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Quick presentation made in class of
the main categories of derivatives
and short reminder...



. Solvay Brussels School R it

Economics & Management

= Commitments ( TFourauda Kl S‘A&f) ~ WM

TFeoumrndl pﬁﬂs/) (‘4‘5 ) <w M

" |nsurances / Cal

(s{laek o) | Ol L9,

\ - "
\M mm




Solvay Brussels School
" A Economics & Management

Zu: Nutli 2wy Profiles (1)
Y

oy
) N /

é/\%

N
,Vh




Solvay Brussels School R it

" A Economics & Management

wWiehy] AR Profiles (2)
.&%C) A chsicon




Solvay Brussels School Prof. Hugues Pirotte

" A Economics & Management

How do we value them?
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Some theoretical elements, as a
review, and for some of you, seen in
the course of Derivatives more in
detail. We will need to have these
elements for us in our course, but
focusing less on valuation than on uses
and hedging with them. We will get
back to them when needed.
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Financial markets
Exchange traded

Traditionally exchanges have used the open-outcry system, but
increasingly they are switching to electronic trading

Contracts are standard; there is virtually no credit risk
Ex:

NYSE: stock trading

CBOT + CBOE: trading of futures and options
The exchange

Clearinghouse
Clearing members

Over-the-counter (OTC)

A computer- and telephone-linked network of dealers at financial
institutions, corporations, and fund managers

Contracts can be non-standard; there is some small amount of credit risk
Phone conversations are taped
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The products

= Plain-vanilla
» Long/short positions
» Forwards & Futures
» Swaps
» Standard options

= Exotics
» Asian options
» Basket options
» Binary or digital options
» Compound options
» Barrier options
» Lookback options

)) see

= Structured products
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The agents
= Hedgers

= Speculators

= Arbitrageurs

Some of the largest trading losses in derivatives have occurred
because individuals who had a mandate to be hedgers or
arbitrageurs switched to being speculators
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The products (2)

Derivative Contracts by Product
All Commercial Banks

Year-ends 1994 - 2006, Quarterly - 2007
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Source: Quarterly Derivatives Fact Sheet, The Office of the Comptroller of the Currency (OCC),
Administrator of the National Banks, USA.
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The products (2)

Derivative Contracts by Type
All Commercial Banks
Year-ends 1994 - 2006, Quarterly - 2007
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The products (3)

Notional Amounts of Interest Rate and Foreign
Exchange Contracts by Maturity

All Commercial Banks
Year-ends 1995 - 2006, Quarterly - 2007
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Source: Quarterly Derivatives Fact Sheet, The Office of the Comptroller of the Currency (OCC),
Administrator of the National Banks, USA.
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The products (4)

Notional Amounts of Credit Derivative Contracts

by Maturity
All Commercial Banks
2006 Q2 — 2007 Q3
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The revenues in 2007

Of the trading revenue components, interest rate revenues were the strongest, increasing 3%, or $102 million,
to a record $3.1 billion. Foreign exchange revenues were also notable at $2.0 billion, a 59% increase from the
previous quarter. The credit market turmoil in the third quarter caused revenues from credit trading to fall $3.5
billion to a loss of $2.7 billion. The losses in credit trading resulted from the sharp increase in credit spreads
that occurred in the third quarter, creating a difficult environment for trading and hedging, particularly against
correlation risks. Overall client demand was healthy as bank clients engaged in derivatives contracts to offset

risks arising in highly volatile market conditions.

Prof. Hugues Pirotte LR L]

Percentage Total Notionals by Type - Q3 '07
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BIS Worldwide OTC statistics

Table 19: Amounts outstanding of over-the-counter (OTC) derivatives

By risk category and instrument

In Lillions of US dellars

Hotional amounts outstanding Gross market values

Risk Category / Instrument Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007 |Jun 2005 Dec 2005 Jun 2006 Dec 2006 Jun 2007

Total contracts 281,493 297,670 369,507 414,290 516,407 10,605 0,749 9,936 0,682 11,140

Forsign exchange contracts 31,081 31,364 38,091 40,239 48,620 1,141 997 1,134 1,264 1,343
Forwards and forex swaps 15,801 15,873 15,295 19,870 24 526 454 406 435 465 452
Cumrency swaps 8,236 8,504 5,680 10,767 12,201 545 453 533 509 817
Options 7,045 6,987 5,027 9,602 11,804 129 138 166 196 235

Interest rate contracts 204,795 211,970 261,960 291,115 346,937 5,699 5,397 5,435 4,820 6,057
Forward rate agreements 13,973 14,269 18,117 18,668 2,809 3 22 25 32 43
Interest rate swaps 163,745 169,106 207,042 228 241 271,853 6,077 4775 4,531 4157 5315
Options 2r.or2 28,5596 385,800 43,206 32,275 5492 597 579 631 700

Equity-linked contracts 4,551 5,793 6,782 7,488 9,202 ig2 582 671 853 1,116
Forwards and swaps 1,086 1,177 1,430 1,767 2,580 88 112 147 166 240
Options 3,484 4 817 5,351 5720 g,603 204 470 523 BEE 876

Commeodity contracts 2,940 5,434 6,394 7,115 7,567 376 ar 718 T 670
Gold 285 334 456 540 426 24 1 7T 56 47
Other commedities 2,652 5,100 5,935 G475 7141 351 20 G641 611 623

Forwards and swaps 1,748 1,909 2,183 2813 3,447
Options a04 319 3,750 3,663 3,604

Credit default swaps 10,211 13,908 20,352 28,650 42,580 188 243 294 470 721
Single-nams instruments 7,310 10,432 13,873 17,879 24 239 136 171 188 278 408
Multi-name instruments 2,901 3,478 5,479 10,771 18,241 52 7 109 192 3s

Unallocated 27,915 29,199 35,928 39,6682 61,501 1,818 1,659 1,683 1,608 1,233

Memorandum Item:

Gross Credit Exposure 1,897 1,900 2,029 2,034 2,669

Source: BIS market statistics (http://www.bis.org/statistics), 2007
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BIS Worldwide exchange-traded statistics (1)

Table 23A: Derivative financial instruments traded on organised exchanges

By instrument and location

Motional princigal in billionz of US dollars

Amounts outstanding Turnover

Instrument / location Dec 2005 Dec 2006  Jun 2007  Sep 2007 2005 2006 Q42006 Q12007 Q22007 Q3 2007

Futures

All markets 21,6003  25683.0 31,6769  23,638.5 1,004,376.7 1,261,649.2 310,353.9 378,2254 J374,721.2 457,698.2
Interest rate 207088 244F62 301478  2ZTAT8.6 | S355901 11693004 ( 2853009 3461985 3395464 4£13551.0
Currency 1076 161.4 2018 1851 11,1258 15,1540 42013 47015 47041 55920
Equity index T840 1,045.3 1,327.2 1,270.8 53,6628 Trio49| 207527 273255 304707 385552

Morth America 12,326.6 13,7419 159371 14,711.6 | 564,237.1 T13,937.6( 175,221.8 209,852.4 201,317.7 253,078.7
Interest rate 11,855.2 13,077.0 15,1531 13,9733 5251209 6573860 1625144 1950639 1855935 2323809
Currency 90.7 1384 1556 120.0 10,2554 13 6848 38013 4 175.8 4 0636 48557
Equity index 3808 5285 628.3 618.6 248579 32.866.8 38062 108127 116606 1538331

Europe 62754  8,150.3  10,525.1 9,349.2 | 380,538.4 4557153 | 111,458.2 139,779.1 140,768.0 169,887.4
Interest rate 6,050.5 78017 10,0459.3 89214 3620663 4279707 1036753 12868914 1285652 1555665
Currency 24 18 33 51 366 457 129 176 15.4 429
Equity index 225 Me35 4725 4227 184355 27 B899 T,770.0 110700 121875 142779

Asia and Pacific 2,685.5 3,369.0 4,658.7 3,994.1 51,726.2 81,3568 | 20,711.0 24,863.4 27,5098  29,929.0
Interest rate 25098 3,210.7 44488 3, 7EES 41,886.7 657132 1886209 197306 215893 222206
Currency 4.3 8.1 17.9 39.7 1337 162.9 472 448 461 824
Equity index 1714 1501 192.0 187.9 99259 154807 3801.0 50880 5,804 4 TE1T.0D

Other Markets MaTy 421.7 556.0 583.4 T,877.0 10,639.5 2,962.8 3,730.6 5,125.8 4,803.2
Interest rate 2932 386.8 4966 175 6,736.3 82215 22573 27125 38184 3,385.0
Currency 10.2 15.0 248 244 6971 1,260.6 3300 4633 579.1 611.0
Equity index 9.3 20.0 344 418 4435 1,157 4 3785 5548 T28.3 8272

Source: BIS market statistics (http://www.bis.org/statistics), 2007
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BIS Worldwide exchange-traded statistics (2)

Options

All markets 36,188.1 44,7604 6500687 66,2448 | 4025821 546,471.9| 120,597.6 153,948.0 161,734.3 2234623
Interest rate 31,588.3 281165 55,58V1 64538 2287789 4460220 957907 1204902 1231258 1800756
Currency 66.1 786 101.2 120.9 S44.0 1,119.9 NTT ITES 517.8 288.7
Equity index 45337 6,265.3 8,915.4 39,6701 72,8393 993300 244852 33,0308 350006 427951

Morth America 24,0584 288094 41,9955 37,6209 | 2544964 361,397.7| T85059 94,7735 101,709.1 128430.0
Interest rate 21,2554 248444 3682359 32208582 2254764 32626809 692382 832099 BBT55T 1141882
Currency 28.3 326 43.3 321 449.0 4531 120.8 128.2 140.4 185.5
Equity index 2,774.5 3,5932.5 5,128.3 5,902.6 24,0709 34 ETSE 91470 114404 123130 14,0363

Europe 11,697.8 150665 21,7520 27.183.9| 105910.3 4127,0159| 29,294.0 41,5163 38,8049 70,7310
Interest rate 102357 127022 183124 233775 98,7042 1135545 252307 356101 324138 B36358
Currency 0.6 0.7 0.8 0.8 T.B 10.4 4.3 1.7 1.5 1.8
Equity index 1,461.5 2,363.6 23,4401 3,805.6 9,198.2 13.451.0 4,058.9 52,9045 G,339.6 7,.092.4

Asia and Pacific 39.0 680.7 990.5 1,098.9 40,3121 55.061.5| 11,970.7 16,5511 19,9238 2278141
Interest rate 674 458.7 691.6 B03.4 1,5947.8 55937 1,1256 14267 17234 194585
Currency - - - - - - - - - -
Equity index 231.8 221.0 2939.0 2954 38,364 .4 494678 1058452 151245 152004 208326

Other Markets 112.9 203.8 267.7 3.2 1,563.2 2,996.8 827.0 1,102.0 1,296.6 1,520.3
Interest rate 298 110.2 1596 206.6 150.4 604.9 1962 2438 2330 3061
Currency 3Tz 454 55.1 68.1 487 1 B5E.£ 1926 2471 ITE.D 4314
Equity index 458 452 531 66.5 1,225.7 1.735.6 438.2 G114 GET.G 782.8

Source: BIS market statistics (http://www.bis.org/statistics), 2007
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Short-selling

Short selling involves selling securities you do not own

Your broker borrows the securities from another client and sells
them in the market in the usual way

At some stage you must buy the securities back so they can be
replaced in the account of the client

You must pay dividends and other benefits the owner of the
securities receives

L4
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Forward contract

= Contract/agreement whereby parties are committed:
» to buy (sell)
» an underlying asset
» at some future date (maturity)
» at a delivery price (forward price) set in advance

= Forward contracts trade in the over-the-counter market
= They are particularly popular on currencies and interest rates

= Trading:
» Buying forward = "LONG" position
» Selling forward = "SHORT" position

= Cash-flows:
» t,:No cash flow
» T :Obligation to transact

= Market
» Allows to liquidate position by taking a reverse one

= Particularities:
» Cash settlement vs. physical delivery

Prof. Hugues Pirotte m
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Cash flows

= Notations
» S; Price of underlying asset at maturity
» F, Forward price (delivery price) set attime t<T

Position Initiation Maturity T
Long 0 Sp - F,
Short 0 F, - Sy

= |nitial cash flow =0 : delivery price equals forward price.
= Credit risk during the whole life of forward contract.

= Locking-in the result before maturity
» At time t;: Enter a new forward contract in opposite direction.
v" Ex : long forward at forward price F,
» Attimet, (< T): Short forward at new forward price F,

» Gain/loss at maturity :
v (S; - F;) + (F, -S;)=F, —F, noremaining uncertainty
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Definition

" Traded standardized version of forward
» Institutionalized forward contract with daily settlement of gains and losses
» Standardized:
v Maturity

v" Face value of contract
v Quality

= Traded on an organized exchange
» Clearing house

= Daily settlement of gains and losses (Marked to market)
» In a forward contract:
v" Buyer and seller face each other during the life of the contract
v" Gains and losses are realized when the contract expires
v" Credit risk
— BUYER = SELLER
» In a futures contract

v" Gains and losses are realized daily (Marking to market)

v" The clearinghouse garantees contract performance : steps in to take a position
opposite each party

— BUYER < CH <& SELLER
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Margin requirements

= Elements

» INITIAL MARGIN : deposit to put up in a margin account by a person
entering a futures contract

» MAINTENANCE MARGIN : minimum level of the margin account
» MARKING TO MARKET :

CASH FLOWS
Change 1n futures price LONG(buyer) SHORT(seller)
F.,, -F, + Size x (F,,; - F)) - Size x (F,,;, - F))

= Equivalent to writing a new futures contract every day at the new
futures price
(Remember how to close of position on a forward)

= Note: timing of cash flows different
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Example: Barings

= Long position on 20,000 Nikkei 225 Futures

= 1lindex pt=Yen 1,000=5 10
» If Nikkei 225 = 20,000
» Size of contract =S 200,000 = position =S 4,000 mio

m Date Nikke1 225
30.12.94 19,723
25.02.95 17,473 AF =-2250

= Loss =AF xS/pt x # contracts
= (-2,250) x (S 10) x (20,000) =S 450,000,000
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Pricing =2 Key ideas
= DECOMPOSITION

» Two different ways to own a unit of the underlying asset at maturity:
1. Buy spot (SPOT PRICE: §,) and borrow
=> Interest and inventory costs
2. Buy forward (AT FORWARD PRICE F)

= By the AOA, in perfect markets, no free lunch.
» The 2 methods should cost the same.
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Pricing 2 Decomposition (ho income)

= Notations

v F, : Forward price set at time t
v K : Delivery price
v f, : Value of forward contract
(When contract initiated : K=F < f=0)
v'T : Maturity

= Decomposition : compare the two equivalent following strategies

Position Cash flow ¢ Cash flow T
Long forward 0 Sy - F,
Buy spot - S, +Syp

& borrow + S, - F,

= Synthetic forward contract:
» Long position on the underlying asset
» Short position on a zero coupon with face value = F,
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Final Pricing

= No arbitrage opportunity : in a perfect capital market, value of forward
contract = value of synthetic forward contract
» f,=S,-Kxd(tT)t=S5,-PV(K)
» With continuously compounded interest rate:
v f,=S,- Ke"lTt)

= Forward price : Delivery price such that f, =0
» F,=S,/d(tT)= FV(S,)

» With continuously compounded interest rate:
v Ft = St er(T't)

= Also:
F.=S, el

= f, =(F,- K) e"™
» fP0 S F>K
» f=0 < F=K
» f<O0 < F<K
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Arbitrage 1: Cash and carry

= |f forward price quoted on the market (K) is greater than its
theoretical value (F,)
» K>F,=S,exp[r(T-t)] < PV(K)>S,
= As:f,=(F-K) xd(tT), f, <O
» The “true value” of the contract is negative.

» But the market price for the contract is O.
» Hence, the contract is overvalued by the market.

= = Cash-and-carry arbitrage :
» Sell overvalued forward
» Buy synthetic forward: buy spot and borrow

e
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Prof. Hugues Pirotte m

Cash and carry: Arbitrage table

Cash flows CF,

(1) Buy spot - S,

(2) Borrow +PV(K)

(3) Sell fwd 0
TOTAL -S,+ PV(K) >0

= Conclusion:
» To avoid arbitrage, CF, = -S, + Ke"("") <0

= K<S, el f, <S —Ke'lT
= Note:

» the arbitrage could be designed to obtain a future profit at time T by

borrowing S,

= CF,=0and CF;=K-S,er(T-t) >0
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Arbitrage 2: Reverse cash and carry

If forward price quoted on the market (K) is less than its
theoretical value (F,)
K<F,=S,exp[r(T-t)] < PV(K)<S,

As: f, = (F-K) xd(tT), f,>0
The “true value” of the contract is positive.
But the market price for the contract is O.
Hence, the contract is undervalued by the market.

—> reverse cash-and-carry arbitrage :
Buy undervalued forward (futures)
Sell synthetic forward (futures)
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Reverse cash and carry : arbitrage table
(with future profit)

Cash flows CF, CFy

(1) Sell spot +S, - Sy

(2) Invest S, + S, er™Y
(3) Buy forward 0 + (S-K)
TOTAL 0 S, eV -K>0

= To avoid arbitrage, S, e"™ - K <0
K>S, el =F, f >t-Ke'l

= Note:

» the arbitrage could be designed to obtain an immediate profit at time t by
investing PV(K)

CF,=S,- PV(K) >0 and CF,=0
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Equilibrium

= |f both arbitrage are possible:
» ft = St _ Ke-r(T—t)

= When the contract is initiated:
» K=F & f=0
» 0=S,-F, e’
» F,=S, el
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Definition
= DEFINITION :
SPOT PRICE - FUTURES PRICH |
Futures price
» by=5.—F,

= Depends on:
» level of interest rate Spot price

» Time to maturity
(V as maturity {) T T




Basis risk: Numerical Example
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Mois T-t

OO0 NOULL B~ WN - O

e
N = O

1.000
0.917
0.833
0.750
0.667
0.583
0.500
0.417
0.333
0.250
0.167
0.083
0.000

5,

100.00
104.42
109.15
111.63
111.75
111.09
106.63
105.06
107.33
106.68
103.50
101.34
101.35

Ft

110.52
114.44
118.63
120.32
119.46
117.76
112.10
109.53
110.96
109.38
105.24
102.19
101.35

BASE f,
-10.52  0.00
-10.02 3.58

-9.49
-8.69
-7.70
-6.67
-5.47
-4.47
-3.64
-2.70
-1.74
-0.85
0.00

7.47
9.10
3.36
6.83
1.51
-0.95
0.43
-1.11
-5.19
-8.26
-9.16

Prof. Hugues Pirotte m 34
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Extensions: Known dividend yield
= g :dividend yield p.a. paid continuously

F=][ e-a(T-t) St ] e'(Tt) = St e(r-a)(T-t)

= Examples:

» Forward contract on a Stock Index

v r = interest rate
v" q = dividend yield

= Foreign exchange forward contract:

v' r = domestic interest rate (continuously compounded)
v" q = foreign interest rate (continuously compounded)
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Extensions: Commodities

= | =-PV of storage cost (negative income)

= g =-convenience yield
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Valuation of futures contracts

= |f the interest rate is non stochastic, futures prices and forward
prices are identical

= NOT INTUITIVELY OBVIOUS:

» Total gain or loss equal for forward and futures

» but timing is different
v" Forward : at maturity
v" Futures : daily
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Forward price & expected future price

= |Is F an unbiased estimate of E(S;) ?
» F<E(S;) Normal backwardation
» F>E(S;) Contango

o F:E(Sr)e(f-k)(T-t)
» Ifk=r  F=E(S;)
» Ifk>r  F<E(S;)
» Ifk<r  F>E(S;)



Brussels School Prof. Hugues Pirotte m

_d Economics & Management

Swaps

= Contract/agreement whereby parties are committed:

» To exchange cash flows
» At future dates
» according to certain specified rules

= Two most common contracts:

» Interest rate swaps (IRS)
» Currency swaps (CS)

= Ex: Uses of an IRS

» Converting a liability from
v fixed rate to floating rate
v floating rate to fixed rate
» Converting an investment from
v fixed rate to floating rate
v floating rate to fixed rate
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Definition of plain vanilla interest rate swap

= Contract by which

» Buyer (long) committed to pay fixed rate R
» Seller (short) committed to pay variable r (Ex:LIBOR)

»

»

»

»

on notional amount M

No exchange of principal

at future dates set in advance
t+At, t+2 At, t + 3At, t+ 4 At, ...

= Most common swap : 6-month LIBOR

Prof. Hugues Pirotte m



Brussels School

_d Economics & Management

Interest Rate Swap Example

Objective Borrowing conditions

Fix Var
Al Fix 5% Libor + 1%
Var 4% Libor+ 0.5%

Swap: 3.80% 3.70%
Libor+1% > >
— A Bank

Libor Libor

B

4%

Prof. Hugues Pirotte m

Gains for each company

A
Outflow ( Libor+1%
{ 3.80%
Inflow Libor
Total 4.80%
Saving 0.20%

A free lunch ?

Libor+0.3%

B

4%
Libor
3.70%

0.20%
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Other example

= Ex: an agreement to receive 6-month LIBOR & pay a fixed rate of
5% per annum every 6 months for 3 years on a notional principal
of $100 million

LIBOR  FLOATING FIXED Net
Date Rate Cash Flow Cash Flow Cash Flow

Mar.5, 2007 4.2% ~

Sept. 5, 2007 4.8% \+2.1O —-2.50 —-0.40

Mar.5, 2008 5.3% \+2.4O —-2.50 —-0.10

Sept. 5, 2008 5.5% \+2.65 —2.50 +0.15

Mar.5, 2009 5.6% \+2.75 —-2.50 +0.25

Sept. 5, 2009 5.9% +2.80 —-2.50 +0.30

/

Mar.5, 2010 6.4% +2.95 —2.50 +0.45
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IRS Decompositions

IRS:Cash Flows (Notional amount =1, 1= At)

Prof. Hugues Pirotte m

TIME O T 271 (n-1)t nt

Inflow roT Nt roT FaT

Outflow Rt Rt Rt Rt
Decomposition 1: 2 bonds, Long Floating Rate, Short Fixed Rate

TIME O T 271 (n-1)t nt

Inflow roT T roT 1+r, 4T

Outflow Rt Rt Rt 1+R t
Decomposition 2: n FRAs
TIME 0 T 27 (n-1)t nt
Cash flow (ro-R)t (r,-R)t (r.»-R)t (r,.1-R)
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Valuation of an IR swap

= Since a long position position of a swap is equivalent to:
» a long position on a floating rate note
» a short position on a fix rate note

= Value of swap ( V,,,,, ) equals:
» Value of FR note V. - Value of fixed rate bond Vj,
szap = Vfloat - Vfix

= Fix rate R set so that Vswap =0
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Valuation of a floating rate note

= The value of a floating rate note is equal to its face value at each payment date (ex interest).
= Assume face value =100

= Attimen: Vg, , =100

= Attime n-1: Vg, 1= 100 (1+r, 47)/ (1+r,,7) = 100

= Attime n-2: Vi, no= (Viarnat 100r, ,7)/ (1+r,,7) = 100

= andsoonandon...

Vfloat

111

Time
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Swap Rate Calculation

= Value of swap: f, a0 =Viioat - Vix =M - M[RZd, + d ]

swap

where d, _discount factor

= SetRsothatf,,., =0=R=(1-d)/(Zd)

swap
=  Example 3-year swap - Notional principal = 100
Spot rates (continuous)
Maturity 1 2 3

Spot rate 4.00% 4.50% 5.00%
Discount factor 0.961 0.914 0.861

= R=(1-0.861)/(0.961 + 0.914 + 0.861) = 5.09%
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Swap: portfolio of FRAs

= Consider cash flow i: M (r,, - R) At
» Same as for FRA with settlement date at i-1

= Value of cash flow i =M d. ;- M(1+ RAt) d.

= Reminder: V¢, =0if R, = forward rate F_, |

. Vfra t-1
» >0 If swap rate R > fwdrate F
» =0 If swap rate R = fwd rate Fiit
» <0 If swap rate R < fwd rate Fiit

= =>SWAP VALUE =3V,

Prof. Hugues Pirotte LA R:Y]
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Other types

Floating-for-floating interest rate swaps, amortizing swaps, step
up swaps, forward swaps, constant maturity swaps, compounding
swaps, LIBOR-in-arrears swaps, accrual swaps, diff swaps, cross
currency interest rate swaps, equity swaps, extendable swaps,
puttable swaps, swaptions, commodity swaps, volatility
Swaps........
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= Standard forms
» Call: right to buy tomorrow something at a today’s fixed price
v’ Buyer’s payoff at maturity: Max(S; —K,0)=(S; —K)"
v Value today: ¢"EQ (S; -K)*

» Put: right to sell tomorrow something at a today’s fixed price
v Buyer’s payoff at maturity: Max(K—S;,0)=(K-S;)"
v Value today: e TEQ(K-S;)"
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Payoff profiles

= European Options payoff profiles at maturity

Payoff A Payoff A
at maturity \ at maturity
Underlying
Price
Underlying
Price
Payoff 4 | Payoff A !
at maturity at maturity ! Underlying
:\ Price
Underlying

Price
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Graph of European call
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Stock price //l
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7}
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Example: Insurance with a put
= Strategy 1.

» Buy one share + one put Value at maturity

" Blwnaturity T:  s,<x K>S,

Share value N Sy
Put value (K-Sp 0 K
Total value K Sy
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Example: Another strategy to achieve the same result

= Strategy 2

» Buy one call + invest PV(K) Value at maturity

= Phmnaturity . s <k K>S, SV
Call value 0 Sr-K
FutVal(PV(K)) K K K T estment
Total value K Sy
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Valuation

= Standard forms
» Features: American/European
» Pricing: Binomial/Black&Scholes/Simulations/Finite differences...

» Parameters? S,K,c, r,T

Stock price 7

/'v-V./ K

t T Time
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Black-Scholes model

= Call price C=Se*"N(d,)-Ke ""N(d,)

| (Se‘qTJ
n

K —rT . _ _
d=—"C 0567  =di-ovT-t

= Put price P=Ke""N(-d,)-Se""N(-d,)

= Parameters
» S =current value of underlying
» K =strike price
» T =time-to-maturity
» o =standard deviation of AS/S
» r=riskfree rate
» y =dividend rate=opportunity cost of waiting, etc...

Prof. Hugues Pirotte m

» N(z) =cumulative standard normal probability density from -oo to z
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(European) Put-Call parity

The two strategies are equivalent in cash flows
By the AOA = should have the same cost/price

Sy + P =C+PV(K)
So+P=C+Ke'
where
So: current stock price
P : current put value
C : current call value
PV(K) : present value of the strike price

Decomposition of a European call option
C=S5,+P-PV(K)
Buying a European call is equivalent to:
buying of stock
buying a put (insurance)
borrowing the PV(K) (leverage)

Decomposition of a forward
C-P=5-PV(K) = Forward
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