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| - Vanilla Options - Definition s and examples

Options are contracts where the holder has a right and the seller a liabil@gll A
option gives its holder the right to buy an asset by a certain date at a certain pige. A
option gives its holder the right to sell an asset by a certain date at a certain price. The price at
which the holder of the option can buy (sell) the asset and at which the seller has to sell (buy)
is called the exercise price or strike. The date athvthie option rights expire is called the
expiration or maturity date. If the holder can only exercise his right at the maturity of the
option contract then the option is of the European type. If, on the contrary, the holder can
exercise his right at anyre before or at maturity, the optiosaf the American type.

The Profit of the buyer of a Call option will increase as the underlying price is higher than the
strike price.

Mathematically theCall option payoff is define as :
0AUT £AB +hn

Example: Payoffor a Call optionwith a strike at 110% of the underlying
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where Spot is the asset price at expiration and K is the exercise price.




Similarly, the payoff of théutoption is defined as
0 Owé "BAd G Y ht

Example: Ryoff for a Putoptionwith a strike at 110% of the underlying

Put Option Payoff
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Above, we didn't use the option's premifonthe Ryoff calculation

A - Calculation of the premium

1- Process followed by the underlying

The underlying follows the following geometric Brownian Motion model:
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Ito's lemma : In its simplest form, Ito's lemma states the following:

Ao AdD?AO AdD? A7
and any twice differentiable scalar function  &(t, x) of two real variables t and X,
one has
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Because the process satisfies the stochastic differential equation, we can apply Ito's Lemma:

A Ezts 1 P, '2/(3 zAC)izﬂsz&
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With the following variable change : 1 13
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We can conclude th#te underlying price follows the process under:
. K
3 3zA@BO < z4 A7

2 - Call Premium

At maturity, the price of a Call option can be defined as
#A11- A@B  +hn
Extension of the formula by adding the probabilities:
#A1 1% 3 +zA@pO>r4
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How to calculate the probability that the underlying is over the Strike at maturity
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To make the formula easier to understand we can simplify the following expression:
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By the same demonstratiore havethe premium of &ut
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3 - Put-Call Parity

In financial mathematic$uti Call paritydefines a rationship between the price of
aEuropeanCall optionandEuropeanPut option, both with the identicatrike priceand
expiry, namely that a portfolio of long@all option and short &®ut option is equivalent to
(and hence has the same value as) a siaghard contractt this strike price and expiry.

Mathematically, wecan assume that the relation between a Call and a Put option is:
Soaooo Y20 Q 0zA@BizYzZOQ Yz(O Q 0zA@Biz'Yzi Q
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B - Greeks

In mathematicsthe Greeks are the quantities representing the sensitivity of the price
of derivatives such as options to a changenderlying parameters on which the value of an
instrument or portfolio of financial instruments is dependent. The name is used because the

most common of these sensitivities are often denoted by Greeks letters.

1 - Delta :

Del ta (@) me hchangefsoptionhvalue withtrespead to changes in the

underlying assetods price. Delta is the first
to the underlying instrumentos price B.
DeltaCall :
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2 - Gamma :

Gamma [ measures the rate of change in the delta with respect to changes in the
underlying price. Gamma is the second derivative of the value function with respect to the
underlying price. All long options have positive gamma and all short options have negative
gamma. Gamma is the greatest approximatelthamoney (ATM) and diminishes the
further out you go either ithemoney (ITM) or owtof-themoney (OTM). Gamma is

important because it corrects for the convexity of value.

When a trader seeks to establish an effective -theltige for a portfolio, the trader may also
seek to neutralize the portfoliods gamma,
over a wider range of underlying price movements. However, inaleiutg the gamma of a

portfolio, alpha (the return in excess of the ffide-rate) is reduced.

GammacCall :
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3 -Vega

Vega measures sensitivity to volatility. Vega is the derivative of the option value with

respect to the volatility of the underlying asset.
Vega is not the name of any Greek letter. However, the glyph used is thel Geeekt e r 3 .

Vega can be an important Greek to monitor for an option trader, especially in volatile
markets, since the value of some option strategies can be particularly sensitive to changes in
volatility. The value of an option straddle, for example, isemely dependent on changes to

volatility.

T o6
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Simplifying the expression hereabove, we can conclude that

‘A - . "E

4 - Theta

Theta — measures the sensitivity of the value of the derivative to the passage of time.

Theta is &most always negative for longalls and Rts and psitive for short (or written)
Calls and Rits.

The value of an option can be analysed into two parts : the intrinsic value and the time value.
The intrinsic value is the amount of money you would gain if you exercised the option

immediately, so &all with strike $50 on a stock with price $60 would aantrinsic value of

$10, whereas the correspondiigtwould have zero intrinsic value. The time value is the

value of having the option of waiting longer before deciding to exercise. Even a deeply out of
the moneyPutwill be worth something, as ther® some chance the stock price will fall

below the strike before the expiry date. However, as time approaches maturity, there is less

chance of this happening, so the time value of an option is decreasing with time. Thus if you

10



are long an option you areattheta: your portfolio will lose value with the passage of time

(all other factors held constant).

;_?Y YeQze Q VZA@Diz'YZQze Q 1zozA@BizYz( Q
T LR =
R R L ERe
- VH

5-Rho

Rho ” measures sensitivity to the interest rate: it is the derivatives of the option
value with respect to the risk free interest rate (for the relevant outstanding term).
Except undeextreme circumstances, the value of an option is less sensitive to changes in the
risk free interest rate than to changes in other parameters. For this reason, rho is the least used

of the firstorder Greeks.

To ... , . ,
o Y:'Qze Q VzZA@Piz"YzQze Q Y20zA@PizYz( Q

"y
Y Qze Q YY0zZA@Diz2°Yz0 Q VZA@DPIz2'YzZQze Q zA@P2"Y2 o

ATy nz€z"Ho'l "Iz} z"E"H

-
' o~ NZEZ7HOTTIZR 27EH

6 - Examples

Here are some examples of Payoffs and Greeks for Call and Put options. Calculations
are made with our own pricer codedMisual Basic
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Option ng

Pricer Option Yanille IStratégias d'option | Pricer Options exotiques | volatilité Implicite: | Lexique |

Grecques de Foption

— Données Calculées en devise de référence

— Données de 'option

. . Jours avant o -
A 1Y Twpe (CallfPut) Spak Skrike (%) ‘olatilice Quantite expiration Change Coijt tokal de |a strabegie I—? o707
adoptée, en t0 ‘ 0,4379
A | ca | 100 | 110 | 025 1 | 385 |1
Ereak even 4 maturité I— PR
MEthode (interpolation linéaire) 17,0707 =i 0,0158
Dividerdes 1} Meéthode de Pricing de la stratégie BaS = Prix calculé I 70707 Theta 5,843
Taux sans tisque, en k0 I 0,025 Uit ut of the Money
Mombre de jours dans l'annee 365 m
Appliquer des valeurs Reinitialiser
Calcul de Volatilité implicite | m
60 - Payoftde |'option 12z Delt oo
50 1 0,016
" 0.5 _/___ 0,014
d 002
30 o / 0,01
20 / 005
" 0.4 005 ~
— ’ -~ e —
0 3 j 002
o e | | ?
- B B S G B Yo D o, Yo, fa, ta Yay U5, Y Dy b D S B o % % tg, Yo % e o B Y %
| e Dlelta £ FOmtion du SoUS-jacent Giamma en fanction du sous-jacent
N Theta Vega Rha
£ 20
4 . NP 2, EA o ——
Y I A 7 . 00 ﬁ—!
® d .
0 &0
3 AN s 7 N, o
\ 7 S &0
-+ = a L
N Pl i r o a0
E o 7 S /
" AN Pl : 7 20
e ] " — N e
ks
& o e % b B e e Ye Ny e Y, o o B b o b e e %ol Y Yn % %
| ‘e Theta e fonction du sous-jacent | =—iega en fonetion du sous-jacent Fiho en fonetion du sous-jacent
Dption ing Xl

Pricer Option Yanille IStratéglEs d'option | Pricer Options exotiques | Volatiité Implicite: | Lexique |

— Données de 'option

Jours avant

— Données Calculées en devise de référence

I 14,3547

Grecques de Foption

Codt total de la stratégie
adoptée, en t0

Break even & maturité
(interpolation linéaire)

I 95,6453

) Nombre de jours dans 'année
Appliquer des valeurs

Reinitialiser |

ANV Type (CalljiPut) Spot Strike (%) Volatilicé Quantité expiration Change
[w [ru | 100 | 110 | 0z 1 ES [ 1
Methode
Bifid e l— Methode de Pricing de |a strategie EdsS h

Taux sans risque, en k0 I 0,025

365

I 14,3547
In the Money

Prix calcule

L'option est

Calcul de Yolatilite implicite |

B Payoftde |'option Delt
k] ay! p o oo
0,016
0,014
0,012
0,01
00
006
004 //
1,002 >
o
» o B S T b B % da  fn Y Ye e Dy
| ‘ =Dl en fometion du sous-jacent r ——(Gamma en fanction du sous-acent
. Theta Vega Rha
5 o
3 T
o dwss»@gzzzzm,,
P — . el S el % Yo % e Y9 b g, vy, £ Sy Oy
\ TS o 7 . /
Y 5 Z N, -0
| b Y . // \\ e
a o | e 50
B o v b % K]
2 AN 2 | v = ||
3 AN o~ H /
- \ / ’ R S—
5 9 % o % ot Yo, fay fy fe, fn, W .
| e Thets e fonction du sous-[acent | g3 en fonetion du sous-jacent e Fiho 1 fomiction du sous-jacent

The data used for thoggamples are:

Underlying price = 100
Strike price = 110
Volatility = 25%

Risk-free rate = 2.5%
Time tomaturity = 365 days

All the graphics show the quantity of a variable according to the underlying price.
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C- Dynamic Delta Hedging

Hedging is the practice of making a portfolio of investments less sensitive to changes

in marketvariables.

Delta neutral describes a portfolio of related financial securities, in which the portfolio value
remains unchanged due to small changes in the value of the underlying security. Such a
portfolio typically contains options and their correspondumglerlying securities such that
positive and negative delta components of f

relatively insensitive to changes in theuabf the underlying security.

A related term, delta hedging is the process of settingeeping the delta of a portfolio as
close to zero as possible. In practice, maintaining a zero delta is very complex because there
are risks associated with-ree dgi ng on | arge movements in th

research indicates portfoliosntto have lower cash flows if-feedged too frequently.

1 - Delta Neutral z How to make profit ?

Delta Neutral Trading is capable of making a profit without taking any directional risk.
This means that a delta neutral trading position can profit wiemnderlying stock stays

stagnant or when the underlying stock rallies or ditches strongly. This is fulfilled in 4 ways:

1. By the bid ask spread of the option. This is a technique only option trading market
makers can execute, which is simply buying & liid price and simultaneously
selling at the ask price, creating a net delta zero transaction and profiting from the
bid/ ask spread with no directional risk

2. By time decay. When a position is delta neutral, ha¥indelta value, it is not
affected by small movements made by the underlying stock, but it is still affected
by time decay as the premium value of the options involved continue to decay.

3. By volatility. By executing a delta neutral position, on can pfodin a change in
volatility with no directional risk when the underlying stock moves insignificantly.
This option trading strategy is extremely useful when implied volatility is expected
to change drastically soon.

4. By creating volatile option trading stegies. Even though delta neutral positions
are not affected by small changes in the underlying stock, it can still profit from
large, significant moves.

13



2 - Dynamic Hedging

Delta value in option trading chaggall the time due toaghma value, moving a delta
neutral trading position slowly out of its delta neutral state and into a directional biased state.
Even though thi®ehaviourallows delta neutral trading positions to profit in all directions, in
a delta neutral position that created in order to take advantage of volatility or time decay
without any directional risk, the delta neutral state needs to be continuously maintained and
Aresettedo. Tdttinggo f ¢ camt i onputoiuosn rter adi ng positic

Dynamic Delta Hedging or simply, Dynamic Hedging.
Mathematically a Delta Neutral portfolio should equals to :
0 €20 &2z0 m
WhereO $ATOOMITGBEIAOEJEIOBIT 1T O
0 S$SAICGOAICBERAACED@BI 1 O

¢ 111 OTPOEJEOBI T O

Below, we have simulated the underlying price via Monte Carlo simutato we

calculatel the Ph of the position (long Call option).

The data used for the simulations are:

Spot price = 100 Risk-free rate= 0.05 Number of simulations 100
Strike price = 90 Time to maturity= 1
Volatility = 0.1 Number of geps = 365

14



Simulations
140 F T |5 |5 |5 |5 |5 T

130~ \ -
120

110

Spot

100

90

80 L r r r r r r r I
0 50 100 150 200 250 300 350 400

Monte Carlomethods are a broad class of computational algorithms that reply on repeated
random sampling to obtain numerical results i.erunning simulations many times (code in

annex 1).

Above, there are 100 simulations of the underlying price in 365 periodswB#ie is the

average price of the 100 simulations.

Underlying price
107 E S C C L L T T

106

105

104

Price

103

102

101

100° -
0 50 100 150 200 250 300 350 400

NSteps
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For the Dynamic Delta Hedging, we need the delta level at each/étepalculated the delta
at each period with the Blackcholes model.

Delta

0.99

0.98

0.97

Delta

0.96

0.95

O. 94 ol r r r r r r r I
0 50 100 150 200 250 300 350 400

NSteps

As said before, theddta level rises up tth because the option is more and more in the money.
Indeed, in our case, the underlyingylebally growing.

The PnL & the hedging position is the following:

PnL

O. S C C C C C S

-0.05

1

0.1 -

PnL

-0.15~ -

_O . 25 L L r r r r r L L
0 50 100 150 200 250 300 350 400

NSteps

The method used for the calculatioitthe hedging portfolio Pnls on annex 2
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Il - Relationsbetween Digital options and Call
Spread

A - Digital options

In finance, ainary optionis a type obptionwhere the payoff is either a fixed amount
of assebr nahing at all. The two main kindf binary options are the casitrnothing binary
option and the asset-nothing binary option. The casir-nothing binary option pays a fixed
amount of cash if the option expirestiremoney while the asseir-nothing pays the value of

the underlying seurity.

If the underlying price is over the strike price, the optiongs@acertain amount of money to

theholderof the option. If the underlying price is under the strike price, there is no gain

Here is the payoff for a 10% cash-nothing binary opbn. When the spot price is over the
strike price (Here 105), the holder earn 10% of the underling.grfeere is alg the payoff of
an assebr-nothing Call optiort

Payoff - Digital Option - Cash or Nothing
20 T T T T T T

Payoff - Digital Option - Asset or Nothing
80 T T T T T

70
151

60~

10 ‘\ 50

| s0f

Payoff
o
Payoff

30

20

101

10 : ; ; : : ; : : ;
10 ; ; : : ; ; ; : :
O sl;?ft 110 120 130 140 150 50 60 70 80 90 100 110 120 130 140 150

Spot

B - How to approach a cash or northing option pavoff ?

We can approach eashor-nothingCall option by using a CalGpread strategy.

The Call spread consist in buyingGall option and selling anoth&all option with an higher

strike. Losses and gains in this strategies are limited. Indeed, if the underlying is under the

lowest strike U , losses are limited tad) 0  &if the underlying is over the highest strike

0 ,gains are limited tob U 8We realise in those two cases that the payoff ofxhlk
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spread is similar to the digital optioHowever, the payoff is different when the spot price is

between) & W8

Payoff - CallSpread
30 3 3 13 3 13 L L T

L
Call Spread 90-100
25 A

20~

15+~ r

Payoff
=
o
T
1

_10 r r r r r r r r r
50 60 70 80 90 100 110 120 130 140 150

Spot

From this, we can approach a cashnothingCall option by buying a Call spread with two
close strikes. But as the strikes are closer, the paydlie Call-spread Strategig lower.

In the graph undergoded in Matlabwe can see fouCall spread sategies with different
strike prices We notice that th€all spread 820 deliver 40 ithe underlying price is over
120while the Call spread 114120 deliverlO if the underlying is over 120

Payoff - CallSpread
50 T T T T T T
CallSpread 80-120
CallSpread 90-120
401 CallSpread 100-120
CallSpread 110-120

30

20 /

Payoff

_10 r r r r r r r r r
50 60 70 80 90 100 110 120 130 140 150
Spot

We can conclude that we have buy four Calspread 114120 to be delivered the same
amount as &all spread 8aL20 in our exampleThe slope between @& ® will be closer

from the slope of the casir-nothing option.
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Themore strikes are close, the more we have to@®all/spreads to have the same amafnt

cash than a cagbr-nothing option.

With a Matlab codewe priced the payoff of 1Call spread 104101, and the payoff of one
binary 10%. We can see that the two payoffs are quasi similar

Payoff - CallSpread Payoff - Digital Option - Cash or Nothing
20 T T T T T T T T T 20 T T T T T T T T T
Call Spread 100-101
151 bt 15- bt
101 10r
5 5
g 5 1 g S 1
o [+%
0 bt 0 bt
5 B 51 B
10 c r c c c c r c c 10 c r r c c c r r r
50 60 70 80 90 100 110 120 130 140 150 50 60 70 80 920 100 110 120 130 140 150
Spot Spot

But in the market conditions, it is quasi impossible to find Gedl options with strikes

separated by only 10 except on the OTC mar ke

To put ourselves in marketonditions, we priced some payoffs@all spread strategies and

binary option with Bloomberg. The underlying is the Eurostoxx 50 (SX5E Index).

The first option we pricedisacasihnoth ng opti on. The strike pric

make the resultsiore significant, we bought 1{@DO contracts.

4 View - Data & Setting IR Co= 0  Option Waluation
! T Matr #Trade -] 10 Ticket™ -

U 'Actions -~ 3 Products - e -) Data & Setting:

Underlying 0510713 |@) 5]

Und, Price .\’ 05/13/13 @ Wehxiz Proﬂt &loss E = 0571072013 Range 2200( - 3200

Results H-xis Price = 05/31/2013 Current Spot 278101

Price (Total) 4552728 Currency ! Yega 104,95 Time value - 2bility 06/21/2013 Underlying SHEE Index

Price (Unit) 0,4553| Delta (%) 6,31 Theta 46,13 Gearing 2,20 .

Price (%) 46,6273 Gamma (%) 0.0494  Rho 6,70 Break-Even (% - e

Payoff type

Call/Put

Direction

Strike 2775.00 T

strike % Moneyls 5’

Contracts 100000.00 ®

Expiry 06,/21/2013 12:00 2

Time to expiry |

Model BS - continugus | A~

ol Custorn Ja 18.577% |

Forward  [Carry 2,760,87 |

EUR Rate Mkt 0.271% 000

Dividend yield 7.001% |

biscounted div flow 2Lty 2 260000 W00 T 2

Borrow cost 0,000% Price

fustralio 61 2 9777 6600 Brozil 9511 3048 4300 Ewape 44 20 7330 7500 Gernany 45 €9 5204 1210 Hong Kong g52 2977 6000 fustralta 61 2 5777 6600 Bruzil SS11 3048 4500 Eurcps 44 20 7230 7500 Gernany 49 69 9204 1210 Hong Kong 652 2577 €000

Jopen 81 3 3201 8900 Singopore 65 6212 1000 1 212 318 2000 Copyright 2013 Bloouberg Finance L.P. Jopan 81 F 3201 8900 Singepore 65 6212 1000 U, 1 212 3g 2000 Copyright 2013 Eloonbery Finonce L.P
SH 174398 CEST GMT+2:00 HI78-5108-0 10-May-2013 17:36:15 SN 174398 CEST GMT+2:00 H178-5106-0 10-Moy-2013 17:38:51
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We tried to approach the payoff of this casinothing option by buyin@all spreads with
different strike prices. As we said above, we realized that we had to buyCalbspreads to
approach this stratggvhen the strikes were closer.

The first strategy was to bujall spread with strikes separated 750 . To approach t
payoff from the digital option we had to ba$2 Call spreads:

3 Products - 4 View  -| Data & Setting! i Feedba Option Waluation
14 Save 5 Matrx 16 Trade [ 17 Ticket

Underlying Euro Stoxx SOPr Trade 05/11713 #]
Und. Price k=2 2,784.56|ELR. Settle 05/13713 @l V-fxis Profit & Loss = 05/10/2013 Range 2200) - 3e00
Results K-bzis Price E = 0573172013 Current Spot 276421
Price (Total) 62,501.56 Currency - Wega -445.07  Time value -Sl.41k| (H = 0672172013 Underlying SXSE Index
Price (Share) 41,1787 | Delta (%) 16.99| Theta 230,81 Gearing -
Price (%) 1.4788| Gamma (%) -0.5041  Rho 7.40  Braak-Fven (% [eregeen | Fsa000
Call/Put Spread = leg2 v
Ticker SGE 6/13 02700 SXEE 6/13 02775 $ Lo 63 | -
Style wanilla | M profit & Loss: 05/21/01s |
call/Put Call
Direction Bu; Sell I
Strike 270000 2775.00 o
Strike % Moneyly Loo§
Contracts 152,00 152.00 =
Expiry 06/21/2013 06:00 5l
Tirme to expiry [0 =
Model BS - continuous
Wol, Custom 18.577% 18.577% F-0000
Forward  Carpy 2,764.00
EUR Rate MMkt : 0.124%
Dividend yield 7.082% [0
Discounted div flow 21.07
Borrow cost 0,000% v 2400.00 2600.00 Price 800,00 3000.00 3200
Australda 61 2 5777 0600 Brazil SSit 3040 4500 Eurcpe 44 20 7330 7500 Gerncny 49 63 5204 1210 Hong Kong 652 2977 6000
TR R P ERE P o BRI R e ST Sl L P PR (950 T e 82 2 S e o s 2 0

SH 174398 CEST GMT+2:00 H178-5106-0 10-May-2013 17:45:34

The second strategywastolOglls pr ead wi th strikes separated
same payoff from the digital option we had to buy ZB spreads:

Option Yaluation

3 Products - 4 View -J Data & Option Waluzton
18 Trade
Undertying SHSE Index 05/10/13 F]
Pisc. Future ¢ 2T8421|ELR (7 Profit & Luss = 5/1072013 Range 2200 - 3200
Results - Price = 0573172013 Current Spot 2764,21
Price (Total) E5,128.78 Currency 5 Yega -266,78  Time valug -50.87k - A [IFITEITE Undertying SESE Index
Price (Share) 26,0041 Delta (%) 11.34| Theta 172,89  Gearing -
Price (%) Gamma (%) -0,2047  Rho 7.07  Break-Even (% - Fao000
Call/Put Spread
Ticker SHEE 6/13 02725 SH5E 6,13 C2775
style Wanilla [
Call/Put Call
Direction BU sell Faoooo
strike 2725.00 2775.00
strike % Monevls f“
Contracts 212,00 212,00 re -
Expiry 06/21/2013 12:00 ;
Time to expiry @
Hodel BS - continuous [
ol Customn J&- 18.577% [ 18.577%
Forward  Carry 2,764,00 ks
EUR Ratz MkE cy 0, 248%
Dividend yield 7.082%
Discounted div flow 21.07 60000
Borrow cost 0.000% e 20 50000 S00n0 2l
fustralia £1 2 8777 8600 Brazil SS11 5048 4500 Eurcps 44 20 P330 7900 Gornany 43 €9 3204 1210 Hong Kong G52 2677 6000 Price
Japan 81 3 3201 8900 Singopore 65 5212 1000 1 21z 318 2000 Copyright 2013 Bloombery Finonce L.P. Australio 61 2 9777 8600 Bruzil 5511 3048 4500 Europe 44 20 7330 7500 Germm’\g 49 £9 9204 1210 Hong Kong 852 2977 6000
SN 174398 CEST GHT+2:00 HI78-5106-0 10-Hoy-2013 17:49:32 Jopon 81 3 3201 2300 Singopore £5 6212 1000 U 1 212 318 2000 Copyright 2013 Eloonbery Finonce L

ht P.
EM 174352 CEST GMT+2:00 HIF2-5106-0 10-May-2013 17:43:49
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Thelaststrategy was to bugall spread with strikes separated 2y

T

payoff from the digital option we had to bd$2 Call spreads:

Lindertying SXSE I
Disc, Future
Results

Price (Total)
Price (Share)
Price (%)
Call/Put Spread
Ticker

52.202.74 Currency

ndex
2, 78421 |EUR

ega
569 Theta

-0.0375  Rho

12.9830] Delta (%)

Gamma (%)

SXEE 6/13 C2750 S¥SE 6/13 (2775

Style wanilla

call/Put call

Direction Bu; sell
Strike 2750.00 2775.00
Strike % Monevls

contracts 425.00 425.00
Expiry 06/21/2013 12:00

Time to expiry

Model BS - continuous

Wl Custorn e+ 18.577% | 16.577%
Forward  Carny 2,764,000

EUR Rate MMkt i 0.248%

Dividend yield 7.082%
Dizcounted div flow 21,07

Eorrow cost 0.000%

Trade
Settle

05710713
05713713

-04.41  Time walue
137.56 Gearing
7.15  EBreak-Bven (%

-54.05k

gustralia 6L 2 9777 0500 Brazil SS1L 3049 4500 Europe ¢4 207330 7800 Eernany 47 93 9204 1210 Hang Kong 952 2077 GOm0
2 2000 Copyright 2013 Bloamberg Finance L.P

Jupan 81 3 3201 8300

Singupore 65 6212 1000 1212 318

SH 174398 CEST GMT+2:00 H178-5106-0 10-Moy-2013 17:52:28

a
Frofit & Loss =
Frice =

250000

000
Price

Singopors 65 6212 1000

C- Delta and Gamma CallSpread/Digital

1 21z 318 2000
SH

O approach

Option Valuatio

05/10/2013 Range 2200| - 3200
05/3172013 Current Spot 2784.21
062172013 Underlying SKSE Index

baaann

$507 5 04d

i

-~
o000 e

Australio 61 Z 9777 8600 Brozil 5511 3043 4500 Europe 44 20 7330 7500 _Germany 49 €3 9204 1210 Hong Kong 852 2977 €000
Jopon 513 3201 8500 .

Copyright 2013 Bloowbery Finence L.P.
174358 CEST GMT+2:00 Hi76-5106-0 10-Huy-2013 17:52:44

We learnt just earlier that we could approach a binary Call Option via-&Qaad
strategy.

Now, we will compare the Deltand the Gamma of those two products.

Delta

1 - Delta

Spot/Delta/TimeLeft - Cash or Nothing Call

150

0.2 = = - : : = . . :
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| | — TimeLeft 50%
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[
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Delta

Spot/Delta/TimeLeft - CallSpread

0.8 T T T T T T T T 5
TimeLeft 100%
0.7+ TimeLeft 75% ||
| TimeLeft 50%
|
| TimeLeft 1%
0.6 ||
[
| {
0.5 [ -
0.4 | B
031 [ J
|
0.2t .
0.1 - N i
// \\'\Zb,
0 = S r L r ——
50 60 70 80 90 100 110 120 130 140 150
Spot

In those graphs, we can see that the delta of those two products have the same form

The delta is the highest when the spot price is really close from the strike price. And more the

spot price igdistant from the strike, more the delta approach 2daveover, the delta is

higher when the maturity approach.
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2 - Gamma

Spot/Gamma/TimeLeft - Cash or Nothing Call Spot/Gamma/TimeLeft - CallSpread

0.06 T T 0.2 T T
— TimeLeft 100% [ TimeLeft 100%
| — TimeLeft 75% 0.15F | TimeLeft 75%
0.04 I — TimeLeft 50% |1 TimeLeft 50%
— TimelLeft 1% 01k TimeLeft 1%
0.02|- 1
0.05
«© ©
£ £
£ 0 — £ 0
© ©
o o
-0.051
0.02~ bl
-0.1F
-0.04 | N
-0.15~
0.06 : e : e : e : : L 0.2 c c c c c r r r r
50 60 70 80 90 100 110 120 130 140 150 50 60 70 80 90 100 110 120 130 140 150
Spot Spot

As the delta, the gamma of those two products are quasi similar. they are switching in

the same timed.he more the maturity approach, the more the gamma is sensitive.

We can also see that the gamma is higher when we buyGatiispreadptions.The Indeed,
we can see it in the next graph:

Spot/Gamma/Maturity - Comparaison CallSpread

003 T T T T T T T T T
1 CallSpread
0.025 2 CallSpread [
4 CallSpread
0.02 o
7 CallSpread
0.015
0.01
o]
1S
£ 0.005
3
O]
of
-0.005
-0.01
-0.015 -
_002 r r r r r r B r r r
50 60 70 80 90 100 110 120 130 140 150

Spot

Annexes 3 and 4: Matlab codes used for those charts.
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lIl - Barrier options

A - Definition

In finance, a barrier option is an exotic derivative option on the underlying asset
whose price breaching the pset barrier level either springs the option into existence or

extinguishes an already existing option.

Will the payoff of standardCall and Putoptions only depends on the price of the underlying

at maturity, barrier options are padlkependent exotic derivatives whose value depends on the
underlying having breached a given level, the barrier during a cgy&iod of time. The

market for barrier options has grown strongly because they are less expensive than standard
options and provide a tool for risk managers to better express their markets views without

paying for outcomes that they may find unlikely.

We can divide barrier options into knetk and knockout options. An European knoak
option is an option whose holder is entitled to receive a standard European option if a given
level is breached before expiration date or a rebate otherwise. An Eufopmedeout option
us a standard European option that ceases to exist if the barrier is touched, giving its holder

the right to receive a rebate. In both cases, the rebate can be zero.

The way in which the barrier is breached is important in the pricifgaofer options and,
therefore, we can define dovamdin, up-andin, downandout, upandout options for both
calls and puts, giving us a total of eight different barrier options. There are more complex

types of barrier options like double barrier opgo

We can appreciate a vanillzall option using barrier options. Indeed, suppose that we have a
portfolio composed of a dowandin Call and a dowrandout Call with identical
characteristic and no rebate. If the barrier is never hit, the -dmaout Call provides us a
standardCall. If the barrier is hit then the dowandout Call expires worthless but the down
andin Call emerges as a standa@all. Either way we end up with a vanill@all so the
following relationship between barrier options and {faroptions must hold when the rebate

is zero.

With barrier options, investors can express more complex views than the simple bullish or

bearish scenario that a vanilZall will permit. Barrier option are generally cheaper for a
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reason : hedge may vanisthen most needed. Often, the sensitivity of barrier options to

market will be very sharp, bigger than that of vanilla options.

In the graph under, evcan see the payoff of an-apdin Barrier Option with Matlab. The
Barrier is fixed at a price of 120. We notice that if the Barrier is hit, the payoff become similar
as vanillaCall option.

Payoff - Barrier option - Up-and-in
80 T T T T T T T T T

70

60 -

50 -

40 -

Payoff

30

20

10

_10 r r r r r r r r r
50 60 70 80 90 100 110 120 130 140 150

Spot

B - Greeks

The risk management of barrier options is very difficult, especially when the

underling is near the barrier and even more when there is very little time left.

Traderscan use dynamic hedge (delta hedging) or static hedges (use other options).

Examples:

An up-andout Call is cheaper than the stand&dll. As the underlying moves up the vanilla
Call will always gain in value but the barrier option will initially gain but then start to decline

as the risk of getting knocked out will increase.

There are two competing effectsincrease in value of the paypfand the decrease in
probability of receiving it. This makes the delta fluctuate and it can switch from positive to

negative.
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1 -Down and In Call

When the price of the underlgnstock is high, the dowandin Call can be worth a
lot less than th&/anilla Call if barrier is far, because it will get knocked in only when the

stock has fallen a lot. Below the barrier, it is the same as v&alla
The value is the greatest when the spot price is close to the barrier.

Just below barrier, delta is tsame as that of vanilldall. Just above barrier, delta is negative
- as stock price increases, the knatkprobability decreases. Big change from positive to
negative delta at barrier means delta hedging is difficult (long to short stock as barrier

crossed). Gamma always positive and very large at barrier.

DOWN AND IN CALL: Value DOWN AND IN CALL: Delta

Barrier =80 .00 Barrer =80 .00
Striko=100,00 Strike= 100,00

DOWN AND IN CALL: Gamma

Barrer =80 .00
Strike= 100,00

60 70 80 90 100 10 120 130 140
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2 - Down and In Put

Since much of the value of a stand&ut is due to downward moves, which would
also @ause the dowsandin Put to be knocked in, both options can have similar value. If strike

is below the barrier, it is worth the same as Varfillh

Just above barrier, delta is far less than that of vaautaThe chance of knoek is reduced

when underlying pricencreasesleading to decline in option value.

Gamma is large and positive near marand infinite at the barrier. TRéegais also positive.

DOWN AND IN PUT: Value DOWN AND IN PUT: Delta

\ Dymec Barrier =80.00
S Strike=100.00
3 monms

DOWN AND IN PUT: Theta
DOWN AND IN PUT: Gamma 0oz
3 Barrier =80.00.
S——S o Strike=100.00
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3 - Down and Out Call

Worth nearly the same as Européaall if barrier is far, because it is knocked out

whenCall has left value left.

Below the barrier delta is zer&€4&ll is worth 0); above the barri€all price goes up fast.

Delta higher than that of vanili@all just above the barrier. Gamma is extremelgdaat the

barrier. Option decreases as volatility increases.

Delta decreases as stock prigereases just slightly higher than barrier.

When the underlying is very far from barrier, the barrier has little effect and value, delta

gamma all are like that dtie vanillaCall.

DOWN AND OUT CALL: Value

— 1 year Barrier =80.00;
Strike=100.00

6 months

DOWN AND OUT CALL: Gamma

0.05
— 1 year
6 months
— 3 months
0.04

Barrier =80.00;
Strike=100.00

002

DOWN AND OUT CALL: Delta

Barrier =80.00,

DOWN AND OUT CALL: Theta

Barrier =80.00;
Strike=100.00

0,015

0025

-0.03
60
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4 - Down and Out Put

The downRandout Putwill get knocked out when the stock has moved down and the
EuropearPutis in the money. Therefore it is priced much cheaper than staRdand strike

is below the barrier it is/orthless.

Just above the barrier, delta is large and positiyice moves slightly higher the probability
of knockout is reducedAt much higher price | evels, the

negative like that of the vanilRut

Gamma is ery large and negative at the barrier. Also sWegaat the barrier.

DOWN AND OUT PUT: Value DOWN AND OUT PUT: Delta

3 Barrier =80.00; yoet Barrior =80.00;
s § rONhS Strike=100.00 s 0 monthe Strike=100.00

DOWN AND OUT PUT: Gamma DOWN AND OUT PUT: Theta

4 Barrier =80.00; d Barrier =80.00;
— G rONhS Strike=100.00 s 0 monthe Strike=100.00

0.02
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5-Up and In Call
If strike isabove the barrier, the tgndin Call is worth the same asVanilla Call.

It is not much cheaper than Vaniltaall because it is knocked in for large moves that

contribute to value of a vanilidall.

As batrrier is approached, it has large gain in value and delta is greater than ofGalhilla

some region even greater th&amma is very large fahe same reason.

UP AND IN CALL: Value UP AND IN CALL: Delta
45 14

Barrier =120.00;
iy Strike=100.00

Lyea Barrier =120
pdicsins Strike=100

06

04

UP AND IN CALL: Theta

Barrier =120.00;
Strike=100.00
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6 - Up and In Put

Up-andin Put is much cheaper than the stand@uodbecause it becomes alive only
when the underlying has moved up and the starfdars worth very little.

At the barrier, the option is equal in value to vanifiai, and after knockn, it declines with
rising stock price just as a vanifaut The maximum valuef the options at the barrier.

Gamma is positive and extremely large at the barrier. Vega is also very large at the barrier.

UP AND IN PUT: Value UP AND IN PUT: Delta

Barrier =120,00 you Barrior =120.00,

s monihe Strike=100,00 s ronihe Strike=100.00
— ) ONthS 0.08 1 s 3 months

o8

0
-~ /-—
002

04

\

UP AND IN PUT: Gamma

Barrier =120 00,
Strike=100.00
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7 - Up and Out Call

The upandout Call is much cheaper than the Vanilla Call, because it is knocked out
precisely when large up moves ocewand these are the moves which will contribute to the
vanillaCalldo s v al ue. |l f strike is aboove the barrie

Much below barrier, delta is positive just like vanilla, but as barrier is approached, delta

becomes negative; after barrier is crossed delta is zero.

Gamma is infinite at barrier but we can only plot the gamma slightly to left and slightly to the
right of barrier. If the price of the underlying is just below the barrier, delta hedging is a killer

because for a small up move gamma goes to zero.
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