. Thiele’s difference equation:

ViH () =al" () + Y e 0pij (tt+ 1) {al (1) + Vi (t+ 1)},
JeSs

where al’™ (t) (pension payments) and apobt (t) (benefit payments) are the
policy functlons

4. Prospective reserve (in continuous time):

Z/t $)Pig (t:8) { dag () + | D agn (s) pgn ()

heS,h#g
for j € S.
5. Black-Scholes model:

t t
S; =Sy +/ wSydu +/ cSydB,, 0<t<T,
0 0

where Sy > 0,0 # 0 and p are constants and B;,0 < ¢t < T is a Brownian
motion.

6. Pricing formula for a T-claim X :

ClaimValue; = Epz [e*T(T*t)X’ gt} , 0<t<T,
ClaimValuey = Ez [e‘TTX ] ,
where P (equivalent martingale measure or risk neutral probability mea-

sure) is the probalgility measure such that S~'t =e "S5, 0<t<Tisa
martingale under P and G; = ¢ (5,0 < u < 1).



10.

11.

Vasicek model:

for non-negative constants r (0) , «, 5 and o.

Zero-coupon bond value at time ¢ = 0 (in the Vasicek model):
P(0,T)=exp (=T - R(T,r(0))),

where
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and A is the risk premium.

Integration by parts formula: Let
t t t t
X =X +/ Kudu+/ H.,dB,, Y; :YOJr/ Kudqu/ H,dB,,
0 0 0 0
where B,,0 < u <t is a Brownian motion. Then
t t
XY, = XoYy +/ X.dY, +/ Y.dX, + [X,Y],,
0 0

where

t
[X,Y}t:/ H,H,du.
0
It0’s formula: Let
t t
Xt:X0+/ Kudu—l-/ H,dB,,
0 0

where B,,,0 < u <t is a Brownian motion and f € C? (R). Then

d

t t 32
f(Xt)zf(XoH/O %f(Xu)quJr%/O (X)) B

Moment generating function of X ~ N ([L, 02):

202
E [¢"¥] = exp <u9+029 >



