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The 
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• Current stock price at t:

• We estimated→ Di (i=1,…, ∞), based on → I0 . 
• We used all available information at period 0 (today).
• When will the price of the stock change?
• When we have changes in I = new information, news on the firm.
• News are by definition random.
• Thus, stock price changes are random.
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LLMs and trading
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Types of Efficiency
• Weak form efficiency

This type of EMH claims that all past prices of a stock are reflected 
in today's stock price. Therefore, technical analysis cannot be used 
to predict and beat the market.

• Semi-strong form efficiency
This form of EMH implies all public information is calculated into a 
stock's current share price. Neither fundamental nor technical 
analysis can be used to achieve superior gains.

• Strong form efficiency
This is the strongest version, which states all information in a 
market, whether public or private, is accounted for in a stock 
price. Not even insider information could give an investor an 
advantage.
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1. Weak Form EMH: Past prices don’t predict future returns
• Daily stock returns are nearly impossible to predict using only 

historical price data.
• Studies (e.g., Lo & MacKinlay, 1988) show that while some short-

term momentum exists, it’s not reliable enough for consistent 
profits after costs.

• S&P 500 daily changes behave like a random walk — no pattern in 
up/down sequences over long periods.
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Random Walk →
50% up
50% down
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Random Walk →
50% up
50% down

NASDAQ 100 →
ETF
Daily
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2. Semi-Strong Form EMH: Public information is instantly
reflected in prices. Example: Earnings Announcements
• When a company beats earnings estimates, its stock jumps within 

minutes.
• A study by Patell & Wolfson (1984) found that 80–90% of the price 

reaction occurs within 5–30 minutes of the announcement.
• By the time you read the headline and try to buy, the move is over.
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3. Strong Form EMH: Even insider information is 
reflected (rarely holds)
Not even insiders can profit (due to legal barriers and leaks).

Example: Pre-Announcement Price Run-Ups
• Before major merger announcements, target company stocks often 

rise days or weeks earlier — suggesting information leaks.
• A study by Meulbroek (1992) using SEC insider trading cases found 

that illegal insiders only earned ~3% abnormal returns — far less 
than expected, and most were caught.



Markets are 
efficient because:
• Thousands of trained 

analysts; MBAs, CFAs, 
Technical PhDs.

• Work for firms like Merrill, 
Morgan, Prudential, which 
have the funds to 
research.

• Have similar access to 
data.

• Thus, news are reflected
in P0 almost 
instantaneously.
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Reaction to news

t t+1 t+2 t+3t-1t-2
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• Reaction to news.



Financial 
Markets

Fixed Income 
Securities
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Types
1. Government bonds
2. Municipal bonds
3. Treasury bills
4. Corporate bonds
5. Certificates of Deposit (CDs)
6. Commercial Paper (CP)
7. Asset Backed Securities (ABS) → Derivatives 
8. Mortgage-Backed Securities (MBS) → Derivatives
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Certificates of Deposit (CDs)
• Issued by banks.
• You deposit money for a fixed 

term (e.g., 6 months, 1 year).
• The bank pays interest, and 

you get your principal back at 
maturity.

• Very low risk, often insured.

Commercial Paper (CP)
• Issued by corporations.
• A form of short-term debt

(usually < 270 days).
• Used to finance working capital

(e.g., payroll, inventory).
• Higher risk than CDs, not 

insured, but often rated by 
agencies.
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Feature Certificate of Deposit (CD) Commercial Paper (CP)

Issuer Bank Corporation

Purpose Savings product Short-term funding

Risk level Very low (often insured) Moderate (depends on issuer)

Investor type Individuals Institutions or accredited investors

Tradability Usually non-tradable Often traded in money markets

Certificates of Deposit vs Commercial paper 



Bond Valuation
Fixed Income Securities
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• Depending on features
• Plethora of types of bonds based on →

o Issuer 
o Maturity
o Risk
o Coupons
o Optionality
o Convertibility
o Exchangeability
o Currency
o Market issued
o Inflation provisions 
o Sustainability 
o Etc.
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Plain vanilla categories:
1. Discount Bonds – Zero Coupon Bonds
2. Coupon Bonds
3. Consols – Perpetuities

Other
1. ABS → Asset Backed Securities
2. MBA →Mortgage-Backed Securities
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1. Discount Bonds
or Zero-Coupon Bonds



1. Discount or Zero – Coupon Bond
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Never change:
• Issuer 
• Face value
• Maturity date

Fluctuate:
• Price
• Yield to maturity
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https://www.fncalculator.com/financialcalculator?type=bondCalculator

• Discount Bond valuation-pricing
• Future cash flows:
o Face Value
o Discount to present → Price of bond

Price = PV = 
𝑭𝑽

(𝟏+𝒊)𝒏

o PV: present value
o FV: face value, future value
o i: yield to maturity, “interest rate”
o n: periods to maturity

https://www.fncalculator.com/financialcalculator?type=bondCalculator

https://www.fncalculator.com/financialcalculator?type=bondCalculator
https://www.fncalculator.com/financialcalculator?type=bondCalculator
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2. Coupon Bonds



2. Coupon 
Bond
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Coupon bond future cash flows:
• Coupons
• Face Value
• Discount to present → Price

Alternatively:
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For the Coupon Bond:

• If Price = FV→ YTM = coupon rate (C/FV)
• If Price < FV → YTM > coupon rate (C/FV)
• If Price > FV→ YTM < coupon rate (C/FV)

• Why? The price adjusts so that the YTM adapts to interest rates.
• Coupon return + capital gains → YTM = interest rates

Terminology:
• Price < FV→ traded at discount
• Price > FV→ traded at premium
• Price = FV→ traded at par
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2. Consols or Perpetual Bonds



3. Consol - Perpetuity
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Perpetual bond – Consol valuation 

• Looks like 2 assets we have seen before
• P = price of bond
• c = coupon payment
• r = interest rate 
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Measures of return in bonds

• Coupon yield → 𝑖𝑐 =
𝐶

𝐹𝑉

• Current yield → 𝑖𝑝 =
𝐶

𝑃

• Yield-on-a-discount-basis → 𝑖𝑑 =
𝐹𝑉−𝑃

𝑃
∗

365
𝐷𝑎𝑦𝑠 𝑡𝑜
𝑀𝑎𝑡𝑢𝑟𝑖𝑡𝑦

for maturity < 1Y

• Yield-to-maturity → solve for YTM

P = 
𝐹𝑉

(1+𝑌𝑇𝑀)𝑛
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Decomposition: Total profit from a bond 
• What are the profits from a bond?

• 𝜋Β = 𝜋C+ 𝜋R+ 𝜋K
• Total profit = coupon profit + 

reinvestment profit + 
capital gains

• Example: FV=100, n=10Y, P=91, C=7, YTM=8.36%
o 𝜋C = 7*10 = 70
o 𝜋K = 100-91 = 9
o 𝜋R = ordinary annuity =FV(8.36%,10,-7) – 70 = 33.16
o Total 70+9+33.16 = 112.17
o This is equivalent to investing 91 today for 10Y with 

i=8.36%
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• Most important feature for all bonds!
• Inverse relationship between Price – YTM

YTM ↑ → Price ↓
YTM ↓ → Price ↑
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• For a coupon bond:

• Transforms into n+1 discount bonds that can be sold 
separately.

Discount
Bond

Maturity 
t=1

Discount
Bond

Maturity 
t=2

Discount
Bond

Maturity 
t=n

Discount
Bond

Maturity 
t=n
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• Bond Strips
• Optionality: Callable – Putable bonds

o European → 1
o Bermudan → > 1
o American → all

• Convertible→ issuer shares
• Exchangeable→ other assets
• Subordinated bonds
• Credit Default Swaps (CDS) – naked CDS

Currency based:
• Yankee Bonds: in USD in US by foreigners
• Kangaroo Bonds: in AUD in Australia by foreigners
• Samurai Bonds: in Yen in Japan by foreigners
• Eurobond: in a currency other than the home currency of the 

country or market in which it is issued
• Dollar Bonds: a USD bond outside of the United States
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1. Credit Default Risk
❑ Ratings
❑ CDS
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2. Inflation Risk – inflation linked bonds

3. Liquidity risk
❑ Ability to convert to cash – sell with minimal loss.

4. Price – Interest Rate Risk
❑ Change in price due to changes in interest rates
❑ There is no price risk if holding period = maturity period.

No price risk – P and FV are known.
❑ Long-term bonds have more price risk than short-term bonds.

Price needs to adjust more to produce the same return for more 
years
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FV=1000
Coupon=100
M1 < M2
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2. Inflation Risk – inflation linked bonds

3. Liquidity risk
❑ Ability to convert to cash – sell with minimal loss.

4. Price – Interest Rate Risk
❑ Change in price due to changes in interest rates
❑ There is no price risk if holding period = maturity period.

No price risk – P and FV are known.
❑ Long-term bonds have more price risk than short-term bonds.

Price needs to adjust more to produce the same return for more 
years

❑ Low coupon rate bonds have more price risk than high coupon 
rate bonds.
Their YTM relies more on capital gains than coupon yield.
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❑ FV1 = FV2 = 1000
❑ C1 = C2 = 10%
❑ M1 = 1 < M2 = 10

❑ FV1 = 1000 < FV2 = 2000
❑ C1 = C2 = 10%
❑ M1 = M2

Interest
Rate

❑ FV1 = FV2 = 1000
❑ C1 = 10% < C2 = 20%
❑ M1 = M2

Coupon 
Rate

FV

Interest
Rate

Price

Coupon 
Rate

FV1

Price

FV2

Coupon 
Rate 1

FV

Price

Interest
Rate

Coupon 
Rate 2

Difference in Maturity Difference in Face Value Difference in Coupon Rate
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5. Reinvestment Rate Risk
• Uncertainty concerning rates at which coupons can be 

reinvested
• Short-term bonds have more reinvestment rate risk than long-

term bonds
• High coupon rate bonds have more reinvestment rate risk than 

low coupon rate bonds
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• Pc = Clean price: quoted price
• Pd = Dirty price: price actually paid 

= Clean price + accrued interest

𝑃𝑑 = 𝐹𝑉 ∙
𝐶

𝑃
∙
𝐷

𝑇
o FV: Face value
o C: Coupon rate
o P: Number of coupon payments made in a year
o D: Number of days since the last coupon payment
o T: Number of days between coupon payments
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Actual bond price
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Clean price Dirty price

• Clean price = Quoted 
percentage of face value

• Dirty price = Clean price + 
interest accrued

• Fluctuates with interest rates 
and bond market conditions

• Changes each day that 
interest accrues

• Usually the quoted price • Represents true market 
value

• Used to compare different 
bonds

• Used to determine total cost 
of a bond

Excel functions: https://thismatter.com/money/bonds/bond-pricing.htm

https://thismatter.com/money/bonds/bond-pricing.htm
https://thismatter.com/money/bonds/bond-pricing.htm
https://thismatter.com/money/bonds/bond-pricing.htm
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Price of Bond Selling at Discount 
vs. Premium over Time



Clean vs. Dirty Prices

• Clean price: quoted price

• Dirty price: price actually paid = quoted price plus accrued interest

• Example: Consider a T-bond with a 4% semiannual yield and a 
clean price of $1,282.50:
– Number of days since last coupon = 61

– Number of days in the coupon period = 184

– Accrued interest = (61/184)(.04*1000) = $13.26

– Dirty price = $1,282.50 + $13.26 = $1,295.76

• So, you would actually pay $ 1,295.76 for the bond

7-81



Basic Functions



Annualized returns

Example 1: Quarterly Returns
• Let’s say we have 5% quarterly returns. Since there are four 

quarters in a year, the annual returns will be:
• Annual returns = (1+0.05)^4 – 1 = 21.55%

Example 2: Monthly Returns
• Let’s say we have 2% monthly returns. Since there are 12 

months in a year, the annual returns will be:
• Annual returns = (1+0.02)^12 – 1 = 26.8%

Conversions
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Standard Deviation of an Asset

Risk
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Return of a Portfolio – i assets

Standard Deviation of a Portfolio – 2 assets

Return
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