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Please note: answers should be supplemented by motivation, explanation and/or calculation, which­

ever may be appropriate; in particular, whenever you apply a property of conditional expectations like 

T O W K , indicate this and explain why i t applies. You may choose Dutch or English as the language 

to use for your answers. Point distribution: each part of a question is wor th 1 point; the grade 

equals the number of points earned plus 1. 

1. a. State the de f in i t ion of arbi trage and show the fo l lowing for the A'"-period b i i romia l 

model : i f , af ter discounting, every wea l th process X Q , . . . ,XN is a mar t ingale un ­

der P , then there can be no arbitrage. 

.yh. Consider a 1-period b i n o m i a l model w i t h parameters — 2, Si{H) — 5, Si{T) — 1, 

r = | . A derivative has payoff V\{E) = 2, Vi{T) = 10. Const ruct a po r t fo l io and use 

i t to show t h a t there is arbi trage i f the time-zero price of the derivative is 3 Euros. 

2. Consider the floating strike lookback option i n the b inomia l model w i t h parameters = 

1 2 , n = 2 , ( i = | , r = 0, and A'" = 3. Th i s o p t i o n pays at exp i ra t ion l ike a cal l op t ion whose 

strike equals the lowest value the stock has at tained; i f we define M „ = mino<fc<„ Sk, then 

the payoff can be expressed as: VN = S]\f — M^. 

^a. Determine Vi{H) and V i ( T ) by using the fo rmu la 1 4 = Er 

| ) . Determine VQ and the composi t ion of the repl ica t ing po r t fo l i o (number of shares and 

bank balance) at n — 0. 

Show tha t ( 5 „ , M „ ) , n = 0 , 1 , . . . is a M a r k o v process under P . 

8. Consider two probab i l i ty measures P and P on the outcome space Vt. Every outcome 

ix) ^Q, has a posit ive p robab i l i t y under b o t h p robab i l i t y measures. Le t Z be the Radon-

N i k o d y m derivative of P w i t h respect to P , and Y an a r b i t r a r y r a n d o m variable. Show 

t h a t 

E [ y ] = É 

4 . Consider the b inomia l model w i t h probabi l i t ies p = 1/3 and q = 2 /3 . Define Xi = +2 i f 

LOi = H] X i ^ - I i i Ui = T. Define M Q = 0, 5O = 1, and for n > 1: 

n 

Each of the processes thus defined is adapted. Y o u may use w i t h o u t p roof t h a t M Q , M I , . . . 

is a M a r k o v process. Below y o u are asked t o answer questions on the properties of these 

processes; whether you answer "yes" or "no", give an argument t o support your c la im. 

^ State the def in i t ion of a mar t ingale and determine i f M Q , M I , . . . is a mart ingale . 

^ . Is ^o, ^ i , . . . a mart ingale? 

c. Because M Q , M I , . . . is a M a r k o v process and Sn = h{Mn) w i t h h{m) ^ 2"", So, Si,... 

is a M a r k o v process as we l l . Is th is t rue for any M a r k o v process M Q , M I , . . .? Exp l a in . 

For any f u n c t i o n h? 




