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Full-service vs focus

hat if regulators had broken up Citi after the financial crisis, as some
argued they should? There would be one less too-big-to-fail bank to
worry about, but the financial services industry would now lack a
leading light.

At a time when most of its peers are scaling back their ambitions — choosing to concen-
trate on asset management and the few bits of investment banking that are still appealing,
such as foreign exchange and equities trading — Citi continues to offer full-service
investment banking,

The bank is active across the full range of asset classes, including credit and commodities,
and still sees derivatives as a core offering — with an appetite not only for the flow business
but also advisory and solutions work, as well as derivatives clearing.

The strategy appears to be working: Citi reported profits of $17.2 billion in 2015, the
most since 20006.

“We've come through the hard times with a franchise that is strong in all the core
products,” says Paco Ybarra, head of global markets at Citi. “We are profitable in all the
core businesses, including commodities and equities. That is not a given, it’s not easy to
achieve, but we had the strategic determination, the right tactics — and a bit of luck. Our
returns are above our cost of capital and we're ready to do significantly better.”

Citi wins this year’s derivatives house of the year award and also gets the nod in the
credit, over-the-counter client clearing and single-dealer platform categories.

Elsewhere, the bifurcation between full-service investment banks and more specialised
players is clear to see. Citadel Securities was named Interest rate derivatives house of the
year — the first time a non-bank has claimed this award.

Citadel’s approach to rates trading contrasts sharply with Citi’s full-service model. In the
over-the-counter derivatives markets, the Chicago-based non-bank market-maker only
trades US dollar and euro-denominated swaps — it doesn't quote non-cleared products, and
doesn’t offer research or advisory services.

But what it does, it does extremely well. Citadel’s swaps trading operation was ranked
first on Bloomberg’s swap execution facility (Sef) by volume, response time, hit ratio, client
enquires and risk traded at the end of 2015 — a remarkable feat considering it only opened
for business on October 27, 2014.

More importantly, the firm’s diverse and enthusiastic client base believe it is forcing
incumbent dealers to change for the better: “Citadel has improved the market structure, in
terms of people quoting sharp prices and coming back faster. It’s really forced the dealers to
move — I really like that aspect. Even when they don’t win, they've done a good service to
the industry, making sure others compete on the same terms,” says a senior trader at one
large US asset manager.

In other awards, Alexandre Antonov of Numerix was named quant of the year for his
work on negative rates modelling; Citadel’s investment arm was named hedge fund of the
year; Vanguard claimed the award for best asset manager; LCH.Clearnet wins clearing
house of the year; while trueEx takes the award for Sefs.

As always, picking the winners was extremely difficult. Risk asked candidates to submit
detailed information on their businesses, and shortlisted firms underwent face-to-face and
telephone interviews. Risk then gathered feedback from clients and other market participants.

‘The final decisions were made by Risk’s editors and journalists, weighing a number of
factors, including risk management, creativity and innovation, liquidity provision, quality
of service and customer satisfaction, and engagement with regulatory issues.

Where decisions were tight, client feedback often helped settle the issue. The Risk
editorial team thanks all this year’s participants for their time and help. ll



Quant of the year

Alexandre Antonov

hen key interest rates in Europe breached zero in 2012,
dealers were presented with a brand-new problem:
standard derivatives-pricing models were designed
strictly to work with positive rates and a fix would be
needed to get them to accept negative values as well. Quants had already
been struggling with misbehaving models as rates slid towards the zero
threshold and the prospect of taking it a step further was daunting.

So, the industry settled for a crude fix: shifting the distribution of the
rate by a small amount, so it remained positive. It worked, but came at a
cost. Every time rates became too negative, the model had to be recalibrated
to determine a new value for the shift. No one complained though,
because a better solution did not exist until the topic drew the attention of
Alexandre Antonov, Risk’s quant of the year for 2016.

Antonov, a senior vice-president in the quantitative research team at
Numerix, published three papers in Risk this year, each commended by
reviewers for its topicality and practicality, but the one that stood out the
most to his peers was Zhe free boundary SABR: natural extension to negative
rates, which he published in September with colleagues Michael Konikov
and Michael Spector.

Work started roughly a year earlier, with Antonov pitching the idea to
his co-authors that introducing a so-called ‘free-boundary’ condition to the
commonly used stochastic alpha beta rho (SABR) interest rate model
might eliminate the need for a shifted model for negative rates. The
purpose behind a free-boundary condition was to allow rates to go to any
negative value, so there was no need for a fixed shift that had to be
calibrated frequently.

The idea was revolutionary. “The ground-breaking feature of the model
is that you don't decide in advance how negative the rates could become.
With other models you have to, but then markets would change and they
would become more negative than you previously thought. Then you would
have to change your parameters, causing a profit-and-loss adjustment,” says
Alexander Sokol, chief executive officer and head of quantitative research
at technology vendor CompatibL.

For Antonov and his colleagues, the major breakthrough came when
they did an initial run on the model. At this stage, the free-boundary
condition was producing a rather unappealing spike at zero for the
distribution of the rates. In quantitative finance, a field obsessed with
smooth curves and elegant solutions, spikes are generally seen as a sign of
misbehaviour and models producing them usually do not make it very far.
However, Antonov noticed something strange in the observed distributions
of the Swiss bank Libor rates — they had spikes at zero as well.

There seemed to be a common-sense explanation. “Policy-makers would
probably take time to think about whether they want to go negative and
then suddenly make a decision, so we realised once rates approach Zero,
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"We tried to combine many solutions of the absorbing
and reflecting conditions in the right way... In the
end we got a unique solution, which also led to the
probability density spike at zero" Alexandre Antonov

they tend to stick to zero,” says Antonov. The ‘stickiness of rates near zero
caused the distribution to spike at that point, so having that same feature
in the model suddenly made sense. “We looked at this graph and realised a
good model can not only accept negative rates, but should have some sort
of singularity at zero as well,” he adds.

The free boundary, which is the core of Antonov’s model, is a
combination of an absorbing and a reflecting condition — the former is
used to make rates sticky near zero while the latter ensures they can go to
any negative value once they fall below the threshold.

“We tried to combine many solutions of the absorbing and reflecting
conditions in the right way, such that SABR can go negative with realistic
properties of probability such as martingality, for example. In the end we
got a unique solution, which also led to the probability density spike at
zero,” says Antonov.

The resulting model was analytically solvable, like the shifted SABR
approach, but it also offered two additional benefits: it did not require
constant calibration and it matched observed dynamics.

One of the fans of this work is Paul Glasserman, a professor at Columbia
Business School, who found the so-called ‘stickiness’ around zero to be a
game-changer. “If you look at actual rates, they are spending a lot of time
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near zero, so zero has special status in the data,
and his model reproduces that feature and comes
up with a clean, elegant solution. It kind of blows
you away,” he says.

Clever tricks abound in quantitative research,
but not many can be used in practice. Antonov’s
free-boundary SABR is an exception to that rule,
advocates say.

CompatibLs Sokol argues the model could
help traders to hedge better and save money as a
result: “While using other shifted-SABR models,
traders will usually not hedge close to the negative
boundary because of unstable sensitivities. They
would instead allocate additional funds in reserves
in order to pay for their inability to hedge.”

With the free-boundary SABR, this is no
longer an issue. “It does not require adjustments
to the model parameters, so you are able to
hedge better, and every time the traders can

Alexandre Antonov

hedge better and avoid taking a reserve, they are
able to charge less for the trade. This can save
market participants money every day,” says Sokol.

Many dealers have already jumped at the opportunity. According to
Antonoy, at least a dozen European banks are now either implementing or
using the model in their systems.

Before Antonov started his career at Numerix almost 18 years ago, he
describes himself as “a pure theoretician with a pen and a paper”, with no
knowledge of programming. It was while researching quantum field theory
in Paris shortly after completing his PhD from the Landau Institute for
Theoretical Physics, part of the Russian Academy of Sciences, that he was
hired by Sokol, one of the founders of Numerix, in 1998.

Now, coding and algorithm design, which form the backbone of
efficient practical implementation at banks, make up a big chunk of what
Antonov does. His peers who voted for him this year cite practical benefits
as the defining feature of most of his papers.

In January 2015, Antonov and his colleagues, Serguei Mechkov and
Serguei Issakov, published Backward induction for future values, which
offers an exposure calculation methodology for exotics that pares not only
the computational effort, but also the time taken to write the code.

Typically, exposures for these products, which form the main ingredient
for calculating valuation adjustments (XVAs) and value-at-risk, are
computed through a classical American Monte Carlo (AMC) method.
AMC s carried out by first simulating a backward Monte Catlo, while
carefully calculating the exercise conditions of the exotics, and then
running a forward Monte Carlo, aggregating the final result. Antonov and
his colleagues eliminate the second step by calculating the future value
directly in the backward-looking routine.

The main contribution, however, was the ease with which the algorithm
could be coded. Structured deals are often described in pricing systems
through a payoff language. Calculating the future values using the
standard AMC requires additional logic on top of that pricing script and is
heavily dependent on the type of deal, requiring traders to modify each of
these scripts when calculating the various XVAs. Antonov and his
colleagues designed the algorithm in such a way that the pricing step was
generalised — in that it could be applied uniformly across asset classes.
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“This is very important for XVA calculations,
especially doing them generically in real produc-
tion systems rather than toy examples. Without
this, a quant or a group of quants will spend
months, if not man years, coding each payoff
by hand for XVAs. Here, the computer can do
all the work,” says two-time quant of the year
winner Vladimir Piterbarg, who heads the
quantitative analytics team at Rokos Capital
Management in London.

Antonov’s third paper, FVA for general
instruments, written with Numerix colleague Ion
Mihai and Intesa Sanpaolo senior quant Marco
Bianchetti, was another contribution towards
generalising calculations across asset classes.

The quants proposed an approximation method
for the calculation of the funding valuation
adjustment (FVA) that can be applied easily to
both vanilla and exotic derivatives.

FVA is a pricing adjustment that reflects the
cost of funding the collateralised hedge on an
uncollateralised trade. It is very product-dependent, but generally involves
the tough task of solving a non-linear partial differential equation (PDE).
Antonov’s solution, on the other hand, can be applied to a wider range of
instruments, including those with path-dependent and callable features,
and for different specifications of FVA.

In keeping with his track record for seeking practical solutions, Antonov
already has his eyes on what he considers to be the next big implementation
challenge: adjoint algorithmic differentiation (AAD). This is a mathematical
trick that can boost computing speeds for risk sensitivities by up to a
thousand times and is already in use at major dealers such as Barclays,
Credit Suisse, Nomura and UBS.

Many complain the initial setup of the algorithm is challenging though,
involving a complete revamp of the IT libraries within banks and the
storage of many intermediate values.

“The ground-breaking feature of the model is that you
don't decide in advance how negative the rates could
become. With other models you have to”

Alexander Sokol, CompatibL

“A relatively quick implementation of AAD can be done only in a
limited setup. Moreover, a naive AAD will face very significant memory
consumption. To make it general and memory efficient, one needs to
make a big intellectual and programming effort. You see a lot of people
trying to dig in this direction. At the moment the story is not final,”
says Antonov.

If it is a practical problem, Antonov can be expected to crack it. “In all
his papers there is a clear practical problem, amazing mathematics and
practical implementation. I think the combination of those three elements
is really quant work at its best,” says Columbia University’s Glasserman. ll



Are XVAs Impacting Your Trade Profitability?

- XVA's DEFINED: THE PROFITABILITY PUZZLE

DVA— Debit Valuation Adjustment

Valuation adjustment to the price of a
derivative contract due to one’s own
risk of default

| CVA - Credit Valuation Adjustment

Valuation adjustment to a derivative
price due to risk of a counterparty default

| KVA — Capital Valuation At{justment i
(a.k.a. Cost of Regulatory Capital) FVA FVA - Funding Valuation Adjustment
Derivative valuation adjustment due I
to the cost of regulatory capital
though the life of the contract

Valuation adjustment due to the
KVA - funding cost implications of a trade not
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Cost of
Collateral Cost (Bilateral) Transaction Cost of Margin (Cleared)
Costs specific to non-centrally-cleared Tax Costs specific to centrally cleared

transactions, including adjustments for
Initial Margin & Variation Margin

bilateral derivative transactions made
between counterparties, including cost
of collateral and Initial Margin

Overhead Costs Cost of Transaction Tax Product Costs

Necessary costs not directly Includes the cost of transaction taxes Initial and ongoing costs specific and
attributable to a product (non- on certain derivative-related financial attributable to the transaction, including
recoverable costs) including i.e. Legal, transactions, which may increase in hedging and other trade-specific costs
Advertising and Administrative costs scope due to changing regulations

1Sherif, Nazneen. “KVA: banks wrestle with the cost of capital.” Risk, 02 Mar 2015 http.//www.risk.net/risk-magazine/feature/2395869/kva-banks-wrestle-with-the-cost-of-capital; 2Numerix

Empower your decision making with Numerix

M Managing trade profitability with a complete understanding of the costs
associated with the trade lifecycle is critical. Learn more about the XVAs
TeChnOIOQV and how market participants are empowering their decision making with

Rankings 2015 Numerix. Read our whitepaper, “Integrating Risk into Pre-Trade Analysis.”
WINNER coto www.numerix.com/risktechrank2015/xvapuzzle.
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