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Understanding of system flow

1. Companies raise capital from public

2. Investors trade in the shares of the companies

3. Registrars and Transfer Agents maintain the record of

shareholders of companies

4. The Stock Exchange brings buyers and sellers together

5. Shares are held in dematerialized form in the Central Securities

Depository

6. Investors hold Banking account with Banks

7. Brokers facilitate trading

8. Clearing Organizations clear trades.

• Securities Settlement at Depository; Cash Settlement at Banks

9. Brokers/ Clearing Members facilitate clearing trades in the Clearing

Organization

10. Custodians/Depository Participants facilitate safe keeping and settlement

in the CSD

11. Market Regulator to monitor the orderly functioning of the Market

REGISTRAR & 
TRANSFER AGENT

CENTRAL SECURITIES 
DEPOSITORY

COMPANIES

INVESTORS

STOCK EXCHANGE
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Trade equity and/or debt 
for retail and/or 

institutional accounts. 

Manage retail and 
institutional assets for 

clients for a fee. 

Invest capital for future 
returns. 

Provide corporate 
finance services and 
originate and trade 

equity and debt. 

Require capital and are 
willing to offer securities 

to others in order to 
obtain these funds. 

Investors (Lenders) 

Investment Bank

Issuers (Borrowers)

Asset/Investment Manager

Broker/Dealer 

Secondary Market
(Sales and Trading)

Primary Market
(Investment Banking)

Market Infrastructure
(Execution/Settlement/Safekeeping)

BuySell Market Infrastructure

Provide vehicle for the trading 
of securities by members for 
their own accounts and their 

customers’ accounts. 

Exchange

Holds and safeguards an 
individual, or institution’s 

assets. 

Custodian

Facilitate the validation, delivery 
and settlement of securities 

transactions. 

Clearing Agency

Store physical securities. 

Depository

How they are Integrated



Bilateral Vs Centrally Cleared Markets – Netting concept

– Dealers book trades with each other

– Participants have direct credit exposure 
to each other

– Each dealer books trade with CCP

– Participants have credit exposure to the 
CCP, not to each other

Dealer 1

Dealer 2

Dealer 3Dealer 4

Dealer 5

Dealer 1

Dealer 2

Dealer 3Dealer 4

Dealer 5

CCP

Bilateral Market Centrally Cleared Market



Risk Mitigation

– Margins

– Initial Margin

– Variation Margin

– Maintenance Margins

– Adhoc Margins

– Margins are covered using Collaterals

– Cash

– Specific currencies such as USD, 

GBP, JPY etc

– Securities

– Bank Guarantees

– Collateral Valuation

– Limits, Excess haircuts

– Management of Excess collaterals

– Maintaining ratios as per Regulations

Various types of Risk

– Credit Risk

– Liquidity Risk

– Market Risk

– Operational Risk

– Basel 3

– DoddFrank Act

– CCAR

How Risk is mitigated

Regulations governing Risk Management
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Python for Finance

Technology in Finance

1) Costs for Technology in Finance 

Industry

2) Technology as enabler for new business 

and innovation

3) Technology and talent as barrier to 

entry in the finance industry

4) Increasing speeds, frequencies and data 

volumes

5) The rise of real-time analytics

Python

1) Python syntax close to mathematical 

syntax

2) Every mathematical & algorithmic 

statement can be translated into a 

single line of python code

3) Vectorization using NumPy allows for 

100,000 calculations within a single 

line of code

4) Interactive data analytics 

5) Comprehensive and specified set of 

libraries for scientific stack

T
ran

slated
  to



Agenda
Capital Markets Overview

Python for Finance

Black & Scholes for European Call Options

Monte Carlo simulation for European Call 
Options

VaR using Monte Carlo Simulation

Geometric Brownian Motion

Basics of Volatility and Normal function

Basics of Correlation, Covariance and VaR

Credit Valuation Adjustment (CVA)



Options

• Option is a contract that gives buyer the right, but not the obligation, to buy / sell 

an underlying asset at a specific price on or before certain date

• Suppose the investor feels that he has to purchase share of Accenture at 105$ after 12 

months, which is currently trading at 100$ in the spot market

• However, the investor is confident that the price of Accenture share would move to 

115$ in the next 12 months

• To lock his purchase of Accenture shares at 105$, the Investor wants to enter into a 

call option contract, which has expiration date of 1 year and the expiration / strike 

price as 105$

• As Options are traded on premium, the Investor has to pay the premium to own the 

options contract. The current option premium / value of the option is 9$ in the 

market

• However, how does Investor know whether the option premium is valued to its 

worth of the contract ? 

• Black & Scholes model helps to value the options contact



Understanding Black & Scholes for European option pricing

• One of the most important concepts in modern financial theory
• Developed by Fisher Black, Robert Merton and Myron Scholes
• States – variation of price over time of financial instruments can be used to 

determine the price of European call option
• Model specifies:

• Price of heavily traded assets follows Geometric Brownian motion with 
constant drift & volatility

• When applied to stock option, the model incorporates
• Constant price variation of the stock
• Time value of money
• Options strike price
• Time to options expiry

• This model assumes:
• No dividend is paid during options life
• Options are European and can be exercised on expiration date
• Efficient markets
• No commissions
• Risk free rate and volatility of underlying are known and constant
• Follows a lognormal distribution (returns on the underlying are normally 

distributed)



Black & Scholes method for European Call Option

• Black & Scholes Options pricing formula:

• Whereby St is the price / level of underlying at time t
• 𝜎 is the constant volatility 
• K is the strike price of the option
• T is the maturity date of the option
• r  is constant risk rate

• What would be the options value with St =100; K = 105; T = 1.0; r = 0.05; Sigma = 0.2; 
Ans: 8.021

Option Price – BS 
method
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Monte Carlo Simulation

• Monte Carlo simulation helps to simulate the underlying process to arrive at the 

exact result

• In finance, Monte Carlo method is used to simulate various sources of uncertainty 

that affects the value of instrument / portfolio and then to calculate a representative 

value 

• In valuing an option, the simulation generates several thousand possible price paths 

of the underlying share

• With the associated exercise value of the contract, the values are then averaged and 

discounted back to today, and this result is the value of the option today

• From the graph,

• Current price of underlying value 

is 50 $

• The simulated price path of the underlying

Asset at various time intervals is shown

Sample price path wrto time



Monte Carlo Simulation for European Call Option

• One of the most important algorithms in finance
• Used in Options pricing and Risk Management
• Use built-in python capabilities to implement Monte Carlo Simulation
• Include Time Steps & Paths 

• Divide the time interval between 0 & T, in equi-distant sub intervals     T
• Determine the time T value of the index level ST(i) by applying the pseudo-

random numbers time step by time step to the discretization scheme using the 
following equation, whereby z is a standard normal distributed random 
variable at t:

• Determine the inner value hT of the European call option at T as hT(ST(i)) = 
max(ST(i) – K,0).

• Iterate until i = I.
• Sum up the inner values, average, and discount them back with the riskless short 

rate according to the following equation, which is Monte Carlo estimator for 
European Call Option:

• What would be the options value with So =100; K = 105; T = 1.0; r = 0.05; Sigma = 0.2; 
M=50; dt = T/M; I  = 250000; 

Option Price using MC
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A Case of VaR: Supervisory Regulation

• The key basis of Regulation is to protect Banks from themselves, by setting aside 

money for a rainy day

• How much should they set aside is addressed by regulations like Basel 3

• If the Banks know how much they would loose with a certain confidence, over a 

certain interval of time, they would set aside that money to cover losses

• Things are not so simple, reality is complex, but there is still some hope

• Capital Adequacy is the term used to aside money to cover risks

• Regulators look for Banks to back-test their portfolio and penalize for exceptions

• With VaR banks can cover for Credit Risk, Market Risk and Interest Rate Risk



The Basics: VaR for a single security

• Review of what this means?

• Using historical values we can find the mean 
and standard deviation.

• If our mean is 10%, Probability of getting 10% 
or less return, comes to 50%.

• What is the probability that the return will fall 
to 6%

• We use the function NORMSDIST(Number of 
std deviations that fit) to determine the 
probability

• If we assume we have 10,00,000 in our portfolio 
with the same characteristics (Normal 
Distribution)

• We try to find out what is the maximum loss 
that we will have so that we can prepare for it.

• This has to be bounded by our confidence in 
the amount.

• We are confident that 95% of the time we will 
loose only 32,897



Value At Risk

• VaR has 3 components

• Time period

• Confidence level

• Loss amount

• The maximum loss which could be incurred, over a target horizon (time) within a 

given confidence level

• VaR is the loss level that will not be exceeded with a specified probability

• Single number summarizes the portfolio’s exposure to market risk as well as the 

probability of an adverse move

• Computation of VAR can be used to trim the Risk

• The following parameters needs to be specified for calculating VAR

• Value of portfolio

• Average return for a single time period

• Standard deviation of returns for a single time period

• Desired confidence level



Value At Risk calculations using Monte Carlo simulation

• Monte Carlo simulations corresponds to an algorithm that generates random 

numbers that are used to compute the formula

• Drawing random numbers over a large number of times, will have a good indication 

of what the output of the formula should be

• Computing VAR with Monte Carlo simulation is similar to Historical simulations

• Instead of using the historical data for the price of the asset and assuming that 

this return can reoccur in next time interval, random price are generated

• Determine the time horizon t for analysis and divide it equally into small time 

periods (i.e) dt = t/m

• Draw a random number from the random number generator and update the price of 

the asset at the end of the first increment

• Repeat the above step until reaching the end of the analysis horizon T by walking 

along the M time intervals

• Repeat above 2 steps for I times to generate I different paths for the stock over T

• Rank the I terminal stock price from smallest to largest, read the simulated values 

that corresponds to the desired confidence level and deduce relevant VaR

VaR using Monte Carlo simulation





Output of the executed code



Price comparison and 2D graphs

• The Institutional / Retail investor would be interested to know the relative price 

movements of individual stocks with respect to the other 

• This would help to draw the correlation amongst the invested stocks and also to 

analyze performance of those stocks with respect to Index

• Lets assume the portfolio of the investor have the following industry stocks

• Amazon

• Bank of America

• Accenture

• The investor would be interested to know the stock price movements from 1/1/2010 

till 4/14/2014 

• When a 2D graph is plotted, the following output is provided 

Price Comparison & 2D graph
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Geometric Brownian Motion

• GBM is  continuous time stochastic process

• Random variable follows a Brownian motion 

with a drift

• A stochastic process St is said to follow a 

GBM if it satisfies the following stochastic 

differential equation (SDE):

where is a Wiener process or Brownian 

motion,   and ('the percentage drift') and 

('the percentage volatility') are constants and 

St is the stock price at time t

• The above equation can be discretized by 

an Euler scheme, given below, whereby 𝛥t 

being the fixed discretization and zt and 

being a standard normally distributed 

variable

Generating GBM using MCS





Output of the executed code
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The Basics: Volatility and Normal Function

• Mean is the same of the two portfolios.

• Standard deviation gives us a measure of how 

volatile the asset is.

• Normal Distribution: High probability that 

observation will be close to the mean.

• If the mean and standard deviation are known 

and a random variable (return) follows normal 

distribution we can determine the probability 

that the return will fall in a range.

• The key challenge in using Normal 

Distribution is that in reality tail reaches quite 

fast , when prices fall there is pressure on 

owners to cut losses and sell, which pushes the 

shares further down.Random Variable path of BSM using 
MCS





Output of the executed code
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The Basics: Correlation, Covariance and VaR

• There are asset classes that can be statistically 

co-related

• Correlation coefficient of -0.9 means the two 

companies stocks are negatively correlated

• This would help in strategizing the Risk 

aversion

• If we combine and diversify, the risk of loosing 

can be reduced

• Again taking the 10,00,000 and dividing them 

equally among the two securities we can see 

that if we consider the securities independent, 

i.e. correlation of one, we can expect to lose 

12,500 in the first and 47,200 in the second.

• When diversification is considered we get the 

VaR of 39,100 only.



Financial Product Characteristics

• We can classify financial products based on 

their relationship to the profit and loss that 

they generate.

• Linear: For example Forex forward where the 

P&L is linearly related to movements of the 

underlying. 

• Curvature: There is a curved relationship 

(bonds with convexity).

• Non-linear: Here we run into a kinked or a 

broken line (e.g. options).

• Duration: How a bond price changes when the 

underlying interest rate changes.

• Convexity: Duration is an approximate value 

of the bonds price changes, to get more 

precision we also add Convexity.






