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Important Note
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Á AssadBouayoun is XVA quantitative consultant at HSBCand prior to this was at
{Ŏƻǘƛŀōŀƴƪϰin London.

Á I am grateful to Andy Mason,SheirYarkoni,Andrew Green,RyanFergussonand Karin
Bergeronfor their helpandcontinuousinteraction.

Á Theviewsexpressedin this presentationare the personalviewsof the speakerand do
not necessarilyreflect thoseof their company.

Á ChathamHouseRulesapplyto the reporting on this presentationand the commentsof
the speakers.



Objectives
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Á Learnwhat is reversestresstestingand why it is important for
financialriskmanagement

Á Understandinghow to applyit to XVA/ total valuation.

Á Followinga concreteexampleof optimisationusingsimulated
andquantumannealing



Á AssadBouayounhasover15yearsof quantitativeanalysisexperiencein investmentbanking.
He is a quantitative finance specialistfocusingon total valuation including funding and
capital cost, xVA,risk, stressand reversestresstesting. He was responsiblefor designing
industry standard hedging and pricing systems in equity derivatives during his time
in Commerzbank,and had the sameresponsibilityin credit derivativeswhile working for
CreditAgricole,andalsoin xVAin institutionslike Lloyds,RBSandScotiabank. Currentlyhe is
leadingthe modellingteam responsiblefor the researchanddevelopmentof the simulation
enginesusedfor exposurecomputationwithin HSBCin London.

Á During the different projects Assadhas undertakenin quantitative finance,he integrated
new technologiessuchasCloud,GPUandQPU; new design(parallelizationusinggraphs)as
well as new numericalmethods such as AAD. He also participated to the firmwide data
standardizationand integration that are essentialaspectsof the successof theseprojects.
He is alsoleadingan effort to leveragequantumannealingfor financialquantitativereverse
stresstesting.

Á Heholdsa MScin MathematicalTradingandFinancefrom CassBusinessSchoolandan MSc
in Applied Mathematics and Computer Sciencefrom UTC( University of Technologyof
Compiegne,France).
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Introduction
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Á Financialstresstesting is becominga dominantpart of the arsenalbuilt by regulatorsto protect the
economicstability from the eventualdistressof oneor a seriesof financialinstitutions.

Á Toavoida combinatorialexplosion,a numberof arbitrary choicesare usuallymadein relation to the
levelof eachshock,their combinationand the time horizon. Theseassumptionsalthoughnecessary,
are limiting the effectivenessof this technique.

Á Thispresentation investigatesthe possibilityof inferring the worst casecombinationof scenarios
maximisingthe XVAlossat a particulartime horizonusingquantumannealingdevelopedby D-wave
(https://www.dwavesys.com/software).

Á Is it possibleto benefit from the speedandpowerof QAby expressingthe XVAreversestressingasa
QUBO(quadraticunconstrainedbinary optimisation)problem. As of today few attempts to exploit
quantumannealingin financehavebeensuccessful. Oneof the reasonwasthe difficulty to find and
formulate a problemin a shapethat couldbe solvedparticularlywell with this techniqueandnot or
lesswith others.

Á Themodelis implementedusingD-waveAPIandcomparedto a simulatedannealingbenchmark.
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Á Qualitativereversestresstesting
Á Quantitativereversestresstesting
Á Applicationto XVA/ Totalvaluation

Á Modelling
Á XVAreversestresstestingformula
Á XVAreversestresstestingasa QUBOproblem
Á Generalisationto multi-periodcase

Á Optimisation
Á Applicationto a simpleportfolio of swaps
Á Simulatedannealing
Á Quantumannealing



Definition
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Á The US,UK and Europeanregulatory stress testing frameworks are designedto prevent
failure of a systemicimportance. Thisdiverseset of scenariosis meant to uncoverthe worst
possiblelossfor eachrelevantinstitution at a time horizon.

Á Stresstesting is finding the worst loss for a given set of shocks. It is not only a regulatory
requirementbut alsoa different wayof observingthe riskstakenby a financialinstitution.

Á Reversestresstestingis findingthe setof shocksgivingthe worst loss.

Á There will be alwaysa worst casescenario,but its severity can be reduced considerably
by findingthe right mitigation.

Á A more quantitative and systematicapproachwith lessassumptionscan not only help the
regulator preventing another banking crisis, but also help banks better stress manage
themselves.
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Á The qualitative reversestress testing is a top down analysisperformed to reveal hidden
vulnerabilitiesof the business.

Á It usuallystarts from identifying the different blocksof risk and their dependences. Then
adverseimpactof different eventsareconsidered.

Á It isa necessarystepto build the worst casesetof scenarios.

Á Examples:
Á Failureof a parentcompany
Á Impactof reputationalrisk
Á Dryingup of liquidity for anassetclass
Á defaultof an important counterparty/ country

Ҧ ƛǘ ƛǎ necessary but not sufficient.

Definition Qualitative reverse stress testing
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Á The idea is to lay the foundation of a more quantitative and systematicapproachto
reversestresstestingwith lessassumptions.

Á Weaimat improvingthe capitalandfundingmanagementof a financialinstitution.

Á One way of achievingthis is to avoid the set of shocksmaximisingthe loss due to
unhedgedrisks(market,fundingandcredit).

Á Everyriskfactor isshockedaccordingto its dependenciesandits historicalvariance.

Definition Quantitative reverse stress testing
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Á Werely on the assumptionthat lossdueto XVAis the right metric because:

Á Plaincredit andmarketrisktend to behedged

Á Residualrisks contingent to counterparty and funding risk are more difficult to
hedgeandthereforesubjectto reserves

Á Thecomputationof XVAincludesall the mitigantsput in placeby the bank:

Á Agreementson netting,collateralandcloseout, margin,breakclause.

Á Aggregationrespectingnetting, fundingandcapitalsets

Á WecandefineXVA= CVA+ DVA+ COLVA+ FCA+ MVA+ KVA( or somethingelse)

Á Orwe canstart by a simplerdefinition XVA= CVA+ FVA

Definition Application to XVA / Total valuation
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Deriving CVA in a simple case by semi-replication

Definition Incomplete introduction to XVA
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Introduction to FVA by relaxation of risk free rate self financing

Definition Incomplete introduction to XVA



Optimisation Simulated annealing results
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Á If we includenon convexpayoffs,the XVAismore likely to becomesnon convex:

Á Non convexitycan alsocome from hedgedportfolio where the first and secondorder derivativesare
often partiallycancelled.

Á Collateralandinitial margincanalsoaccentuatenonconvexity,creatediscontinuities.
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Modelling
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Á Thissectionshowshow the XVAreversestresstestingproblemcanbe definedandhow
it canbe reformulatedinto a QUBOproblem.

Á Aspart of the XVArisk management(seeAGXVA), we want to identify the worst case
market scenariosat severalgiven time horizonsfor a group of portfolios of financial
derivatives.

Á A worst casemarket scenariocanbe definedasthe scenariomaximizingthe lossesdue
to XVAvariation. This loss can be computed as a function of its aggregatedpartial
derivatives(knownin financeasthe sensitivitiesor Greeks)



Modelling XVA reverse stress formula
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is the sum of all value
adjustment following
the standardconvention
of negativity for costs
and positivity for
benefits.

is the vector corresponding to all the credit market 
and correlation factors influencing XVA. This vector 
can have different representation. It is possible to 
switch from one representation into another by 
Jacobian transformation.

is theta, the 
sensitivity of XVA 
with respect to time. 
It can be computed 
analytically.

are the delta or Vega sensitivities 
with respect to the factors. They 
usually are computed analytically 
using finite difference or AAD.

are the gamma or cross 
gamma sensitivities with 
respect to the factors. 
They are computed in the 
same way as delta.
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Á Choosingthe vector of risk factors is not a trivial exerciseas factors are linked by no-
arbitragerules.

Á Ascenariowhereeachriskfactor isshockedindependentlyǿƻƴΩǘthereforebe realistic.

Á A reasonableremediationwould be an historicalprincipalcomponentanalysisto select
the most important independentfactorsand their shareof the variabilityof the original
data.

Á It is then easyto changevariablein equation 1 from the original set of factors to the
principalfactors.

Á Anwelcomedconsequenceisa reductionof the dimensionalityof the problem.

Á Thissolutionwould then usehistoricaldata to determinethe set of independentfactors
andthe sizeof the shocks.

Modelling XVA reverse stress formula
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Á If we assumethat XVAis regularenoughover one day,we caninject daily shocksto all
the factorsin the Taylorapproximationto computethe stressedXVA:

Á Thesefactorsare then employedin the calibrationof the stochasticrisk factors: interest
rate and foreign exchangerate principally(but this could extend to inflation credit and
equity as well). The model can produce the XVA and sensitivities of each value
adjustmentwith respect to each factor. Thiscomputation is expensive; it is therefore
preferableto find a shortoptimisationpath for the maximisationof the lossdueto XVA.

Modelling XVA reverse stress formula
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Á Traditionally,financial institutions rely on a small set of market scenarioschosenby
practitionersin cooperationwith regulators. Thiscanbe problematicas future stresses
ǿƻƴΩǘnecessarilybeassembledin the samemannerasthosedrivenby pastexperience.

Á ForXVAin particular,computingimpactsfor all combinationsof scenarioswould be too
expensive. To circumvent these limitations, we investigatethe use of severalsearch
algorithms.

Á In this regard,quantumannealingseemsto beparticularlypowerful for the resolutionof
quadraticunconstrainedbinaryoptimisation. Forthis the reversestresstestingproblem
definedprecedentlymustbe reformulatedinto a QUBOproblem.

Modelling XVA reverse stress formula
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Á Quantum annealing is a technique used to solve quadratic unconstrained binary
problems. It is minimisinganenergyfunctionovera setof binaryvariables(C McGeoch,
AdiabaticQuantumComputationandQuantumAnnealing):

Modelling QUBO formulation
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Modelling XVA reverse stress testing as a QUBO problem
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Modelling XVA reverse stress testing as a QUBO problem

The minimisation does not
changeaslongaswe include
in the argmin function only
factorsthat are independent
from the argument of the
minimisation. This equation
is then equivalentto :
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Á The XVA reverse stress testing can be generalisedto multi-period case by running
successivelythe XVA and sensitivity calculation on the worst case combination of
scenariocomputedby quantumannealingfor the precedentday.

Á DirectreversestresstestingXVAovera longerperiodisnot possiblefor severalreasons.

Á First, the XVAfunction is not regularenoughto be approximatedby a Taylorexpansion
for largechangesin its variables.

Á Second, the XVAcomputationcanrun in the future only if eachtrade isageing correctly.
It meansthe correctpopulationof the different fixingsandthe applicationof all exercise
conditions. This can be done only if the shockshave been identified for each day
precedingthe stressrun. Thisissuecanbe solvedby iterating through the computation
of the worst casescenarioandusingit asthe basecasefor the nextday. Thisleadsto the
constructionof the path to the worst loss for a long period that could extend to one
month or evenoneyear.

Modelling Generalisation to muti-period case
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Á Thealgorithmcanbesummarizedasfollows:

Á 1 Analyseriskfactorsanddetermineindependentfactorsandcorrelationsshocks.

Á 2 ComputeXVAandsensitivitiesfor date t.

Á 3 Find the binary variablecorrespondingto the shocksmaximisingthe XVAusing
quantumor simulatedannealing.

Á 4 Ageall the tradesby applyingall fixingsandexercise,andbreakconditions.

Á 5 Computethe newXVAvaluefor t=t+1 usingthe precedentcombinationof shocks.

Á 6 Restartat step2 until reachingthe desiredperiod(3M, 1Y)

Á Thesolutionis then a sequenceof binarynumberscorrespondingto the combinationof
shocksfor eachdate.

Modelling Generalisation to muti-period case



Optimisation risk factors
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Á Thenumericalexperimentis basedon a simpleimplementationof a three factor model
for interest ratesandforeignexchange:

Á USDandEURinterestratesfollow eacha HWprocess

Á EURUSDforeignexchangerate followsa pseudolognormalprocess

Á Thereare12different riskfactors:
Á USDshort interest rate

Á USDvolatility of the short interest rate

Á EURshort interest rate

Á EURvolatility of the short interest rate

Á EURUSDfx spot

Á EURUSDvolatility of the fx spot

Á CorrelationEUR/ USD

Á CorrelationEUR/ EURUSD

Á CorrelationUSD/ EURUSD

Á Fundingspread

Á Creditspread

Á Recoveryrate



Optimisation Applicationto a simpleportfolio of swaps
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Á Webuild randomlya portfolio of interest rate swapswith random:

Á Side,

Á maturity,

Á Payment,

Á Frequency

Á Weset the input parametersasdisplayedabove.

Minimum Initial value Maximum Bump (sensitivity) Bump (shock)

FUNDING 0.0001                        0.0010                        0.0200                        0.0001                        0.0050                        

CREDIT 0.0001                        0.0100                        0.0200                        0.0001                        0.0050                        

RECOVERY 0.0100                        0.4000                        1.0000                        0.0100                        0.5000                        

IRDOM 0.0100                        0.0500                        0.2000                        0.0100                        0.5000                        

IRFOR1 0.0100                        0.0500                        0.2000                        0.0100                        0.5000                        

FX1 0.5000                        1.1000                        2.0000                        0.0010                        0.0500                        

IRDOMVOL -                              -                              0.0500                        0.0010                        0.0050                        

IRFORVOL1 -                              -                              0.0500                        0.0010                        0.0050                        

IRFXVOL1 -                              -                              0.0500                        0.0010                        0.0050                        

IRIRCORR12 0.6000-                        0.4000                        0.6000                        0.0100                        0.0500                        

IRDOMFXCORR1 0.6000-                        0.4000                        0.6000                        0.0100                        0.0500                        

IRFORFXCORR11 0.6000-                        0.4000                        0.6000                        0.0100                        0.0500                        



Optimisation results
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Á Simulatedmarketvalues,CVAandFVAarecomputedfor a particularportfolio.
Á The corresponding Jacobian(first order derivatives) vector and the Hessianmatrix (second

derivatives)arealsocomputedusingAAD.
Á Firstandsecondderivativesof eachrisk factorsare multiplied by the correspondingshock. A test is

performedto remainwithin the rangedefinedby the precedenttable.
Á Runningthe modelwe obtain the vectorandthe matrixof the QUBO.



Optimisation results

XVA QBIT 2019

Á Thepropertiesof the Hessianaredependingon marketconditionsandon the portfolio. TheHessian
usedasexamplehaspositiveandnegativeeigenvalues.

Á Thepricingfunction isanaggregationof compositionof functionsthat arenot alwaysconvex.

Á Thenon convexityis in particularcomingfrom the payoff functions,collateralandinitial margin.

Á The hyperrectangledefining the spaceall possiblecombinationof inputs is boundedby financial
constraints:

Á VolatilitiesŎŀƴΩǘbe negative
Á ForeignexchangesŎŀƴΩǘbe negative

Á Somevariablesare hitting the boundaryat the minimum becausethe function is convexto their
respect. In that casethey could be removedfrom the optimisation to reduce the dimensionality:
herecredit spreadismonotonouslyincreasingxvain that model.

Á Thesystemisnot fully unconstrained:
Á Totalvarianceof the foreignexchangemustbe null or positive.
Á Correlationmatrixmustbe semi-definite andpositive



Optimisation results
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Á Exhaustiveresults: If we computeall the set of possiblescenarios( 2^12 = 4096), we
obtaineasilythe minimum ( scenarionumber,energyandthe binaryvectorsolution):



Optimisation Simulated annealing applied to QUBO
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Optimisation Simulated annealing results
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Á Thesimulatedannealingalgorithmchoosethe bestof three different mutationsof the
scenariowith a probability increasingwith iteration (time) to avoidlocalminimumsat
the start.
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Á Thedistributionof energylevelscannot beapproximatedasshownbelow:

Optimisation Simulated annealing results



Optimisation Simulated annealing results
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Á For another problem involvingthis time four currencieswe have38 risk factors ( 4 interest
rates, 3 foreign exchangeswe obtain the following performancesusing the exhaustive
algorithmcomputingall the combinationsof shocksandsimulatedannealing.

Á We therefore slice the vector and the matrix of our QUBOto build smaller equivalent
problemsfrom dimension5 to dimension20. Weobtain the followingresults:
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Optimisation Simulated annealing results
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Á We can also run the simulated annealingalgorithm directly in continuous
mode,but:

Á the resultsareslowerto get

Á ThesolutionŎŀƴΩǘbe scaledto the actualshocksof the reversestresstest.



Optimisation Simulated annealing results
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Á In lower dimensioninflexionsdu to the presenceof multiple minimumaredifficult to see:


