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So, we have discussed certain concept related to the options and the futures. We have
seen that the option premium has 2 components; one is your time value and other one is
the intrinsic value. And the intrinsic value is nothing but the difference between the
market value of the underlying asset on that day and as well as the strike price. Today we
will be discussing in this session we will be discussing certain models which are used
pricing this derivatives instruments. We can start with the pricing of the futures or the

forwards, then we can move into the pricing of the options in the upcoming sessions.
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Carry Pricing Model

* Forward or Future Price = Spot price + Carry Costs — Carry
Return

* Carry Cost: Holding costs including interest charges on
borrowings, Insurance cost storage cost etc.

+ Carry Return: Incomes such as dividends on shares etc.

That whenever you talk about the pricing one model always used for pricing of the
features that is basically we call it the carry pricing model. What do you mean by the
carry pricing model? In a very simplistic way, the carry pricing model is nothing but the
spot price plus the carry cost minus the carry return. How much cost we are incurring for
this option or the future contract, what is the spot price today and how much return we

are going to get it from this that is basically the price of the forward or the future. That is



the basic fundamental or theoretical model what we can establish or theoretical logic

what we can establish for pricing of the future.

So, here the carry cost means what, it may be holding cost, it may be interest charges and
borrowings insurance cost. If it is commodity derivatives, then it can be considered as a
storage cost, and all these things. Then we have the carry return. The carry return is
nothing but the income what basically we are expecting from this. It may be dividends, it
may be any kind of cash flow what we can get it from that particular asset or particular
instrument or underlying assets, so that is the way basically the carry pricing model
works. So, this is the theoretical understanding, but how exactly this carry pricing model

works in the practical sense that we have to see in the actual sense how it is worked.

(Refer Slide Time: 02:54)

Pricing of Forward Contracts

* For securities providing no income
* For securities providing a given amount of ipcome
* For securities providing a known yield

So, here we can observe that we have a different type of assets always we get, different
type of instruments underlying instruments we have on what on that basis the future
contracts are design. So, you have the different kind of assets are available in the market
or we are designing this future contracts on the basis of the different type of assets, how

the different assets are defined or different assets are classified.

The different assets are classified. There are some assets they provide no income; in
between you do not generate any income out of this. And there are some assets they
provide certain income which is given a fixed amount of dividend or fixed amount of

return periodically you are getting from that asset.



And another kind of asset where the amount is not fixed or they know that how much
yield they can get, they return percentage is given; percentage of certain kind of value
will be given to you. So, this is the way the particular kinds of assets are classified. Then
whenever you calculate the future price of those assets that future prices price of those
assets depends upon the nature of the particular cash flow what you are getting or the
nature of assets whatever we have, so that is the way the pricing of the future contracts

are made or forward contracts are made.

(Refer Slide Time: 04:34)
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Securities Providing No Income

If the spot price of i{'§
deliverable in(/ years is(%)thgn st
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where rigthe 1-year risk-free rate of interest. 'E Ll 70
Let §=300, I=2]'and r=0.07 so that “
F =300 (1.07)° =34347

For examples, you see the securities which provide no income. If there is a security
which provides no income, then the how the pricing of this particular security can be
made. It is simple let here in the derivatives whenever we take always you remember, we
consider the return is always a risk free rate of return that basically you can keep in

mind.

So, let this spot price is S and the future price is F and the contract is deliverable in T,
then F is equal to a S into 1 plus r to the power T that is why in the normal market we
assume that the future price is more than the spot price, the future price is more than spot
price. So, for example, you are here the T is equal to 2 and r is equal to the risk free rate

of return which let in our case we have taken the 7 percent.

Let the r is equal to your risk-free rate, your risk-free rate is the r, then which is 7

percent that mean 0.07 then S is equal to let 300 T is equal 2 years r is equal to 7 percent



then F is equal to 3 in 300 into 1.07 to the power 2 that will give you 343.46. The future
price will be 343.47. You remember here this asset is not giving you any kind of income
in between directly we are calculating with respect to the period of maturity that is your

2 years.
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Compounding

F=S¢,
This equation relates the forward price and Tfice for any investment asset that provides no
income and has no slorage cost. —_—

Let § = fs. 50, r= 0.07, T = 0.50, F = 50e°700 = R5, 51.78
—_—

IfF = Se Investor may buy the asset by besrowing an amount equal to 8 for a period of T at the
risk free rate, and take a shont h)\mlurn in forward contract. At the time of maturity, the assets will
be delivered for a price of F and amount borrowed will be repaid by paying an amount equal to Se”

ang the deal would result m a net profit of /- S
J < ST Investor would short the assets, mnvest the proceeds for the time period T at an interest

r and long a forward contract. When the contract matures the asset would be [Imgclmeicd for a
kmt}c of F and the short position in the asset would be closed out. This would result m a profit of
o) II.{ . ll'.

But let there is another asset which is giving you ok. Let we will see that ok, here we are
talking about another concept let particular interest rate is compounded. If the interest
rate is compounded, then your F is equal to S e to the power r T. Here we have taken S 1
plus r to the power T. But here if the interest rates are measured with continuous
compounding, then we have to consider your future price is equal to spot price e to the
power r T. And here already I told you that provides more income, no storage cost that is

the assumption whatever we have taken.

Let we have S is equal to 50, r is equal to 7 percent T is equal to let 6 months that means,
0.5 years, then F is equal to 50 e to the power 0.07 into 0.5 that you got it 51.78. But here
two things you can observe, let you find that F is greater than S e to the power r T, then
what will happen? If F is greater than S e to the power r T, then what the investor can do

that means, the future price is more than the spot price.

The investor at the time of maturity, the investor may buy the asset now by borrowing an
amount equal to S for a period of T at the risk free rate of return and take a short position

in the forward contract. Short position in the sense a sold the forward contract, he had



sold the forward contract and bought the underlying asset today let for buying that asset

does not have the money, then what we can do he has borrowed that money.

So, at the time of maturity, what will happen, the asset will be delivered for a price of F.
He has sold it, he got the price. And the amount whatever he has borrowed that will be S
e to the power r T, then obviously, the profit he can earn that is F minus S e to the power
r T. The borrowed amount is S, interest is compounded, then how much money he will

repay he will repay S e to the power r T.

But already he has taken a selling position short position in the of future market that is
why the contract will be matured, he will get back his price on that particular day and he
will get F. And if F is greater than S e to the power r T, then even if he has brought that
money at the rate of interest of which is 7 percent in this case risk free rate of return, then

what he can do he can generate a profit of F minus S e to the power r T.

It can be reverse also. If F is less than S e to the power r T, then what the investor can do,
he would sort the asset. He may sell the asset in which the process for the time period T,
with interest rate r and buy the long period contract. This is basically rate, there is a typo
error this is rate. And when the contract matures, the asset would be purchased for a price
of F and the short position in the asset would be closed out and finally, the property we

can generate that is S e to the power r T minus F.

So, if at any point of time, this particular condition does not hold, F is equal to S e to the
power r T does not hold, then there is a chance of profit generation at the time of
maturity. That means, the investor can create certain profit if the identity between the of
the condition like F is equal to S e to the power r T does not hold that basically we have

to keep in the mind.
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Other types of securities

Investment Asset Provides a Known Income (preference Share):
F=(§-Iet
where [ is the present value of the income received from the assets
Let S=Rs. 50,r=0.07, T=0.50, | = Rs. 5, F = (50-5)e®% 24 = Rs.46.60
Investment Asset Provides a Known Yield:
F=58ery i
where y is the average yield during the life of the contract.

Example: Stocks with paying dividends, Futures or Forwards on Currencies (y=foreign
nisk free rate)

Example: Let 5, = Rs. 50, r=0.07, T=0.50, y = 0.03, F, = (50){007 003050 = g, 51,01

Then we can see that other type of securities. We discussed about a security, we does not
provide any income. Let there is another security which is giving a known income let
you assume preference shares. You know preference shares, which provides the certain
amount of income periodically, certain amount of dividends periodically which is known

to you.

Then how the formula basically looks like here F is equal to S minus I e to the power to
remember we are all now using it in a continuous compounding case in this case. And
what is I, I is nothing but the present value of the income received from the asset for that
particular period. If your S is equal to 50, r is equal to 7 percent, T is equal to 0.5, let you
I is 5 present value of this particular cash flow what you are getting from that particular
security. In that particular period let that is 5, then your F is equal to 46.6, that means,
that has to be deducted.
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Arbitrage

» When />SeT an arbitrageur buys the stocks underlying the
index and sells futures

*When F<S¢"! an arbitrageur buys futures and shorts or
sells the stocks underlying the index

* Index arbitrage involves simultaneous trades in futures and
many different stocks

You remember that in the carry forward module whatever we have seen we have to the
cost underlying asset price has to be deducted the cost what you are in covering that is
the payment what you are making in terms of the dividends, so that is why S minus I e to
the power r T, then you can get the future price of that particular contract. If it is a known
yield, let the investment assets provides a known yield in terms of absolute value, they
are giving certain interest certain kind of rate of return with a certain percentage. Then
here basically let these stocks with paying dividends a pattern percentage, features or
forwards on currencies like foreign risk free rate. If you are taking, then how basically

you can calculate the price of that particular contract.

The same example if your y is equal to 0.03, then basically this formula will be this your
F is equal to S e to the power r minus y T. The r minus y is basically the but the yield or
the if it is a forwards for the currencies and all, this is foreign risk free rate. So, here y is
equal to 0.3 if it is given, then you can find out 50 e to the power 0.07 minus 0.03 into
0.505 is equal to 51.01. So, this is basically happening of a particular asset, where the

asset provides a known yield.

Then we can see that what are those other things related to this. So, now, what we have
seen if F is F should be equal to S e to the power r minus y T, if there is a difference
either F is less than S e to the power r minus y T or F is greater than S e r minus y to the

power y T or F less than does not matter then there is a chance of arbitrators.



Then how the arbitrary then works, then when F greater than S e to the power r minus y
T, then what the arbitrators can do the arbitrators are can buy the stocks and sell the
future and when F is less than S e to the power r minus y T then the arbitrators can buy
the future and sell the stocks underlying the index. This particular arbitrators involves the

simultaneous trades in futures and many different stocks in the market.

(Refer Slide Time: 15:30)

Futures on Consumption Assets
F=5 e(r te)T

where ¢ is the storage cost per unit time as a percent of the
asset value. &

Alternatively: ¥ = (S+C )e'!
where ('is the present value of the storage costs.

So, let us see that how basically it works. So, whenever we are talking about this
arbitrators opportunity, already we have seen that if that identity does not hold good, then
this kind of thing can be possible by taking the different positions in the market. Then if

it is a consumption assets, let it is a commodity.

Then what basically you can do, you can go for let c is the storage per unit, then your F
is equal to S e r plus ¢ T c is the storage cost for the unit or you can find out F is equal to
Fis equal to S plus T S plus X e to the power r T and C is the present value of the storage
cost of the period of time. So, in case of y, we are taking the C which is per unit storage
cost or here C is nothing but the cost what we are incurring for the over a period of time

and we are calculating present value of that.
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Valuing a Forward Contract

Suppose that

Kis delivery price in a forward contract &

Iis forward price that would apply to the contract tod.'ﬁy
The value of a long forward contract, f, is f = (I~ K )e ™"
Similarly, the value of a short forward contractis f = (K-, Je "

@

Then if you going for a value in the period future forward contract, then if the K is the
delivery price and F is the forward price, then value of the long forward contract is let F
minus K e to the power r T minus r T and the value of the short forward contract F is
equal to K minus F 0 e to the power minus r T. And here K is equal to the delivery price,
and F is equal to the forward price that is the way the valuation of the forward contract is
done. It is F minus K e to the power minus r T and 1, if it is a short forward contract, then

it is K minus F e to the power minus r T.
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Factors Affecting Option Prices

* Spot price (S) W
+

» Strike price (K)

K
* Time period (T) T e
* Risk free rate (r) i &
* Volatility of price (o) ; . :

* Dividend or any other income

(D)

e
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Then if you talk about the option prices, there are many factors which affect the option
prices here the future prices are mostly affected by the cash flow and as well as the
delivery price of that particular contract and as well as the time period and the risk free
rate. And here option prices also is driven by the spot price of the contract, the strike
price of the contract, the time period, risk free rate of return, then you have the volatility
of the price that is sigma and another one dividend or any other income what you can get

it from the underlying asset in that particular period of time.

What kind of relationship we can expect between this fundamentals with option prices, a
spot with the spot price increases, that means, the market price increases, then the price
of the call option will increase that already we have seen that optional will be exercised.
And the pay offs will be positive, then the price also of the option will increase. But if it

is a put option, the price will be negative or price will be declining.

So, there is a positive relationship or direct relationship between the call option price
with this spot price of the particular asset or the market price of the particular asset. And
if it is a put option, there is an inverse relationship between these two. But if it is a strike
price, then obviously if the strike price is more, then it has a positive impact on the put
option and it will have a inverse impact on the call option pricing, because for the put
option and the payoff is always decided on the basis of K minus S and in case of call, it
is S minus K. So, keeping that thing in the mind, we have a negative relationship with
call and positive relationship with put which is just reverse relationship what to expect

for the spot price or underlying assets price.

Then we have time to maturity, the time to maturity or time period increases, then
obviously, the price of both type of so and so will increase so that is why we can have a
positive relationship for the both. Then we have risk free rate, this is basically also is
used as a discount rate, so that will have a positive impact on call and negative impact on
the put. And if it is fluctuations or standard deviation, then it will be more the standard
deviation or more the fluctuations of the pricing of this spot pricing, it will have positive
impact on the option pricing, because more the volatility the risk will be more. So,

depending upon that the premium also will be more.

So, dividend is basically we are deducting it from this that is why it is a call option and I

will have a negative relationship. If it is a put option, it will have a positive relationship.



So, these are the expected relationship what we can get it from the different kind of
factors or how the expected relationship can be established between the different
fundamentals or the factors with respect to the pricing of the options. Then you will see

that how basically this particular concept works in the market in the future.

(Refer Slide Time: 21:03)

Upper Bounds for Option Prices

* If an option price is above the upper bound and below the lower
bound, there are profitable opportunities for arbitrageurs.

* Upper Bounds (Call Option): c < S and C< S, if these relationshiE does
not hold then an arbitrageurs can easily make risk less profit by buying
the stock and selling the call option (c=European call option, C=
American call option, 5= price of underlying asset)

* Upper Bound (Put Option): p < K and P £ K, for European option p < Ke'
" If this is not true then risk less profit can be made by writing the
option and investing the proceeds of the sale at the risk-free interest
rate. (p=European put option, P= American put option, k= strike price)

Wi
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So, here you see for the option prices, we have some upper bounds, we have some lower
bounds. How much the option prices can be maximum and how much the option prices
can be the minimum? So, if an option; if an option price is above the upper bound or
below the lower bound and there are profitable opportunities for the arbitrageurs that
always we see. And we will see that how this particular arbitrageur opportunity can be

possible.

Let there is a upper bound for the call option, how much maximum the call option price
maybe, either it is a European option or it is American option that small ¢ represents
European option and capital C presents the American option. For both the cases, the
maximum call option price will be the price of the underlying asset, the price of the
underlying asset. So, either C will be less than the underlying assets price or it can be

equal to the underlying assets price, it cannot be go beyond that.

So, if this relationship does not hold good, then the arbitrageurs can easily make the risk
less profit by buying this stock and selling the call option. For upper bound for the put

option, it can go maximum to the strike price. The put option price either less than or



equal to k for both American and European options, if this is not true or for if it is for it is
not true, then risk less profit can be made by writing the option or by selling the option
and investing the proceeds whatever money you can get it of the sale of the risk free

interest rate. Let us see how that particular concept works.

(Refer Slide Time: 23:17)
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Lower Bounds for Call Option (Non-Dividend paying

Stocks)

Call Option: ¢ 5 -Ke

Example for call Option: k
Let

c=Rs.3 §=Rs. 20

r=1 r=10%

K=Rs.18 D=0

Is there an arbitrage opportunity?
So-Kem=Rs.371

Arhmragiurcan buy the call and short the stock , Cash lnﬂaw 20-3 = 17, Invest for one
year at 10% per annum, Total money = 17e%'=Rs, 18,79

If stock price is greater than 18 he can exercise the option to buy the stock and close the
short position and profit will be : Rs. 18.79=Rs. 18=0.79

If you take this example, let there is a lower bound for call option non-dividend paying
stocks the call option is basically what you have c greater than or equal to S minus K e to
the power r T that is the lower bound. Let example is ¢ is equal to 3 rupees, T is equal to
1 year, K is equal to 18, S is equal to 20, r is equal to 10 percent, no dividend that no

dividend paying stocks we have taken. So, is there any arbitrageur opportunity?

The lower bound is basically c is greater than or equal to S minus K e to the power minus
r T that is the call option case. Then what things they can do the arbitrageur can buy the
call S 0 minus K e to the power r T if you can calculate that has come 3.71. The
arbitrageur can buy the call and short the stock. And the inflow will be your 20 minus 3
that is 17. Then invest for 1 year at 10 percent per annum, then how much you are getting

17 e to the power 0.1 that is 18.78, because your T is equal to 1.

Then if the stock price is greater than 18, K is equal to strike price is 18, if the stock
price is greater than 18, then he can exercise the option to buy the stock and close the
short position and the profit will be 18.79 minus 18 that is 0.79. So, that 0.79 what we

consider that is a risk less profit what we can earn from this.
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Lower Bounds for Put Option (Non-Dividend paying
Stocks)

Put Option: p = Ke 77§

Suppose that
p =Rs1 § =Rs37
T =0.5 r=5%
K =Rs.40 D=0

Is there an arbitrage opportunity?

Ke™~ S =Rs, 2.01, It is more than the put price. The arbitrageurs can borrow Rs. 38
;%r gsg months to buy both put and the stock. He is req:ired to pay 3800503z Rg,

If the stock price is below 40, the arbitrageur exercises the option to sell the stock
for Rs. 40 repays the loan and makes a profit of Rs 40 = Rs. 38.96 = Rs. 1.04

For example, for put options the p is greater than or equal to K e to the power minus r T

minus r T minus S. So, if that is the case, then if you take this example, you can see how
this particular arbitrageur profit is possible p is equal to 1 we have taken suppose S is
equal to 37, T is equal to let us six months - 0.5, r is equal to 5 percent, K is equal 40,

and we have taken D is equal to 0.

You can calculate K to the power minus r T minus S that is 2.01, it is more than the put
price p is equal to 1. Then the what the arbitrageur can do can borrow 38 rupees for 6
months to buy both put and stock yes, 37 plus 1. Then how much he required to pay, he
required to pay 38 e to the power 0.05 into 0.0 into 5 is equal to 38.96. And stock price
below 40, then the arbitrageur are exercise the option to sell the stock for 40 rupees and
repay the loan and makes a profit of 40 minus 38.96 that is 1.04 rupees, so that is the

arbitrageurs profit what they can generate out of this.
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Impact of Dividends on Lower Bounds to Option
Prices

Call Option: ¢> § -D- Ke '

Put Option: p >D + Ke "-S

So, that is why you have our call option case, it should be if it is a dividend paid, then the
conditions should be S minus D minus K e to the power r T for call option. For a put
option it should be D plus K e to the power minus r T minus S that actually you can keep

in the mind.
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Put-Call Parity
ctKe'T=p+S§
Arbitrage Opportunities

Suppose that

¢ =Rs.3 Rs.§ =31

I =025 r=10%

K =Rs.30 D=0

» What are the arbitrage possibilities when p=Rs. 2.25 ?

@

Then we have another condition, there is a put call parity, if you know put price you can

&

find out the call price; if you know the call price, you can find out the put price. So, that

the put called parity condition ¢ plus K e to the power minus r T is equal to p plus S; ¢ is



equal to the call option, K is equal to strike price, p is equal to be put price S is equal to
the spot price. And if that condition does not satisfy, then there is a chance of arbitrage.
And how it is let ¢ is equal to 3, S is equal to 31, T is equal to 0.25, r is equal to 10
percent, K is equal to 30 and D is equal to 0. What are the arbitrage responsibilities when

p is equal to 2.25? Let this is the question.

(Refer Slide Time: 27:52)
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Example

ctKe'=p+§
3+ 30e1'9/0= R5.32.26
P+5=225+31=Rs.33.25

Arbitraﬁe Strateg{y: Buyinﬁ call and shoPting both put_and stock
generating a positive cash flow of: -3 +2.25 +31 = Rs. 30.25

lgrgrs%t 5 fliuzsa'h §i15k02 free interest rate, amount grows to
.25e010-5=Rs .31,

s stock price at expiration of option is greater than 30 the call will
Le exerc?sed and ifﬁ isﬁesst anp?,ﬂr theﬁ the put wi[III eexerciseé‘.’

Net profit =31.02-30 = Rs 1.02

Then if you want to see then what you can find out because this condition has to be

Vi 2
w2

satisfied c plus K e to the power minus r T is equal to p plus S. Then c is equal to 3, K is
equal to 30, e to the power r is equal to 10 percent, T is equal to 0.25, 3 by 12, then you
can get the 32.26. And p plus S is equal to p is equal to 2.25, S is equal to 31; S is equal
to 31 and it is 2.25 and you get 33.25.

So, what is the arbitrageur strategy you can create buy the call short both put and stock,
and how much cash flow you can generate that is minus 3. Buy call means you have paid
3 rupees which is the premium for the call option, then plus 2.25 plus 31, then your class
flow will be 302.. Then invest that 302.5 at a risk rate of return, you get 31.02. And if the
stock price at expiration of option is greater than 30, the call will be exercised; and if it is

less than 30, then the put will be exercise.

Now, either of the cases the net profit will be 31.02 minus 30 is equal to 1.02, so then

that means, what we have seen that if this condition does not satisfy in both the cases, the



arbitrageur opportunity exist. So, that is why we have to always ensure to not to create an

advertiser opportunity in the put call parity conditions should holds.

(Refer Slide Time: 29:35)
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These are the references what you have to follow for the session. And another things you

p'l 1.:!.'“

keep in the mind in the future sessions, we will be discussing about the different models
used for the option pricing like your (Refer Time: 29:52) mode, and the Blackwell’s
model. Then we can move into the discussion on the swap. Then finally, we will discuss
about the discuss about the developments which have happened in the derivatives market

with respect to India.

Thank you.



