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the stock price on the maturity date, Let k be the exercise price, The call
oted by ¢ The price of a zero coupon bond that matures on the same day
enoted by B The straight line is the payoffs from holding the stock long,
line is the payoffi from shorting (writing) the call option, The dashed line
. This is referred t as a hedge position. Note if the swek price stays below the
then you are clearly beter off, If the stock price tises dramatically, then you

ﬁj{u on all the gain. The region below the dashed line denotes the gain from

Options Instead of Stock

ou have a choice of two investment strategies, The first is to invest $100 fn a
second strategy involves investing $90 in 6 month Tbills and $10 in 6 month
 will want to buy 10/ calls. That is, iff the call is priced at $5, then you are able

¢ pay fs for this strategy are outlined below. Note that hecause we own two calls, the
are two for one, That is for every dollar the stock price is above the exercise price, we
nake two dollars on the call, The diagram shows the payoffs from strategy 2. "The slope of
- call payoff is 2. The T-bill payout s flat. As soon as the stock price goes past the exercise
price, the portfolio value rises rapidly. A comparison of the two investment strategies s
Note that the option substitution strategy does not do as well if the stock price
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. are three main categories of options: %" e :

| ion between American and E“"’Mom
. Buropean options can be exercised only at expirarioy,
- ~atany moment prior to maturity (ﬁ'rpim_dg,_;).f-k [h ¥
pﬁ@&l n;]lylucd. with OTC (over the counter) Opﬂans, h' | : Eﬂl‘l

be exercised on a few specific da

: €5 Prior to expiration. Th
thaps because Bermuda is half way between America and Parsee

are hundreds of different types of options which differ in their payoff SEruCtures
pendence, and payoff trigger and termination conditions, Pricing some of thcs;
present a complex marhemarical problem. Let us briefly discuss the various other

Real options: A real option is a choice that an investor has whe

onom)’ _{i-‘:' in wue production of goods or services,
; option may be something as simple as the Opportunity to expand production, or
to change production inputs. Real options are an increasingly influential tool in

= ~ corporate finance. The liquidity of this kind of exchange-traded oprions is relatively
_Ib\i'ér. '

n investing in the real
rather than in financial contracts),

 Traded options — (Exchange-Traded Options): Traded Options are, Exchange-traded

'dé‘ii@?gfi\};cs._ as the name implies. As for other classes of exchange traded derivarives,
= :he_} have: standardized contracts; quick systematic pricing and are settled through a
- clearing house (ensuring fulfillment).

3 _' Vanilla and exotic options: Generally speaking,

a vanilla option is a ‘simple’ or well
understood option, whereas an exotic option is more complex, or less easily understood

_- ';..';thxbjid_opﬁons). European options and American options on stock and bonds are

ually considered to be “plain vanilla”. Asian options, lookback options, barrier options
‘are often considered to be exoric, especially if the underlying instrument is more
- complex than simple equity or debr.
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price: Option price is the price which the option buyer pays 16 the oos

e is also referred 1o as the option premium.

£ piration date: The date specified in the options contract s known the axpirasion
. - ¥

exercise date, the strike date or the maruriry

; o L Price(K): Also known as the "exercise price,” this is the stared orke ar which
e’

‘e buyer of a call has the right o purchase a specific futures contraer or 1t which (e
::;c' of a put has the right to sell 2 specific futures contract. The ex hanges decude
the strike price at which call and put options are traded. Genenally, 1o umphfy masten,
7 changes ;Pc.:ify the strike price interval for different levels of undertying price,
meaning the difference between one strike price and the nexe wrike price over and
; & "y example, the strike price interval for Bharat Heavy Electricals is Rs10
’rhii means that there would be strike prices available with an interval of Rs10)
Typiﬂ]b" the investor can see oprions on Bharat Heavy Electricals with strike prices

~ of Rs150. Rs. 160, Hs. 170, Rs. 180, Rs. 190 eic.
Following (Table-6.1) arc the strike price intervals specified by exchanges,

Table 6.1:- Strike price intervais for Options
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fiolder dhe cighe y option: An at-the-money (ATM) option is an option that would

& mhﬂdw. if it were exercised immediately. An dprion on the index is

pHon Writer receives i

the option holder must pay to exercise the option, is the same as the
e options are trade. price of the underlying security on which the option is written.

MS IS 1mportant fo;

él&. suppose the current stock price of SBI is Rs.1,000. A call or put
with a strike of Rs.1,000 is at-the-money. A call option with a strike of
s in-the-money (1000 - 800 = 200 > 0). A put option with a strike at

writer (seller) of an option s in-the-money.
1d is in turn obligated

e e of an option: The option premium can be broken down into two
ved. The two components cof.an op g 5 2

inurinsic value and time value. The intrinsic value of a call is the amount

ITM, if ic is ITM. If the call is OTM, its intrinsic value is zero. Putting
vay, the intrinsic value of a call is Max [ 0, (S- K)] which means the
ue of a call is the greater of 0 or (St- K). Similarly, the intrinsic value of a
[0, (K- S)) i.e. the greater value of 0 or (K- S). . S, is the spot price at

the strike price.

e el

"Qﬁjan ‘option: The time value of an option is the difference berween its
emium and its intrinsic value. Both calls and puts have time value. An
1t is OTM or ATM has only time value. Usually, the maximum time value
hen the opﬁon' is ATM. The longer the time to expiration, the greater is an

‘an option that would
immediately. A call [
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Option: Ths Basics L

8.5.1 Intrinsic Value
Imhsic\’zbcofihcopﬁnndn!anhcmﬁsdif&captbniscxatisad.?hucﬁm,om'}'b
m-mxym&ﬁoptbmlnwmﬁstvab:momﬁm&ﬁheﬁmmbcmw
auﬁg&mkmzwmﬁsamuﬁaﬂcp’m&m(mlmw
oz'th:oﬁinnwiﬁmd:mscbbssmmybyna@ghisma?a:r&m zn option c=

NI

acver bave a negative valoe, ie, > (.
The intrinsic vahe of an option is the difference berween its exercise price (%) and the curren!
spot price of the underlying asset (3).
Symbolically, fhe intrinsic value of 2 option is given =5 follows:
| | Extrinsic Vabe of 2 Call Option (C)):  Mex[(5, - X}, O]
i e ] oR i
* : SR : -5
Intrinsic Valne of Put Option (7). [Max (X - §,). 0] 3 2
o=
-5
. The infrinsic value is r=afised only when the option Is exercised. The following tzbie makes
the concept clear:
Lt Spot Price of the underlying 2ssef on exercise date = S_
Exercise or Strike Price = X e
§>X | Io-themoney * Out-of-the-money :
o Inirinsic valee >0 - Intrirsic vales =0
%) @ s Out-of-the money In-the money
3 Intsmsic valoe =0 Intrinsic value >0
g S =X ' T At-the-money At-the-money .
Infrinsic Valee=C- Intrinsic Valoe =

' Graphic Presentation: The intrinsic value of 2 call option 2ad put option can be shown in
the following graphs: s <3

|- . | Lz

L £
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ce (S,)

Iuérinsic Value

call option is positive when underlying asset’s t
‘Similarly, the intrinsic value of a put option
& spot price of the underlying asset. However,
and also works in the owner’s favour.

Option: The Basics a5
g : 8.16
Option value can be determined via a predictive formula such as BiaclcS chule OB BINE >
numerical method such s the Binomial model, These models will be discussed later part of this » M
chapter. 3 Z :
Ti
Example 8.1: Intrinsic value of a call option. - » ,
Spol Price (8,) o T T 0 1@ | 10| 6] 165 [ 167 170] 175 | 180 . » -
Exercise Price (X) 10 | 150 | 0] 10| 1] 150] 150 150 150] 150 | 150 |
Intrinsic Value (C,) 0 0 0 0 0 10 15 17 201 5| X » ..__E
As spot price of the underlying asset increases, the intrinsic value of the option also increases. Opl
» [—
Example 8.2: Intrinsic value of a put option. _ S, - Call
Exercise Price (S,) T 0] 10 [ 10 [ 150 [ 150 ] 10 10] 150] 150} 150 B B , CC:ll'{
Spol Price (X) 1% | 175 | 10| 165 | 160 | 155 | 150 | 145 140 135 1ojias| -
Intrinsic Value (C,) ol o T T e T B L e O [ e 1 » |
As spot price of the underlying asset decreases, the option price (intrinsic valuc) increases. » i
8.5.2 Time Value of an Option Put
When an option trading at more than the intrinsic value, the difference is known as Extrmslc , ‘;‘:‘l
value, or more commonly known as Time Value. 3 Nt
a
Consider the following call options:
B.3

Case (a): Underlying: P Ltd. Stock
Underlying Price: T 150 per share
Type: Call option
Style: American
Exercise Price: T 145 : ; : :
Expiry Date: 315t December -
Let assume the current spot price of this stock is T 160 on 30th September. So this particu
call option is traded at ¥ 15 (i.c, T 160 — ¥ 145). :

On 30th September, we understand that the option has the following values:

(1) Intrinsic value — T150 — ¥ 145 = 5 = :

(i) Actual value on trading = ¥ 160 — X 145 = T15 _
Here the difference between these two value, 1e, T 15 -3 5 =710 is the Time value. ;. ‘_'

Point to Note:

The difference between the value of an option (American) at the particular time on or before
the expiration and its intrinsic value is known as TIME VALUE of an option.

@ Scanned with OKEN Scanner



Option: The Basles 8.17

8.6 OPTIONS POSITIONS -
Options arc two types — calls and puts. Calls give the buyer the right but not the obligation

1o buy an asset at a prespecified price on, or before, a specified date in the futare. Puts give the

buyer the right but not obligation to sell an asset at a prespecified price on, or before, a specified
date in the future. Thus, there are two sides to every option contracts. As there are (wo types of
options, so there are four basic option positions. -~

Intrinsic Time

Price Value Value

128 2 3

125 0 2

120 0 3

ik Option ~Spot Intrinsie Time
g Price- Premium Price Value Value

e 150 B 152 2 2
..;fo Put 160 g 165 Sp 3
e Pt 140 2 155 157 iy,

Call Options:

1

2.

Call options give the holder (buyer) the right (but not the obligation) to buy the underlying
asset at the exercise/strike price any time until the expiry dale.

Call options obligate the writer (seller) to sell the underlying asset at the exercise/strike
price any time until the expiry date.

Thus, the option writer has the exatt opposite position in comparison to the option holder, this
is because they are on opposite sides of the same contract.

Put Options: _

q:

Put options give the holder (buyer) the right (but not the obligation) to sell the underlying

v  Note: Inthe above examples, we find that the intrinsic value plus the time value equals the total premium of the option,

.5.3 Factors Influencing Time Value of an Option -~
~ There are certain faclors which are influencing the time value of an option. These are:

T . 1. The Expected Volatility in the Futures Spot Price of Underlying Instrument
We know that:

T _ Option Time Value = Option Price — Option Intrinsic Value

. Intrinsic Value = (Spot Price — Strike Price) for Call Option

~ Intrinsic Value = (Strike Price — Spot Price) for Call Option

' Thus, spot price of the underlying instr:ment is a determinant of intrinsic value. So, the
expected volatility in the future spot price influences the time value of an option. However,
volatility in the prices of theunderlying instrument can stimulate option demand and enhance
its value.

e ._tv_o Expiration (Remaining Life Span of the Optior}

. o the expiry date of an option. It may be noe. that the more time that remains
th Wv‘oﬁm option, the time value tends to be higher.

ly; 4 dqmﬂ#’onthc time until t.e expiration date and volatility of the

asset at the exercise/strike price any time until the expiry date.

4. Put options obligate the writer (seller) to buy the underlying asset at the Excrcisdslrik:
price any time until the expiry date. e 3

Thus, the writer has the exact opposite in czmparison (o the holder, this is because these are
on opposite sides of the same contracl.

Summary of the Four Basic Options Positions _

Holder Writer
(The buyer of the right) (The seller of the right)
Call Options Right buy (1) Obligation to sell (2)
Put Options Right o sell (3) Obligation to buy (4)
In the language of option derivatives, these four positions are called as; [."ﬁmﬁ"‘{
1. A long position in a call option ‘30‘["( o cal\ of *‘mQ’f\ La?;u ?
il
2. A short position in a call option — L7 f49) vl call oA ; "“"% i
oy : o ph.l’ i:'“ ) r'r‘fyﬂ_ r =4
3. A long position in a put option  — 2 T-"‘ 517*’-’ 7

i , e 7 i
4, A short position in a put option

/L-D‘ A
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At Expiration

LetX = Strika Price, S‘,' Market
Priee of the underlying asscl
*If 8, = X, the opti_m holder
exercises the option. Then Gross
pay-off = S, — X and Nel Profit =
S, = X — Premium.
. LfS,<X the option holder doas
. not mmse the oplion, then Net
Profit = Zcra -_l!rmmm.

e Ir S, < x. the option holder
_ exercises the option. Then Gross
pay-off =X - S, and. Net Profit =
X -8, —Premium.
® If S, > X, the option helder does
- nbtmuemcopﬂm.ﬂtmNm
T ?:qﬁ; = Zero — Premium, >

-us,:*x.n::opmnmmer
exercises the opmm. then Net
,'s,w¢< x. the holder does not
cxercise the option. Then, Net
Profit = Premium.
o If 8, < X the option” holder
exercises the option. Then Net
Loss= (S, - X) + Premium.
o If 5 > X, the holder does nolt
exercise the option. Then, Net
Profit =Premium.

holder pays premium and
- the right to buy the

. In case of call (right to buy) opunn. lhe holder
is favourable (in the money) to him. The wriler
liged to sell fo the option holder in such situation.
st paynp nt a price, called premium (o the option
front but has potcntlal habmtws later.

the holder exercises hls right only when the future outcome
| of a pu “option, being the buyer of the asset, is
the yerof the put option, being the holder of the right,
the option writer. The writer of an option receives cash

r .:;;wun-wv.-

__upum-w-

Lol

‘,1‘

e e )

Now we illustrate the pay-uﬂ' nf the followmg {our posmns. / fd-f'\'lq F“""&’H v

1. pay-off of the call option buyer y
2. pay-off of the call option seller
3. pay-off of the put npuon buyer
4. pay-off of the put upuon seller ')

Besides, pay-off dmgm'ns are a!so drawri to show how option will pay out prior to expiry and
al the time just before expiration. ; y

The pay-off of a call option or put option d:pcmhi on lhe ﬁ)llowmg factors: Ly
(i) Spot price of underlying asset just before the expiration.

e

iy

i~
4§

(i) Exercise price
(i) The option va]ue, i.e,, option premium.
1. Pay-off of a Call Opt}un Buyer (Long Call) at Expiration
Consider the following basics of a call option:
Underlying : Reliance share
Tﬁc of option : Call option S
Style of option : European j ‘
Position : Long (Buyer)
Exercise Price = T 150 per share
N

)J

Option premium = T 5 per share
‘Spot price at expiration say T 130, T 140, T 150, T 160, T 170, % 180 per share.
Now we calculate the pay-off of the call option holder in the following table:

1. Pay-off of
Consider he

Undetlying
Type of of
Style of o
Position:
Exercise
Option
Spot p

Mﬁf?wﬂw { 7 Ol olifen & e T Farlom B NN
Table 8.1: Pa of the Call Option Holder at Expiration f
=l il et e G st
(a) Spot price (S,) l 130 ‘ 140 ‘ 150 \ 155 ‘ 160 \ 10 \ ';\\ ‘))
(b) Exercise price (X) 9 | w] wl wl wl w| w)
(c) Option exercise No No - Yes \ Yes ‘ Yes \ Yj “

(d) Pay-off (8, - X)

1 |

=
(¢) Call premium (paid) - \__sl\ = \\ ‘; s 0|

e

_5\

e

(f) ProfiLoss : (d) + (e) -5
(Net pay-off)
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Fundamentals of Fir ial Derivatives

‘Now we calculate the pay-off of the put option buyer in the following table:
~ Table 8.3: Pay-off of the Put Option Buyer (Long Put) at Expiration

T T T T T 3 T
rice: 150 150 150 150 150 150 150
ice (S,) 120 130 140 150 160 170 180
or No No No No
~10
-10 (.
9
@ A pue oftfon lckwte oy pieedsh

Opticn: The Basics

8.23

Exercise price = T 150 per share

Option premium = T 10 per share
7 150, T 160, T 170, T 180 per share.

NV

Spot price at expiration say: ¥ 120, T 130, T 140, | >
: i ing table: : .
Now we calculate the pay-off of the put option sellerin the following - ’ I 'y
Table 8.4: Pﬂy—éﬂ' of the Put Option Seller (Short Put) at Expiration : _
' R A e A B >
60
() Spot price (S,) 120 0 | 140 160 | .
(b) Exercise price (X) 150 1 | 130 l _
(c) Exercise or Not Yes Yes | Yes —
(d) Pay-off = (a) - (b) 30 | 20 ] =10
(¢) Option premium (received)| +10 | +0 | +10
(f) ‘Net pay-off 20 -10 \
(Profit loss) l

Pay-off Diagram:

25

20

15 Break-even Price

10

Pay-oll (f)

Fig. 8.9: Pay-off of the Put Option Seller
CHAPTER SUMMARY
An option is a special type of contract between two parties where one party grants the other

party the right to buy or sell a specific asset or commodity (or instrument) at a specified price within
a specific time.period. There are only two basic types of options, i.., call option and put option.

[~

A
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. 52 Fundamentals of Financial Dorivatives

- 9.1 AN INTRODUCTION TO OPTION PRICING

o s 4 A ca]]opnnn__gves the holder lhc right to buy an assc(l (say stock) at a fixed (strike) price
g While the put option gives the holder the right to sell at a fixed (strike) price. Let us consider
: ek option. . i

0

I ggtionglpldg_‘pays option premium to the writer of the option. In retum, the
obliged sellth hancs if the option is exercised by the option holder. If the stock
of exercise is less than the exercise price (X), the option holder will not exercise
s the | of the option writer is nil. On the other hand, if the stock price
the exercise price (X), the option holder will exercise the option. The reverse
_ ‘Thus, in option trading ;

ereselice Sl
iR - (Premium) e -

Option ;
| Holder. | Writer

der pays certain price which is otherwise known as option
btain the right to trade, i.c,, to buy or sell.

) components; prices are determined by six factors; and
c indicators (called Greeks),

ctermine the option price.

Opticn Pricing

: Two components
: _ _ (Inm.uslc vali.u.'.) + (Time .\'alue) .

M

Six option Six indicators of
pricing models change in option prices
» Binomial modzl = Della
« Black-Sci.oles model = Gamma
« Black model « Theta

o Finite difference model ~ * Vega

Monte Carlo model * Rho

apital Asset Pricing = Zeta

del (CAPM) :

P

Option Pricing: Basics (Detorminants, Bounds and Put-Call Parity) 0.3

In this chapter, we will discuss the six determinants of option pricing.

9.2 DETERMINANTS OF OPTION PRICE

There are six factors influencing the value of an option. These are:
1. Current price of the underlying security (S) at maturity.

Strike price (X).

Time to maturity (T).

Volatility of the underlying security price (o).

woa wN

Risk-free interest rate (r). x%
6. The expected dividends during the life of the asset (D).

These factors influence the value of an option depending upon the type (call option or put option) |
and style (American or European) of an option. We shall now discuss these determinants. |

9.2.1 Current Price of the Underlying Security (S) at Maturity

We know that pay-off an option is calculated by comparing the current price (S,) of the
underlying asset with its strike price (X). Thus:

Option Call option
Pay-off (5,-X)

Put option
X-5)

In case of increase in the value of underlying asset, the value of call option will increase and
the value of put option will decrease. In case of decrease in the value of underlying asset, the value
of call option will decrease and the value of put option will increase.

Thus, the higher the asset price, the higher is the chance that it will rise above the exercise
price and therefore, the higher the premium for call option. On the other hand, the higher the asset
price, tie lower is the chance that it will fall below the strike price and therefore, the premium for
a put option would be lower,

Example:

Call Option Put Option

Current Stock  Strike Price Pay-ofl Strike Price  Current stock Pay-off
(S) (X) (§,-X) (69] Price (S, (X-8)
150 150 0 175 150 2
155 150 5 175 155 2
160 =150 105 175 160 15
165 150 15 175 165 10 |
i 150 2 175 170 s e
175 150 P 175 175 0 2

|

|

|
s

& Scanned with OKEN Scanner



~ Fundamentals of Financlal Dorivatives

¥ e

e following Figures 9.2 and 9.3 (o show the
on the price of the current price of the

Pul Option

150 155 160 165 170 175
Current Stock Price (SP)

. 9.3: Put Option Price and Curient
- Price of the Underlying

lower pay-off for a call option

mes valuable and a put .

DL SR

Optlon Pricing: Basics (Dotarminants, Bounds and Put-Call Parity)

Example:
Call Option Put Option
Current Stock  Strike Price Pay-off Current Stock  Current Price

Price nt Price at

Maturity Maturity
(5) X) (S, - X) () X)
180 155 25 150 155
180 160 A 150 160
180 165 15 150 105
180 1M 10 150 170
180 175 s | 150 175

The strike price of an option contract is just like an insured value of the underlying asset.

In case of call option, the lower the strike price, {he higher would be the pay-off. Thi; means
the value of the call will be higher and ultimately the option premium will be higher, Logically, if
the strike price of an option contract is lower, then the asset price will casily exceed this level.
Accordingly, the option seller (writer) will demand for higher premium because the probability of
exercising the option by the option holder is very less. The situation is the reverse for a put oplion.

From the above, it 1s v&y clear that there is a negalive correlation between strike price and
option value in case of call option and positive correlation between call option and positive correlation
between strike price and option value in case of put option.

The following diagram depicts the above fealures,

A - Put Option
Call Option
30 - -
254
E 24
154
104+
i
0 _i ﬁl_ 1 L L 1 N (| 1 1 1
L 1 1 T 1] Cd ™ HT L 1 1 L]
155 160 165 170 175 155 160 165 170 175
Strike Price, X Strike Price, X

Fig. 9.4: Strike Price and
Call Option Value

Fig. 9.5: Strike Price and
Put Option Value
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9.6 Fundamantals of Financial Dorivatives

Option Pricing: Basics (Determinants, Bounds and Put-Call Parity) 97

Remark: Keeping all other factor constant, call option is less valuable as the strike

price increases and vice versa. Similarly, put option is more valuable as the strike price increases Consider the following example:
and vice versa.

Exercise Price Risk-free Interest Time to Expiration Present Value of
9.2.3 Time to Mnturity (T) Rate Exercise Price
5 S X 240
Time to maturity is one of the important factor which influences the option value, Generally, 240 10% 1 year 1o = 21818
the longer the time taken for maturity, the higher is the option value. Because, the longer the life 240
of an option, the greater the chances of price fluctuations and vice versa. 240 11% 1 year 110 = 21622
. E AR . 240
Option value is the aggregate of its intrinsic value and time value. As an option’s expiration 240 12% 1 year T2 " 242
date approaches, its time value diminishes and ultimately becomes zero. =
Remark: Longer the time to expiralion, higher is the value of call as well as put. From the above example, it is very clear that if the interest rate rises, the present value declines.
. 2 5 This situation will be favo-rable to the call holder (the partly who pays) and unf:.woumbllc to the put
9.2.4 Volatility of the Underlying Security (o) holder (the party who receives). Thus, the call option price increases as the nsk-frec interest rate

increases and vice versa. Similarly, the put option price declines as the nisk-free interest rate increases.
See the following figures:

. Volatility (i.e, price variability) of the underlying asset influences the value of an option.
- The fluctuation in the price of an asset brings risk to the investors (the option holders). Options
- areused to manage such risk, For example, the call option protects the option holder against upward }

PANEER mvmentofihe price and a put option protects against downward movement of price. But the degree 1
~ of vanability (i.c., volatility) in the prices of the underlying assumes risk contents in the dealings, 12
This volatility is measured by Standard Deviation (o). Both call options and put options become more o 10
valuable when volatility of the underlying asset increase. E :
Remark: Higher the volatility, higher is the option value (Premium). .g 6.
[S)
9.2.5 Risk-free Interest Rate (r) 5 4.
2.

The risk interest rate affects the price of an option indirectly.

3 . 1alat . . ; : D : 1 [ = | 1 t\ (] L 1 4 4 L 1 i
There are two-fold effect of risk-free interest on option contract. These are = R T v g = I e
Cause Effects Risk-free Rate (r) Risk-free Rate (1)

- : - 3 AT Fig 9.6: Effect of Changes in Risk-free Fig. 9.7: Effect of Changes in Risk-free
z . . . { underlyings (stock) will rise, 2 4 : 5

- ':““““ ’:; ‘:ew’;‘m;’t ERERMAL SCP0amY. (513 TﬂT:: ;?;zn': s Lﬁuﬁé cash) 5%/ reccived Interest on Call Option Price « Interest on Put Option Price

3 by the holder of the option decreases.

¥ e 9.2.6 Dividends Expected During the Life of the Asset (D)
i i ice i at the time of contract. The holder pays AL L
. :n::: ;fl::(ag ;mmp:::;f:rﬁls;ﬁﬂ;cafafzﬁm e ortion. The most common popular type of call option is the option on stocks.

! Sometimes, stocks can be sold just before the declaration of dividend, i.¢., dividend has become
due to the sharcholder but has not been received by him. In such circumstances, if the market price
includes the accrued dividend, then the price will be higher to the extent of such dividend. In this
e present value of the exercise price (future value) depends on the interest rate (r) and the case, the buyer will receive such dividend as and when the dividend will be paid by the company.

expiration of the option (T). Thus, when the stock price includes dividend, the price is called cum-dividend price.

Similarly, in case of a put option, the option holder receives the exercise price at a future date
he exercises his option.

~ R - ~ Contrary to this, if the market price of stock does not include such dividend, then the buyer

.t pays only the normal market price and ultimately the seiler receives the accrued dividend as it is
due to him. Thus, when the stock price does rot irclude the amount of dividend, then such price
is called ex-dividend price. 2 '

[T

i S S i
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Fundamontals of Finanicial Derivatives

¢ Upper Limit

r limit of an American put option can be expressed as:
L Max (0, X - §) < PoSSX }

n: Lil Amu'Icau put option, we may now combine the lower Timit and
ton and summarise the bounds as follows:

LMax (O, Xe" ~5) < P, < X |

¥

‘ﬁ’m“l Whﬁor,lship-belwccn the price of a put option and a
instrument with identical strike price and expiry.

all parity relationship, the assumption is that the options are
Thus, the put-call parity is a concept related to European’

arbitrage. i
ose relationship among the price of a call, price of a put

- o -

ption pricing concept that requires the values of call and

9.17

- Option Pricing: Basics (Dotorminants, Bounds and Put-Call Parity)

Price of
underlying

Price of a
Call option

Price of Pul
option (P)

Fig. 9.9: Pnt-call Parity ~ A Relationship

As a matter of fact, there is a close relationship among the prices of put opti0f1=. l:i;i:ﬁll::;
and their underlyings. A change in the price of the undct‘ly‘mg stock affgcls the_ price o n
and put options that are written on the stock. Put-Call panty defines this relationship.

It states that the premium (price) of a call option implies a certain fair price for the corresponding
put option having the same strike price and expiration date, and the vice versa.

o

Prevent Arbitrage A

Arbitrage opportunities would'prevail if there is a divergence between the value of calls and 5
puts. Arbitrageurs would come into make profitable, riskless trades until the put-call parity is restored.

BAERInkEAAn

Mo Arbilrage Arbitrage \

Here P = Price of the put option, C = Price of the call option.
The put-call parity implies that if the price of a put option, price of a call option and price

of the underlying stock are in the equilibrium, there is no opportunity for arbitrage. This relationship

is strictly for European style options. :
Put-Call Parity Formula
To understand _lhc put-call parity rclationship, let's consider the following two portfolios:

Portfolio A: It consists of a European call option and cash. The cash component is equal
to the number of shares covered by the call option multiplied by the call’s strike price.

L
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The Binomial Option Pricing Modal 10.3

Next option prices at each step of the tree are calculated working back from expiration to present.
The option prices at cach stcp are used to derive the option prices at next step of (he tree. For
calculating the option prices, this BOPM uzes “Risk Neutral Valuation” method.
OWn

e

Fig. 10.2: Couceptual Framework of Binomial Tree

- Example 1. The current market price of a stock is ¥ 160. It is expected that the price may
cither move up by 10% cr move down by 5% by the end of the month.

Here S, = 160 up factor (u) = 10%, down factor (d) = 5%.
Now we represent the above facts in. the following binomial tree.

i

b
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inoimial Option frioing Maodal _ S

ay = Present vilue of lis futife ga/ !

¢
i

ir of value an option tod
1 Discounted valiue of erpeclen ey

yalue of future pay-off =
d value is compuled at risk-free intercst.

d value is calculated using the option values from the Jater 140 7
: by their respective probabilities. It i3 already exp)
underlying is denoted by “P" and probability of i
.cted value is then discounted at (1), the risk-free rate o

2

values by using backward
of an option at a particular
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n, lhe hiﬁomlal value at nodes (where each

olio wuhoul hold:ng an opum
the same pay~oﬂ" al maturity.

| Stock Price =175;
2 E Ca]lYaludﬂls

SiockPma-lZG
(s Call Value=0

T Fw\dlrnlph!sothanciamoﬂﬂliws'

~ The Binomlal Option Pricing Modol 1013

Consider a Portfolio: A Shares of siock + T B invested in risk-free securities.
So, the present value of this portfolio = A S+B=140A+B
Now, we draw the Binomial tree for portfolio value:

=0

r
+B|1+—
/ 175 A B(I ‘2)
140 A+B
\ T
\126&+B[‘1+1—2-)

Fig. 10.11: Binomial Tree of Portfolio
Determining the Value of A and B

We have the following figures

Portfoliy of Pay-off = Option Pay-off
1754 »B[l.+ 1—’2] = 15 Up state B (W)
T 175A+ B(Hﬁ] = 0 Down state ()

Solving these equation; we get
175A — 1264 =15 -0

o LB
= 494 =15 or A = 75 = 0306
Taking = 1754 + B(H-l%) =15
= 175A x 0.306 + B(Hﬁ) =15
= 53.55 + B(Hﬁ) =15

or B(H {5] =15 — 53.55 = - 38.55

. -3855 '
= Il = :3_32 e
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~ Fundamentals of Financlal Derlvatives

A

ptions and —1 to 0 for put options,

r of Option Delta

1047

The Binomial Option Pricing Model

words, the trader only involves investing in cash for the following two forms:

: v/
If the call option holder holds -’3; of the share, then he will have the same exposure. In other dJL

» Option price, i.e., T 8.56

1

. '13' of underlying stock, i.e., =L 100 = 33.33 f‘l
Thus, the intial investment for a call option should be 3333 — 8.56 = 24.77. This amount will r“—li
be borrowed.
Here the option holder has the following composite position at present.

'% share @ 100 option with T 8.56. (one call) - d"l

This composite position is known as Replicating portfolio.

The cail option holder has to repay the borrowed fund of ¥ 24.77. Hence, the repayment amount

: T

i /3

will be =24.77 e® = 2477 = 1.0513 = 26.04 '
131‘ 125 -26.04 = ‘Lsﬂ é—'

The value of replicating portfolio is shown as follows:

L 100—-24.77 = B.56

%
"3'1 80—26.04=0 \

Fig. 10.15: Valuation of Option by Replicating Portfolio Strafegy

What is Dynamic Portfolio?

S

When the Stock Price go on changing in subsequent sub-periods, we have to continuous
adjustment in the replacing portfolio. This process is known as dynamic delta hedging or dynamic
portiolio.

10.6 DYNAMIC APPROACH TO BOPM - STRATEGIC

ILLUSTRATIONS

Illustration 1 3
Draw binomial trees from the following date and show the stock prices: :
Parameter European : o

Call option Put option e .
Stock price 100 100 3 j

Strike price 120 80 .

Maturity ' 1 year 1 year ",

s
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_ Fundamentals of Financial Dorivatives

Two 5 Two
L A 1.40
| 0.80 0.80

value taking risk neutral probability

induction process:

L = 12 Months

(196-120) = 76

r

The Binemial Option Pricing Modal 10.49

(b) Computation of European put option value by backward induction process:

e

1 1, = 6 Months L, = 12 Months

o --==m 7 Max(0,80-196))=0 |
”' D
(7.914%0.52) % E e

+ (0% 0.48)) : 1 Max(0.80-100)=0 |
x09512=3.92 e
M [(16%0.52) it
~ . | +Ox048))
A 09512=7914 [T~

i ~{ Max[0,80-64)}= 16 |

Value of call option = ¥ 3.92

Fig. 10.18: Binomial Tree for European Put Opticn Values

n}x{trat‘:ion 3

From the following data, calculate: (a) Expected stock price, (b) Value of an option, (¢) Option
Delta.

(1) Type of option: European
(ii) Stock price at the intial point of option = T 240
(i) Option pericd (Time): one year

(iv) Stock pricc movement in the next year.

— go up by 25% i
— go down by 20%

(v) Exercise price = 2 260

(vi) Risk-free interest rate = 5% p.a.

(vii) Risk neutral probability of up move is 0.60 and down move is 0.40,

Solution:

Binomial Tree of Stock Frices

I e
L

(240 x 1.25)

AT -
[ 240 | s, s pae)
1-P=< o I e P/ 0
(240 = 080)
At=1 At=1

Fig. 10.19: Binomial Tree for Stock Prices
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cent (given).
lme the total probability is 1, then

w the binomial tree and calculated the:

ﬁmwe;l\leto find this risk neutral probability-

=
{

i 6 o s )

< v

The Binomial Option Pricing Model :
———-__Sfep 2: Computation of option values at the preceeding node A by backward, induction
process:
= Option Value
v /W B
] Option Value
& 4

Fig. 10.21: Binomial Tree for Stock Prices

5 B
Expected value of option = 40 x 9 +0 x 9 =222
Now to calculate the option value 2t A node A, i.e., at the initial po-int of time. We have to
find out the present value of 22.22 by discounting at this risk-frec rate 5% p.2.

222 e"=22 22 %"

Il

Thus, the present value of the European call oplion

Il

2222 = 9512 = 21.14 (Appm;.)

Binomial tree representation:

Option Value
Option Value ?"'SB_ e B
TR
Al 22 14 ]“‘

-
-
-

Lspsas Option Value
L T

Fig. 10.21: Computation of Call Option Value

5

v

l ;

(c) Call Option Delta

Change in option price

Cs

= Changein stock price

ciec; $
= Su_sd
Eead0=0. 40 -

3000-192 ~ 108 03704

|
4
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~ Fundamentals of Financial Derivatives

Option Value
---[Bx]p

917 x 0.6 +0 x 0.4 = 595
cof option node C=5.95 e =595 x 09917

- node A:

53,53 x 0.6 + 5.90 x 0.4 = 3212 + 2.36

A = 3448 c* = 34.48 x 0.0017

(R i

e

10.25

The Binomial Option Pricing Model

Advantages : s
1. It is more accurate pricing model for American style option. _
e because with the binomial model it is possible
at every step of the binomial tree).
ces as well as option prices.

2. It facilitate the possibility of early a:e'rci_ :
{o check at every point in an options life (e,

3. This model uses simple mathematical calculations for stock pri

4. Itis casy to calculate the option price with a computer spreadsheet.

Limitations _
1. Itisrelatively slow speed. It is very difficult to calculate thousands of option prices quickly
for a multi-step binominal model.

2. It is much more complex than the Black-Scholes model.

CHAPTER SUMMARY

The Binomial Option Pricing Model (BOPM) was developed by Cox, Ross and Rubi nstein in
1979. This a very versatile numerical method for valuing American and European Options.

This model is a "discrete-time” model. Total time of the option is divided into a number of sub-
periods. It is assumed that during a time period the stock price can move in only two ways, i€,
an up move by a multiplicative factor u or a down move by a multiplicative factor d. For this reason
the model is known as Binomial Model.

Under this method, first we have to draw a binomial tree which obeys the binomial generating
process. Then we proceed in the following three steps:

Find calculation of
option value at origin
Caleulation of option - > .Value
value at each node Al g b >
Gentrabontof 'ﬂ
Price Tree E ‘f' Sopil
Step 1

For computing the stock prices as well as option prices at various nodes of a Binomial Tree
we have to depend on the following parameters:

1. The volatility of stock prices measured by Standard Deviation (o)
2. The risk-free interest rate (r) continuously compounded
3. The number of sub-periods or bits.

b
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S S o /% /) /)

containing certain
-Scholes formula for

Ny empirical tests
dnowladge the

plack-Scholes Option Pricing Model (BSOPM) 113

11.2 ASSUMPTIONS OF THE BLACK-SCHOLES OPTION
PRICING MODEL

1

wn £ tad

2%

Points to Note:
The BSOPM uses the European exercise terms.

Thus, the assumptions are shown in figure 11.1. -

No Dividends
The B-S model assumes that the stock pays no dividend during the option’s life.

No transaction cost or taxes.

Shares are infinitely divisible, i.e., all stocks are perfectly divisible.

Prices are lognormally distributed.

No brokerage or commission to buy or sell options. |
Interest rates remain constant and Known.

Borrowing and lending at the same risk-free rate of interest.

Market operates continuously, i.e., stock trading is continuous. This assumption suggests
that the participants cannot consistently predict the direction of the market or an individual
stock. The continuous stock trading follows the Markov Process.

No Dividends

No transaction

Markets are cost and taxes

efTicient

i d :
I:::;:nn%;:s Assumplions Shares are
& of BSOPM perfecily
are same : divisible

Returns are
lognormally
distributed

Constant
Interest rate

No commission

Hon ML&’ wedel — el ) uy e S5 shoac e

Fig. 11.1: Eight Assumptions of BSOPM

\ o ool Sl

TTrme Valve
= e B3 6{-

@ ovos dn
@ Scanned with OKEN Scanner
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PTION PRICING FORMULA

by 'lh!._!'-:ﬁ)“nwing formula:

r

115
Black-Scholes Option Pricing Model (BSOPM)

f
Then the price of the put option is: - l :
[P =XemNed)- sN-d) |

»
w
.’
L f
11.4 USE OF STATISTICS AND MATHEMATICS FORB-S OP’I‘IQN ( N
N

R

PRICING FORMULA J—IL

Black-Scholes Option Pricing Model is used 10 calculate a theoretical call price using the six I
determinants of an option's price.

The original formula for calculating a European call option (non-dividend) is: (A
1

\T= S N(d,) - Xe™N(d,)

i ".\
: >
1
Where (é—l—
> &

S

)
»
»
b
Current Stock Price L

X Exercise Price |
T Risk-free interest 7 =,
T =

Time to expiration expressed as proportion of a year

-
But we have to calculate the values of N(d ), N(d,) and e for inserting in the above formula.

olff

d, =d,-o|T

N(d,) = Cumalative normal probability value of (d,) which will be identified from the Normal
Distribution Table

Nd) =

Cumulative normal probability value of (d,) which will be identified from the Normal
Distribution Table

: The symbol |_ stands for natural logarithm.

So, for correct computation of all elements in the B-S formula, the basic requirements are:
1. Natural Logarithm (1)

2. Power of e, ie, e

3. Volatility — historical and implied (o)
4. Lognormal Distribution

5. Cumulative normal probability value
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2 ' 'Furldlrnanhls ol Flnaﬂc*al Derivatives Black-Scholes Option Pricing Model (BSOPM) 11.11

mupd_ ‘lhat.-thn propoﬂional changes in Solution: /C/ i
ey N :

hs,itllindlrectly implies that the (a) N() = N(1.04) = 0,557 }\j}(
b = —_ = =

(b) N(d) = N(-1.04) = 0.4443 ST 0_;,5?ﬁ

(c) N(d) = N(1.97) = 0.9999 6145
% (d) N() =N - (1.97) = 0.0244 U/,%
(e) N(d) = N(-0.1082)

From the table of "Area under the Normal Distribution Curve" (for negative values), we first
identify the following two values:

N(-0.10) = 0.4602
W N(-0.11) = 0.4562

Then by interpolation, we can.calculate the value of N(-0.1082) = N(-0.10) - 0.82
{N(-0.10)} - [N(-0.11}}

= 0.4602 — 0.82 = (0.4602 - 0.4562)

= 0.4602 — 0.0033 = 0.4569 (Ans)

(/IN(d) = N(-0.2377)

From the table of "Area under the Normal Distribution Curve" (for negative values), we first
identify the following two values: |

N(-0.2300) = 0.4090 |
X (N — 0.2400) = 0.4052 ' ‘

Then by interpolation, we can calculate the value of (N — 0.2377) = N(-0.2300) — 0.
Example 7.
(a) If N(d) = 0.9987, find d.
(b) If N(d) = 0.9772 find d.
() If'N() = 0.8483 find d.
Solution:
gl}'en that N(d) = 0.9987

he arca -under the normal distribution curve (foi +ve values), we find that the value

ik,

e

q
L

G Scanned with OKEN Scanner



1143 '
Black-Scholes Option Pricing Model (BSOPM M

f 1
Step 1. Computation of values of d, and d, . 1 f ‘2

| B
l,(luorsn)+(o.10+0.030:0.030:‘1)V-°<'35 _ T

i 030%40.25 4 8
v ]

1,0 25)+(0.10+ 0.045)x0.25
0.30x0.50 Q——‘L

: il o
0223144003625 _ 025939 _ 17293 Q,J
0.15 0.15 _

4, - oJT
1.7293 — 0.30 0.25
= 17293 —0.15 = 15793 ~

Step 2. Calculation of the cumulative normal probability values of d 9y These values

can be identified from the Cumulative Normal Distribution Table.
N@) = NOT93) =0essl N OF 229%) o
g ﬁ(dx . N{1.5793} = (0.9429 > ’:' (_]..")j,.) x D-G)SLN %}‘73

i

Il gption value b) using BSOPM fo.rmula as stated ab

S X N() - Xe" x N(&)
0 x 09581 — 80 x 09753 * 0.9429
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Bugk.schohsOpﬁunPﬁcing Model (BSOPM) 11.15

= 0.03625 / 0.15 = 02417 —
d = d -—a T =02417-030x 030025
02417 — 0.15 = 0.0917 ~

Step 2. Calculation of the cumulative normal probability v
can be identified from the Cumulative Normal D

N(d,) = N(02417) = 0.5955
N(d,) = N(0.0917) = 0.5365
 Step 3. Calculation of call value,
C. N@) - Xe"N(d) s
100 = 0.5955 — 100 e‘“I‘ e x (.5365
59.55 — 100 = 0.9753 x 0.5365
159,55 — 5232 =723 ~

of the values of N(-d) and N~)

on table, we can obtain the areas under the Normal distri
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Black-Scholes Option Pricing Model (BSOPM)

1 11.29
3
APPENDIX
Table A 11.1: Cumulative Normal Distribution
5% Standard Normal Distribution Arca under the Curve at d
,"“.-‘“.ﬁ“u
03 P 2o
" . LY
02 <] N

-
Rl T e

lII!'IIIIIIIIIlllIlllilll'lilllIlIlII‘

-3 ) 2O A B ke | 2052210 05 1 15 2 25 3

Area Under the Normal Distribution Curve (for Negative Values)

3 d 0.00 0.01 0.02 0.03 0.04 0':{15 0.06| 0.07 0.08 0.09
"~ oo | 05000 | 04960 | 0.4920 | 0asso | 0.4840 | 04801 | 04761 | 04721 | 04GR1 | 0464l
0.1 04802 | 04562 | 04522 | 0.4483 {LM___4§ 04404 | 04364 | 04325 04286 | 0.4247
=021 04207 | 04168 | 04129 | 0.4090 04052 | 04013 | 03974 | 03936 03897 | 03839
0.3 USS?.[ 03783 | 03745 | 03707 03669 | 03632| 035% 03557 | 03520 | 0.3483
0.4 | 03446 | 0.3409 0.3372_ 03336 | 03300 | 03264 03228 | 03192 | 03156 03121
—0.5 03085 | 03050 | 03015 02981 | 02946 | 02912 02877 | 02843 | 02810 02776
—-0.6- 0.2743 02709 | 02676 | 02643 02611 | 02578 | 02546| 025 14 | 02483 | 02451
-—0.7  : 02420 | 02389 02358 | 02327 | 0229 02266 | 02236| 02206 02177 | 02143
0.8 02119 | 02090 02061 | 02033 | 02005 01977 | 01949 | 0.1922 | 0.18%4 0.1867
0.9 0.1841 01814 | 0.1738 01762 | 01736 | 0.1711 01685 | 01660 | 0.1635 | 0.1611
10 | o1se7| o1se2 | 01539 | 01sis | 01492 | 01469 01446 | 01423 | 0140 | 013
o | oaasy | oasas | 0ase | o122 | 0a2m | 0a2st ) 012301 0210 01190 | 01170
| o | ousi| o 0.1112 | 01053 | 01075 | 01056 | 01038} 01020 01003 | 00985
| 15 | o098 | 009st | 00934 00018 | 0001 | oosss| 0086o | 00853 | 00838 | 00823
o | oosos | 00793 | 00778 | 00764 | 00749 | 00735 | 007 00708 | 00694 | 00661
00668 | “0.0655 | 00643 | 00630 | 00618 00606 | 00594| 00582 | 00571 | 00559
o0ssa | 00557 | 00526 | 00516 | 00505 | 00485 | 00485 | 00475 | 0043 0455

| ooue | oous | 00er | ooss | ooy | oodr ] 00392 | 003 00375 | 00367
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00322 | 00314 | 00307 | 00301 | 00204
00256 | 00250 | 00244 | 00239 | 00233
00202 | 00197 00192 | ootss | oorss| |
| 00158 | 00154 | 00150 | 00146 | 00143 :
5| 00122 | 00119 | 00116 | 00113 | 00110
00091 | 00089 | 00087 | 000S4|
0071 | 00069 | 00068 | 00066 | 00064|
054 | 00052 | 00051 | 00049 | 00048
0 00039 | 00038 | 00037 | 0.0036
00030 __;quzq (00028 | 00027 | 00026
r“bﬁ% 00021 | 00021 | 00020 | 00019
16 | 00015 | 00015 | 00014 | 000i4
11 | 00011 | 00011 | 00010 | 00010

- " Ty
= ot

plack-Scholes Option Pricing Model (BSOPM)
bl

11.31
o5 | oms7| 079 07324 | 07357 | 07389 | 07422 | 07454 07486 | 07517 | 07599
07 | o7ss0 | 07611 | 07642 0767 | o704 | 07m4 | 07764 | 07794 | 07823 | 07852
os | 87881 | oyi0 | 07939 | 07967 | 07995 | 08023 08051 | 08078 | 08106 | 08133
E; o150 | 08186 | 08212 | 08238 | 08264 | 08289 | 08315 | 08340 08365 | 08389

[

10| 08413 | 08438 08461 | 08485 | 08508 @ 0.8554 )o_sm 0859 | 03621
VEh 0863 | 08665 | 08686 | 08708 | 08729 [*08749 ™tg770 | 08790 | 08810 | 08830
12 | oss49 | osseo | 08sss | 08907 | 08925 | .08 08962 | 08980 | 08997 | 09015
q_‘}‘ 00032 | 09049 09066 | 09082 09099 | 09115 | 09131 09147 | 09162 | 09177
14 00192 | 09207 09222 | 09236 0.9251 09265 | 09279 09292 | 05306 | 09319
15 | 0o | 05345 09357 | 09370 | 09382 | 09304 | 09406 | 09418 | 09429 | 09I
16 | ogs2| 09463 | 09474 | 09484 | 09495 00505 | 09515 09525 | 0953s-| 09545
3. | oosse | ossed | 09573 09582 | 09591 | 09599 09608 | 09616 09625 | 09633
.5 | oogal | 09649 | 09656 | 09664 | 09571 | 0678 09686 | 09693 | 09699 | 09706
19 | oom3| osng | 0957 | 09732 ) 09738 09744 | 09750 | 09756 | 09761 | 09767
20 | 09772 | 0971 | 09783 | 09788 09793 | 09798 | 09803 | 09808 | 09812 | 09817
21 | oosa | ossa6 | 09830 | 09834 | 09838 | 09842 09846 | 09850 | 09854 | 09857
22 | 09861 | 09ses | 09868 09871 | ogs7s | ose7s | 09881 | 09884 | 09887 } 0950
23 | 09893 | 09896 | 09898 | 09901 | 05904 09506 | 09909 | 09911 | 09913 | 09916
24 09918 | 09920 | 09922 | 09925 | 09927 09929 | 09931 | 09932 | 09934 | 09936
2s | 09938 | 09940 | .09941 | 09943 | 09545 09946 | 09948 | 09949 | 09951 | 09952
26 | 0953 | oooss | 09956 | 09957 | 09959} 09960 09961 | 09962 | 09963 | 09964
27 05965 | 03965 09967 | 0.9968 09969 | 09970 | 05971 09972 | 09973 | 05974
28 09974 | 09975 05976 | 0.9977 09977 | 09978 099791 09979 | 09980 09981
59 | o9o8l | 09982 | 09982 | 09983 | 09984 | 09984 09985 | 09985 | 09936 | 0.9986
30 | 09987 | 09987 | 09987 | 09988 | 09989 | 0.99%9 09989 | 09989 | 09990 | 09990

Table A 11.2: Natural Logarithum. Base (e)

The Natural Logarithm Table (Equal to or Less than 1.0)

!

Ll ~ logn n logn nl log n n log n
60517 026 a0 | ost|  oema | o7 027443
02| 027 80933 | os2|  oes2 | om 026236

028 -127296 0.53 -0.63488 | 078 ~0.24846 |

9| -8 | 0s 079 23572

0 022314

(o]
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Table A 11.3: Power of e (Continued)
The Powers of e for Different Positive and Negative Values (Continued)
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12.1INTRODUCTION

The o;?ticm price for European call non-dividend paying stock is estimated by the following
formula derived from Black-Scholes Option Pricing Model:

C = SN(d,) - Xe*™ N(d,)

Where,
4 = WX +@+a’/AT e
5 an
: oJT
_ LX) +(r-c*/2)T
d, -——;F——a =d -oJT
N In the above formula, we have used five paramelers (delerminants or variables) namely

== current market price of the Stock (S), Strike Price (X), Volatility (). Time to expirati
Risk-free rate of interest (r). s y (9), Time to expiration (T), and

\‘_Je may formulate functional relationship between option price and its determinants in the
following expression:

C=/f(X0T,r),and
PE=R (S 2G 0; - F.ir)

Where,
C = Call Option Price
P = Put Option Price
;' S = Current Market Price of Stock
§ l X = Strike Price
B 6 = Volatility |
d = Time to expiry

r = Risk-free interest rate per annum

During the period of option contract, these variables are likely to change. When there is a change
in one variable, the value of the option will react to change. In the previous chapter, we have discussed
the direction (increase/decrease) of change in the option price due to increase in one variable assuming

~ the other four variables remain as such. The result of such directional change in the option price
- is reproduced below:

\

Hedging Strategies with Options 123

Variable (Determinant) Notation Directional Change
Increase Decrease
[Current Stock Price S Increase Decrease
Strike Price X Decrease Increase
Time to Expiration T Increase Increase
Volatility of Stock Price o Increase Increase
Risk-free interest rate r Increase Decrease

se profit or minimise risk of loss.

The objective of trading with option derivative is to maximi |
and corporations are very much

In derivative market, the portfolio managers, individual investors,
inclined to forecast the following two aspects:
(i) The dircction of change in the option price due to the influence of change in the value
of one determinant.
(i) The degree or magnitude of change in the option price due to the influence of change
in the value of one determinant.

The direction and magnitude of change in the Option Price due to the influence of change in
the values of determinants (except the Exercise Price) may be favourable (in-the-moncy) or
unfavourable (out-of-the-money). When the option trader \:-_iH likely to be out-of-the-money, then
he will be at risk. To protect from such adverse situation, he must learn, practice, use and trade
with certain risk - management tools. There are various types of risks associated with options such
as risk of stock price moving up and down, implied volatility moving up and down, the risk-free
interest moving up and down or how much money is made or lost as time passes.

Through mathematical formulas, certain numbers are generated to estimate these risks.
Collectively, these numbers are known as "Greeks", because these numbers are represented by Greek
letters like A (Delta), 0 (Theta), y (Gamma), v (Vega) and p (Rho) ete. The Greeks describe how
the option price changes when the parameters change. A brief concept on Option Greeks is depicted
below:

Practice
and Use

With Option Greeks
] ST

TRADING

HEDGING

Fig. 12.1: Option Greek, Trading and Hedging
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e sset Price x Delta,

: e value of an option with respect to

?

- Hedging Strategies with Options

125

The delta of an option reflects the increase or decrease in the price of an option in response
to 1 point movement (up or down) of the underlying asset price.

Example 1: 100 long calls has a value of ¥ 3 per call. The stock price is ¥ 52 per share with
delta 0.45. Estimate the call option price if the stock price moves up to ¥ 53 or moves down to T 51.

Solution:
Stock Price (S) Call Delta (A) |  Call Price (C)
25 045 3
53 045 345
51 045 255

Example 2: 100 long puts on a share has a value of ¥ 3 per put. The sloci( price is ¥ 52 per
share with delta (-)0. 45 Esnmate the put opllorl price if lhe stcck price moves up to T 53 or moves

down to T 51.
Solution:
Stock Price (S) Put Delta (A) ~ Put Price (P)
52 045 3 ]
53 -0.45 3-045=255
51 -0.45 3+045=355

Example 3: The change in underlying's price is ¥ 20 and call delta is (+)0.24. Estimate the
change in option price.

Solution: Change in Option Price = Change in Asset Price x Option Delta

=20'!0.24=?480

Example 4: The decrease in the underlying assets pm:e is X 10:and put delta is —0.057. Estimate
the increase in the put price.

Solution: Change in the Option Price = Change in the Underlying Asset = Option Delta
= 10 x 0.057 = 0.57 (increase)

12.2.1 Moneyness and Behaviour of Option Delta

An option trader should know the relationship between the value of option delta and moneyness
of an option. In brief, relationship is summarised as follows:

A Ca!f Option Put Option
Value of Delta Moneyness Position Value of Delta Moneyness Position
1% Deep in-the-money = Deep in-the-moncy
[ 05" 8 At-the-money 05 At-the-Money
A0 Qut-of-the-money A- 0 Out-of-the-money
- | (Approaches to Zero) (Approaches to Zero)
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