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Black-Scholesov vzorec a realne data

* 21.2.2014, kratko pred zatvrorenim burzy
* Akcia General Motors:

General Motors Company (GM) - 11vSE ¥ Follow
36.51 0.00 (0.00%) 9:324m EST - Nasdaqg Real Time Price

Prev Close: 36.51 Day's Range: 36.51 - 36.68
Open: NIA 52wk Range: 26.19 -41.85
Bid: 36.60 x 500 Yolume: 67,337
Ask 36.65 x 200 Avg Vol (3m): 26,433,200
1y Target Est: 46.44 Market Cap: 58.04B
Beta: 1.76 FIE (ttm): 15.35
Earnings Date: Apr 28 - ":nggtl; EPS (ttm): 2.38

Div & Yield: 1.20 (3.30%)
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Black-Scholesov vzorec a realne data

* Vybrané opcie:

36.50 GM140314C00036500 0.92 +0.27
36.50 GM140328C00036500 0.99 40.01
37.00 GM140307C00037000 0.51 +0.03
37.00 GM140314C00037000 0.67 10.17
37.00 GM140322C00037000 0.73 10.15
37.00 GM140328C00037000 0.77 40.09

e Kolko by tieto opcie stali v Black-Scholesovom modeli?
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Black-Scholesov vzorec a realne data

* Pripomenme si Black-Scholesov vzorec pre call opciu:

V(S,t) = SN(d1) — Ee " T=O N (dy),

kde N (x) = —L [*_ ¢ % d¢ je distribuéna funkcia

normalizovaného normalneho rozdelenia N(0,1) a
o £ - (== S — )

dlz ,dQZdl—O'\/T—t
ovi —t

|
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Black-Scholesov vzorec a realne data

* Potrebujeme teda nasledujuce hodnoty:
o S =cena akcie
o F = expiraCna cena
o T —t = Cas zostavajuci do expiracie
° ¢ = volatilita akcie
° r = urokova miera

* Cena akcie je: S = 36.51
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Black-Scholesov vzorec a realne data

* Zoberme opcii GM140322C0037000
* Expiracnacena: £ = 37

* Cas do expiracie:

February March
Su Mo Tu We Th Fr Sa Su Mo Tu We Th Fr Sa
1 1

2 3 4 L5 6 7 B8 20 3 4 &5 6 F 8

9 10 11 12 13 14 15 9 0 11 12 13 14 15

1 17 18 19 20 21 22 16 17 18 19 20 21 22

23 24 25 26 27 28 23 24 25 26 27 28 29
30 31

© opcia expiruje o 21 pracovnych dni
© cas je v modeli v rokoch — T — t = 21/252
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Black-Scholesov vzorec a realne data

e Urokova miera (bonds.yahoo.com):

US Treasury Bonds Rates

Maturity Yield Yesterday Last Week Last Month
3 Manth 0.03 0.03 0.03 0.02

6 Maonth 0.07 0.07 0.05 0.05

2 Year 0.32 0.31 0.32 0.40

3 Year 0.72 0.70 0.67 0.85

5 Year 1.56 1.54 1.53 1.70

10 Year 207 275 272 2.87

30 Year 374 372 3.69 3.76

* Dost Standardnou volbou su trojmesacné dlihopisy.

e Urokova miera ma byt dana ako desatinné &islo, takze:
r = 0.03/100
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Black-Scholesov vzorec a realne data

e Ale co zobrat za volatilitu?

* Na cviceni sme videli, ze pre r6zne obdobia, z ktorych
berieme data, dostaneme roézne odhady historicke;
volatility.

* Tym padom aj rozne ceny opcie podla Black-Scholesa
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Implikovana volatilita

* Otazka: Pre aku hodnotu volatility by sa Black- Scholesova
cena rovnala realnej trhovej cene?
Tato hodnota volatility sa nazyva implikovana volatilita
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Existencia implikovanej volatility

* Ako zavisi Black-Scholesova cena tejto opcie od volatility -
pre vacsi rozsah hodnot volatility:
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Existencia implikovanej volatility

* Vo vSeobecnosti ukazeme, ze:
© Cena call opcie je rastucou funkciou volatility.
o Existuja limity Vg := lim,_,o+ V (5, t;0),
Vo :=limy, 00 V(S, t; 0)
* Potom zo spojitosti V' = pre kazdu realnu cenu opcie z

intervalu (Vp, V) existuje implikovana volatilita a je urCena
jednoznacne
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Existencia implikovanej volatility

* Rastucost:
© Pocitame derivaciu (plati dy = di — o/T —t):

o = SN'(d) - - Be N'(d2) 5
d

_ / - —r(T—t) nr/ 1
(SN (dy) — Ee N(dg)) =

+Ee "IN (do)V/T — ¢

o Derivacia distribucnej funkcie je funkcia hustoty:

_ =2

N'(x) = %e 2
o Uzitoéna lema: SN'(d;) — Ee " T~ N'(dy) = 0
° Takze:
g_z — Be " TN (d)WT =1 > 0
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Existencia implikovanej volatility

* Limity:
° Vyuzijeme limitné vlastnosti distribucnej funkcie:

lim N(z) =0, lim N(x)=1

T—r— 00 r——+00

© Z toho:
lim V(S,t;0) = maX(O,S—Ee_T(T_t))
o—0Tt
lim V(S,t;0) = S
o—>00
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Implikovana volatilita: vypocet

* Ukazka implementacie:

function [g2]=ImplVolCzll (S,E,r,tau,v)

S/ -implikovana veolatilita pr

(D

T 7
Cadd

opciu-na-akciu-bez - dividend

teocretickou-a

/S -rozdiel med=zi a- trhovou- cencou

]

function [r]l=rozdiel (sigma)

r=Call (S,E,r,=sigma, tau) -
endfunction

//-hladame- - sigmu, -pre-ktoru- je-rozdiel

g=fsolve (0.3, rozdiel);
endfunction

nulovy
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Implikovana volatilita: vypocet

* Vypocet:

——>Implveolcall (36.51,37,0.03/100,21/252,0.73)

als =

0.2255824
* Pripomenme si:
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Nova stranka finance.yahoo.com

* Tabulka s opciami uz obsahuje aj implikované volatility
* Data z bonusovej tlohy:

Google Inc. (GOOG) & waichiisi
943.29 +0.45(+0.08%) r1s0ac

March 27, 2015« In The Money

IS

Stl'liEE - ) Cpan m
e Contract Name R fiteiest ( Vialatidy )
"'h-..._____,..-ﬂ""
520.00 GOO0G150327C00520000 3000 17 20.16%
522 50 GOOG150327C00522500  25.08 e T 10 20.01%
527.50 GOO0G150327C00527500 970 4 26 19.77%
530.00 GOOG150327C00530000  21.50 * 40 19.66%
532 50 GOO0G150327C00532500 18.70 * 6 18.69%

* My ale budeme potrebovat implikovanu volatilitu ako
pomocny vypocet v inom modeli
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