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Exam in SF2975 Financial Derivatives.
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Answers and suggestions for solutions.

1. (a) To obtain the replicating portfolio at ¢ = 0 we have to solve the following set
of equations

z+y-120 = 90,
z+y-40 0,

since regardless of whether the stock price goes up or down the value of the
portfolio should equal the value of the option. This yields

9

Using the same method we find the rest of the replicating portfolio strategy
and it is shown in the figure below.

That the portfolio strategy is self-financing is seen from the following equations

—454+9-120 = —90+ 3 - 120,
—45+2-40 = 0+40-40.

(b) Denoting E [r(t)] by x(t), and using standard technique we obtain the ODE

E:a—ﬁxt.
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If we denote by C(t, K) the price at time ¢ of a European call option with strike
price K and exercise date T written on the stock, and by P(¢, K) the price at
time t of a European put option with the same strike price and exercise date
as the call, and also having the stock as underlying, then the price of the box
spread strategy is given by

Mpor (t) = C(t, K1) — C(t, Ka) — P(t, K1) + P(t, K2).
According to put-call parity we have
Pt,K)=Ke "™ 4 C(t,K) — S(t).
Using this we obtain that the price of the box spread strategy is
Mpon (t) = e 7T (Ky — Ky).

The only difference between the gap option and a European call option is that
in the payoff function the strike price K is replaced by the cash amount A at
one point. The price of the gap option is therefore II(t) = F'(t, S(t)), where

F(t,s) = s®[di(t,s)] — e "T™D Ad[dy(t, 5)].

Here @ is the cumulative distribution function for the N (0, 1) distribution and

dilts) = e _; — {ln <%> + (r + %02> (T — t)} ,
dy(t,s) = di(t,s) —ovT —t.
Suppose that
C(Kl) — C(Kl) < C(KQ) — C(KQ).

Then selling short the RHS (write the American call and buy the European call,
both with strike K3) and buying the LHS (buy the American call and write
the European call, both with strike K7) will result in a strictly positive profit,
which we invest in the bank account. If the American option with exercise price
K> is not exercised before maturity the position can be held to maturity and
then the cash flows will net out at zero. If the American option with exercise
price K is exercised before maturity (recall that this decision is made by the
holder of the option) you can exercise the American option with strike K; and
thus receive Ko — K7 > 0 at say time 7 < T, where T is the time of maturity of
the options. This profit can be invested in the bank account and at maturity
you will be left with at least

(Ky — K1)e"T=7) — (K3 — Ky) > 0.

Thus this strategy leads to a sure profit at no cost, i.e. an arbitrage. If there
is to be no arbitrage we therefore have to have

C(Kl) — C(Kl) Z C(Kg) — C(KQ).
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3. (a) A short rate model is said to have an affine term structure if zero coupon bond

prices can be written on the following form
p(t, T) — 6A(t,T)—B(t,T)'n7

where A and B are deterministic functions.

Sufficient conditions on p and o which guarantee the existence of an affine term
structure are that p and o? are affine in » (and that there exists solutions to
two certain ordinary differential equation, see below), i.e.

{ w(t;r) = altyr+b(2),
al(t,r) = c(t)r+d(t).

To see this insert these expression into the term structure equation
Fl' +uFr + 10?FY —rFT =0,
F(T,r)=1.

(Here FT(t,74) = p(t,T), and we have used the notation F = 9FT /0t, etc.)
This will after some rewriting give you

Ay(t,T) = b(t)B(t,T) + 3d(t)B2(t,T)
+ (14 But, T) + a(t) B, T) — 3e(®)BA(1,T)) r = 0,
AT T)=B(T,T)r _

This equation should hold for all ¢ and r, so there will be an affine term structure
if A and B solve the following ordinary differential equations

A(t,T) = b(t)B(t,T)— 3d(t)B2(t,T),
1
AT, T) = o, W
and
Bt(t,T)—i—a(t)B(t,T)—%c(t)BQ(t,T) S o)
B(I,T) = o.

(b) The price I1(¢; X) of the caplet is given by

T
T

Ut X) = E9|e o méx|F

_ g s max{:l;(gi(’i:)zj) — R(T - S),OH Ft}

r s T _
- EQ|EQ {eft rads =[5 rads max{w — R(T - S),OH fs]

p(S,T)

y S _ T
— EQ e_ft rsdsmax{l p(S,T) _ R(T— S),O} EQ |:e_fs rsds

L p(S,T)
= EQ|e ot max {1 p(8,T) — p(S, T)R(T — ), 0}‘ ]—"t]
— 14 R(T - S)E? [e S o {m (S, T), o}
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For the third equality we have used iterated expectation, note that F; C Fg.
S

The fourth equality is obtained using that e_j;5 rads o Fs and X € Fg (al-

though it is a T-claim). To obtain the fifth equality note that

T
p(S.T) = E? {e_ Js rads

7s|.

The price of the caplet is hence equal to the price of « = 1+ R(T' —S) European
put options written on the zero coupon bond with maturity at T'. The strike
price of the put option is K = 1/[1+ R(T —S)] and the exercise date is S. Thus
holding a portfolio of « of said put options is equivalent to holding the caplet.
Since the portfolio is constant it is self-financing and therefore a replicating
portfolio for the caplet.

Under Q¢ the following processes should be martingales

B* Bf xB/ S Xxs/

B BiT Bl BT Bl
This means that the processes B¢, Bf , and S/ should have a local rate of return
equal to rq. Perform a Girsanov transformation according to

dQ? = LYt)dP  on F;,
where
dL{ = Lig*dW,,
{ L = 1.

Here * denotes transpose. Using Itd’s formula and Girsanov’s theorem we find
the Q?-dynamics of the above processes to be

déf = Ef(rf—l—ax—i—axgo)dt—i-éfgxdv,
dgf = gf(af—l—ozx—i-(ffa;(—i-[Uf—l-Ux]go)dt-i-gf(O'f-i-Ux)dV.

Here V = (Vi, Va)* is the two dimensional Q%-Wiener process, defined by dV =
dW — @dt. Setting the local rates of return equal to ry gives the following
system of equations

oxXyp = Tq—T§—OQx,
(cf+ox)p = rq—0af —ax —of0x.
Thus, under Q¢ we have
st = (af +opp)Stdt + SlosdV

= SI(ry—opoi)dt + SlopdV.
The price of the foreign equity call struck in domestic currency

(YY) = e - pd [maX{XTS£ - K, 0}’ ft} '

From 4a we know that the dynamics of S = XS under Q% are given by
ds’ = gf?”ddt + gf((ff + (Tx)dv.
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or
dST = STrydt + S7|jof + ox | dU.

where U is a one-dimensional Q9-Wiener process and | - || denotes the Eu-
clidean norm. The price is therefore given by c(t,gf,Kd,T, ra, lof + ox||),
where c(t, s, K,T,r,0) denotes the standard Black-Scholes price at time ¢ of a
European call option with exercise price K and expiry date 7', when the cur-
rent price of the underlying is s, the interest rate is r, and the volatility of the
underlying is o.

5. The Z-gain process has the following appearance in this case

e o
GZ(1) _._B@)+1£ e

= gtrespl= [ raash + [ esp(— [“riaujas

t
Xy = /Tsds,
0
t s
Y, = /exp{—/ rudutds.
0 0

The Z-gain process can then be written as

Let

GZ(t) = gr)e ™ + Y, = U(ry, X0, V).
Using It6’s formula we obtain
1
dG? = U,dr +VxdX + UydY + illfrr(dr)Q
1
= g (e Xgr??dV — g(r)e Xrdt +1- e Xdt + ig”(r)efxq%:gdt.

Now, since the Z-gain process is a @-martingale the dt-term must equal zero, that
is

—g(ryeXr+e X+ %g"(r)e_xq%?’ =0.

We thus have the following ODE for ¢
—rg(r)+1+ %q%?’g”(r) =0.

Inserting g(r) = A/r we obtain the following equation for A
—A+1+¢*A=0.

The solution to this equation is

1
1—gq

A=

5"



