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CASO 1

a) Enuncie a estratégia de static hedging a adoptar para uma posi¢do curta sobre uma
forward-start call com vencimento no momento 7,, com inicio de vigéncia no momento 7,

(< T,) e com strike igual a 110% da cotagdo spot no momento 7.

Consideremos a formula de avalia¢do deste contrato:

e/ (s, .18, T,)= S,e e, (LLLT,).

Atendendo a que e’q(T"')cT1 (1;1.1;T2) € uma constante, basta comprar um nudmero

e‘q(T‘")ch (1;1.1; Tz) de unidades do activo subjacente.

No momento 7, o valor da carteira de ac¢des serd igual a:
[STI eq(Tl—f)]e—q(T]—f)CTl (1;1.1; Tz)

=S¢, (LLLT)
:CTI(ST;I.lST;Tz)

= cf(5,51.18,:T;)

b) Deduza a férmula de avaliacdo de uma European-style up-and-out put com uma
barreira (U) superior ao strike (X) e sem rebate.

Via pédgina 38 dos apontamentos,
UO(-1),(S; X;U > X;R=0;T)
H g
I U\ U
=e I (X -Se’ ¢(y;,uz', G\/;)— (?J ¢{y;21n(S—J + ur, O'\/;} dy.

t

)




Fazendo a mudanca de varidvel de integracdo z =y — 2ln(S—j,

UO(-1),(S;X;U > X;R=0,T)

&
=e " f X -8’ )¢(y;,u2', Gx/;)iy

¢) Enuncie a férmula de avaliagdo (no momento “t”’) de uma put com vencimento no
e sobre uma cash-or-nothing call com

momento “7,”, com strike “X,”,
vencimento no momento “7, (> T})”, com strike “ X,” e contract size “M”.

Assumindo os pressupostos do modelo de Black-Scholes (1973), valor da put sobre a digital
call é dado por:

Pt[D(l)r(SnXz’Tz;M);X1;T1]: e_rTIEQ{[X1 _D(l)rl (STl’Xz’Tz;ju)]+ Fr}

Seja S :

X, =D(1), (5. X,.T,:M)
& X, =M@ o[a (s, x,)|

Entdo, e visto que dD[déw (§ , X 2)] é uma fungio crescente de S ,

[Xl _D(l)rl (S’XZ’TZ;M)b(ST] € dS|Fr)

O e 1|

pr[D(l)t(Sr’XZ’TZ;M);Xl;Tl]Ie_”"

Por outro lado, dado que




2 T,
S; =S, epor—q —%]Tl +GIdVVTQ :I’

entao:

pr[D(l)t(Sr’XZ’TZ;M);Xl;Tl]

z 62 1 ZZ
=e || X,-DW),| S,exp|| r—qg——|r,+0z |, X,.,T,;M ||——=exp| ——— |dz
O e e ] e

z o’ 1 22
=" Xl _Me—r(rz—fl)q) d;/l (Sr exp((r —qgq—— |7, t0Z ,X2 —(—CXp| ——— dz
!{ ! 2 27T, 27,

O 1° termo da anterior expressao € facil de calcular:




| S ]-[r-g-2 e
—rT St q 2 1
=e "X\ P

O 2° termo

Z 2 2
-rT, —r(t,-11) M o 1 <
—e | Me VD dy | S,exp| | r—q—— |1, t0z |, X, ||——=¢exp| ——— |dz
'([ [ ’ [ P(( K 2 j l j ZJ]\IZMH P( 2TJ

€ equivalente ao 2° termo no lado direito da equagdo (53) dos handouts, i.e. ao termo
associado ao strike da underlying options. Portanto,

z 2 1 Z2
_eh Me—r(rz—ﬂ)q) aM St exp (l" —q- O-_]T +oz |, X exp| —— dz
'(')- { 2 ( 5 |1 2 /—27”1 27,

T
=-Me ™ N, (— a,;b,— —1],

7,




onde b, é dado pela equacdo (55) dos handouts.

Em suma,

pr[D(l)t(Sr’XZ’TZ;M);XI;TI]

=e" X, ®(~a,)-Me"™ Nz[— a,;b,— i}

7y

CASO 2

a)
o 6 _2 6/ |=
ro ¢ =1418%x 9, = r= - 1n(1+1.8%><%2)=1.792%.

_100%
1+1.8%><%2

10% < S, <2,760x95% = 2,622
RV, =

B, + RV,,.

0% « ELSE
=10% x D,,, (= 1)(M =1;8; X =2,622;T =6M).

Portanto,

RV, =10%xD,(—1)(M =1;8; X =2,622;T = 6M )
=10% x &7 x |- 4 (2,622))




2
111(2’7602 622) + (1.792% 9, (0.25) 4 jx 0.5
D|-d (2,622)|= @] - :

0.25%+0.5
= ®(-0.1959)
=®(-0.2)
=1-®(0.2)
=1-0.5793
= 0.4207.

RV, =10% x e x0.4207 = 4.186%.

B, =99.11% +4.186% =103.29% >100% => Investir.
b)
Via proposicao 20 e equagao (57):

co[po(Sy: X =2.760:0.5y)162.77:0.25y]
=-2,760x "% x M (— a by, /%) +2.760%¢ 705 x M (- 0 ~b,;:/0.5)

—-162.77 % e_1-792%><0.25 X (b(— a:k )

Visto que:

ST =2710:;

(0.25)°

ln( 2’7?3 + (1.792% —2% + J x0.25

a’ = = 0.20456849;
0.25%x+/0.25

a, =0.20456849 —0.25%+/0.25 = 0.079568;




(0.25)°

In 2,760 +|1.792% — 2% +
2,760

5 J x0.5
b = =(0.08250376;

b 0.25%+/0.5

b, =0.08250376 — 0.25x+/0.5 =-0.09427,

entao:

colpo(Sy: X =2,760:0.5y)162.77:0.25y]
= 2,760 x e > x M (- 0.20456849,—0.08250376;0.707107)
+2,760x e 720 5 M (- 0.079568,0.09427:0.707107)
—162.77 x e 0% 5 B (- 0.079568).
Utilizando a tabela de probabilidades,

colpo(Sy: X =2,760:0.5y),162.77:0.25y ]

=-2,760%x e x0.317972 + 2,760 x e 7****% x 0.37504 —162.77 x e 7**** % 0.46829

=81.125224.

c)

_100%
1+1.8%><%2

Por seu turno,

B, +RV,,.




S., — 2,760

=S, >2,700
RVey =7 2,760 oM
0% < ELSE
S, —2760<=S,,, >2,700
& RV, = ! % oM 6M
2,760 0 < ELSE
S, —2,700-60«< S, >2,700
S RV, = ! x4 M 6M
2,760 0 < ELSE
SRV, = 1 o Sey — 2,700 = S, > 2,700_ 60 < S,,, > 2,700
2,760 0 < ELSE 0 « ELSE
1
Portanto,
RV, = > 7160 x (c,(5,:2,700:6M ) - D, (1)(S,:2.700;6M ; M = 60)).

Utilizando o enunciado,

¢, (85,:2,700;6M ) = 220.11;

Relativamente a cash-or-nothing call,

D, (1)(S,:2,700:6M : M = 60) = 60x e~ 7% x d[a¥ (2,700)]

sendo

2,760 ~ _(0-25)7
ln[ 2’70()]{1.792% 2% ;%0

@l (2,700)|= @

0.2x~/0.5
=®(0.0301)
= ®(0.03)
=0.5120.

D, (1)(S4:2,700;6M ; M = 60) = 60x e™"""**° % 0.5120 = 30.4454.

Em suma,




1

RV, = x(220.11—-30.4454) = 6.87%,
2,760

€

B, =99.11% + 6.87% =105.98% >100% = Investir.

d)

100%

B =——"7
‘ 1+1.8%><%2

+RV,.

Relativamente a componente de remuneracao variavel,

40% Xmax(O%;%J & inf (S,)>2,700

0<u<0.5
0

0% < inf (S,)<2,700

0<u<0.5

RV, =

0<u<0.5
SO

0 inf (s,)<2,700

0<u<0.

40% {max(O;SW—SO)c inf (S,)>2,700
= X

_40%

xDO(1),,, (Sg,, s X =S,; H =2,700;R=0;T =0.5y).

0

Portanto, a remuneracio variavel é dada por uma down-and-out zero rebate call, i.e.

40%

RV, xDO(1),(S,: X =2,760;H =2,700;R =0;T =0.5y).

0

A down-and-in call sem rebate € avaliada com base na seguinte expressao:




DO(1),(S;X;H:T)

2u

P 2
=c, (Sr;max(H;X);T)—(?J c [gl—;max(H;X);TJ

t

2u

+[max(H; X)- X Je 7 @|a (S,,H)]—(?)Gzcb[df (H,s)

t

Atendendo a que X = 2,760 > H = 2,700, entdo a expressdo anterior pode ainda ser
simplificada:

2u

o2 2
c(S;X:H< X;T)=c, (SZ;X;T)—(gJ c, [I;—;X;TJ.

t t

Considerando os dados em apreco,

(S, X =2,760; H = 2,700; R = 0;T = 0.5y)

24
2 2
=¢, (S, =2,760; X =2,760;T =0.5y) - @%28) c, (22’7706% ;X =2,760;T = O.Sy}

Visto que o valor de uma standard call € uma funcdo homdgenera de grau 1 no spot e no
strike, entdao

cl(S,; X =2,760;H = 2,700;R =0;T =0.5y)

=¢, (S, =2,760; X =2,760;T =0.5y)

_ (2’70())6 X (2’700)2 ¢l 2,760;2,760 x (2’760)2 =2,884.03;T =0.5y |
2,760 ) (2,760) (2.700)
Visto que

2
11 =1.7929% — 29 — (0.25) 4 = 003333,

e utilizando os dados do enunciado, entdo

10



c(S,; X =2,760;H =2,700;R = 0;T = 0.5y)

2%(-0.03333)

> 2

=191.14 - (2’700j o RT00F 14033
2,760 (2,760)

= 53.659208.

Em suma,

RV, = 40?0 %x53.659208 = 0.78%,

b

€

B, =99.11% +0.78% = 99.89% < 100% = Nao investir.

e)

_100%
C 1+1.8% x%z

RV,, =10% x1

B +RV,.

{ sup (S, )22,800}

0<u<0.5

Portanto,

RV, =10% x e x Q[ sup (S,)> 2,800}

0<u<0.5

=10% x e " "** > x Q| sup |In S, >1In 2800
0<us0.5 So So

=10% x e "** 3 xI1-Q| sup |In S, <In 2,800 .
0<u<0.5 So So

Via Proposicao 45,

11



Q| sup |In S <In 2800
0<u<0.5 So So

2,800
2,760

2x(—0.03333)

J 3 @l (2,800:2,760)]

= o[- d¥ (2,760;2,800)]- (

2,760 ~ _(0.25)7
ln[ 2’800){1.792% 2% ;%0

- o
0.25%~/0.5
2
2000%5) ln(z,soo j +[ 17920 - 29 - (0:25) / x0.5
(2,800} (0.25) 2,760 o)
- == ®
2,760 0.25% /0.5
=0(-01757)-[ 252 | 7 @ (00129)
2,760

=0.072278173.
Portanto,

RV, =10% x e™7"%3 x {1 - 0.072278173}

=9.194%.

B, =99.11% +9.194% =108.30% > 100% = Depositar.

f)

_100%
’ 1+1.8%><%2

Daqui a 6 meses:

B +RV,.

12



SBM — S6M
RV, =60% x Siu = Saw < Sau
0% < ELSE

_60% {Sw —Sen < S < S

S 0 < ELSE
60%
= JXPGM(SGM;X =8T = 6M)
SSM
RV,, =?Xpw (S 3 X = 8,437 =6M )=60%x ps,, (X =1;T =6M)
3M
Consequentemente,

RV, = 60% x ps,, (I; X :I;T:6M).

1+1.4%><i
12

Visto que o valor de uma standard put € uma fun¢do homdégenera de grau 1 no spot e no
strike, entao

Py (LX =LT =6M)

 po(2,760; X =2,760,T =3M )

2,760
= 137.61 =4.986%.
2,760
Portanto,
RV, = 00%x4.986% =2.981%,

1+1.4%><i
12

B, =99.11% +2.981% =102.09%.

Margem de intermediacdo = 103.00% - 102.09% = 0.91%.

13



