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Intr oduction I

e Thisis anexciting dayfor the UC systemandfor me.

e Interestin mathematicafinancecontinueso grow exponentially both
domesticallyandabroad.

e MathematicaFinance(MF) alreadyhassub-disciplinesfinancialengi-
neering,computationafinance, andEcono-physicga.k.a.phynance!).

e As thesemulti-part namessuggest,MF is multi-disciplinary a rich
brothof appliedmath,finance engineeringphysics,andcomputersci-
ence.

e As a representate of both the industry (Bloombeg) and academia
(NYU), | welcomeUSCB’s ongoingeffortsin MF.



A Practitioner’ sView I

e As Casg Stengeloncesaid: “In theory theory and practiceare the
same.But in practice they arevery different’

e Having spentl0 yearsasa practitionerand 8 yearsasan academic)
have to agreewith Casg (Go Mets!).

e MF is too importantto beleft solelyto academicsthereis alsoa thriv-
Ing subcultureof quants happilydoingresearchtrading,andrisk man-
agemenin banking,insurancesoftware,mong/ managemengndeven
the public sector

e My talk will addres®F from a practitionersperspectie. Accordingly,
we will dispensavith frivolities suchasclarity andlogic.



Overview I
e A Brief History of MF

e ProminentMathematician€ontriluting to MF

e ProminentFinanceAcademicContrikuting to MF
e MathematicdtJsedin MF

e FinanceUsedin MF

e EducationaProgramsn MF

e MF Booksfor MathematiciangandPhysicists

e AcademicandIndustryConferencesn MF

e Applicationsof MF to Industry

e Active ResearclAreasin MF

e OpenProbleman MF



Brief History of Mathematical FinanceI

e Bachelier(1900)

e Kolmogoros/Levy/Doeblin/Ib

e Samuelson/Osborne

e Black Scholes/MertorfNobel1997)

e Cox Ross/HarrisorKreps/HarrisonPliska
e HIM/BGM

e ArtznerDelbaenHeathEber

e Li (WSJ)



A-Z of Mathematicians Contrib uting to MF I

e MarcoAvellaneda
e RichardBeals

e FreddieDelbaen

e Nicole El Karoui (WSJ)
e Charled~efferman
e SamueHowison

e JosepiKeller

e PierreLyons

e TerryLyons

e Paul Malliavin

e BenoitMandelbrot



A-Z of Mathematicians Contrib uting to MF (Con’d) I

e HenryMcKean

e Geoge Papanicolau

e ChrisRogers

e Walter Schachermayer
e Albert Shiryae

e Jim Simons

e Elias Stein

e Daniel Stroock

e Marc Yor

e ThaleiaZariphopoulou



Prominent Finance AcademicsContrib uting to MF I

e Samuelson

e BlackandScholes

e RobertC. Merton

e CoxandRoss

e LelandandRubinstein

e Duffie andSingleton

e BrennamandSchwartz; Longstaf andSchwartz
e Pliska,Jarrav, Madan



Mathematics Usedin Mathematical Finance I

e StochasticCalculus:Markov Processedto’s Lemma,Girsane’s Thm
e Linear& NonlinearPDE's - primarily 2ndorderlinear, esp.parabolic
e Monte Carlo Simulation

¢ Finite DifferencesFinite ElementsandSpectraMethods

e FunctionalAnalysis- semi-groups

e Integral Transformd~ourier/Gaussian/Hilbert/Laplace/Radon

e Complex Analysis- for invertingtransforms

e PseuddifferentialOperators

e MaximumPrinciple

e Fundamental’ heoremof Linear Algebra

e HahnBanachTheorem



Mathematics Usedin MF (Con’d) I

e Lie Groups

e RggularandSingularPerturbations

e Optimal Control

e Variationallnequalities

e DifferentialGeometry

e String Theory

e GameTheory

¢ InverseProblems Calibration

e Statistics Econometricsesp.time series.
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Finance Usedin Mathematical FinanceI

e MF is oftenseenasa subdisciplineof financeandfinanceis oftenseen
asasubdisciplineof economicsNeitherneedbe so.

e Derivativespricing theoryis themostwidely usedsubdisciplineof MF.
Thebasicideabehindthistheoryis thatthepriceof aderwvative security
shouldbe given by the costof replicatingits payof. In the standard
theory no arbitrageandfrictionlessmarlketsjointly imply theexistence
of apositve linearpricing operator

e Derivativespricing theoryhasbeenfamouslycharacterizeas"k etchup
economics™:whenpricing two bottlesof ketchup,first figure out how
muchonebottle of ketchupcostsandthendoubletheprice.

¢ In arelatedvein, Nils Hakanssorof Berkeley hascalledthis the Catch
22 of dervativespricing theory If dervativesareredundantthenwhy
dothey exist?
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Common SensdJsedin Finance I

e As Mark Twain oncewrote,“commonsensain’t socommon”.

e No practitionerghatl know of think thatdervativesareredundantlin
fact,theclosersomeones to themarket, thelesslikely they areto value
two ketchupbottlesat twice theunit price.

¢ While the standardoricing modelsarelinear, practitionerskeenly ap-
preciatethe limited domainin which they operate:
— Reseresaresetasidefor modelrisk.
— Severalmodelsareusedsimultaneouslyandtheresultsareaveraged.
— Fixedmodelparameterareroutinelyshocled;risksoutsidethemodel
areroutinelyhedged.

e Nobodythinks quantsareredundan(fortunately);muchtime is spent
trying to find robustpricing andhedgingstrata@ies.
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Masters Programsin MF I

e To my knowledge,thereare no undegrad programssolely devotedto
mathfinanceyet.

e Thefirst Masters programin MF wasofferedby CMU in 1992,
e Therearenow over 100 Masters programsanternationally

¢ A typicalMasters programrequiresl-1.5yearsof full-time attendance.
Most programsan big citiesalsooffer part-time.

e Theprogramsareusuallyofferedout of mathor engineeringlept’s (or
both); they aresometimesfferedout of the B schoolasa standalone
program(eg. Haas)or asatrack(eg. MIT).

e Graduategoto industry:NYU’s Courantgraduate®ftengo to the big
banksor a hedgefund astraders assistants.Joininga quantgroupis
fairly rare.
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Doctoral Programsin Math, Finance,and MF I

e Doctoralprogramsalmostnever requirea Masters degree.

e It Is commonfor doctoralstudentsn math,engineeringcomputersci-
ence,or physicsto getinterestedn MF at the thesisstage. They typ-
iIcally go into industry primarily asquantsin banks,hedgefunds,ins.
companiesandsoftwarecompanies.

e SomePhD’sgointo academiaeitherasapost-dogeg. atNYU) orless
commonly tenure-trackeg. Chicago,Columbia,Cambridge Cornell,
andothers.They nevergoto B school.

e Most FinancePhD’s go to financedept.s in B school;a few go to in-
dustry

e Someuniversitiesnow offer PhD’sin MF (eg. CMU, ImperialCollege).
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MF Booksfor Mathematicians and PhysicistsI

e Severalbookson MF have mathematicianasthetargetaudience:
— Bjork
— Duffie
— JeanblancYor, andChesng
— MusielaandRutkowski, BieleckiandRutkowski
— KaratzasandShreve, Shreve Vol |I.
— Shiryaey
e Therearealsobookson MF andecono-physicaimedat physicists:

— MantggnaandStanley
— BouchaudandPotters
— llinksi
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Conferenceson Mathematical Finance I

e BachelierFinanceCongressevery 2 years- in Londonin 2008.
e TheannualCCCPconferenceCarngjie, Columbia,Cornell,Princeton

e TheannualDerivative SecuritiesConferenceQueensCornell, CFTC,
Houston.

e TheannualFORCconferencen Warwick, UK.

e NumerousPractitionerConferencedgrom Risk, ICBI, and others. In
particular ICBI’ s Global DerivativesConferencen Parisis the equva-
lent of theacademyawards.

e Bi-annualJournalof InvestmentManagemen(JOIM) Conferencean
SanFranciscan Spring2007.
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AcademicJournalsin MF I

e MathematicaFinance

e FinanceandStochastics

e Quantitatve Finance

¢ Journalof ComputationaFinance

e Review of DerivativesResearch

e Applied MathematicaFinance

e Internationallournalof TheoreticalndApplied Finance
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Industry Journalsin MF I

¢ Journalof Derivatives

¢ Journalof FixedIncome

e RiskMagazine

e Wilmott Magazine

¢ Journalof Risk

e Journalof CreditRisk

¢ Journalof OperationaRisk
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Applications of MF: The D Word I

e Derivativessuchasforwards,futures,and optionshave a long history
(Thales).

e Derivativestradeeitherover-the-countefeg. curreny options)or ona
listedexchangeg(eg. stockoptions)or both(eg. stockoptions).

¢ Derivatives have an underlying. The underlyingcan be an asset(eg.
stock)or not(eg. stockindex). Sometimestheunderlyingcanbestored
(eg. wheat)or not, (eg. weather).

e The securityunderlyinga derivative can have more liquidity thanthe
dervative (eg. $/Euro)or less(eg. corporatebondsunderlyingcredit
default swaps. The underlyingcanbe considerech primary asset(eg.
a bond underlyinga bond option) or it can be a derwvative itself (eg.
swaptions,optionson VIX).
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Ar e DerivativesEvil? I

¢ In the wake of North Koreas nucleartestlastweek,the SouthKorean
military hasproposedopeninga market in syntheticCDQ'’s, heeding
bilionaire investor Warren Buffet's characterizatiorof dervatives as
weaponf massdestruction.

¢ In 2006,formerEnronCEQOJef Skilling wasfoundgquilty of fraud. Still
awaiting sentencingSkilling facesup to 25 yearsin prison. Oncethe
/th largestcorporationin America, Enronhad championedhe notion
of electricity dervatives,andwasblamedfor therolling blackoutsthat
roiled California. Whenasked how mary yearsSkilling shouldface,
mostCalifornianscalledfor arevival of the electricchair

e In 1994, OrangeCounty famouslylost huge sumsof mone/ betting
Incorrectlythatinterestrateswould notrise. Thesubsegeniaxincrease
forcedDisneylandto raiseadmissiorfees.
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And You Think Car Insuranceis Bad I

e By October1987, approximatelyl00 billion dollars of equitieswere
coveredby “portfolio insurance”,a novel financial stratgy which at-
temptsto placea floor on the value of a stockportfolio by attempting
to replicatethe payof of a put. The leadingprovider of this form of
portfolio insurancevasLOR, which wasstartedoy two Berkeley pro-
fessors.On pagel9 of LOR’s standarccontract,a footnotementioned
thatthis form of portfolio insurancedoesnt work in acrash.

¢ In thewake of theOct. 87 crashthe Bradycommissiorblamedportfo-
lio insurerdor mechanicallysellingstockindex futureson Black Mon-
day ascalledfor by their non-anticipatingstratgy. In fact, LOR fa-
mously undersoldfuturesrelative to this stratey, which itself under
sellswhena crashis anticipated. As a result, mary LOR clientshad
their floorsviolated,discreditingportfolio insurancdor severalyears.
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Applications of MF: Risk Measurementand Management I

e Banksareexposedto market risk, the possibility thatlosseswill arise
dueto adwersemarkingof its assetsandliabilities. As a result,banks
arerequiredto calculatea risk measure&known as Value at Risk on a
daily basis.

e Widely criticized for its properties,the wide useof VaR hasleadto
muchacademiandindustrialresearchn alternatve risk measures.

¢ In the wake of corporatescandalssuchas Worldcom and Enron, the
Sarbane®xley actof 2002forcedCEQO’sto signoff ontheaccurag of
theirfirm’sfinancialstatementsAs intendedthis hasleadto arenaved
emphasi®ntherisk managemerfunctioninsidemary corporations.

e Continuingbankingreformsfrom Baselhave alsoleadto researchn
otherformsof risk, suchascounterpartycreditrisk & operationalisk.
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Applications of MF: ALM I

e Pensionplans have long term “fixed” liabilities whosemagnitudeis
basedn actuarialestimate®f retirementage,futuresalariesmortality

rates.etc.

e Similarly, insurancecompaniepromisefixed annuitypaymentavhose
lengthextendsfrom the beneficiarys retirementuntil death.

¢ In bothcasesit is commonpracticeto investsomefractionof thecom-
pary’s assetsn equitiesto partale of their higheraveragegrowth over
thelongterm. Thisleadsto AssetandLiability Managemen{ALM), a
field which haslong usedquantitatve methodshut is just beginningto
succumio market-orienteaquantitatve techniques.
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Applications of MF: Variable Annuities I

e To mitigatetheir marketrisk, insuranceeompanie®ffer variable annu-
Ities, i.e. life insurancepolicieswhosepayof is positively linkedto the
performancef equity markets.

e Unfortunately long term path-dependerguaranteegeg. in GMDB’S)
embeddedh thepoliciesleadto largelossesluringthelastbeamarket.

e As aresult,mostlargeinsurersnow deltahedgetheir equity exposures.
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Applications of MF: Algorithmic Trading I

e If market pricesaremartingalesthenonecanneithergainnorloseon
averagefrom non-anticipatingradingstratajies.

e Howeversometimeyou canpartially anticipatemarket movementseg.
NAV’s of mutualfundswith crosscountrypositions.

e Financeacademicsisedto believethatmarketsaretoo efficientin order
to systematicallyrofit from predictablanarketmovements.Therisein
CPUpowerleadmary academicso abandorthatview andstarthedge
fundsto exploit “anomalies”.

e Simultaneousdwancesan automatedradingandin thetheoryof mar
ket micro-structurehave leadto the formation of companiessuchas
AutomatedTradingDesk(ATD) which placeordershundredof times
persecond.
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Applications of MF: Portfolio Insurance Again I

¢ A differentform of portfolio insurancecalledConstanfroportionPort-
folio Insurancg CPPI)is presentlyin wide use. While similar to port-
folio insuranceébasedn syntheticputreplicationemplo/edin the80’s,
the CPPItradingstratgy differsin severalimportantways:

1. Insurances providedcontractuallyratherthanon a bestefforts basis
(insureris principal,notagent).

2.Insurancas usuallyonly provided on diversifiedportfolios, suchas
fundsof hedgefunds,or poolsof CDO'’s.

3. CPPIldoesnotrequireknowing the underlyingasses volatility.
e FischerBlackinvented(68) andpopularized87) CPPlwith e = mc*.
e Banksalsoprovide optionson CPPI.

*Notethemissingsquare!
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Active Reseach Ar easin Mathematical Finance I

e Stochastid/olatility andLeévy Processegseemy websitefor eg.)
e MarketModels(eg. BGM andmarket modelsof implied vol)

e Default RiskandCreditDerivatives(seewww.defaultrisk.com)
e Liquidity (alsohotin academidinance)

e HedgeFundsandAlgorithmic Trading

¢ InverseProblems/Calibratiofssues
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Open Problemsin Mathematical Finance I

e SimpleClosedrForm Formulafor AmericanPutin Black Scholes
e Forward PDEfor AmericanOptionsin Local Volatility model

e FastAccuratePricingof SyntheticCDO tranches

e Pricingin IncompleteMarkets
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Summary and Conclusionsl

e Continuingdemandfrom industryfor gquantitatvely-orientedstudents
bodeswell for MastersandPhDlevel programsan MF.

e Thisdemandstemsfrom severalsources:

1. readyavailablility of data(eg. Bloombepg) andcomputingpower
2. legalreforms(eg. Sarbane©xley,Baselll)

3. therise (andoccasionafall) of hedgefundsemploying sophisticated
andunencumberettadingstratajies.

4. softeningof MBA programs?

e MF shouldbenefitconsiderablyfrom the input provided by UCSB’s
considerabl@uantitatve talents.
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