NINTH EDITION
GLOBAL EDITION

OPTIONS, FUTURES,
AND OTHER DERIVATIVES

John C. Hull

Maple Financial Group Professor of Derivatives and Risk Management
Joseph L. Rotman School of Management
University of Toronto

©

Pearson

Harlow, England London New York Boston San Francisco Toronto Sydney Dubai
Singapore Hong Kong Tokyo Seoul Taipei New Delhi Cape Town Sio Paulo
Mexico City Madrid Amsterdam Munich Paris Milan



Chapter 1.

Chapter 2.

Chapter 3.

Contents

List of Business Snapshots............ceoiennann errssserssrsssasesrnenarens cerasesesnsananens cesenanane 17
List of Technical Notes........... S ARSNA NSNS s IR SRA REARAEES RN N N SRR S SA RS e AR AR BRE PR AR RN RRS SR 18
Preface ............... ererarsesarsesesenese U DU RPRPT 19
Introduction......coooiieinininiisisninnecnnnen. O Cesessersesreraataaeaanns . 23
1.1 Exchange-traded markets ........cooooiiiiiiiiiii 24
1.2 Over-the-counter MarkeltS ... .....ouueuiriiiuieieiiie e e aaaaans 25
1.3 FOrward COMIIACES ... ...ouiuiriiiiiii it et tee st e et s s e ieaenees 28
1.4 FULUTES COMITACES L.uititititittt et ettt eeea e e et ete e e e aea e et et e e e e e aaa e e nenenees 30
1.5 OPUONS .ceveeiie et ee e PP PP 30
1.6 Types Of traders.......c..ovviiiiiiiiii e e 33
LT H A OrS . oot aae 33
1.8 SPECUIALOIS . .e ittt ittt e et e et e et e et s e et e be e ea e en e e e ea e eaneans 36
1.0 AT A OUTS . .ottt aaaaa 38
|0 L B F T O PRPPPPPPP R 39

100 F2 1 PP PP PP 40

Further reading .0 .. . e 4]

PractiCe QUESLIONS. ...ttt ittt ettt et et e e et e e e et e e e e eaeaean 4]

FUurther QUeSHIONS ... ..iuiei i et araa e e e 43
Mechanics of futures markets.......c.coieviiiiniiiiiiiiiiimnininnnas. . 46
2.1 Background ....... ..o e 46
2.2 Specification of a futures CONLract.............ooooioiiiiiiiiiiiiire e 48
2.3 Convergence of futures price tO SPOL PriCE .....euvivnirnrrieinirririirreenianeeanereees 50
24  The operation of MArgin ACCOUNTS ......uuiueuiet ittt eeae e eenaans 51
2.5 OTC MATKES ..ot ettt a st aa 54
2.6 MATKet QUOTES oottt ittt ettt 57
2.7 DRIIVETY ot aaas 60
2.8  Types of traders and types of orders............coveeiiiiiiiiiiiiiiiie e 61
2.9 REGUIALION L.ttt eaaae 62
2,10 AcCoUntINg AN TAX....o..iuieiiieiia ettt e eei st s e e e e et aas 63
2.11 Forward vs. fUtUIES COMITACTS. .. ovviurririeiiineseeeeniaenereen et ere e e eaeenenearanane 65

SUIMIMIATY . ..ot ettt et e et e e e e eaeaes 66

Further reading ... ... e 67

PractiCe QUESLIONS. .. i in it e e ie ettt et e ettt e e e e e e e e e nans 67

U T QUESTIONS ...ttt ettt ittt ettt e e e b e ettt e atae e e e eeaeeaes 69
Hedging strategies using futures.............. N " SR |
3.1 BaSIC PIIMCIPIES. . ettt ettt e e e aan 71
3.2  Arguments for and against hedging ............cooiiiiiiiiii 73
33 Basisrisk................ PP 76
34 Cross hedging ..ot 80



Chapter 4.

Chapter 5.

Chapter 6.

Contents

3.5 SLOCK INA@X TULUIES . ..ottt et e it e e e s e e e e e aaaaraas 84
3.6 Stack and IOl .. et aaas 90
SUIMIMATY . eueeeereeeenet i e et st ea s eeaan s e s st et s aa e e saae e s e s as e aaa e st e saseasanns 92
FUMhEr 1ea0InE. .. ottt e e 92
Practice qUESHONS ... .ivuueniieieiiciiie ettt e it e e b saa e e e e e s es e e aaa s 93
FUrther QUESLIONS ........uiii it e e ae i 95
Appendix: Capital asset pricing model ... 97
Interest rates ........cceevuiiinieiinniniiniannns . cessssessrassnsruiassannnuntstsansnsesststansustsss TP
4.1 TYPES OF FAES covveiiviiiie ettt e 99
4.2 Measuring iNtEreSt TALES ... ...ueiuieuiererien ettt et s s e raa s eaneraeeans 101
4.3  Zero rates ....coeeiiiiiiiiiianeas P 104
4.4 BONA PIICIIE . ovnininiiei ettt 104
4.5  Determining Treasury Zero Tales ..........oeveeiuireiiieiiiitieiiiciriianiaeiaiieaaans 106
4.6 FOrward TS ..ottt et 108
4.7  Forward rat€ agreCments ... ....ovuieiuiririnieinaiare ettt aa e 110
T B 10T 1§ oY s F OO TPPPORPP 113
O 01115 4 PSPPI 117
4,10 Theories of the term structure of interest rates..............ccoevveiiieiiiirciannenn.. 118
SUMUTIATY . ettt e e e e et e e et s e e s s e b s aae s e e s ena e eaan e 120
FUMREr TEAGINE. ...\ ittt et aae e 121
PractiCe QUESLIOMS .. .ueuuiinie et eiiies e iiiaiis e e e s rss e s e ansrsr e aa st sanean s enes 121
FUPther QUESTIONS .. ouie it ettt e e e e e e bttt baaaanes 124
Determination of forward and futures prices...... eearaenas cerrerasssrsesssssssssnsressssnsasss 120
5.1 Investment assets vs. CONSUMPLION ASSELS ....uvvuieiriiiiiiicieeiiiiiiiieae e 126
5.2 SROIE SEIHINE coovni i e 127
5.3  Assumptions and NOTAtION .. ... ..ot 128
5.4  Forward price for an inVestment assel ............coviuiriiiieiierioniniireiaeeaennns. 129
5.5 KNOWN IMCOME .ottt et iet e e e see s e e eare e e enaaanseneaeaa s anenenannanenanns 132
5.6 Known yield. ..o e 134
5.7 Valuing forward CONtIACLS ....... ..ottt 134
5.8  Are forward prices and futures prices equal? ................cocoi. 136
5.9  Futures prices of stock INAICES. . ..uiiuniiiiiiii e 137
5.10 Forward and futures contracts On CUITENCIES ......c.urrivrrnrenernenirneeneneeneanen 139
S.11 Futures on COMMOUITIES «o..ivuirenreitseeeaeisetren e enesrenernerrsarnanneneeaanaenns 142
502 THE COSE OF CAITY. ...ttt et e et e e 145
S.13  DelIVEIY OPIOMIS. Loe ittt e e 146
5.14  Futures prices and expected future Spot Prices ........oeoevvveinirerinmieunenanenanns 146
SUIMIMIATY L.ttt et e en 148
Further reading........ociiiiiiiii e e e 150
PractiCe QUESHIONS ... ..et et ittt et ettt e eae e eneaes 150
FUITNET QUESLIONS L.ttt e e et e e e e e 152
Interest rate futures ..... PP OTPO atssasee 154
6.1 Day count and quOtation CONVENMUIONS ....o.vuuiuiiiiritiniiiiieietiaieiiieraeieenns 154
6.2 Treasury bond fULUTES ... ....oooiiiiii et ee e e e e aeens 157
6.3 Eurodollar FULUIES .. ..ottt a e 162
6.4  Duration-based hedging strategies using futures .............cocoviviveniiiiiiennnnns 167
6.5 Hedging portfolios of assets and Habilities .........coeevvvvreiiiiniiiiiicaienniann. 169
SUMMEATY © o e e e e et e et e et ettt e e e e aas e aaeneaes 169
Further reading. ... ... e 170
PracliCe QUESLIONS ... uuitit ittt ittt a e ettt e e ettt a et e a e ees 170

FUMNEr QUESHIONS ...ttt et e e e 172



Conternts

Chapter 7. Swaps

Chapter 8.

Chapter 9.

Chapter 10.

......................................................................................................... 174
7.1  Mechanics Of INLETESt TALE SWAPS ...oviviriiietereeeretiaeiiiiieiraretiaeiiararenananns 175
7.2 DAY COUNL ISSUBS . ot ttuiitteetet i een et et e et eee et et eaea e et e aaea et eeen e aaeneenes 180
7.3 CONfIMMIALIONS ..ottt ittt ettt e ee e et et e e et e e et aa s ae e s e e e e aacaanns 181
7.4  The comparative-advantage argUment ..........oo.viiiiiiiiiiiiieiiiiirainan, 181
7.5  The nature Of SWAP FALES ...ttt iie e e et et e e e e anaaeaeans 185
7.6  Determining LIBOR/swap Zero rates .........ccccveiiurinieiiuimiiinirininiiennn. 186
7.7 Valuation Of INLETESt FALE SWaAPS.....ueuiurirerereenrnatanenenenaenrstieaaresieianeiies 186
7.8 Term structure effects .......oooviiiiniiii e 190
7.9  Fixed-for-fixed currency swaps.........cc.ccvvveniinnnnns ettt aaaans 190
7.10  Valuation of fixed-for-fixed currency SWaps..........cooeviiiiiiiiiiiiiiiiiniinnnnn 194
T.I1 Other CUTITEINCY SWAPS 1.ouuiiiit ettt it ettt e a e as et e aa s eearaeaaen s eaanans 197
702 Credit FiSK oo e e i 198
713 Other types Of SWaAPS ....ot i e 200

N 1801100 F2Y o S PO SPTPPPPTPPPIN 202

Further reading .......oononitiii e e e 203

PracliCe QUESTIONS. .. uuettctinie it evt i eeet ettt et et e e et e et e e et s e ae e e eaenes 203

FUMthEr QUESHIOMS . ... vviiti it e et e i ettt e ae e e e e e e e aaeaa s aaas 205
Securitization and the credit crisis of 2007 .....cciiiiiiiiiiiiiiiirie e 207
8.1 SECUIILIZATION ...vverninisn et e ee e e et e et ea et e ene s asea e es s eneseseansaneaenanns 207
8.2  The US housing market..........cooooviiiiiiiiiiii s 211
8.3 WHhat Went WIOMET . ottt an 215
8.4  The aftermath ... e e 217

NI 11 1 F: 1 ORI PP 218

FUrther reading .......oveiriiieee e et e e e e e n e e eens 219

PractiCe QUESTIONS. . .uetuit ittt et ae et e e ee e aea e e e s ee sen e e eneaneens 220

Further QUEeSLIONS. ......oouuiiiiiiiti it et aa s 220
OIS discounting, credit issues, and funding CostS ......c.ccvviiiiiiriniiiniiii. 222
9.1  The TISK-T8 Tate ...ttt e eaens 222
9.2 THE OIS TaLE ..ottt ettt e et et e e e e e e e e eees 224
9.3  Valuing swaps and FRAs with OIS discounting ...................... T 227
9.4 OIS vs. LIBOR: Which is COrrect?........oouviiiiiiiieiciiiiiieieie e eeaeaanean 228
9.5  Credit risk: CVA and DVA ... e 229
0.6 FUNAIME COSS ..ottt ittt et e e s e e b e sa s aea e eaaaaaans 231

S UITUITIATY « ettt ettt e et ettt e e e et e e et e ta et e e a e nnns 232

Further reading ... ... e 233

| o 2 o AL e LD (oY1 [0 1 - PP 233

FUIther QUESHIONS . ... ettt ettt et et e e e e e e e e enaaas 234
Mechanics of options MArKetS ......cviiiiiiiiiiiiiiiiiiiiiisesiesisstssisasaasasess 235
101 TYPES Of OPTIOMS . ¢\ eieiteeteite it eie et e e et e e e e s een e e eaeane s e eneansaeenans 235
10,2 Option POSIHIOMS . out ittt ettt ettt e et e e et st et eae s arenaa 237
10.3  Underlying @SS ... o ueriieineieeee et e e et e e e e e et e e eaa e ee e e e aaaaeaaeneennas 239
10.4  Specification of StOCK OPLIOMS L .uouiuiiriiiiii et 240
TS v Ve = USSP 245
10,6 COMMUSSIONS .. tteteeteit et ettt et te e et e s e e s e e e e e et e e e et e e e e e e e e s e aenans 245
10.7  MaAargin FEQUITEMEITS ..eeuener et eeeeeea e e e e e e e e e e e e e en e e e eaeeneeneens 246
10.8 The options clearing COrporation..........vuuiruiiuiieeiiieieeieasaaeeraraaenanns 248
1019 REZUIALION . ...iiv ittt et e et b e e aae s eaas 249
0 I I 14T PSSP 249
10.11 Warrants, employee stock options, and convertibles ....................ooeiin 251
10.12 Over-the-counter options Markets...........coooiiuiiiiiiiiii e 251



10

Chapter 11.

Chapter 12,

Chapter 13.

Chapter 14.

Contents
SUIMIIMIATY ottt e e e e ettt et ettt 252
Further reading. .....ocoeeviiiiii e 253
PractiCe QUESHIONS .....uietetiteete e e e eia et e et e e e e e e e e e e e e e e eae e enaeaess 253
FUPther QUESHIONS ... vvtiete it et cee e e e e e r e aae 254
Properties of Stock OptionS..........ocuiiiiiiiiiiiiii 256
11.1  Factors affecting OptiION PriCeS.......ouuiuiuniieieieiiniieiirieieaeseaenaenaeeneannans 256
11.2  Assumptions and nOtation..........c.oviveiiiniiiiiiieiie e e 260
11.3  Upper and lower bounds for option prices..............ccovviiiiiiiiiiiiiiiiinnnn, 260
T1.4  Put—call PaArity.. ..ottt et e e 263
11.5 Calls on a non-dividend-paying stock............cviviiiiiiiiiiiii s 267
11.6 Puts on a non-dividend-paying stOCK.........coooviviiiiininiiiiiniciieeieieans 268
11.7  Effect of dividends ...... ..o e 271
SUIIIITIALY ettt sttt et et ettt et e e ettt aa 272
FUrther readinE. . ... oiurii ittt 273
Practice QUESTIONS ...ttt ittt it ettt e e s et et et ea e e et et e e e enes 273
FUurther QUESLIONS .. ..ovei ittt eees 275
Trading strategies involving Options.......ccviiiiiiiiiiiiisi s e 276
12.1  Principal-protected NOLES ............ooiiiiiiiiiiiiiiiii e 276
12.2  Trading an option and the underlying asset ...........ccoooviiiiiiiiicniniinininenn. 278
12.3 Spreads........coocvviiiiiiniiiiinninnn. O PP PPP PP 280
12,4 COMDBINALIONS ...ttt ettt et e e e et ee e e e e e a e e e e e eaneaneanans 288
12.5 Other payoffs................. P PPN PPPTPPIN e ... 291
SUIMIMATY Lottt et ettt e et e ettt et e e e et et e et ee e 292
FUMTRET TEAAINE. .ottt e 293
PractiCe QUESTIONS .. oett ittt et e ettt et e e e e e e e eaananas 293
FUITREE QUESLIONIS .. ve e ittt e et e et e e s e e e r e s eseeens 294
Binomial trees .....veuiruiieiiirriieimimmemmisrsssnssrsreierienmiersssimessrsssssssssassasssssansanes 296
13.1 A one-step binomial model and a no-arbitrage argument ......................... 296
13.2  Risk-neutral valuation.........oo.iiiiiiiiii e e re e 300
13.3  Two-step binomial LIS .....o.ovniiiitii et e e e e e 302
13.4 A putexample........ooooiii e 305
13,5 AMEIICAT OPLIOMS . ..uiiiniiiieit ettt ettt ettt e e et et e e e e e et e e e e eaaeaes 306
[ T B T [ BSOSO 307
13.7 Matching volatility with a and d ................ooiiiiiiii e, 308
13.8  The binomial tree formulas...............oooiiiiiii e 310
13.9  Increasing the number of SIEPS .....ooviiiiiiiii et eaes 310
13,10 Using DerivaGem .....o.ovniiiii e et e e e 311
13.11 Oplions on Other @SSeS.......oiuiriiiiiiiet i e e eea e e eaeaanans 312
SUIMIMIATY Lo e 315
Further reading... .. ..o 316
PractiCe QUESTIOMS .. ettt ittt ettt e et et et e e e e e e e s e aeaenanans 317
Further qUeSLIONS .......oovieii e, ... 318
Appendix: Derivation of the Black—Scholes—Merton option-pricing
formula from a binomial tree.............coooiiiiiiiiiiii 320
Wiener processes and [t0°S I@MMA .....vveirierrrnreiirirrnrsresresssssssssssssarssersssssssssssssnes 324
[4.1  The Markov property ... oo 324
14.2  Continuous-time StoChastic PrOCESSES.......cvuuiirrriiiieriiieriierriiereiieeeaeeeanes 325
14.3  The process for a StOCK PriCe .....ccoueieiieniie e e 330
144 The ParamMELErS . ... ovuiitiitiiiiiiii e e e e et e et e e e e e er e ae e aa et einaanns 333
145 COrrelated PrOCESSES ..vuvnisiise sttt e et e e et e et e et e e e e enees 334
L T £ 1 I [ 1 T USSP 335



Contents 11
14.7  The lognormal Property..........coeeeeeieiiiiiiiiiiiiiiciie e eaans 336
SUIMIIMIATY ettt et e e e e e et e e ne s e e anean e ee e nneneans 337
FUurther reading .......ooouiiiiii ettt e ens 338
Practice qUESHIONS. ... ...oiuiiit i 338
FUrther qUEeSTIONS .....iue it ittt e ea e s s a e aeans 339
Appendix: Derivation of It0’s lemma..........cooiiiiiiiiiiieaes 341
Chapter 15. The Black—Scholes—Merton model .........cocovviiiiiiiiiimiiiiiiiniiiin e 343
15.1 Lognormal property of stoCk PriCes .........coovvuviiiierriiinieiiiieiiieeinineienenes 344
15.2 The distribution of the rate of return ..........cocveiiiiiiiinr s 345
[5.3 The expected TELUMML. ....uu ittt ettt e et s e e b as e e enans 346
154 Volatility ..ooeiuii e 347
15.5 The idea underlying the Black—Scholes—Merton differential equation ......... 351
15.6 Derivation of the Black—Scholes—Merton differential equation .................. 353
15.7  Risk-neutral valuation ... .....cooiuiiii e 356
15.8 Black—Scholes—Merton pricing formulas.............oooiiiiiiiiiiiiiis 357
15.9 Cumulative normal distribution function ..............coooviiiiiiiiiiiiiiii s 360
15.10 Warrants and employee stock options .........coooviiiiiiiiiiiiiiiiiiiiicie s 361
15.11 Tmplied vOLAtIlItIES. ....ovneee ettt e e e e e aes 363
15,12 DIVIAEIAS .o nvviris ittt et et et e e et et a e e ane 365
N1 11 0T ) o ORI PTRPPPP 368
Further reading .........oooiviuiiiiiiii e e 369
PractiCe QUESLIOMS. . uuuneteit ettt e te et et et e e e e e et e e e e e ea e an et aaenees 370
Further questions. ... ..o 372
Appendix: Proof of Black—Scholes—Merton formula using risk-neutral
VAIUALION L.ttt e e e e e e e et e e ananns 374
Chapter 16. Employee StoCK OPtions . .....cciiiiiieriiiiiiiiisuniisiniiiiisississsisiisisissisisssssssenns 376
16.1 Contractual arrangemMeEITS. ... ....vvuiriurinernerrneriten e eterieraseeneraetreeeeanaans 376
16.2 Do options align the interests of shareholders and managers?.................... 378
16.3  ACCOUNTIINE ISSUES «.uvuiniiiiiinetstieeneeaas i eaneaeeass s aa e eassa st enssssaasiaeans 379
| I Y (3 U DO PPSR 380
16.5 Backdating scandals ..........ccooiiuiiiiiiiei i 385
N IE1 81 1 E T PP PPPPRPPPPPRPR 386
Further reading .........oouniiiiiii e 387
PractiCe QUESIIOMS. ..uiuutie ettt tet et et e e s e e et e s e e es e e aeneeneseseaaeaes 387
FUIther QUESHIONS . ....iiee ittt e e e e a e 388
Chapter 17. Options on stock indices and currencies ...........ccvevuiiiiiiiieiiniic . 389
17.1 Options on Stock INAICES ........ocvviiiiiiiiiiii e, 389
17.2  CUITENCY OPLIOIIS 1 euereenintnen et et et ee et e es e e ese e e et enatanenteenennanns 391
17.3 Options on stocks paying known dividend yields ..............cooovviiiniinininnn. 394
17.4 Valuation of European stock index options...........cocooeiiiiiiiiiiciiiinennnen, 396
17.5 Valuation of European cCurrency OptlOnS.....o.oeueuireeeniuiuiiiiienaeieirenesanaannns 399
17,6 AMETICAN OPLIOIIS «ouvninitit ittt ettt et e et e ettt et e e e ere b e e e e e e etereenenees 400
1001000 401
FUrther reading .....oooooiiniiiii ettt e e n e 401
PractiCe QUESHIOMS. . uvuit ettt ittt et et es et e e ea e e e e et e aaaaas 402
FUTTRET QUESLIOMIS .+ .-t eteeie et e e e et e et e e e e e e eaenn e e e e e e e e eans 404
Chapter 18. Futures OPLIOmS...oostceconseronsssnssssnnssssssssessssersstenssssssssssssssnsstnsssstsssssessssasanssssuses 405
18.1 Nature of fUtUres OPLIONS ... ouvivniiiitietiier ettt e ee e e raaaaes 405
18.2 Reasons for the popularity of futures options .................oooi. 408
18.3 European spot and futures OptionS ........o.vvviviiiiiiiiiiiiieee e 408
18.4  Put—call PATILY ... e 409



12 Contents
18.5  Bounds fOr fUtUrES OPLIONS ..vveiueitseeneenrrnieitr s et enierieeeneeaaenerenaanres 410
18.6  Valuation of futures options using binomial trees.............ccoocovviiviiiininnnn. 411
18.7 Drift of a futures price in a risk-neutral world...............ooo. 413
18.8 Black’s model for valuing futures optIons ..ot 414
18.9  American futures options vs. American Spot OPtiONS .........coeuveuieinirianennnn. 416
18.10 FUutures-Style OPIONS. c..u vttt ittt et ettt et ee e e e arans 416

g 3D T 417
Further readinmg. . ... e et et e e es 418
PractiCe QUESTIOMS .. .iuuiiiieineiiiiieeii it cis st e et e e et e s s e aa s se e aan e 418
FUITRET QUESLIONS ....itiiiiiit et e e e e e e e e aa s eea e eebbaaae e 419

Chapter 19. The Greek letters......cccviiiiieiiiiuiiniiiiiiiiiiniissinisiiinirienmetiietiisinmssensrsas 421
(2 B 1 T 14 (o) O PPPURPPPPN 421
19.2 Naked and covered POSILIONS ......o.ouiiiiiiiiiiiiiiiieiiiae e iaiiaiareaeaes 422
19.3 A StOP-108S SITAIEZY ...vvuniiiiiiiiiiiiiiicii et et e e e e ee e 422
19.4  Delta hed@InZ ..oouoniinii i e 424
| TSI V1 RO 431
L € F: V1111 1T SO PSPPI 433
19.7 Relationship between delta, theta, and gamma ............ccoooevviiiiiiiiienennn. 436
TR T 437
10,0 R0 ottt e 439
19.10 The realities of hedging....... ... 440
19. 11 Scenario ANAlYSIS .......o.iuniiiiii ettt e a e e 441
19.12 Extension of formulas. ... ..o 441
19.13 Portfolio IMSUTANCE .....uitii et a e e 444
19.14 Stock market VOIatility ......oovuiiiiiiiee e e 446

SUINIMATY <ottt etee et e it e s e eseeaeeaes e e e e et e e aans e en e an s ananssneanesnanneeneeens 446
FUurther reading. . ..o e 448
PractiCe QUESTIOMS ...uiuieiit ettt ettt ettt ettt e et e e e e e aae b eaeans 448
FUTRET QUESLIONS L.\ iuiiiiii it et e et e a b e e et e e s b et e e een e 450
Appendix: Taylor series expansions and hedge parameters ....................... 452

Chapter 20. Volatility SMIles .......ccciviiiiiiiiiiiiiiiiiiiiiirisisisssisisisssrssssssssssssssssassssssasassans 453
20.1 Why the volatility smile is the same for calls and puts..................oooeene. 453
20.2  FOreign CUITeNCY OPLIOMIS ..uuuttieite it et e et e et eie ettt aasatansanaanenaresaennens 455
203 EQUILY OPTIOMS . ttitit it ettt ettt ettt r e e e e e e e ea e e et e 458
20.4 Alternative ways of characterizing the volatility smile.............cocooooin. 459
20.5 The volatility term structure and volatility surfaces...............coooooiiivnninnnn. 460
20,6 Greek JeTerS. . .oovi i 461
20.7 The role of the model ... ..o 462
20.8  When a single large jump is anticipated...............oooiiiiiiiin e 462

T 1 42 oy PP 464
Further reading........oooviuiiiiiiiiiiii e 465
PractiCe QUESIIOMS ..o ettt ettt et e e e e e e ees e ea e e en s aanaeseaannsenernnn 465
FUTTRET QUESTIONS L. vuitie it iaiiietin e eseesesesssneserenesrasassssnssssnsannnennses 467
Appendix: Determining implied risk-neutral distributions from

volatility smiles ... 469

Chapter 21. Basic numerical procedures ........cc.civiiiriiniiiininniiiiiiiieiiroriorisssssssessssssasssssssssssns 472
211 BInomial (rees. ... 472
21.2  Using the binomial tree for options on indices, currencies, and futures

CONITACES L.ttt ittt ettt et et e e e e e e e e e e e e e et e m et et ran s e e esananenennns 480
21.3  Binomial model for a dividend-paying Stock...........ccooeiivriiiieiiiniiiieennnnn. 482
21.4  Alternative procedures for CONSLIUCHNG trEES ...ovuvvininiinieiieeinereereaniineinnns 4387



Contents

Chapter 22.

Chapter 23.

Chapter 24.

21.5 Time-dependent PATAMELETS . ... ..iuuireitiiiiniiaiae st ene e areeaeaanns 490
21.6 Monte Carlo SIMULALION. .. ..uiriit ittt 491
21.7  Variance reduction proCedures ..........cccueieuiiuiimiiiiniiiaaiiarisieirraeeans 497
21.8 Finite difference methods ........oooviiiriii e 500
SUIMIIATY 1.ttt et st et ee e et et e s aa e e seman e aeaae e 510
Further reading ..o 511
PractiCe UESLIONS. ...ttt ettt ettt e ettt e e et e e e e e e e e eaees 512
Further QUestionS...........vuit it 514
ValUue At FISK..vneeeeiiieniiieirrr e resaeraissssasssssnssssssansanssnssssssessossossssassassases 516
22,1 The VaR MEASUTE .....cuvitiiiiiiiiiiiiiiiissra it re s s ens s snsanaaneasanas 516
22.2  Historical sSIMUlation ...........iiiimoriiiiir e 519
22.3  Model-building approach .........ccoiviiiiiiiiiiiii e 523
22.4  The linear model ... ..ot e 526
22.5 The quadratic model .. ... 531
22.6 Monte Carlo SIMUIALION.......iuiuit it ra e eaaes 533
22,7 Comparison of approaches ..........cocoverviiiiiiiiii i 534
22.8 Stress testing and back testing..............coccoiiiiiiiinn TP 535
229 Principal components analysis.......c.ovuiuiiiiiniiiiiieii e 535
111180001 O PP PP PPPPPPPTRPTR 539
Further reading .......ooooviiiiiiii e e e 539
PractiCe QUESLIONS. .. vueeieiteiteeeee i e et ene b e s s b ss s e s s ae s e s s ansasans 540
Further QUeStioNS........ouiii i e e aen e 541
Estimating volatilities and cOrrelations ...........cocoiuiiiiiimiimiinicein e 543
23.1  Estimating vOLAtIItY ........ovitiiiiii e 543
23.2 The exponentially weighted moving average model....................oceiiiinnnnn 545
23.3 The GARCH (1,1) model .......oooiiniiiiiiiie e 547
23.4 Choosing between the models........o.ooviiiiiiiiiniiiii e 548
23.5 Maximum likelihood methods..........oouviniiiii e 549
23.6  Using GARCH (1,1) to forecast future volatility .........................l. 554
23,7 COTTEIATIONS L. etttit ittt ettt ettt et et e e 557
23.8 Application of EWMA to four-index example................ooooiiiiinn. 560
SUMIIIALY ¢ oottt ettt et e e et ettt e e e e e e e e ens 562
FUrther TeadIiNg .....ovvviiiiiit ittt eaae 562
PractiCe QUESTIOIIS. .. vuiteiein sttt et ettt e e e e e e e e e e e e e e aa e aa e e e aneas 562
FUITher QUESHIOMS. ... ettt ittt ettt et e et et e e e e e e e e aea e e ees 564
L8 T L o T T PP 566
24,1  Credit TATIIES ...ooviieiii ettt e e et e e e e e e ar e e e e e e eaneanaeaeenaaes 566
24.2 Historical default probabilities .............coooiiiiiiiiii 567
243 RECOVEIY TALES ..ottt it i s e s e e s rae st s s e s e aa s as 568
24.4 Estimating default probabilities from bond yield spreads..................ceuvve. 569
24.5 Comparison of default probability estimates............ccoovvvvieriiiiieiinninennnn. 572
24.6 Using equity prices to estimate default probabilities.......................ooeennin 575
24,7 Credit risk in derivatives tranSactioNS .........evevreerrnerueueeirerrereraeeeneaeen 577
248  Default correlation..........ooooiiiiiiiiiiiie e 583
24.9  Credit VaR .o e 586
1001002 o OO PTPP PP 589
FUIther reading . ..ottt e e a e eas 589
Practice QUESTIONS. .. ..ottt it s i et et r et re e araans 590

FUTther QUESHIONS ... oe ittt e e e e e et e e e e e e e na e 591



14 Contents
Chapter 25, Credit derivatives .........ccovvriiiuiiiiiniiuiiiiosisi s sssanss 593
25.1 Credit default SWAPS ...o.oiiiiiiii e e e 594
25.2  Valuation of credit default SWaps.........coviiiiiiiiiiiiii 597
253 Credit INAICES ..ovnie e ese e et e e r s r e e e a et 601
25.4 The use of fiXed COUPOMS. ... ...uiiniiiiiiaii ettt e ea e e aeaas 602
25.5 CDS forwards and OPLONS ... .....ouiiiiii e 603
25.6 Basket credit default swaps.................. e 603
25.7  Total TELUTN SWAPS ...ouuiintiiiii it et a e e e e 603
25.8 Collateralized debt obligations. ... .c..ovviiiniiiiiiiierie e 605
25.9 Role of correlation in a basket CDS and CDO........c.ocoviiiiiiiiiiiiiiincan. 607
25.10 Valuation of a synthetic CDO ..........oooiiiiiiiiiiiiii e 607
25.11 Alternatives to the standard market model..............coooeviiiiiiiiiiniiiin . 614
SUITITIATY 1ottt et e e et e s e e e et et e e e e e e e aaeees 616
Further reading. ... .....ooviiiiii e 616
PractiCe QUESTIOMS ... ouueuiti ittt it et et e et e st e e e e s e et e bbb as e enseanes 617
FUITRET QUESTIONS .. evttii ettt ettt e e aeee 618
Chapter 26. EXOLIC OPtIONS «.vvviiiuiisierirriririrssssarisssrssrorarsssssssssrassssssssssrsssnssssssssssssssssssssnes 620
26,1 PACKA S ..t ettt 620
26.2 Perpetual American call and put Optons ..............ooiiiiiiiiiii 621
26.3 Nonstandard AmETICAN OPLIONS. . .uvuierrneeieaeaateiienenearnananaearieneaenaess 622
26.4  GAP OPLIOMS ..ottt ettt ettt et et e et e et e e et et e e e e et aneas 623
26.5 Forward Start OPtIOIS .....iuu ittt e a s 624
26.6  CHQUEE OPHIOMS ..iuiiititii ettt et ea e e e e 624
26.7  COmMPOUINA OPUIOMS . .ueutnettiiiereetetienaeeanenesnenasteirenernenssearasasnesernennsnenns 624
260.8  ChOOSET OPLIOMS. .ot uienitit ettt et e e et aa e e e et e e e e et e enaannaenn 625
26.9  BarTier OPLIONS L.uietieeniei it e eiete et e e e e et e e ean e ea e e s e anean e annaenneeneaanaes 626
20.10 BINATY OPLIOIS 1.uvittiiititi ettt et et et e et et et e a e e et eane e e eben e 628
26.11 LoOKDbACK OPLIONS .. vvuvitiiiieiie i ce e e ea e ea e e e e ae et aa e e eneenaes 629
26.12 SHOUL OPUONS ...ttt ettt e et e e ne e e e eanes 631
26.13 ASIAN OPLIOMS . .utetetie ettt et e e et e e e ettt e et e e e e anns 631
26.14 Options to exchange one asset for another..................ooooiiiiiiiiiiiinnnen... 633
26.15 Options involving several asselS...........oviiiiiiiiiiiiiiiiieii e eeeaanas 634
26.16 Volatility and VATIANCE SWAPS .......enenieianieeeeiain e eenrarsrsnarasesarnrnsnnsnanss 635
26.17 Static options replication ...............oooiiiiiiiii e 638
LT84 11 F B OO 640
a1 ol (2 T 3o Y 641
PractiCe QUESTIONS ... .vvuieiuiiaiessre et eneeneerenetressssereeaenresesrsnraenssssnsresnenss 641
FUrther qUESHIONS .. ovnuni et e e e eaneens 643
Chapter 27. More on models and numerical proCedures.......cocuvuerrrrnrrrerersrararsrerssssssnrerssssess 646
27.1  Alternatives to Black—Scholes-Merton............cooovieiiiiiiiiireeeeeens 647
27.2  Stochastic volatility MOdelS. .. .......cooiuiiiiiie et 652
273 The IVF moOdel......oooniiiiiie e 654
274 Convertible BONAS ....o..iieiiiii et 655
27.5 Path-dependent deriVatiVes............coueiiueiiniiiiii e eee e 658
AT VI 72V 5 w1 e 018 (o) o S TP 662
27.7 Options on two correlated assets ..... PSPPI 665
27.8  Monte Carlo simulation and American options .............cccovveveeinieiieennnn.. 668
SUIMIIMIATY L et et 672
Further reading........oooiiiiii ettt 673
PractiCe QUESHIONS ... ... et iserss e et et e e st e s ens s e e et e e e e s baeenns 674

Further qUeStIONS ... e 675



Contents

Chapter 28.

Chapter 29.

Chapter 30.

Chapter 31.

Chapter 32.

Martingales and MEASUIES .....ccvvurereirniiirrnrnsrirsirisnesecnstiesrinsasrisnerensassnssasssans 677
28.1 The market price of TisK ... 678
28.2  Several state variables ... ....oooviiriiiiiii e 681
28.3  IMATINEALES. ... ittt e 682
28.4  Alternative choices for the nUMeraire ...........cooo i 683
28.5 Extension to several factors .........o.iviiiiioriiiei e 687
28.6  Black’s model revisited .............ooiiiiiiiiii e 688
28.7 Option to exchange one asset for another............ 689
28.8  Change Of NUMETAITE ... . vvuiiirieeeeeee e e e et e e e e e et e e e st s eaia e eesanes 690
SUITIITIATY ¢ et s ettt et e e et e et e et e e e et st et e e et e e s st et r e e e e es 691
Further reading ....oo.ouiniiii e et ea e 692
PractiCe qUESTIONS. ... ..ottt e e e e e 692
FUrtRer QUESTIONS .. ee ettt et et e et e et e e e e e e e e e e e aaria 694
Interest rate derivatives: The standard market models .........ccccoivviinininriniiiiinineinae. 695
20,1 BONA OPLIONS «.uitinitititiii ettt ettt et 695
29.2 Interest rate caps and floOTS.........ooiiiiiiiiii e 700
290.3  EUuropean SWAP OPTIOMNS. ...o.oeuiin it et e e et et e e e e eaaaaes 706
20,4 OIS dISCOUNTIME. ..ottt et r et et et e e e et e e e e aaeananaansans 710
29.5 Hedging interest rate derivatiVes . ... ......couuiiiiiniiiiiiie i eee e 710
SUITMITIATY ettt et e e et e e et e e e s e e e e e e e e e e aneaas 711
Further reading .........coooiiiiiii e 712
PractiCe QUESTIONS. ...uiuiitieiiei ittt ittt et e i et et et s e sbesane s easeneenenasaan 712
FUMther QUESHIONS . ....itie ittt et r e ens 714
Convexity, timing, and quanto adjustments ........c..ccveiveimrinriiiririessissessmrsses 715
30.1  Convexity adjuSIMEITS ....uuiert ittt ettt e e e e s e e e naa e es 715
30,2 TImMing AdjUSEMEIIES ..ovuivviiteiineeiieeeneeeaneeeas s ateeaaeere e een e aaeeeennereen eenns 719
L0 T O 1§ 1 o T P 721
SUITUITIATY « s ettt e e e e et e et e et e e e e ettt e e et ne e s n 724
Further reading .........ovuiiiiiiiiiie e e 724
PractiCe QUESLIOMNS. . .uieetiietit ittt ettt et s et s ie e te s et et s et ata st aa s aianasans 724
FUrther QUEStIONS ... ou.ititt ittt et e e e sees 726
Appendix: Proof of the convexity adjustment formula ...............oeeeeenis 727
Interest rate derivatives: Models of the short rate.........c.cooiviviiiniiiiiiiiiiiiiiiiiiiinnn 728
31,1 Background ... 728
31.2  Equilibrium models. . .....oooiiiiii e 729
31.3  No-arbitrage models.......ocoooiiiiiii e 736
31.4  Options on BOMAS ... 741
31,5 VOlatility SUCTUIES ..ottt eee et et et e e e r e e e e e a e s e naenaeenes 742
1.6 TNETESE TALE ITEES .vuiiriei ittt et et e e e et et ettt e e an e e e e st e et s eae e saanas 743
31.7 A general tree-building procedure...........ccooviiiiiiiiiii 745
R R O 1 1o 14 1o ) PP 754
31.9 Hedging using a one-factor model...........ooooviiiiiiiiiiiiii 756
10010170 F ] PP 757
Further reading ..o 757
PractiCe QUESTIOMS. .. . et etiteiet ettt et e et et et s et eae s e b taeae s ebaeneanaraaes 758
FUTTRET QUESLIONS ... ottt ettt et a e ae e e e e eas 760
HJM, LMM, and multiple ZEro CUVES .......cccuiveuuiieurimmmireesiimniierieresemessensssens 762
32.1 The Heath, Jarrow, and Morton model.............cooviiiiiiiiiniiiiiienn. 762
32.2 The LIBOR market model .........coooiriii e 765
32.3  Handling multiple ZEro CUrVeS...........civuiiiiiiiiiiieiiiiie e eee 775

32.4 Agency mortgage-backed SECUTItIES ........c.oviviiiiiiiiiii e 777



16

Chapter 33.

Chapter 34.

Chapter 35.

Chapter 36.

Contents

R T 0131 21 PP 779
Further reading.........ooooviiiiiiii s 780
PractiCe QUESTIONS ....veiieieeienea ettt e s e e asbe i ea e es s aaisasieaas 780
FUIthEr QUESHIONS 1.t iitieii ittt ere et et e et r e e e e e e ra s e eaann e 781
Swaps Revisited ......ccciiiiiiiiimsiniiiiniiimiisiiissseessisssssssssses 782
33.1 Variations on the vanilla deal ..ot 782
33.2  Compounding SWAPS.......oiivuiieteiiiinieii i eaiises s e eanes 784
333 CUITENCY SWAPS 1 euttineuiaiineen i s aasssss e ias s esasnsasaaa s et saasaaearsssnennesss 785
33,4 MOTe COMPIEX SWADS ...ovnitniieiiiiette et aa e e ebt e e e e e e et aa e e ee e etaanaaaaenes 786
335 EQUILY SWEADS .. tvuetnistiteein it e et et ea e ettt e st e e e e e ettt aa e 789
33.6 Swaps with embedded OPtIONS..........ooiiiiiiiiiiiiiiii 791
R T € 11 1= ) T O 793
LT 11 F 0 794
Further reading.........cooiiiiiiiiiniiiie e a e e e 795
Practice questions....... P 795
FUTTRET QUESTIOMIS « et ittt ittt et et et et ae e e e s et e s e ab e b e e et e ane e eans 796
Energy and commodity derivatives......coviiiiiiirsniiiniincririisesrs e, 797
34,1  Agricultural cOmmMOCITIES ......ouiiitiii et e e aan 797
34,2 Ml o oo 798
343 ENergy PrOQUOCTS. ...ttt e 799
344 Modeling COmMMOUILY PIICES ... ueuuitieiieeeteatee et ae e e e ta et eeaaneaneanas 801
34.5  Weather deriValiVES........oouiuriiiiiiii e e e aaaeaes 807
34.6  INSUrance deriVATIVES. ... ..ot ittt e et a et 808
34.7 Pricing weather and insurance derivatives............c.ocoviiiiiiiinienieiiinianeenne. 808
34.8 How an energy producer can hedge risks..........cooooiiiiiiiiiiiiiiiiieen, 810
SUIMITIATY 11ttt ettt et e e e s e e st s e e e et s b aa st st s s e e reans 811
Further reading. ... ..o 811
PracliCe QUESLIOMS ..uuuiteienit e ettt e et e e et et et e e e e et et e e s st s an e ens 812
FUrther QUESTIONS ..ottt et e e eaa 813

Real OPLONS...ocevirrisnsctirrisnscestsannssncsassanesessocesssacacsassasansessassasasassssssanssessasesas 814
35.1 Capital investment appraisal ..........ccoooiiiiiiiiiiiiiiii e 814
35.2 Extension of the risk-neutral valuation framework .................oiii. 815
35.3 Estimating the market price of TisK ......ooooviiiiiiiii e 817
35.4 Application to the valuation of a business ..............coooiiiiiiiiin . 818
35.5 Evaluating options in an investment OPPOrtunIty ........ovvvevruvrienrierianeranna. 818
TV D013 T2 1 P 825

L AT W (= e 1 1 ST UPPPPPT 825
PractiCe QUESIIOMS ... ettt ettt ittt it ecae et e s e e s e iaes e e e neaaansane e eaanaensrnsnnans 826
Further QUEeSHONS ....ouiie et ea e 826
Derivatives mishaps and what we can learn from them ..........ciiiiiiiiiiiiiiiiincn. 828
36.1 Lessons for all users of derivatives..........ooooiiiiiiiiiiiie e 828
36.2 Lessons for financial iNSHEUHONS.........oeeiriiineieiiiiiiie e i enenenranenenneneans 832
36.3 Lessons for nonfinancial corporations ...........cocceiiiiiiiiiiiiiiniineiiaeenn. .. 837
SUIMITIATY vttt et et e e e e b e e e e e e et e e e s e s s b et e e e et e e aneen et eanes 839
Further reading.........ooiimiiii e et 839
GlOSSArY Of TFIMS . .ueesiiiinieniiiitierrtesiie e snescararerseasasansnssssasensasasssnsnnsnsssasssnes 840
DerivaGem SOFtWATE .....vvvuieevireuiiiisiesrneriiirinrssrsirsssrssrerrsssnssrsssssrsessrssressnnars 862
Major exchanges trading futures and OPtionS..........ccvveiiuiieiisnnnsinsiisisiesnssene, 867
TabIES FOr N(X)ueiiiiiiuiiiuiiiiiiiiiiiiieeistitneietesteetasesresesstesssessssraenesstersonnnstsrsnsnnns 868
AUThOr INAEX ittt ittt tesrenterstsrsnssssasssrosttnesenssensbsasssnnsensnns 870

Subject INAeX...ciiiiieiiiiiiiiies i ssais s rasasass s srasrarasnsnaas 874



	Inhaltsverzeichnis
	[Seite 1]
	[Seite 2]
	[Seite 3]
	[Seite 4]
	[Seite 5]
	[Seite 6]
	[Seite 7]
	[Seite 8]
	[Seite 9]
	[Seite 10]
	[Seite 11]


