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Intr oduction

• This is anexciting dayfor theUC systemandfor me.

• Interestin mathematicalfinancecontinuesto grow exponentially, both
domesticallyandabroad.

• MathematicalFinance(MF) alreadyhassub-disciplines,financialengi-
neering,computationalfinance,andEcono-physics(a.k.a.phynance!).

• As thesemulti-part namessuggest,MF is multi-disciplinary, a rich
brothof appliedmath,finance,engineering,physics,andcomputersci-
ence.

• As a representative of both the industry (Bloomberg) and academia
(NYU), I welcomeUSCB’s ongoingefforts in MF.
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A Practitioner’ s View

• As Casey Stengeloncesaid: “In theory, theory and practiceare the
same.But in practice,they areverydifferent.”

• Having spent10 yearsasa practitionerand8 yearsasan academic,I
have to agreewith Casey (Go Mets!).

• MF is too importantto beleft solelyto academics;thereis alsoa thriv-
ing subcultureof quants,happilydoingresearch,trading,andrisk man-
agementin banking,insurance,software,money management,andeven
thepublicsector.

• My talk will addressMF from apractitioner’sperspective. Accordingly,
wewill dispensewith frivolitiessuchasclarity andlogic.
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Overview

• A Brief History of MF

• ProminentMathematiciansContributing to MF

• ProminentFinanceAcademicsContributing to MF

• MathematicsUsedin MF

• FinanceUsedin MF

• EducationalProgramsin MF

• MF Booksfor MathematiciansandPhysicists

• AcademicandIndustryConferenceson MF

• Applicationsof MF to Industry

• ActiveResearchAreasin MF

• OpenProblemsin MF
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Brief History of Mathematical Finance

• Bachelier(1900)

• Kolmogorov/Lévy/Doeblin/It̂o

• Samuelson/Osborne

• BlackScholes/Merton(Nobel1997)

• CoxRoss/HarrisonKreps/HarrisonPliska

• HJM/BGM

• ArtznerDelbaenHeathEber

• Li (WSJ)
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A-Z of MathematiciansContrib uting to MF

• MarcoAvellaneda

• RichardBeals

• FreddieDelbaen

• NicoleEl Karoui (WSJ)

• CharlesFefferman

• SamuelHowison

• JosephKeller

• PierreLyons

• TerryLyons

• PaulMalliavin

• BenoitMandelbrot

6



A-Z of MathematiciansContrib uting to MF (Con’d)

• HenryMcKean

• GeorgePapanicolau

• ChrisRogers

• WalterSchachermayer

• Albert Shiryaev

• Jim Simons

• EliasStein

• DanielStroock

• MarcYor

• ThaleiaZariphopoulou
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Prominent FinanceAcademicsContrib uting to MF

• Samuelson

• BlackandScholes

• RobertC. Merton

• CoxandRoss

• LelandandRubinstein

• Duffie andSingleton

• BrennanandSchwartz;Longstaff andSchwartz

• Pliska,Jarrow, Madan
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Mathematics Usedin Mathematical Finance

• StochasticCalculus:Markov Processes,Itô’sLemma,Girsanov’sThm

• Linear& NonlinearPDE’s - primarily 2ndorderlinear, esp.parabolic

• MonteCarloSimulation

• FiniteDifferences,FiniteElements,andSpectralMethods

• FunctionalAnalysis- semi-groups

• IntegralTransformsFourier/Gaussian/Hilbert/Laplace/Radon

• Complex Analysis- for invertingtransforms

• PseudoDifferentialOperators

• MaximumPrinciple

• FundamentalTheoremof LinearAlgebra

• HahnBanachTheorem
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MathematicsUsedin MF (Con’d)

• Lie Groups

• RegularandSingularPerturbations

• OptimalControl

• VariationalInequalities

• DifferentialGeometry

• StringTheory

• GameTheory

• InverseProblems- Calibration

• Statistics,Econometrics,esp.time series.
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FinanceUsedin Mathematical Finance

• MF is oftenseenasa subdisciplineof financeandfinanceis oftenseen
asa subdisciplineof economics.Neitherneedbeso.

• Derivativespricing theoryis themostwidely usedsubdisciplineof MF.
Thebasicideabehindthistheoryis thatthepriceof aderivativesecurity
shouldbe given by the costof replicatingits payoff. In the standard
theory, noarbitrageandfrictionlessmarketsjointly imply theexistence
of a positive linearpricingoperator.

• Derivativespricing theoryhasbeenfamouslycharacterizedas“ketchup
economics”:whenpricing two bottlesof ketchup,first figureout how
muchonebottleof ketchupcostsandthendoubletheprice.

• In a relatedvein,Nils Hakanssonof Berkeley hascalledthis theCatch
22 of derivativespricing theory. If derivativesareredundant,thenwhy
do they exist?
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CommonSenseUsedin Finance

• As Mark Twain oncewrote,“commonsenseain’t socommon”.

• No practitionersthat I know of think thatderivativesareredundant.In
fact,theclosersomeoneis to themarket,thelesslikely they areto value
two ketchupbottlesat twice theunit price.

• While the standardpricing modelsare linear, practitionerskeenlyap-
preciatethelimited domainin which they operate:

– Reservesaresetasidefor modelrisk.
– Severalmodelsareusedsimultaneously, andtheresultsareaveraged.
– Fixedmodelparametersareroutinelyshocked;risksoutsidethemodel

areroutinelyhedged.

• Nobodythinks quantsareredundant(fortunately);muchtime is spent
trying to find robustpricingandhedgingstrategies.
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MastersProgramsin MF

• To my knowledge,thereareno undergradprogramssolely devotedto
mathfinanceyet.

• Thefirst Master’sprogramin MF wasofferedby CMU in 1992.

• Therearenow over100Master’sprogramsinternationally.

• A typicalMaster’sprogramrequires1-1.5yearsof full-time attendance.
Mostprogramsin big citiesalsooffer part-time.

• Theprogramsareusuallyofferedoutof mathor engineeringdept.’s (or
both); they aresometimesofferedout of the B schoolasa standalone
program(eg. Haas)or asa track(eg. MIT).

• Graduatesgo to industry:NYU’s Courantgraduatesoftengo to thebig
banksor a hedgefund astrader’s assistants.Joininga quantgroupis
fairly rare.
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Doctoral Programsin Math, Finance,and MF

• Doctoralprogramsalmostnever requirea Master’sdegree.

• It is commonfor doctoralstudentsin math,engineering,computersci-
ence,or physicsto get interestedin MF at the thesisstage.They typ-
ically go into industry, primarily asquantsin banks,hedgefunds,ins.
companies,andsoftwarecompanies.

• SomePhD’sgointo academia,eitherasapost-doc(eg. atNYU) or less
commonly, tenure-trackeg. Chicago,Columbia,Cambridge,Cornell,
andothers.They never go to B school.

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

• Someuniversitiesnow offer PhD’sin MF (eg. CMU, ImperialCollege).
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MF Booksfor Mathematiciansand Physicists

• Severalbookson MF have mathematiciansasthetargetaudience:

– Bjork
– Duffie
– Jeanblanc,Yor, andChesney
– MusielaandRutkowski, BieleckiandRutkowski
– KaratzasandShreve,ShreveVol II.
– Shiryaev

• Therearealsobookson MF andecono-physicsaimedat physicists:

– MantegnaandStanley
– BouchaudandPotters
– Ilinksi
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Conferenceson Mathematical Finance

• BachelierFinanceCongress,every2 years- in Londonin 2008.

• TheannualCCCPconference:Carnegie,Columbia,Cornell,Princeton

• TheannualDerivative SecuritiesConference:Queens,Cornell,CFTC,
Houston.

• TheannualFORCconferencein Warwick,UK.

• NumerousPractitionerConferencesfrom Risk, ICBI, and others. In
particular, ICBI’sGlobalDerivativesConferencein Parisis theequiva-
lentof theacademyawards.

• Bi-annualJournalof InvestmentManagement(JOIM) Conferencein
SanFranciscoin Spring2007.

16



AcademicJournals in MF

• MathematicalFinance

• FinanceandStochastics

• QuantitativeFinance

• Journalof ComputationalFinance

• Review of DerivativesResearch

• AppliedMathematicalFinance

• InternationalJournalof TheoreticalandAppliedFinance
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Industry Journals in MF

• Journalof Derivatives

• Journalof FixedIncome

• RiskMagazine

• Wilmott Magazine

• Journalof Risk

• Journalof CreditRisk

• Journalof OperationalRisk
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Applications of MF: The D Word

• Derivativessuchasforwards,futures,andoptionshave a long history
(Thales).

• Derivativestradeeitherover-the-counter(eg. currency options)or on a
listedexchange(eg. stockoptions)or both(eg. stockoptions).

• Derivativeshave an underlying. The underlyingcan be an asset(eg.
stock)or not(eg. stockindex). Sometimes,theunderlyingcanbestored
(eg. wheat)or not, (eg. weather).

• The securityunderlyinga derivative canhave more liquidity than the
derivative (eg. $/Euro)or less(eg. corporatebondsunderlyingcredit
default swaps. The underlyingcanbe considereda primary asset(eg.
a bond underlyinga bond option) or it can be a derivative itself (eg.
swaptions,optionson VIX).
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Ar e DerivativesEvil?

• In thewake of North Korea’s nucleartestlastweek,theSouthKorean
military hasproposedopeninga market in syntheticCDO’s, heeding
bilionaire investorWarren Buffet’s characterizationof derivatives as
weaponsof massdestruction.

• In 2006,formerEnronCEOJeff Skilling wasfoundguilty of fraud.Still
awaiting sentencing,Skilling facesup to 25 yearsin prison. Oncethe
7th largestcorporationin America,Enronhadchampionedthe notion
of electricityderivatives,andwasblamedfor therolling blackoutsthat
roiled California. Whenasked how many yearsSkilling shouldface,
mostCalifornianscalledfor a revival of theelectricchair.

• In 1994, OrangeCounty famouslylost hugesumsof money betting
incorrectlythatinterestrateswouldnot rise.Thesubseqenttax increase
forcedDisneylandto raiseadmissionfees.
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And You Think Car Insurance is Bad

• By October1987,approximately100 billion dollarsof equitieswere
coveredby “portfolio insurance”,a novel financialstrategy which at-
temptsto placea floor on thevalueof a stockportfolio by attempting
to replicatethe payoff of a put. The leadingprovider of this form of
portfolio insurancewasLOR, which wasstartedby two Berkeley pro-
fessors.On page19 of LOR’s standardcontract,a footnotementioned
thatthis form of portfolio insurancedoesn’t work in a crash.

• In thewakeof theOct. 87crash,theBradycommissionblamedportfo-
lio insurersfor mechanicallysellingstockindex futuresonBlackMon-
day, ascalled for by their non-anticipatingstrategy. In fact, LOR fa-
mouslyundersoldfuturesrelative to this strategy, which itself under-
sellswhena crashis anticipated.As a result,many LOR clientshad
their floorsviolated,discreditingportfolio insurancefor severalyears.
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Applications of MF: Risk Measurementand Management

• Banksareexposedto market risk, thepossibility that losseswill arise
dueto adversemarkingof its assetsandliabilities. As a result,banks
arerequiredto calculatea risk measureknown asValueat Risk on a
daily basis.

• Widely criticized for its properties,the wide useof VaR haslead to
muchacademicandindustrialresearchin alternative risk measures.

• In the wake of corporatescandalssuchas Worldcom and Enron, the
SarbanesOxley actof 2002forcedCEO’s to signoff on theaccuracy of
theirfirm’sfinancialstatements.As intended,thishasleadto arenewed
emphasison therisk managementfunctioninsidemany corporations.

• Continuingbankingreformsfrom Baselhave also leadto researchin
otherformsof risk, suchascounterpartycreditrisk & operationalrisk.
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Applications of MF: ALM

• Pensionplanshave long term “fix ed” liabilities whosemagnitudeis
basedonactuarialestimatesof retirementage,futuresalaries,mortality
rates,etc.

• Similarly, insurancecompaniespromisefixedannuitypaymentswhose
lengthextendsfrom thebeneficiary’s retirementuntil death.

• In bothcases,it is commonpracticeto investsomefractionof thecom-
pany’s assetsin equitiesto partake of their higheraveragegrowth over
thelong term.This leadsto AssetandLiability Management(ALM), a
field whichhaslong usedquantitative methods,but is just beginningto
succumbto market-orientedquantitative techniques.
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Applications of MF: Variable Annuities

• To mitigatetheirmarket risk, insurancecompaniesoffer variable annu-
ities, i.e. life insurancepolicieswhosepayoff is positively linkedto the
performanceof equitymarkets.

• Unfortunately, long termpath-dependentguarantees(eg. in GMDB’s)
embeddedin thepoliciesleadto largelossesduringthelastbearmarket.

• As aresult,mostlargeinsurersnow deltahedgetheirequityexposures.
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Applications of MF: Algorithmic Trading

• If market pricesaremartingales,thenonecanneithergainnor loseon
averagefrom non-anticipatingtradingstrategies.

• Howeversometimesyoucanpartiallyanticipatemarketmovements,eg.
NAV’s of mutualfundswith crosscountrypositions.

• Financeacademicsusedto believethatmarketsaretooefficient in order
to systematicallyprofit from predictablemarketmovements.Therisein
CPUpower leadmany academicsto abandonthatview andstarthedge
fundsto exploit “anomalies”.

• Simultaneousadvancesin automatedtradingandin thetheoryof mar-
ket micro-structurehave lead to the formation of companiessuchas
AutomatedTradingDesk(ATD) which placeordershundredsof times
persecond.
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Applications of MF: Portf olio InsuranceAgain

• A differentform of portfolio insurancecalledConstantProportionPort-
folio Insurance(CPPI)is presentlyin wide use.While similar to port-
folio insurancebasedonsyntheticput replicationemployedin the80’s,
theCPPItradingstrategy differsin severalimportantways:

1. Insuranceis providedcontractuallyratherthanonabesteffortsbasis
(insureris principal,not agent).

2. Insuranceis usuallyonly providedon diversifiedportfolios,suchas
fundsof hedgefunds,or poolsof CDO’s.

3. CPPIdoesnot requireknowing theunderlyingasset’s volatility.

• FischerBlack invented(68)andpopularized(87)CPPIwith e = mc∗.

• Banksalsoprovideoptionson CPPI.
∗Notethemissingsquare!

26



ActiveResearch Ar easin Mathematical Finance

• StochasticVolatility andLévyProcesses(seemy websitefor eg.)

• MarketModels(eg. BGM andmarket modelsof implied vol)

• Default RiskandCreditDerivatives(seewww.defaultrisk.com)

• Liquidity (alsohot in academicfinance)

• HedgeFundsandAlgorithmic Trading

• InverseProblems/CalibrationIssues
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Open Problemsin Mathematical Finance

• SimpleClosedFormFormulafor AmericanPutin BlackScholes

• ForwardPDEfor AmericanOptionsin LocalVolatility model

• FastAccuratePricingof SyntheticCDOtranches

• Pricingin IncompleteMarkets
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Summary and Conclusions

• Continuingdemandfrom industry for quantitatively-orientedstudents
bodeswell for MastersandPhDlevel programsin MF.

• Thisdemandstemsfrom severalsources:

1. readyavailability of data(eg. Bloomberg) andcomputingpower
2. legal reforms(eg. SarbanesOxley,BaselII)

3. therise(andoccasionalfall) of hedgefundsemploying sophisticated
andunencumberedtradingstrategies.

4. softeningof MBA programs?

• MF shouldbenefitconsiderablyfrom the input provided by UCSB’s
considerablequantitative talents.
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