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CASO 1

a) Formule, no momento “t” (<T), o cdlculo do fair value de um depdsito com vencimento
no momento “T”, e que se valoriza a taxa de juro & (em regime de capitalizacdo continua)
caso o indice CAC40 nao ultrapasse o nivel “U” até momento “T”’; caso contrario, i.e. caso o
indice CAC40 ultrapasse o nivel “U” até momento “T”, entdo o depdsito serd capitalizado a
taxa de juro & (em regime de capitalizacdo continua) até a data em que o nivel “U” é
alcancado e 2 taxa de juro S(> &) (em regime de capitalizacio continua) desde essa data e

até ao momento “T”.

O valor actual do depdsito € igual a:
B, =100%x¢”" ") + RV,

Sendo “r” a taxa de juro sem risco (em RCC) e o valor terminal da remuneracdo varidvel
dado por

a1 BT < T

e
RV_. =100% x
! { T =y >T

(1)

sendo “v” o first passage time do indice “S” pelo nivel “U”, i.e.

v=influ>t:S, =U}

Utilizando risk-neutral valuation,

RV, =100%x e " E, (“T1, 1 F,)+100% x e E, (e“0 1, ., I F,)

Q Qo

(1)
=100%x e TQ(y > T | F,) +100% x ¢ "=/ g (e | F,)

Relativamente ao 1° termo da equacgdo (1), assumindo que a cotagdo do indice segue um
GBM e utilizando a Proposi¢do 45 com 77 =1,




Q(v>TIF,)=Q(sup(Su)<UIF,)

t<u<T

= Ql: sup [ln( i:” D < ln(%j | F, :l 2

2u

= o[- a (St,U)]—(nggqu[— a’(U,s,)}

t

sendo ,u=r—q—0'%.

Relativamente ao 2° termo da equagdo (1), e utilizando a Proposi¢ao 47 com 77 =1,

E, (e ey |, )

exps — dv

exps — dv

el ooy

1oy (v=1)’ 20°%(v—1)

dv




dv

el B

L o2 J(v—1) 207 (v—1) 20

ol & =20

= ¢!laP) 1{%} exp %m{%} - e
r [h{gﬂz +{u? 20 (- B)lv-1) - Zln(gwuz —20%(a-B)(v—1)
o Jo- | 207 (1)

_ Hap) exp{ % h{ﬂ] _Eln(ﬂﬂj h{gfj expl— {h{gj P _;)}2 .

sendo 7 ==+ 11> —20° (e — ).
Via Proposicao 47,
E, (eV(a_ﬁ)l{»ST} I Fz)

H-y
2 T
_ ta-p) Uie Y _ u Y u
=e — X, =In| — |, sup\X,)<In| — || F, |{dv,
()7 Jol . -uf Zsplenf L o5

sendo dX, = wdt +cdW °.




Consequentemente,

u-y

EQ (eV(a_ﬂ)l{vsT} | Ft): et(a—ﬂ)(%j 7 Q(V <TI Ft),

Utilizando, por exemplo, a equagdo (130) dos apontamentos com (=¥,

E, (eV(a_ﬁ)l{vsT} | F, )
(3)

Em suma, combinando as equagdes (1), (2) e (3),

2u

RV, =100%x ¢ “T) o[- 4 (St,U)]—(nggz@[— 4" U.,s,)

t

_ U _ _
ln(S ]—w(T 0| e |3 )-wr-n
+100% x e#~") (Zj P ——— +(Uj P

c) Deduza a férmula de avaliacio de uma European-style down-and-out call com uma
barreira (L) superior ao strike (X).

Via pagina 35 dos apontamentos,




DO(1),(S;X;L>X;R=0;T)

e ] (e -x ¢(y;m,o-ﬁ)_(5£

t
In L
Sl

jgz ¢{y;2ln(§j + ur, O'\/;} dy.

Fazendo a mudanca de varidvel de integracdo z =y — 2ln[S£J ,

t

DO(1),(S;X;L>X;R=0,T)

=" T[Srey ~L+(L—- X)]qﬁ(y;m’, a\/;}ly
<)

2u

(Lo Hsijlz_L+(L_X>}¢(Z;M,Gﬁ)jz

ln(Sj—,uz'
= c[(S;L;T)+ e (L- X )| ———L—

oVt
. 24 ln(ljj—ﬂf
L) (/. ) (1 _ x| —
c, LT [+e" \L—X
(St ] ( S ( )CI) O-\/;
CASO 2
a)

rr e o1 112%x = r =2 nll+1.2%x%6 =1.196%.
12 6 12




2
€50 523693= 6,000><exp{1.196% ~1.799% — (0.23) }(éJr £, X0.3% %}

£ =-1.5216.

2
S, = 4,787.88><exp{1.196% ~1.799% —%}xé +(-0.6902)x 0.3><\/g}

S,, = 4,490.94.

in(S,,,)=5,564.33<5900= V,,, = max(6,000—7,263.89;0) = 0.

.....

(S.,,)=4,773.24 <5900= V,,, = max(6,000—4,773.24 ;0)=1,226.76.

b)
V, = ¢ H1603 x% =590.70.

2
o 11196%x05 22,359,524.14 _(11’884-92 )40
X =199.44 .

G(‘}o): J20 20-1

c)

Valor actual do depdsito bancério:

B, =—105%6 +RV,.
1+1.2%></12

Por seu turno,




max(S, ;)< 7,000 A min(s, ;)> 5,500
Sey — 6,000

60% X max
( 6,000

~ ;O%J =3ie{1,2,...6}: max(S, ;) < 7,000 A min(s, ,)> 5,500
RV, = g :

0% < Else

_ 60%  [max(S,, ~6.0000) &= 3ie {1.2....6}: max($, ;)< 7,000 A min(S, ,)> 5,500
6,000 0 < Else

Portanto, a remuneracdo varidvel envolve uma double-barrier knock-out call com zero rebate
(V):

_ 60%
’ 6,000

0°

O quadro seguinte resume a avaliacao da anterior double-barrier knock-out call:

HI 5500
Hu 7000
Exit (0)
j Inside (1) Ve,
1 0 -
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0
10 0 -
11 1 121.02
12 0 -
13 0
14 0
15 0 -
16 1 475.73
17 0 -
18 1
19 0
20 0 -
total 596.75




v, - 60% « 596.75Xe—1A196%><0.5
6,000 20

_60%

= X 29.66
6,000

=0.30%.

Em suma,

B, =104.37% +0.30% =104.67%.

CASO 3

a)

. 6 _12 6/ )=
ri " =141%x 9 = = 61n(1+1%><42)=0.998%.

100%

B =—"" _LRV.
’ 1+1%><%2 ‘

e 8% < 3,000%90% = 2,700 < S,,, < 3,000
oM 0% < ELSE

=8%xRD,, (M =1;S; X, =2,700; X , =3,000;T = 6M ).

Portanto,

RV, =8%xRD,(M =1;S; X, =2,700; X, = 3,000;T = 6M )
= 8% x e 055 5 {n a2 (2,700)] - N]a* (3,000)]}

3,000 _ _(0.2)7
ln( 2’700j+[0.998% 2% ; |x05

0.2x+/0.5

®la¥ (2,700)]= @

= ®(0.6389) = 0.7385.




3,000 B _(0.2)7
( Aooo}*(o'”g% 2% ;%05

0.2x+/0.5

In
®la¥ (3,000))= @

= ®(-0.1062) = 0.4577.

RV, =8%x e """ x(0.7385-0.4577) = 2.24%.

B, =99.50% +2.24% =101.74% >100% = Investir.

b)
Via proposi¢do 20 e equagdo (58):
Polpy(Se: X =3,000:1y):361.57:0.5y]

—3,000x e x M(af* b= %j —~3,000% e s M (a7 ~b,:+/0.5)

+361.57 x e "0 @(a** )

2

Visto que:
S =2,700;
2
1l 2299 )41 0.998% — 2% + (0.2) x0.5
2700 2 0.78029576
a” = =0. ;
: 0.2%~/0.5

a, =0.78029576 —0.2x+/0.5 = 0.6389;

2
In 3,000 + 0.998%—2%+M x1
00 2

b

b =
: 0.2x~/1

b, =0.04987542 — 0.2 x~/1 =-0.15012;

= (0.04987542;




entao:

Polpo(Sy: X =3,000:1y):361.57;0.5y]
=3,000x e x M (0.780296,-0.049875;—0.707107)
—3,000x e " % M(0.6389,0.15012;—0.707107)
+361.57 x e %03 % 0(0.6389).
Utilizando a tabela de probabilidades,
Polpo(Sy: X =3,000:1y):361.57;:0.5y]
= 3,000 e > x0.28897 — 3,000 x e """ % 0.322596 + 361.57 x ¢ **** 4 % (0.738548

=157.30.

c)

100%

B =— 2" LRV,
’ 1+1%><%2 ‘

Sy =S
40%xmax(0%;6MS—°j < inf (§,)<297531
0

RV6M = 0<u<0.5
0.5% < inf (s,)>2975.31
0% max(0%;S,,, —S,) < Jinf (s,)<2975.31
= X SO .
S, 0.5% x < inf (S,)>297531
40%  0<u<0s

= A DI(), o (S X = Sy:L=2.975.31,R =0.01255,:T = 0.5y).

0

Portanto,




_40%

RV, x DI(1),(S,: X =3,000;L =2,975.31;R = 0.0125x3,000;T = 0.5y)

0

Por outro lado,

DI(1),(S,; X =3,000;L =2,975.31;R =37.5T =0.5y)

=DI(1),(S,: X =3,000; L =2,97531;R =0T =0.5y)+ KIR(-1),,

onde KIR(- 1)0 designa o valor actual de um deferrable knock-in rebate com down barrier.

Comecando pela down-and-in call sem rebate, utilizando a Proposicao 37, e visto que L<X,
entao:

DI(1),(S,;: X =3,000;L =2,975.31;R = 0;T = 0.5y)+ KIR(- 1),

2u

- 2
_[297530) | [RITS31) 500135,
3,000 3,000

2u

_ (2,975.31)02 (2,975.31)°
3,000 (3,000)*

2
o (3,000;3,000x (5.000) - =3,050,T = O.Sy}

(2,975.31)

Visto que

2
11 =0.998% — 29— (0-2) /2 =-0.03002,

e utilizando os dados do enunciado, entdo

DI(1),(S,;: X =3,000;L =2,975.31;R = 0;T = 0.5y)+ KIR(- 1),

2x(-0.03002)

:(2,975.31j (027 ><(2,975.31)2
3,000 (3,000)

x138.87 =138.30.

Relativamente ao rebate, e utilizando a Proposi¢ao 45,

11



KIR(-1),

2x(-0.03002)

37.5

=212 dla (3,0002.975.31)]- (wj " @la (2.975.313,000)]
1+1%% 9/, 3,000

2
s ln(3’00% 075 31) + (0.998% 29, (02) 4 j %0.5

= XD

1+1%><%2 0.2x~/0.5

2
2003002) | In 29753% +[0.998% — 29— (0.2) / %0.5
0.22 3,000 2
_(2,975.31) ®
3,000 0.2x~/0.5
2x(-0.03002)

__ 315 q>(-0.o477)—(2’975‘31j " @(-0.1646)

14+1%x %2 3,000
=1.53.
Em suma,

DI(1),(S,;: X =3,000;L =2,975.31;R =37.5T =0.5y)
=138.30+1.53

=139.83,

40%
3,000

RV, x139.83 =1.864%.

B, =99.50% +1.86% =101.36% >100% = Depositar.

12



d)

100%

B =— 2" LRV,
’ 1+1%><%2 ’

RV, =8%x 1L<in<f0s (s, )S3,000><0.9}’ .

Portanto,

RV, =8%x¢™ 7% 0| inf (s,)<2,700]

<u<05 = Y

— 8% X €—0.998%><0.5 % Q lnf ln Su S ln 2’700
0<u<0.5 S, S,
=8%xe " x 10| inf |In Su >1In 2,700 )
0<u<0.5 S, S,

Via Proposicao 45,

Q[f (ln(i—;}}l{—zﬁf"ﬂ

2x(-0.03002)

2,700 ) o2?
3,000

®la (2,700:3,000)]

= @[a2" (3,000,2,700)] - (

3,000 _ _(0-2)7
ln( 2’70()]{0.998% 2% ) |x05

o
0.2x+0.5
2
2-0.03002) ln(2’70y ) +[0.998% - 29~ (0:2) / x0.5
[2 7()()} 022 3,000 2
_| 2™ P
3,000 0.2x+/0.5
2x(-0.03002)

= 0(0.6389)—| 2/0 ] " g(.08512)

3,000
= 0.5074.

13



Portanto,

RV, = 8% x e "3 5 {1 - 0.5074}

=3.92%.

B, =99.50% +3.92% =103.42% >100% = Depositar.

14



