I. Derivaty, call a put opcie,
ohrancenia na ceny opcii, Kombinované strategie

Beata Stehlikova
Financ¢né derivaty, FMFI UK Bratislava

|
I. Derivaty, call a put opcie,ohrani¢enia na ceny opcii, kombinované stratégie — p.1/38



Co

su finan¢né derivaty

* Slovo DERIVATIVE Vv slovniku:

noun

1 something which is based on another source:

the aircraft is a derivative of the Falcon 20G

* a word derived from another or from a root in the same or another language:

‘fly-tip” is a derfvative of the phrase ‘on the fly’

® asubstance that is derived chemically from a specified compound:
crack is a highly addictive cocaine derfvative
2 (often derivatives) Finance an arrangement or product (such as a future, option, or
warrant) whose value derives from and is dependent on the value of an underlying
asset, such as a commodity, currency, or security:
[as modifier]:

the derfoatives market

3 Mathematics an expression representing the rate of change of a function with respect

to an independent variable.

http://oxforddictionaries.com/definition/derivative

I. Derivaty, call a put opcie, ohrani¢enia na ceny opcii, kombinované stratégie — p.2/38



Derivaty

* Aristoteles pise o Talesovi z Miletu (Politika, kniha I,
kapitola Xl):

... eSte v zime dal peniaze, co mal, ako zavdavok a
prenajal si vSetky olivove lisy v Miléte a na ostrove
Chios za nepatrny obnos, lebo nikto neprihadzoval.
Ked potom priSiel pravy Cas a naraz a sucasne sa
mnohi zaujemcovia zhanali po olivovych lisoch,
prenajimal ich tak draho, ako chcel.

* Poukazuje na dosledky monopolu, ale vidime tu aj
charateristiky derivatov:

° Pravo pouzit olivove lisy - jeho hodnota zavisi od Urody
v danom roku

© Niektore lisy mohli zostat nevyuzité; Tales mal pravo,
ale nie povinnost' pouzit' lisy

|
I. Derivaty, call a put opcie,ohrani¢enia na ceny opcii, kombinované stratégie — p.3/38



Derivaty

* Pravo, ale suCasne aj povinnost zrealizovat dohodnuty
obchod - niekoflko historickych prikladov:

° Anglicko, Francuzsko, 12. stor. - dohoda o buducom
obchode zalozena na vzorke tovaru, ,lettre de faire*

° Japonsko, 17. stor. - Standardizované obchody s ryzou

© Chicago, 19. stor. - obilie, zalozenie Chicago Board of
Trade (1848)

© 1898 - Chicago Mercantile Trading, maslo a vajcia,
neskor aj iné pofnohospodarske komodity

© 1978 - International Monetary Market ako sucast
Chicago Mercantile Trading, cudzie meny, neskor aj
(napr.) derivaty S&P 500
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Akcie

* Budeme sa zaoberat predovsetkym derivatmi akcii
* Priklad: vyvoj ceny akcie DIS (The Walt Disney Company)
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Akcie

* Vyvoj ceny sa sklada z trendu a ndhodnych fluktuacii
* Priklad trendu: GM pocas pol roka
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Akcie

* Priklad fluktuacii: GM pocas jedého dna
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http://finance.google.com

Cena = trend + fluktuacie — na matematické modelovanie
potrebujeme stochasticke procesy
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Opcie na akcie - zopakovanie definicii

* Europska call opcia je pravo - ale nie povinnost' - kupit
akciu za dohodnutl cenu E (exspiracha cena, strike price,
exercise price) v dohodnutom Case T (expiration time)

* Eurdpska put opcia je pravo - ale nie povinnost' - predat
akciu za dohodnutl cenu E (exspiracha cena, strike price,
exercise price) v dohodnutom case 1" (expiration time)

* Americka call/put opcia - pravo kupit/predat akciu nie iba
v Case exspiracCie 7', ale hocikedy do Casu exspiracie
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Opcie na akcie - ukazka dat

* Ukazka realnych dat: put opcie na akcie Disney

Put Options Expire at close Saturday, October 18, 2014
Strike Symbol Last Chg Bid Ask Vol Open Int
50.00 DIS141018P00050000 0.03 0.00 0.01 0.04 34 396
53.00 DI5141018FP00055000 0.05 0.00 0.02 0.05 32 172
60.00 DI5141018P00060000 0.09 0.00 0.04 0.08 10 416
65.00 DIS141018P00065000 0.15 0.00 0.07 0.14 25 815
67.50 DIS141018P00067500 0.15 0.00 0.08 0.14 5 130
70.00 DIS141018P00070000 0.17 +0.03 0.12 0.17 30 1.062
72.50 DIS141018P00072500 0.23 +0.03 0.17 0.21 2 734

http://finance.yahoo.com
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Opcie na akcie - vnutorna a casova hodnota

* Cena opcie sa sklada z dvoch casti:

o vnutorna hodnota (intrinsic value) - cena opcie, ak by
bola uplatnena teraz

o Casova hodnota (time value) - zostavajuca Cast’ ceny
opcie
o vlastnik opcie zaplatil tito hodnotu, ocakava, ze
opcia mu v buducnosti prinesie zisk
o rizikova prémia pre vypisovatela opcie
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Vnutorna a ¢asova hodnota: priklad

* Ceny putov zo str.9 - pouzijeme poslednu zrealizovanu

cenu

® Cena akcie: 87.40 USD

The Walt Disney Company (DIS) - 11vSE ¥ Follow
87.40 . 0.55(0.63%) 9:53AM EDT - Nasdag Real Time Price

Prev Close:
Open:

Bid:

Ashe

* Zoberme put opciu s exspirachou cenou 70 USD, ktorstoji

0.17 USD:

© vnutorna hodnota: O
©o casova hodnota; 0.17

87.33 x 200
87.35 x 200

Day's Range: 67.05 - 87.49
h2wk Range: 60.41 - 87.63
Volume: 482,854
Awvg Vol (3m): 6,031,720
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Vnutorna a ¢asova hodnota: priklad

* Otazky:

© PreCo maju opcie zo str. 9 nulovd vnutornu hodnotu?
o Ake put opcie by mali kladnu vnutornd hodnotu?
° Ako je to pre call opcie? Pouzite tieto data:

Toyota Motor Corporation (TM) - 110 ¥ Follow

119.43 :2.08 (1.77%) sep1s, 4:03PM EDT

Options

View By Expiration: Sep 14 |Oct14 | Jan 15 | Apr15|Jan 16 | Jan 17
Call Options
Strike Symbaol Last Chao
110.00 TM141018C00110000 9.45 +179
115.00 TWM141018C00115000 4.45 +1.40
120.00 TWM141018C00120000 1.20 +0.44
125.00 TWM141018C00125000 0.20 +0.03
130.00 TWM141018C00130000 0.05 0.00

I.
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Priklad

* Predame akciu DIS za aktualnu bid cenu (cena, ktoru je
kupujuci ochotny zaplatit'): 87.33 USD.

The Walt Disney Company (DIS) - 11vSE & Follow
87.40 . 0.55(0.63%) 9:53AM EDT - Nasdag Real Time Price

Frev Close: 66.65 Day's Range: 67.05 - 67.49
Open: ar7.07 h2wk Range: 60.41 - 87.63
Bid: 87.33 x 200 Volume: 482,854
Asle 87.35 x 200 Avg Vol (3m): 6,031,720

http://finance.yahoo.com
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Priklad

* Dalej, predame put opciu s exspiraénou cenou 60 USD a
exspiraciou v oktobri za - najdeme bid cenu - 0.04 USD

Put Options Expire at close Saturday. October 18, 2014
Strike Symbol Last Chg Bid Ask Vol Open Int
50.00 DIS141018P00050000 0.03 0.00 0.01 0.04 34 396
55.00 DIS141018P00055000 0.05 0.00 0.02 0.05 32 172
60.00 DIS141015P00060000 0.09 0.00 0.04 0.08 10 416
65.00 DIS141015P00065000 0.15 0.00 0.07 0.14 25 815
67.50 DIS141018P00067500 0.15 0.00 0.08 0.14 5 130
70.00 DIS141015P00070000 0.7 +0.03 012 017 30 1.062
72.50 DIS141015P00072500 0.23 +0.03 0.17 0.21 2 734

http://finance.yahoo.com
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Priklad

* Kolko by ste boli ochotni zaplatit' za call opciu s rovnakou
exspiracnou cenou?

* Pripomenme si vyvoj ceny DIS, data su z 11.8.2014:
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Priklad

* Russel Sage, New York, 19. storocCie

o kupi akciu a put opciu, predal call s rovnakou
exspiracnou cenou a rovnakym casom exspiracie

° takto obiSiel ohranicenia na uroky dané zakonmi o
uzere

®* PRIKLAD - POKRACOVANIE:
o Ukazeme, Ze tato stratégia je v skutocnosti p6zicka
(synthetised loan)
© S akou urokovou mierou ste suhlasili pri akceptovani
zvolenej ceny call opcie?
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Put-call parita

* Uvazujme portfdlio:
° vypiSeme 1 call opciu s exspirachou cenou £

© kapime 1 put opciu s rovnakou exspiraCnou cenou a
rovnakym casom exspiracie

° kupime 1 akciu
* Aka bude hodnota portfolia v Case exspiracie opcii?
portfolio =- 1 call + 1 put + 1 akcia

=—
payoff = - [payoff callu] + [payoff putu] + [cena akcie]

|
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Put-call parita

* Teda, v zavislosti od ceny akcie S v Case exspiracie:
o ak S < F:

payoff = —[0] + [E - S|+ [S] =FE
°c ak S > FE:
payoff = =[S — E] +[0] + [S]=F

Takze, bez ohfadu na vyvoj ceny akcie, hodnota portfolia
bude E

* Hodnota portfolia dnes preto musi byt

—c(S,E,7)+p(S,E,7T)+S=Fe "

- dostali sme vztah medzi cenami call a put opcii, znamy
ako put-call parita

|
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Payoff diagram

* Payoff diagram opcie - hodnota opcie v Case exspiracie
ako funkcia ceny akcie v tomto Case

* Call opcia: max(0,S — E) , put opcia: max(FE — S, 0)

Call opcia s E =50 Put opcia s E =50
60 60
55 55
50 50
45 45 +
40 40
357 357
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20 20
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Profit diagram

Profit diagram opcie - payoff znizenu o hodnotu zaciatocnej
investicie; pre r = 0 je profit = payoff - (zaciatocna investicia)

PRIKLAD: Payoff diagram call opcie s exspiracnou cenou 105
USD, ktora stoii 15 USD:

o
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Kombinované stratégie

PRIKLAD:
* Uvazujme akcie MCD (Mac Donald’s Corp.)

McDonald's Corp. (MCD) - W2 9% maiow
93.72 .01 7(0.18%) 10:27AM EDT - NYSE Resl Time Frice

IEnter name(s) or symbol(s) I GET CHART | COMPARE  EVENTS *  TECHHMICAL INDICATORS * || CHART SETTINt

Auwg 3, 2014: = MCD 93.55
102
100
o3

o6

2014 May 27 Jun2 Jun® Junldé Jun23 Jun30 Jul?7 Julil4 Juwl21 Jul28 Auwg4d

http://finance.yahoo.com

a predpokladajme (pre ucely tohto cvicenia), ze oCakavae

pokles ceny
|
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Kombinované stratégie

* Cena akcie je 93.72 USD a niektoré z dostupnych opcii su:

Put Options Expire at close Friday, September 5, 2014
Strike Symbaol Last Chg Bid Ask Yol Open Int
85.00 MCD140920P00025000 0.22 0.00 017 0.22 5@ 1,471
86.00 MCD140905P00026000 0.16 0.00 0.1 0.1a 2 5
87.50 MCD140920P00087500 0.33 4003 0.3 033 17 1,575
68.00 MCD140826FP000588000 0.59 0.00 0.41 0.49 2 2
89.00 MCD140905P00023000 0.36 0.00 0.2a 0.34 26 965
89.00 MCD140912P00023000 0.45 0.00 037 0.44 13 g3
89.00 MCDA140826P00039000 0.66 0.00 D.56 063 4 4
90.00 MCD140920P00030000 0.65 +0.07 0.2 0.6@ 21 B,135

http://finance.yahoo.com
* QOcakavame pokles ceny = kupime put opciu, napr. put

opciu s exspiracnou cenou 90 USD

* Ak ale nepredpokladame vefmi vyrazny pokles =

vypiSeme put opciu S niZSou exspiracnou cenou, napr. 85

USD

* Predpokladame, ze vypisana opcia nebude uplatnena, ale

jej vypisanim si znizime zaciatoCnu investiciu

I.
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Kombinované stratégie

* NaSa stratégia teda je:
kipime put s £ = 90 a predame put s £ = 85

* Pripomenme si bid and ask ceny:
° bid cena (nizSia) - ponuka na kupu — opciu vieme
predat za bid
© ask cena (vysSia) - ponuka na predaj — opciu vieme
kupit za ask
* Teda naSa zacCiatoCna investicia je 0.49, lebo:
o kupime puts £ =90 za 0.66
o predaime puts £ =85 za 0.17

|
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Kombinované stratégie

* Profit diagram + porovnanie s moznostou, ak by sme iba
kapili put s £ = 90:

+ put{80} — put{B5)
+ put{20}

T T T — 1 " T ' T T T T T T
g2 B3 B4 BS BB 87 BB B9 80 a1 g2 83 84
cena akcie v ¢ase expiracie
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Kombinované stratégie

* CVICENIE: Pri akom oCakavni o cene akcie by sme
zrealizovali tieto stratégie?

Profit
or Loss Profit
S600— or Loss
L4100 —
30,00 20,00 20,00 30,00 40,00 20,00
0 S\ . L S =
Stock Price at Stm:1 k Pp:c at
Expiration Expiration
5400

5600 —

http://www.theoptionsguide.com
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Kombinované stratégie

* Kritéria na vyber stratégie:

Option Strategy Finder

A large number of options trading strategies are available to the options trader. Use the search facility below to quickly
locate the best options strategies based upon your view of the underlying and desired riskfreward characteristics,

Outlook on Underying: Profit Potential: Loss Potential: Credit/Deblt: No. Legs:

T e ey Ve R TRy T PR

Bullish | - i v -

..........................................

Click on the profit graph fora detalled e |, . 1
Unlimited
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each Individual options strategy.

1T
BT

CALL DACKSFRT AD

o

BullCall Spread Bull Put Spread Buying Index Calls Call Backs pread

http://www.theoptionsguide.com
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Kombinované stratégie

* Kombinovane stratégie - prehfad:

© & https;//www.springer.com/gp/book/9783540422884

» Mathematics » Computational Science & Engineering

Springer Finance Textbooks

© 2008

Mathematical Models of
Financial Derivatives

Authors: Kwok, Yue-Kuen

Download Preface 1 PDF (77.5 KB) 1.1.1 Trading Strategies Involving Options
Download Sample pages 1 PDF (500.3 KB)
Download Table of contents PDF (56.1 KB) ‘We have seen in the above simple hedging example how the combined use of an

option and the underlying asset can monitor risk exposure. Now, we would like to

6 1 Introduction to Derivative Instruments

examine the various strategies of portfolio management using options and the un-
derlying asset as the basic financial instruments. Here, we confine our discussion
of portfolio strategies to the use of European vanilla call and put options. We also
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Chooser option

* Chooser opcia:

o payoff v Case T bude payoff call alebo put opcie s
exspiracnou cenou £

© 0 tom, Ci p6jde o call alebo put opciu, rozhodne drzitel
opciev Case T, < T
© opcia sa predava v case t < T,

* Kedy sa moOze zist'

One might be wise to select a chooser option on a
biotech company awaiting the FDA’s reaction to its
latest wonder drug or any company facing
litigation. Unfortunately, chooser options are
somewhat rare and tend to be issued on more
stable items.

http://www.investopedia.com/terms/c/chooseroption.asp
|
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Chooser option

* Oznacenie:
call(E,T;t) - call opcia s exspirachou cenou E a

splatnostou v Case T, pricom aktualny Case je t
* Hodnota chooser opcie v Case T, je

chooser(T,) = max(call(E,T;T,),put(E,T;T,))

* Ak akcia nevyplaca dividendy, z put-call parity dostaneme:

chooser(T;) = call(E, T; T..) + max(0, Be "T=T<) — §.)

pricom vidime, Ze druhy Clen je payoff put opcie

|
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Chooser option

* Chooser opcia je teda ekvivalentna s kombinovanou
stratégiou:
© 1 call opcia s exspiraCnhou cenou £ a splatnostou v
case T
° 1 put opcia s exspiracnou cenou Fe "(T-T:) g
splatnostou v case T,

* Ak vieme ocenit' call a put opcie (napriklad pomocou
Black-Scholesovho modelu), tak vieme ocenit’ aj chooser

opcie

CVICENIE NA DU: S akou kombin&ciou call a put opcii je
chooser opcia ekvivalentna, ak akcia vyplaca spojité dividendy?
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Ohranicenia na ceny opcii

* Ukazeme niekolko nerovnosti pre ceny, ktoré musia platit’ -
iInak by bola na trhu arbitraz
* VSetky uvazované opcie maju rovnaky cas exspiracie
* Bezrizikovu urokovu mieru oznacime r.
* Oznacenie:
° ¢(S,E,T) jetrhova cena call opcie s exspiracnou
cenou F, ak dneSna cena akcie je S a Cas zostavajuci
do exspiracie je T
° p(S, E,T) jetrhova cena put opcie s exspirachou
cenou F, ak dneSna cena akcie je S a Cas zostavajuci
do exspiracie je T

|
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Ohranicenia na ceny opcii

* Postup:
° Uvazujme dve portfolia - take, ze v Case exspiracie
plati
(hodnota portfdlia I.) < (hodnota portfolia I1.)
° Aby nevznikla arbitraz, aj dnes musi platit

(hodnota portfolia I.) < (hodnota portfolia Il.)

- portfolia su skonSruovane tak, aby prave toto bola
nerovnost, ktord chceme dokazat

|
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Ohranicenia na ceny opcii - priklady

PRIKLAD 1: Je zrejme, ze musi byt

C(S7E7T) ZO?]?(S?E?T) ZO

PRIKLAD 2: Dokazte, ze
E1 > E2 — C(S,El,T) < C(S,EQ,T)

RIESENIE: Nech E; > Ey Uvazujme nasledovné portfolia:

portfolio I.: opcia s exspirachou cenou FE;
portfolio Il.: opcia s exspirachou cenou FEs

Porovname ich hodnoty v Case exspiracie, v zavislosti od ceny
akcie S v tomto Case

|
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Ohranicenia na ceny opcii - priklady

0<S<Ey | B2 <S<E; E, <S8
portfolio |. 0 0 S — F4
portfolio II. 0 S — Ey S — FEs
porovnanie 0=0 0< 85— Ey S—FE1<S—FEs

V Case exspiracie:
(hodnota portfélia I.) < (hodnota portfolia 11.)

= aJ dnes:

(hodnota portfolia I.) < (hodnota portfolia Il.),

teda

C(Sa ElaT) < C(Sa E277-)a QED

I.
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Ohranicenia na ceny opcii - priklady

PRIKAD 3:
Predpokladjme, ze urokova miera je nulova a mame
nasledujuce ceny call opcii:

exspiracna cena | cena opcie
10 30
15 26
20 27
25 23
30 19

Najdite arbitraz.

RIESENIE: Nakreslime zavislost ceny call opcie od exspiracnej
ceny - nerastuca zavislost' z predchadzajuceho prikladu tu nie je
splnena

|
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Ohranicenia na ceny opcii - priklady

32

cena opcie
M Ma M Ma [ %]
Mo I o [ [
| L 1 L | |

[}
[}
1

—
oo

T T T I T I T I T I T I T I T T T T
B 10 12 14 168 18 20 22 24 28 28 30 32
expiracna cena

Malo by platit ¢(S,15,7) > (S, 20, 7), ale tu mame
c(S,15,7) < ¢(S, 20, 7). Preto:

* kupime opciu, ktora stoji menej, ako by mala, v tomto
pripade opciu s exspiraCnou cenou E = 15,

* predame opciu, ktora stoji viac, ako by mala, v tomto
pripade opciu s exspirachou cenou £ = 20 .
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* Profit diagram stratégie:

— T T ]————T—
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
cena akcie v Case expiracie

= je to naozaj arbitraz

|
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Ohranicenia na ceny opcii - priklady

* PRIKLAD 4: Rovnakym postupom ako v pr. 2 dokazeme, ze
cena call opcie musi byt konvexnou funkciou exspiracnej
ceny

Calls For March 17,2017

»~ Sirke

165.00

170.00

175.00

180.00

185.00

180.00

195.00

200.00

Contract Hame

IEM170317C00165000

IBEM1T0317C00170000

IBM170317C00175000

IEM170317C00 1280000

IBM170317C00185000

1BM170317C00150000

IBEM170317C00195000

IBEMATO0317CO0200000

Last Prica

1680

1182

7.40

363

128

0.35

0.12

0.08

cena

5 10 15

0

o)
N
D“x
0‘*—nm—o-=-o
I I I I I I
165 175 185 195
strike
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