Quantitative Analytics tools for
financial decisions

Statistical inference and hypothesis testing

Module 2 Session 1 & 2
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Agenda for today’s Session




Summary

Impact of each factor on Option Price (keeping all other factors fixed)

Factors Call Option
Stock Price 7T 1

Strike Price T

Time to Expiration T

(American Options)

Volatility 7T
Risk-free Interest Rate T

— S > o o«

Dividends T

Put Option
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2 Stage European Call Option
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0.90; r,=8%, Find the value of Call option, using 2 stage Binomial Pricing
model.
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Long on Call Option (Choice of Exercise Price)

Call with low Exercise Price 2 more
expensive, but has higher profit
potential, and breaks even early.

| Terminal Stock Prices /

67 68 69 70 71 72 73 74 75 76 77

Profit/(Loss)
N

Call with high Exercise Price = less
expensive, lower loss, in case of fall

in prices but breaks even later.

—=Buy Call @ 75 for Rs 6.70 —Buy Call @ 70 for Rs 9.50 ——Buy Call @ 80 for Rs 4.55
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Short on Call Option (Choice of Exercise Price)
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Call with higher exercise price has the lower

profit potential, but breaks even later &
lower profits.

\\
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86 -88 90

Profit/(Loss)
o

Call with lower exercise price has the
SOHEEE higher profit potential, early breakeven
but more losses.

-15 -
Limited profits and Unlimited losses
—=Sell Call @ 75 for Rs 6.70 =—=Sell Call @ 70 for Rs 9.50 Sell Call @ 80 for Rs 4.55 *Q:.‘
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Writing a Covered Call

Buy a Stock + Write a Call Option

20 -
15 -
Stoc
10 - Covered Call
2
.1  selcall
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Covered Call -Choice of Exercise price

Profit/(Loss)

20

15

10

Covered Call with higher exercise price is
cheaper, it offers least protection, in case of \
fall in stock prices (losses are more), But if

prices increase, potential profits are more.

~ A

—=Buy & Sell Stock

60 61 62 63 64 65 66 67 68 0 2 4 75 76 77 78 79 81 82 83 84 85 86 87 88 89 90
Terminal Stock Prices

Covered Call with lower exercise price is
expensive, it offers more protection, in case of
fall in stock prices (losses are less), But if prices
increase, potential profits are less. -
Conservative

——Covered Call(at Higher Ex Price)
Covered Call(at Lower Ex Price) —=Covered Call at 76
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Protective Put

Buy a Stock + Buy a Put

Profit/(Loss)

=10 A

-15 4

-20

20 ——

15

10

1= (S;- Sy) + Max(X - S;,0) - p

FS; =X:I1=S;-S,-
IFS;<X:TI=X-S, -p

Terminal Stock Pri¢

ut

es

60 61 62 63 64 65 66 67 68 69 70 71 72 75 76 7%80 81 82 83 84 85 86 87 88 89 9

0

|

Break even: S™;=S, + p

—Buy & Sell Stock —Buy Put Option

—=Protective Put
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Synthetic Options

Using the Put Call Parity, we may create synthetic Options.
*Synthetic Put = ¢ + Xe-1-So (Buy Call, Buy Bond & Sell Short the stock)
But traders simply Buy Call & Short sell the stock.

|
(2) Buy Bond \>

o \S] p S
i |
/
’
0 f
'
e
7
'

Sfon

Profit/(Loss)

do
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Interest lo
on Bond

T T T T T L' 2 T T T T T T 1 T T T T T T
71 72 73 74 75 4-?’7 78 79 80 81 82 83 84 85 86 87 88 89 90
Terminal Stock Prices

"\ (4)Synthetic Put

Csc (M) SyntheticPut
(without Bond)

Stock

Call Option == PBond eSynthetic Put === Synthetic Put (Without Bond)
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Market Example(My strategy)

Nifty = 21500
Weekly Volatility = VIX/sqr(365/7) = 14/ srt(365/7) =1.93%
21500*0.0193 =414

21500-414 = 21086 put sell
21500+414 =21950 sell call



Market Example

Reliance = Expiry date = 28/12/2023

Call=x=2600
call value =11.70

Open interest = 11030
PUT = X =2600

Expiry date = 28/12/2023
So =2521

T =1 month
Put Value= 86.80

11.70 + 2600*exp(0.056/12*1/12) = Put + 2556

PUT price calculated =91.7



Swaps

+» Literal meaning : “to exchange”.

* Swap is a transaction which transforms one stream of future cash flows into another
stream of future cash flows with different features.

*» Does not involve legal swapping of actual debt but an agreement is made to meet
certain cash flows.

+» Basic types:

v' Interest rate Swap

v’ Fixed to Floating Rate or
v’ Floating to Fixed Rate

v Basis Swap



Interest Rate Swaps

Why do these spreads exist in fixed and floating rates????

Why some companies need fixed and some need floating.



Swaps

Company A and B have been offered the following rates per annum on a 20 Mn 5-year loan.

Company A 5% LIBOR +0.1%
Company B 6.4% LIBOR +0.6%
Differential 1.4% 0.5%

A require loan at floating. Company B require at Fixed rate. Commission is 0.1%

According to comparative advance( Swapping) = LIBOR+ 0.6%+5% = LIBOR +5.6

If they would have taken according to their Will = LIBOR +6.4+0.1 = LIBOR +6.5 <%
4
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Interest Rate Swaps

* Fixed rate differential = 1.4%

* Floating rate = 0.5%

e Saving through swap = 0.9%(1.4%-0.5%)

e Commission to swap bank =0.1%

* Net saving through swap = 0.8% ( It needs to be equally distributed between both the parties)
* Asaving=0.4%

* Bsaving=0.4%

* Hence floating rate that A will be willing to pay = LIBOR-0.3% lﬁiM



Swaps

Swap Bank

LIBOR-0.3% 59

59, LIBOR-0.3%

5%

5% Fixed to Fixed rate LIBOR +0.6% to floating

Lender rate Lender
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Statistical Inference

eThe field of statistical inference consists of those methods used to make decisions or draw
conclusions about a population.

eThese methods utilize the information contained in a sample from the population in drawing
conclusions.
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Relationship between a population and sample

Populatior Sample Histogram
I1, population average
0, population standard
deviation  Fpt] \
I X 1

1, Sample average
s, sample standard
deviation

???????????



Some Important terms

Population = all possible values

Sample = a portion of the population

Statistical inference = generalizing from a sample to a
population with calculated degree of certainty

Two forms of statistical inference

* Hypothesis testing

* Estimation
Parameter = a characteristic of population, e.g., population mean pu
Statistic = calculated from data in the sample, e.g., sample mean ( )



Population and sample

Sample

Infer

'

(X
(X
%’
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Null and Alternative Hypotheses

Convert the research question to null and alternative

hypotheses :

* The null hypothesis (H,) is a claim of “no difference
in the population”

* The alternative hypothesis (H,) claims “H, is false”

* Collect data and seek evidence against H,as a way of
bolstering H, (deduction)
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General Procedure of Hypothesis Testing

W N -

o ok

Parameter of interest: From the problem context, identify the parameter of interest.
Null hypothesis, H,: State the null hypothesis, H,,.

Alternative hypothesis, H,: Specify an appropriate alternative hypothesis, H,.

Test statistic: State an appropriate test statistic.

Reject H, if: Define the criteria that will lead to rejection of H,,.

Computations: Compute any necessary sample quantities, substitute these into the
equation for the test statistic, and compute that value.

Conclusions: Decide whether or not H, should be rejected and report that in the
problem context. This could involve computing a P-value or comparing the test sta-
tistic to a set of critical values.



Sampling Distributions of a Mean

X~ N(,U’SEX)

68%

X5

where SE; =

Jn

I
U-SEM M u+SEM

Fig. sdmé&se68%.ai

0
0.0

X
‘0
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Hypothesis Testing

e\We like to think of statistical hypothesis testing as the data
analysis stage of a comparative experiment, in which the
Market Expert is interested, for example, in comparing the
mean of a population to a specified value (e.g. mean pull
strength).

eSuppose we are interested in knowing that price of a stock
is more than 1500.



Hypothesis Testing

Two-sided Alternative Hypothesis

Hy: i = 1500

Ho:p # 1500



Reasoning Behind pz.,

Distribution of all the xs
Independent simple Calculate mean
random samples in each sample
wPABE G i / / \\
70 - A L
3 LT L 1=
{1 ¢ Sample 2 %,=185
n,=64
e
Tee o Sample3_ - //
Ve —Q—>» x;=164 '\
n,=64 7
Population mean ' . i M
p =170 pounds . . —
* * 155 160 165 170 175 180 183 190
Pounds

Sampling distribution of xbar under Hy: p= 170 forn =64 = X - N 170,5



Test of a Hypothesis

eA procedure leading to a decision about a particular
hypothesis

e Hypothesis-testing procedures rely on using the
information in a random sample from the population of
interest.

e |[f this information is consistent with the hypothesis, then
we will conclude that the hypothesis is » if  this
information is inconsistent with the hypothesis, we will
conclude that the hypothesis is



Testing Statistical Hypotheses

Hy: o = 50 cm/s

Hi:w # 50 cm/s
Reject H Fail to Reject H|, Reject H
u =50 cm/s u=50cm/s u= 50 cm/s
51.5 X

48.5

50

???????????



Testing Statistical Hypotheses

Rejecting the null hypothesis H;, when it is true is defined as a type I error.

Failing to reject the null hypothesis when it is false is defined as a type II error.




Testing Statistical Hypotheses

eThe field of statistical inference consists of those methods used to make decisions or draw

conclusions about a population.

eThese methods utilize the information contained in a sample from the population in drawing

conclusions.
Decision H, Is True H, Is False
Fail to reject H, No error Type II error
Reject H, Type I error No error

a = P(type I error) = P(reject Hy when H,) is true)

Sometimes the type | error probability is called the significance
level, or the a-error, or the size of the test

0
d 'e. .{"‘
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Testing Statistical Hypotheses

eThe field of statistical inference consists of those methods used to make decisions or draw
conclusions about a population.

eThese methods utilize the information contained in a sample from the population in drawing
conclusions.

o/2 =0.0287 o/2 =0.0287 -

48.5 u

50 51.5
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The power of a statistical test is the probability of rejecting the null hypothesis H,
when the alternative hypothesis is true.

*The power is computed as 1 - 3, and power can be interpreted as the probability
of correctly rejecting a false null hypothesis. We often compare statistical tests by
comparing their power properties.

e For example, consider the propellant burning rate problem when

we are testing H, : 1 = 50 centimeters per second against /7, : n not equal 50
centimeters per second . Suppose that the true value of the mean is u =52. When
n = 10, we found that 3 = 0.2643, so the power of thistestis1-[3=1-0.2643 =

0.7357 when u =52,



P-value

What is the probability of the
observed test statistic ... when H,
is true?

This corresponds to the AUC in the tail of the
Standard Normal distribution beyond the z__,
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P-value

Distribution of x if Hy were true

e

P-value = 0.0010
(Area under curve, right tail)

¥ (pounds)
Ztat

170 185



P-Value

* Thus, smaller and smaller P-values provide
stronger and stronger evidence against H,

* Small P-value = strong evidence



a-Level

* Let a = probability of erroneously rejecting H,

* Set a threshold (e.g., let a =.10, .05, or
whatever)

* Reject Hywhen P<a

* Retain Hywhen P> a

* Example: Set o =.10. Find P=0.27 = retain H,

* Example: Set o =.01. Find P =.001 = reject H,



One-Sample z Test




Conditions for z test

o0 known (not from data)

e Population approximately Normal or large sample (central
limit theorem)



Statistical Inference

Let X represent Trader Intelligence scores for
stock price forecasting.

Typically, X ~ N(100, 15)

Take SRS of n =9 from trader population

Data = {116, 128, 125, 119, 89, 99, 105, 116,
118}

Calculate: x-bar=112.8

Does sample mean provide strong evidence that
population mean p > 1007 <



Statistical Inference

A.Hypotheses:
H,: 1 =100 versus
H,: u> 100 (one-sided)
H_:pn # 100 (two-sided)
B.Test statistic:



Statistical Inference

A.Test statistic:
o 15
SE, =—="==5
Jn 9
Stat SE)—( 5

=2.56



Areas Under thhe One-Tailed Standard Normal Curve

This tabhle prowvides thhe area bhbetwvweaam
the rmeamn and sorme £ score.

Forexample, when & score = 145
the area= 0_.4255.
z =0 1. 45
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Statistical Inference

A.Test statistic:

_ 5

9

Jno V9
CX—u, 112.8-100

Stat ~— SEX o 5

SE,, =

Z = 2.56

Calculated Value = 2.56, tabulated value = 1.96, reject null
hypothesis



Statistical Inference

P-value: P = Pr(Z > 2.56) = 0.0052

D052

P =.0052 = it is unlikely the sample came from this null distribution = strong evidence
against H,

VISAKHAPATNAM



Two-sided P value

H,: p#100
Considers random deviations “up” and “down” from
1, =tails above and below +z
Thus, two-sided P
=2 x0.0052
=0.0104

stat



Question

Suppose you start up a company that has developed a drug
that is supposed to increase IQ. You know that the standard
deviation of 1Q in the general population is 15. You test
your drug on 36 patients and obtain a mean 1Q of 97.65.
Using an alpha value of 0.05, is this 1Q significantly different
than the population mean of 1007?




Question

97 65 _ 100

25

= —0.94

Level of Significance =0.05, two tailed , 0.05/2 =0.025, Z value = -1., Since calculated value is less
than tab null accepted.
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