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Learning Objectives
.

Under stand what an option is and hc
terms of risk and pricing

Have a glimpse of the option market
Understand the put-call parity

Have a overall idea of how the Black-Scholes argument works,
particularly, the roles of the no-arbitrage principle, Delta-hedging and
replication

Understand the significance of the terms in the Black-Scholes PDE
and formula

Be aware of the shortcomings of the Black-Scholes model due to its
assumptions and the phenomenon of the volatility smile



Section 1.
Options Basics



What are options?
-

Options are financial derivatives
AFundamental 06 deri vatives: forw

Uses
i Risk Management
i Speculation/Investment

Most basic (vanilla): European call/put option
A little less basic but still vanilla: American call/put option

Other (exotic) options: American, Bermudan, barrier, digital,
basket, etc.



Option parameters
c--

Call or put?
Strike price
Maturity
Underlying asset

Buyer, seller



Call option payoff
-

Payoff to option holder
Payoff ($)

> Terminal
stock price (%)

Cash settlement



Call option P&L
-

Profit for option holder
Profit ($)

> Terminal
stock price (%)

Option {
premium - 5T




Options: Textbook definition
c--

A call option gives the holder the right to buy an asset
on a certain date (maturity) for a certain price (strike
price)

A put option gives the holder the right to sell an asset
on a certain date (maturity) for a certain price (strike
price)

What the link between this definition and the prior
one?



Example scenario: call option
-

Investor buys a European call option on 100 eBay
shares at strike price of $100 per share and which
expires in 4 months

On maturity, if eBay stock price is $105, he would
exercise the option to purchase the 100 eBay shares
at $100 per share; if he were to sell off the shares
iImmediately, he would make a profit of $5 per share

On maturity, if eBay stock price is $95, option is
allowed to lapse (not exercised)



Ways of thinking about call options
c ]

|l t0s a contract that entit
excess over the strike of the stock price at maturity

i Options can actually be cash-settled: the option holder
receives the profit in cash rather than the underlying stock

i Payoff = Max(S+-K,0)

| t0s a protection agal nst
stock

|l t6s a cheaper way of 1 nve
possessing the view that the stock price will rise



Put option payoff
-

Payoff to option holder
Profit ($)

> Terminal
stock price (%)

Cash settlement



Put option P&L
-

Profit for option holder
Profit ($)

opton L | g Terminal
premium -2 stock price ($)




Example scenario: put option
-

Investor buys a European put option on 100 eBay
shares at strike price of $100 per share and which
expires in 4 months

On maturity, if eBay stock price is $95, he would
exercise the option to sell the 100 eBay shares at
$100 per share; if he were to buy back the shares
iImmediately, he would make a profit of $5 per share

On maturity, if eBay stock price is $105, option is
allowed to lapse



Ways of thinking about put options

|l t0s a contract that entit
excess of the strike over the stock price at maturity

i Options can actually be cash-settled: the option holder
receives the profit in cash rather than the underlying stock

i Payoff = Max(K-S+,0)

| t0s a protection agal nst
stock

|l t0s a tool to specul ate t
will fall



Buyer vs seller
-

The party who buys the option and therefore owns the
right is said to be in a long position in the option

The party who sells (or writes) the option and therefore
becomes obligated is said to be in a short position in
the option

The payoffs at maturity for the long/short positions in
European call/put options may be mathematically
expressed as:

i Long position in a call option: max(S+-K,0)

i Short position in a call option: min(K-S+,0)

i Long position in a put option: max(K-S+,0)

i Short position in a put option: min(S+-K,0)



Underlying asset
-

Stocks _ Where does it trade?
Currencies i Exchanges

Indices i OTC
i Equity

i Volatility

Futures

Options

Interest rates

Swaps



European vs American

| t 0s al | got to do with wh
European: only on the stipulated maturity date

American: anytime on or before the stipulated maturity
(early exercise feature)

Which is worth more? European option or American
option?

American Nobel Laureate in Economics Paul
Samuelson (also the person who proposed the use of
GBM to model stock prices) coined the terms



Section 2:
The Options Market
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oard Options Exchange

CBOE History

1973

s CHOE is founded as first .S, options exchange and trading begins on standardized, listed options.
e April 26, the first day of trading, sees 911 contracts traded on 16 underlying stocks.

1975

s Computerized price reporting was introduced.
e The Options Clearing Corporation was formed.
» The Black-Scholes modelwas adopted for pricing options.

1977

» Trading in put options hegins.

» SEC places a moratarium on options expansion pending an in-depth review of the rapidly groming derivative securities
rmarket.

2001

» CHOE launches CBOEdirect®, the exchange's screen-based trading systern that is initially used for extended hours trading.

= Securities industry completes transfer from fractional pricing to pricing in decimals - narrowing spreads and reducing costs
forinvestors.

» [nterim intermarket linkage amaong the options exchanges begins.
s CHOE develops the WXN Wolatility Index (WXN), based on the Rasdag-100 Index and a camplement to the VI volatility index.
2002

s CHOE continues expansion of electronic trading systems.

CHOE begins development of a Hybrid Trading System that will marry the strengths of open outery trading with the efficiencies
of screen-hased trading.

= The CBOE S&P 500 BuyWiite Index 1’B}b(l'ullﬂ]-L is introduced as the first major benchmark for options performance in 3 study
by a Duke University professar,

2003

= CBHOE debuts CBOE Hybrid, the Hyhrid Trading System.
s CHOE and the other options exchanges successfully complete their Intermarket Linkage Program.
s CHOE celebrates the 20th anniversary of index options trading and the 30th anniversary ofthe exchange and industry.

2004

s The lbbotson Assaciates cansulting firm published a case study on use of S&P 500 (SPX) options in a buy-write strategy.

* The CBOE S&P 500 BuyWirite Index (BXM) was named Most Innovative Benchmark Index, and CBOE Volatility Index® (vIXE)
Futures won Most Innovative Index Derivative Award at the 2004 Super Bowl of Indexing Conference.

2005

» CBOE options contract volume was an all-time record of 468,249 301 contracts {up 30% over the previous year), and the
notional value of this volume was maore than $12 trillion.




CBOE options

Index Options’ Top-50 Equity Options (by volume for the month of August 2006)"

SPX  S&P 5007 Index & Weekly MVR Morgan Stanley Retail Indax AAPL  Apple Computer, Inc. cVX Chevron Corporation
Expiration Options HPQ  Hewlatt-Packard Company RIMM  Research in Maotion Limited
XSP  Mini-SPX & Waakly Expiration Optons ~ MDX  Nasdag-1 00" Index MO Altria Group, Inc. BAC Bank of Amearica Corporation
SPL  Long-Dated S&P 500 Index M CBOE Mini-NDX Index MSFT  Microsoft Corporation ELN  Elan Corporation PLC ADR
OEX" S&P 100" Indax - American Style MML CBOE Mini-NDX Long-Dated Options ~ CSC0  Cisco Systems, Inc. WMT  Wal-Mart Stores, Inc.
& Weskly Expiration Options GOOG  Googla lne. el bl s
YXEO® S&P 100° Indew - Europoan Style RUT Russell 2000" Index INTC Int.el Corporation TWX  Time Warner, Inc.
& Woekly Expiralion Options BMN Mini Russell 2000% Index PFE Pfizer Inc. . YHOO Yahoo! Inc. . . .
SML S&F“Smallt}ap 800 Index RUI  Russsll 1000 Index VLO WValero Energy Dorpc:raton HEW  Mew Century Financial Corporation
AMD  Advanced Micro Devices, Inc. MOoT Motorola, Inc.
DJX  Dow Jones Industrial Average viX® CBOE Volatility Index® DELL Dwell Compt{mr Corp. _ HEM  MNewmont Hining Corporgtion
DXL Jumbe DX CYX CBOE China Index XOM  Exxon Mobil Corporation SHLD Sears Holdings Corporation
MRVL  Marval Technology Group Ltd. FL Foot Lecker, Inc.
DTX Dow Jones Trangportation Average GOX CBOE Gold Index QCOM QUALCOMM, Inc. COP  ConacoPhillips
DUX  Dow Jones Utility Average X CBOE In-’remat Inclex GM Geaneral Motors Corporation FD Phelps Dodge Corporation
MUT  Dow Jones High-yield 10 Index elhs e s BRCM Broadcom, Inc. CAT  Caterpilar, Inc.
[ HOE e b e SNDK  SanDisk Corporation HAL Halliburton Company
With ihe axceplion of OEX, all CBOE Indax apfions have Ewopean-siyle exercise. F Fard Motor Company SBUX Starbucks Corporation
RMBS Rambus, Inc. AMZM  Amazon.Com Inc.
GE Geaneral Electric Company CHK Chesapeake Energy Corporation
Futures Products from CFE' s Sprint Nextel Corporation NVDA  NVIDIA Comporation
RIG Transocean Inc. AMR  AMPR Corporation
VX CBOE Volatility Index (VIX) CX  CBOE China Index BMY  Bristol-Myers Squibb Company ORCL Oracle Corporation
VT  CBOE 5&P 500 Threa-Manth Variance DV CBOE DuJIA Volatility Index Futuras EBAY oBay, Inc. as The Goldman Sachs Group, Inc.
VA  CBOE S&P 500 Twelve-Month Varance BX CBOE S&P 500 Buywrite Indax c Citigroup, Inc. ECA EnCana Corporation

“For more information on TUPLres prooucts, VIS WWW, cD0e. com o AN equity options have Amefican-style awitise and are share-settied.

Source: http://www.cboe.com/



CBOE options specifications
-

Equity Options Product Specifications

Symbol:
For listed stock, the option symbols are the same as for the underying stock. Symbals for options on qualified over-the-
counter securities vary according to the vendar, %isit the CBOE Symbol Directory for specific symbals.

Underlying:
Generally, 100 shares of commoan stock ar American Depository Receipts ("ADRs") of companies that are listed an
securities exchanges ar trade overthe-counter.

Strike Price Intervals:
Generally, 2 1/2 paoints when the strike price iz between $5 and $25, 5 points when the strike price is between $25 and $200,
and 10 points when the strike price is over 200, Strikes are adjusted for splits, re-capitalizations, etc.

Strike (Exercise) Prices:
Ir-, at- and out-ofthe-rmoney strike prices are initially listed. MNew series are generally added when the underlying trades
through the highest or lowest strike price available.

Premium Quotation:
Stated in points and fractions. One point eguals $100. Minimom tick for options trading below 3 is 05 and for all other series,
0.

Expiration Date:
Saturday immediately following the third Friday of the expiration manth.

Expiration Months:
Two nearterm months plus two additional months from the January, February or March quarterly cycles.

Exercise Style:
Armerican - Equity options generally may be exercised on any business day before the expiration date.

Sentlement of Option Exercise:
Exercise notices properly tendered on any business day will result in delivery of the underlying stock on the third business
day fallowing exercise.

Source: http://www.cboe.com/



CBOE options specifications
-

Position and Exercise Limits:

Limits vary according to the number of outstanding shares and past six-month trading valume of the underlying stock. The
largest in capitalization and most frequently traded stocks have an option position lirmit of 250,000 contracts (with
adjustments for splits, re-capitalizations, etc)) on the same side of the market; smaller capitalization stocks have position
lirnits of 200,000, 75000, 50 000 ar 25 000 contracts (with adjustments for splits, re-capitalizations, etc.) on the same side o
the market. The nurmber of contracts on the same side of the market that may be exercised within any five consecutive
business days is equal to the position limit. Equity option positions must be aggregated with equity LEAPS positions on the
same underlying for position and exercise limit purposes. Exemptions may be available for certain qualified hedging
strategies.

Reporting Requirements:
Pleasze refer to Exchange Rule 4.13 for information pertaining to reporting requirerments for positions in excess of 200
contracts.

Margin:

FPurchases of puts or calls with 9 months ar less until expiration must be paid for in full. YWriters of uncovered puts or calls
must deposit /£ maintain 100% of the option proceeds™ plus 20% of the aggregate contract value (current equity price x $100)
minus the amount by which the aption is aut-of-the-money, if any, subject to a minimum for calls of option proceeds™ plus
10% of the aggregate contract value and a minimurn for puts of option proceeds™ plus 10% of the aggregate exercise price
amount. (*Far calculating maintenance margin, use option current market value instead of option proceeds.) Additional margi
may be required pursuant to Exchange Rule 12.10.

Last Trading Day:
Trading in equity options will ordinarily cease on the business day (usually a Friday) preceding the expiration date.

Trading Hours:
8:30 a.m. - 3:00 p.m. Central Time (Chicago time).

Source: http://www.cboe.com/



Terminology
-

A call option is said to be
i Atthe money if S (current stock price) = K
i Inthe money if S > K
i Out of the money if S <K

A put option is said to be
i Atthe moneyif S =K
i Inthe moneyif S <K
i Out of the money if S > K



Expiration dates and
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O Equity, index, and treasury/interest rate options expiration date.

B Curency options and asmency futures expiration dofe.
¥ AM setiled index options cease frading.
< Security fulures expiration date. Expiring equity, PM. setiled

index opfions and treasury/interest rate option classes cense

trading.
@ Echonge holidoy (odditional holidays may be announced).
2 Bonk holiday.
@ New SPL series odded.

EXPIRATION MONTH CODES

lan Feb Mar Apr Moy Jun  Jul Aug Sep Oct
Calls A B C D E F G H | 1
Puts M N O P Q@ R S T U V¥

STRIKE PRICE CODES’

Key A ] c D E F G H I

Strike 5 10 15 20 25 30 35 40 45 50 55
Prices 105 110 M5 120 125 130 135 140 145 130 155 160 165 170 175 180 185 190 195
270 275 280 285 290 295
330 335 340 345 350 355 30 365 370 375 380 385 390 395

205 210 215 10 21?5 230 135

305 310 315 320 35

240 245

B SpL convers to SPX.
{3 Indicates joint cease trading date.
" Equity LEAPS™ expire in January. Index LEAPS® expire in

December or January. Interest rate LEAPS™ expire in December

* Mot applicable for currency options (call PHLX for further

for further information|.

NOTE: While these dates are accurate as of 01/03/06,
they are subjedt to change.

7 2008 Equity LEAPS® conversion.
2010 Equity LEAPS® added.

Reduced-Value LEAPS™ Strike Prices
Mov Dec

c oL Key Key Key
Y2750 13250 U 37.50

WX F 30 63 V4250
H40 | 45 W 47.50

J K L M N O P Q R
0 & 70 75 80 8 90

250 255 260 265

information) or for DIX and interest rate options (call CBOE

OIC

THE OPTIONS
INDUSTRY COUNCIL
1-888-OPTIONS
www.B8 Boptions .com
Americon Stock Exchange LLC
Archipelogo Bxchange
Beston Options Exchange
Chicogo Boord Options Exchange, Incorporated
International Securities Exchange, Inc.
Philedelphia Stock Exchange, Inc.
The Options Cleoring Corporation

5 T u v W X Y Z
95 100 750 1250 1750 2250 2750 3250
200 3750 4250 4750 5250 5750 6250
300 6750 7250 7750 B250 8750 9250
400 9750 102.50 107.50 112.50 117.50 12250

Source: http://www.cboe.com/

strike prices

Stock options expires
on Sat right after 3
Fri

Stock options are on
Jan, Feb or Mar cycle
i /41710
i 2/5/8/11
i 3/6/9/12
i Before expiry in
Jan, 1,2,4,7
i After expiry in Jan,
2,3,4,7
LEAPS T Longer term
equity anticipation
securities
Exchange usually
offers options with
stikes close to current
stock price



Options quotes
c--

AAPL
Jan 20, 2007 @ 0757 ET (Data 15 Minutes Delayed)

88.50 -0.57
Bidssds Askssso Sizedx34 Vol 45750753

07 Feb 60.00 (QAABL) 2860 -290 2860 2890 237 122 07 Feb 60.00 (DAA L) ooz pe 0805 0 58 \NMhat is AAPL?

07 Feb 60.00 (OAA BL-E} 20960 +470 2660 2690 86 <113 07 Feb 60.00 (DAAML-E} 004 pc 0 005 0 538

07 Feb 60.00 (GAABL-A}) 2550 -7.50 2560 2890 5 122 07Feb 60.00 (QAANL-A) 010 pc O 005 0O 533

07 Feb 60.00 (GAABL-P} 2960 -1.00 2550 2590 11 122 07Feb 60.00 (QAAML-P} 020 pc 0 005 0O 535 Which column is putr)
07 Feb 60.00 (OAABL X} 2560 -2890 2560 2590 12 122 0TFeb 60.00 (BAAMLX) 005 pe 0 005 0 538

07 Feb 60.00 (DAABLB) 3500 poc 286602680 0 122 07Febénsocoaam B 020 pc 0 005 o 3w \\hich column is call?
07 Feb 60.00 (GAABL-8) 2950 -7.50 2560 28.90 123 122 07Feb 60.00 (GAAML-8) 002 pc O 005 0O 538

07 Feb 65.00 (GAABM) 2353 117 2370 23.90 18 545 07 Feb 65.00 (QAANM) 005 pc O 005 0O 3577

07 Feb 65.00 (0AA BM-E} 2400 -210 2370 2380 10 551 07 Feb 65.00 (QAAMM-E} 005 pc 0 005 o 377 At Wthh Strike are the
07 Feb 65.00 (GAA BM-A) 3120  pc 2370 2390 0 545 07 Feb 65.00 (QAANM-A) 0410 pc 0 005 0O 3577 .

07 Feb 65.00 (OAA BM-P} 2000  pc 2370 23890 0 545 07 Feb 65.00 (QAANM-P} 015 pc 0 005 0 3577 OptlonS concentrated?
07 Feb 65.00 (OAA BM-X} 2650  po 2370 2380 0O 545 07 Feb 65.00 (DAAMM-X} 005 pc 0 005 0 3577

07 Feb 65.00 (ODAA BM-B) 260  pc 2360 23890 0O 545 07Feb 65.00 (DAAMM-B} 020 pc 0 005 0 3577

07 Feb 65.00 (GAA BI-8) 2393 117 2370 23.90 & 545 07 Feb 65.00 (QAANM-8) 005 pc O 005 0O 3577

07 Feb 70.00 (GAABN) 1925 0951870 1900 395 1199 07 Feb 70.00 (JAA Ul 005 - 005 010 518 8957

07 Feb 70.00 (OAA BI-E} 1990 -053 1570 1900 147 1197 07 Feb 70.00 (QAAMN-E} 005 - 005 010 5 654

07 Feb 70.00 (GAA BILA} 2620  pc 18701900 0O 1199 07 Feb 70.00 (QAAMN-A} 010 +005 005 040 1 8957

07 Feb 70.00 (GAA BILP} 1970 1.20 187019.00 21 1199 07 Feb 70.00 (QAAMNP} 035 pc 0O 040 0O 8957

07 Feb 70.00 (GAA BH-X) 1940 1101870 19.00 53 1199 07 Feb 70.00 (GAAMN-X) 005 pc 005 040 0O 8957

07 Feb 70.00 (GAABI-B) 2620  pc 187019.00 0O 1199 07 Feb 70.00 (QGAAMN-BY 005 pc 005 040 0O 8957

07 Feb 70.00 (GAA BI-8) 1925 -1.55 1870 19.00 175 1199 07 Feb 70.00 (QAAMN-8) 005 — 005 040 512 8957

07 Feb 75.00 (OAA BO) 1400 -090 1390 1410 2251 5244 07 Feb 75.00 (QAANO} 020 +0.05 015 020 2479 12587

07 Feb 75.00 (GAA BO-E} 1400 -1.00 1390 1410 934 3070 07 Feb 75.00 (BAANO-E} 020 +0.05 015 020 339 11797

07 Feb 75.00 (OAA BO-A) 1450 0401380 1410 48 5244 07 Feb 75.00 (QAANO-A) 015  — 045 020 643 12587

07 Feb 75.00 (GAA BO-P) 1400 -2.50 1380 1440 50 5244 07 Feb 75.00 (GAANO-P) 015  — 045 025 143 12567

07 Feb 75.00 (GAA BO-X) 1400 -1.00 1380 1410 214 5244 07 Feb 75.00 (QAA NO-X) 020 +005 045 020 48 12567

07 Feb 75.00 (GAA BO-B) 1490 -550 1390 1410 95 5244 07 Feb 75.00 (QAANO-B) 010  — 045 020 354 12587

07 Feb 75.00 (OAA BO-8) 1400 -2.40 1390 1410 860 5244 07 Feb 75.00 (DAANO-8) 020 +0.07 015 020 952 12587




tions quotes

AAPL

Jan 20, 2007 @ 0757 ET (Data 15 Minutes Delayed)

07 Feb §0.00 {GAA BP}

07 Feb 80.00 {OAA BP-E}
07 Feb 80.00 (DAA BP-A)
07 Feb 80.00 {OAA BP-P}
07 Feb 80.00 (OAA BP-X}
07 Feb 80.00 (0AA BP-B)
07 Feb 80.00 {OAA BP-3)
07 Feb 85.00 {GAA BO)

07 Feb 85.00 {OAA BO-E}
07 Feb 85.00 (DAA BO-A)

07 Feb #5.00 {QAA BO-P)
07 Feb 85.00 {OAA BO-X)
07 Feb 85.00 (DAA BO-B)
07 Feb 85.00 {OAA BO-8)
07 Feb 90.00 {GAA BR}

07 Feb 90.00 {OAA BR-E}
07 Feb 90.00 {OAA BR-A)
07 Feb 90.00 (0AA BR-P}
07 Feb 90.00 {OAA BR-X)}
07 Feb 90.00 (OAA BR-B)
07 Feb 90.00 {OAA BR-3)
07 Feb 95.00 {0AA BS)

07 Feb 95.00 (0AA BS-E)
07 Feb 95.00 {OAA BS-A)
07 Feb 95.00 (0AA BS-P}
07 Feb 95.00 {OAA BS-X)
07 Feb 95.00 {OGAA BS-B)

T Fah 4 Al inA A BT @

9.44
9.80
9.50
9.80
9.30

10.40
9.44
5.50
5.50
580
5.40
5.50
£.50
5.50
270
275
270
285
270
3.50
270
1.20
1.2
1.25
1.25
1.20

1.60
14a

086
-0.50
RET
4170
130
B0
0.9
070
070
070
-~
-0
5.0
-0ES
050
-0.55
070
055
-0
4400
-0
-0.45
044
-0.50
055
-0.400

-3.50
L]

9.40
9.30
9.30
9.30
9.30
9.30
9.40
5.40
5.40
5.40
5.40
5.40
5.40
5.40
270
270
270
265
270
270
270
1.20
115
115
115
1.20

115
148

9.50
9.50
9.50
9.50
9.50
9.50
9.50
5.40
3560
560
560
3560
560
5.40
240
280
280
240
280
240
280
1.25
1.25
1.25
1.25
1.25

1.25
198

Fr2
1077
632
9
195
127
1109
5907
3205
659
174
16
M7
1606
24434
6214
1014
1158
4062
710
11234
15014
4275
965
149
kb=

955
AT

5245 07 Feb §0.00 (QAA HP}
4952 07 Feb §0.00 (OAA HP-E}
3243 07 Feb 80.00 (GAA HP-A)
5248 07 Feb §0.00 (OAA HP-P)
3245 07 Feb 80.00 {(GAA NP-X)
3245 07 Feb §0.00 {(GAA NP-B)
5245 07 Feb $0.00 (OAA HP-8}
18217 07 Feb §5.00 (QAA HO)
19365 07 Feb §5.00 {(QAA HO-E}
18217 07 Feb §5.00 (0QAA HO-A)

18217 07 Feb $5.00 (QAA HQ-P}
18217 07 Feb §5.00 (QAA HO-X)
18217 07 Feb $5.00 (QAA HG-B}
18217 07 Feb §5.00 (OAA HG-8)
33142 07 Feb 90.00 (QAA HR}

27965 07 Feb 30.00 {OAA HR-E}
33142 07 Feb 30.00 (OAA HR-A}
33142 07 Feb 90.00 (QAA HR-P}
33142 07 Feb 30.00 {OAA HR-X}
33142 07 Feb 90.00 (QAA HR-B}
33142 07 Feb 30.00 {OAA HR-8)
50266 07 Feb 95.00 (OAA HS)

35755 07 Fel 95.00 (QAA HS-E)
50266 07 Feb 95.00 (OAA HS-A)
50266 07 Fel 95.00 (QAA HS-P}
50266 07 Feb 95.00 {DAA HS-X}
50266 07 Feb 95.00 (0AA NS-B)

SOTRR AT Fal G5 il iOA A BT 80

0.55
0.57
0.55
0.43
0.60
0.50
0.55
1.55
1.66
1.55
1.60
1.60
1.50
1.55
3.80
3.87
3.80
3.80
3.80
3.80
3.90
7.30
7.50
7.0
7.50
7.30

5.30
T an

88.50 -0.57
Bidssds Askssso Sizedx34 Vol 45750753

+0.02

-010
+0.05
+0.10

-015
+0.01
-040
+0.10
-010
+0.30
-015
+0.10
+0.07
+0.10

+1.20
+0.10
+0.30
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Options quotes
c--

AAPL 88.50 -0.57
Jan 20, 2007 @ 0757 ET (Data 15 Minutes Delayed) Bidssaa Askssso Size 4xs4 Vol 45750753

07 Feb 95.00 (OAA BS-Py  1.25 -055 115 1.25 149 50266 07 Feb 95.00 (GAA NS-P} 750 +0.70 7.30 7.50 53 18305
07 Feb 95.00 {OAA BS-Xp  1.20 -040 120 1.25 3197 S0266 07 Feb 95.00 (GAA NS-X) 730 +0.30 7.30 7.50 389 183035
07 Feb 95.00 {OAA BS-By 160 -350 115 1.25 555 50266 07 Feb 95.00 (GAA NS-B) 680 +2.00 730 7.50 181 183035
07 Feb 95.00 {OAA BS-8) 119 -041 115 1.25 3570 S0266 07 Feb 95.00 (GAA NS-8) 730 +0.30 7.30 7.50 2380 153035
07 Feb 100.0 (OAA BT} 050 -021 050 055 24532 54086 07 Feb 100.0 (GAA NT) 1180 +0.80 11.70 11.80 1430 6561
07 Feb 100.0 {OAA BT-E} 050 -025 050 055 5894 42295 07 Feb 100.0 (GAA NT-E} 1090 +0.10 1170 11.80 153 6799
07 Feb 100.0 (OAA BT-A} 055 -015 045 055 1726 54056 07 Feb 100.0 (GAA NT-A} 11.30 +0.70 11.60 11.50 33 6361
07 Feb 100.0 {OAA BT-P}y 050 -020 045 055 1127 54056 07 Feb 100.0 (GAA NT-P} 1090 +1.10 11.60 11.50 a1 6361
07 Feb 100.0 {OAA BT-Xp 055 -015 030 055 3803 54086 07 Feb 100.0 (GAA NT-X) 1160 +0.60 1170 1180 708 G361
07 Feb 100.0 {OAA BT-B}y 070 -240 045 055 G636 54055 07 Feb 100.0 (GAA NT-B)  9.80 +2.80 11.70 11.50 G4 6361
07 Feb 100.0 {OAA BT-8) 050 -020 030 055 5431 54086 07 Feb 100.0 (GAA NT-8)  11.40 +0.40 1160 1180 383 6361
07 Feb 105.0 (3AA BA) 025 -003 020 025 2836 35221 O7 Feb 105.0 (:AA HA) 1610 +0.90 1640 16.60 129 1986
07 Feb 105.0 (OAA BA-E} 023 -005 020 023 480 36258 07 Feb 105.0 (GAA HA-E) 1660 +2.02 16.40 16.60 1 2055
07 Feb 105.0 (0AA BA-A} 023 -005 020 023 230 35221 07 Feb 105.0 (GAA HA-A) 1080  pc 1640 16.60 0 1986
07 Feb 105.0 {QAABA-P} 020 -010 013 023 82 35221 07 Feb 105.0 (OAA HA-PY 1050 poc 1640 16.60 0 1986
07 Feb 1050 {0AA BA-X}) 020 -040 020 025 &1 35221 07 Feb 105.0 (GAA HA-X} 1570 +0.70 1640 16.60 20 1986
07 Feb 1050 {OAA BA-B) 030 -130 020 023 331 35221 07 Feb 105.0 (GAA HA-B} 1540 +4.40 1640 16.60 G35 1986
07 Feb 105.0 {OAA BA-§} 025 -004 020 025 902 35221 07 Feb 105.0 (GAA HA-8§) 1610 +0.90 16.40 16.60 43 1986
07 Feb 110.0 (OGAA BE) 040 -003 010 045 2811 235855 07 Feb 110.0 (GAA HE) 21.10 +0.40 21.40 21.60 26 204
07 Feb 1100 {GAABE-E} 010 -005 003 015 362 24521 07 Feb 110.0 (GAA NB-E} 2050 pc 21.40 21.60 0 484
07 Feb 1100 {GAA BEB-A} 010 -005 003 015 304 23838 07 Feb 110.0 (GAA HB-A} 1460  pc 21.30 21.70 0 204
07 Feb 110.0 ({DAABB-P} 010 -0:10 o 015 B0 235858 07 Feb 110.0 {OAA HB-P} 1420  pc 21.40 21.60 o 204
0
0

07 Feb 110.0 {0AA BB-X} 010 -- 010 015 963 23858 07 Feb 110.0 (GAA NB-X} 2070 po 21.40 21.60 204
07 Feb 110.0 {QAABB-B} 010 -070 003 013 43 23558 07 Feb 110.0 {0AA HB-B} 135.50 po 21.30 21.60 204
07 Feb 110.0 {GAA BB-8) 010 -003 005 0415 1077 23855 07 Feb 110.0 (GAA NB-8) 2110 +3.30 21.40 21.60 26 204

07 Feb 115.0 {0AA BC) 0.05 - 0 005 275 13636 07 Feb 115.0 {OAA HC) 2500 po 26.40 26.60 u] 14
07 Feb 1150 {OAABC-F} 005 po 0 o005 0 17332 07 Feb 115.0 (OAA NC-E} 2920 po 26.40 26.60 u] 37
07 Feb 1150 {0AA BC-A}) 005 - 0 005 89 13636 07 Feb 115.0 {0AA NC-A} 1510 po 26.30 26.70 u] 14
07 Feb 1150 {OAABC-P) 005 po o 015 0 13636 07 Feb 115.0 (0AA HC-P} 2300 po 26.40 26.60 u] 14




Variations
o

Warrants, executive stock options, convertible
bonds: leads to more shares being issued by
company

i Warrants: call options that are included with bond
Issues to make bonds more attractive

i EXxecutive stock options: call options issued to
executive for motivation

i Convertible bond: bond that can be converted to stock



Adjustments for stock splits
-

A stock split is when existing shares are split into more
shares

E.Q.

A 2-for-1 split means that 2 new shares are issued to replace
each existing one

If each share is worth $100 before the split, after the split,
each share is worth $50; but if you were holding 100 shares
before the split, you hold 200 shares after the split

If a call option gives the right to buy 100 shares of Company X
at $100 each before the split, after the split, the call option is
changed to give the right to buy 200 shares at $50 each



Adjustments for stock dividends
-

When a company issues stock dividends, there would
be more shares floating around in the market

The value of the company is not affected
Thus share price is diluted
E.Q.
i a 10% stock dividend means an investor receives 1 new
share for every 10 that he owns

i equivalent to a 11-for-10 stock split

i Call option that gives right to buy 100 shares at $100 per
share becomes one that gives the right to buy 110 shares at
$(100x100/110) per share



Section 3: Option Value 1
a first consideration



Option Parameters
-

. What are the most salient factors affecting
the price of an option?



Sensitivities
N

. Sensitivities tell us how the factors affect the
price of an option T increasing or decreasing

. Sensitivities are also called the Greeks as
they can be expressed as partial derivatives
of the Black-Scholes-Merton option pricing
formula

Let 0s try to figure thi



Sensitivity to Strike

e
, What is the sign of C,?

, What is the sign of P?

. These signs can be determined by a no-
arbitrage argument



Sensitivity to current stock price

.
, What is the sign of Cg?

, What is the sign of Pg?

. These signs cannot be determined by a
simple no-arbitrage argument as they refer to
two different current stock prices



Other sensitivities
N

. Similarly, the signs of the following
sensitivities
i C, P,
i C, P,
i C P

sigma’ ' sigma

cannot be found by a no-arbitrage argument

. They depend on the model that we use to
price the option though we may sometimes
form an intuition about them



Bounds
S

Options are pure benefits
C2QP20

Would you rather hold a EUR buy|USD sell call
option or a Euro itself?

CeS

The maximum you can ever make with a put
option Is K at maturity

P¢Ke' ¢K



Graph of Put Option Value

Put Option Value

Time decay

K Stock price at maturity

Does this make sense?



Some thoughts about time value
c ]
. Using the word nval ueo
positivity T Is this a correct view?

. Let 0s t hi nk TankemprtationC t ,
V. _t > 0 means, I f weoOr
we will be happy that time progresses (as the
value will rise)



Some thoughts about time value
S
. The prior graph shows that P_ t >0 when S is
near 0, while it is <O when S is sufficiently
large

i Interpretation: when stock price is near 0, the put
option is worth the most T we really do hope to
exercise as soon as possible

. ForC t,itisafactthat C t <O if the
underlying stock does not give dividends

. What If it gives dividends?



Some thoughts about time value
c_—

. If there Is going to be a large dividend
payout, we may hope to be able to exercise
the option as soon as we can in order to
obtain the underlying asset

. The same applies to currency options, in the
case where the underlying asset (foreign
currency) has a high risk-free rate



Decomposing option value

Intrinsic value
The larger of O and the value of the option if exercised
Immediately: max(0,S,-K) for call, max(0,K-S,) for put

Time value
i Value in not exercising immediately

Option Value

ITTSIE Time value
value

Intrinsic-Time Value decomposition more relevant for

American options
Another decomposition more relevant for European
options: Forward Value T Volatility Decomposition

aka Parity-to-Forward aka optionality



Forward Value
N

If you are long a forward contract today, you agree (at
zero cost) to buy the stock at time T at the (theoretical
forward) price of e"’S,, where r is the risk-free rate

You make a positive return if the stock price at time T
rises above e''S, and negative otherwise

Payoff“

eI’TSO




Forward vs Option
c--

If the strike price of the call/put option is e"'S,, the
payoff diagram of the option is a modification of the
payoff diagram of the forward contract

Payoff“

erTSO ST

ATMFE

Volatility Value - Option premium is related to the
probability of the stock price falling below e''S,, it is the
cost to the option writer of taking up that slice of risk



Forward vs Option
c--

Suppose the strike price of the call option is K<e''S,

Consider off-market forward contract with forward price = K;
Forward contract costs S, i Ke™T to the buyer

since at maturity, buyer

can lock in the forward price

4 ) of Spe'™ at no cost today to
Payoff “ Fair forward sell the asset at time T while
buying the same asset at price
K at time T with the current
forward contract

'..* ITMF
Option premium has 2 components

i One relates to the probability of the stock price falling below K; it is
the cost to the option writer of taking up that slice of risk
i The other is the value of the off-market forward (parity to forward)

i Put option value is pure probability/volatility



Forward vs Option
-

Suppose the strike price of the call option is K>e''S,

Consider off-market forward contract with forward price = K;
Forward contract costs Ke™™1 S, to the writer

Note: Perspective of forward seller
is equivalent to that of put option buyer

Payoff‘

N ST
‘J( \5\\
® \
N
‘ \
¢ OTME

Put option premium has 2 components

i One relates to the probability of the stock price rising above K; it is
the cost to the option writer of taking up that slice of risk

i One is the value of the off-market forward
i Call option value is pure probability/volatility



Forward-Volatility

Option Value

Parity-to L
Volatility value



The Put-Call Parity

Payoff‘

Portfolio of Long 1 Call and Short 1 Put synthesizes
the forward contract (possibly off-market) of forward
price K

Forward contract is worth S, Ke™"

Essentially, this says that

1) European call and put

options have the same optionality

2) Either the call or the put has a parity
to forward, depending on which is ITM
3) RHS is parity to forward




Section 4:
The Black-Scholes Model



Summary
S

BSM Option

Binomial Tree - Pricing Formula
Option Pricing

Finance Concepts
No-arbitrage
Replication
Hedging

Binomial tree

l Mathematical Model
CLT l Of Underlying Price/Rate



History in a nutshell: the BSM model
c ]

Black first wrote down the PDE
c.1969

Enlisted Scholesd help to solve
it
Made econometric tests with it

Published in the Journal of
Political Economy in 1973

Merton extended the basic BS
work to cover dividends,
American, etc.

Scholes and Merton were
awarded the Nobel Prize for
their work



