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The case for quant strategies

A Since Q4 2007, markets have experienced unprecedented
volatility and interasset correlation

A Traditionallong-only strategies are lackluster
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over the last 5/ears

A After making a killing in the subprineeisis, J. Paulson & Co.
lost more than 46% in 2011

A Emerging marketstrategiesare being questionedjiven the
macroeconomioutlook

A Deflation/inflationuncertaintyand the European crisis make fixggtome
unattractive as a buy and ho&drategy. Same for credit.
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Berkshire Hathaway vs. S&P 500
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Paulson& Co. Hedge Funds in 2011

A Advantage funds (Advantage Plus and Advantage). Combined AUM= 11 billion US
Performance-46% and-32% respectively

A Gold Fund
Performance: +11%

A Recovery Fund
Performance-28%

A Paulson Partners Enhanced Fund
Performance:-18%

A Paulson Credit Opportunities
Performance:-18%

Source: Bloomberg.com, Dec 5, 2011



Emerging Markets

= MSCI Emerging Mkt Index ETF (EEM)

160

140

' W

100

: ( \
Z \W

N
20
0 T T T T
12/7/2006 12/7/2007 12/7/2008 12/7/2009 12/7/2010

High volatility and vulnerabilitytosloR2 6y Ay [ KAyl Qa S



Capitalizingpn equity marketvolatility

A The dearth of opportunities on fundamental equétrategies led
investors toreducemarket exposure

A Classical hedge fund strategies are less volatile than mutual funds
but still carry significant Beta

A Marketneutral Equityquant strategiesthat can
earnmoney fromrealized volatility becoman important alternative taash

A Systematic trading rules withew ideas
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|. Examplesf quant strategies
that make use of algorithms &
HFT

Alntraday indexand ETRrbitrage
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AHigh frequency trading and price forecasting



Arbitrage of ETFs against the underlying baske
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1. Buy/sell ETF
against the underlying share holdings

2. Creation/redemption of ETFs
to close the trade

This requires higfrequency algorithmic
trading to lockin arbitrage opportunities

Also, ETRssfutures (Emini vs. SPY|
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HF Pairs trading Intraday evolution of FAZ & FAZ
(inverse leveraged ETFS)




Liquidity providing (high frequency)

© Quote Panel

[ee])

© Buttons

g e Strategic placing of limit/cancel orders (liquidity) in the order boom

© Deep Book Buttons
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Forecasting prices in HF?

ABased on modelfor the dynamics of order books

AComputing the probabilities of price changes (up or down)
given liquidity on the bid side and aside
(Avellaneda, Stoikov, Reed, 2010:pueblished in SSRN, QD)

Bid Q(bid)=xAsk  Q(ask)=y
100.01 527 100.0: 31

A Modelinghidden liquidity in the market (not visible in the OB)



Level 1Quotes: can imbalance predict
price changes?

Bid size
Ask size

- NV

Bid price Ask price

Quote size depletion may be a precursor for a price move



Mathematical framework: Diffusion
Approximation for Quote Sizes (Level |)

y t=T O o
X= bid size
Y = ask size
X, =sW,
t=T 1 Y, = S,
E(dwdz )= rdt

X

A price change occurs when (i) one of the sizes vanishes and
(ii) either there is a new bid or a new ask level

(See Ram&onté& collaborators for a full study of modeling quote dynamics)



Probability that the Ask queue depletes before the Bid queue
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Estimating hidden liquidity in different
exchanges (ability to forecast price moves)

Sample data
symbol date time bid ask bsize asize exchange
QQQQ 1/4/2010 9:30:23  46.32 46.33 258 242T
QQQQ 1/4/2010 9:30:23  46.32 46.33 260 242T
QQQQ 1/4/2010 9:30:23  46.32 46.33 264 242T
QQQQ 1/4/2010 9:30:24  46.32 46.33 210 271P
QQQQ 1/4/2010 9:30:24  46.32 46.33 210 271P
QQQQ 1/4/2010 9:30:24  46.32 46.33 161 271P

Estimated H across markets
Ticker NASDAQNYSE BATS

XLF 015 017  0.17
QQQQ 021 004  0.18
JPM 017 017  0.11
AAPL (s=1) 0.16 09  0.65
AAPL (s=2) 0.31 06  0.64

AAPL (s=3) 031 069  0.63



Empirical Probabilities for upward price move
conditional on the quote (XLF)
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Fitted model (XLF)
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USDBBRL Futures (DOLc1)
Low H: imbalance is predictive
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Bovespa Index Futures (INDcl)
High H: imbalance is not predictive

~+H -=rho
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ll. StatisticaArbitrage

systematic idiosyncratic
component component

v
Stock return is compared to the return on
dS_(t) — bi dl—(t) +e (t) the corresponding sector ET(Fegression,
S t) | t) co-integration)

Residuals: modeled as a meaaverting

e (t) =a.dt+ d)(i (t) process

OrnsteinrUhlenbeck

dX (t) = & (m - X, (t))dt+s,dw(t) (AR1)

Example of sampling window =3 mon{r60 business days
Medium frequency rebalancing/ fully systematic



Building a portfolio from ETbased signals:
0KS 06t[!1¢! QQ &ai

-- Large, diversified trading universe of equitie00names)

-- Selectthose stocks withithe trading universehat have a
trading signal via cotegration andopentrades

-- All trades consist of stocks paired with ETFs

-- Monitor for closing trades througbo-integration

-- Monitor for degradation of statistical parameters, stgsses, etc.

-- Investment per stock ~ 25 bps (~250K per 100MM notional capital)
-- Typical profile 30 to 50 % long / 30 to 50 % short, dokautral.

-- Portfoliof S@Sf NARA] YIylFr3ISYSyld dzaSR (2



Difference between managed risk and
unmanaged risk in the Fall of 2008

( Backtesting
simulation)




SPY+PLATA: a synthetic 130/30 func

Based on a notional amount of 100 MM:
-- go long 100 MM SPY and

-- implementa PLATA strategy based on 100MM notional amount
(30 to 50 mm long/ 30 to 50 mm short)

(parameters for PLATA: big universe, 25bps per stock,
target daily stdev oportfolio=40bp3g

Due to marketneutrality of PLATA, this portfolio looks essentially like
a 130/30 to a 150/50 depending on the volatility in the market and the
turnover.



Comparing SPY+PLATA with
SPY

An overlay of beta with a longhort statarb portfolio will work better
in a recovery with high volatility
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l1l. Quantitative LowrrequencyeTF
strategies

A Contango/backwardatiorin commodity and volatility
based ETFs

A Pathrdependence and volatility exposurin Leveraged
ETFs



Contango implies futures drop towards spot

FO =8 %Y contangdY r, - d, >0

S =spotprice
r, = ratefor expirationT,
d, =convenieneyield- storagecostfor mat.T,

dR" _dS |

Ft(i) - S (ri ) di )dt’

|

Negative drift




Futuresbased ETFs: the rolling conundrum

ETFmandate (prospectus):
-- roll position in one or more contracts, aiming to carry a firegturity

-- change contracts systematically as expiration arrives

di dr dr®
I—t:a() |:() +(1- a(t)) |:(z) +rat
t

t t

|, = valueof theindexatdatet
Ft(‘) = futureswith settlementlateT



Conseguence for futurelsased ETFs

T

Negative drift if convenience yields are negative




VIX Futures

Contractswith monthly expirationsettling onspot VIX.

VIX is generally in contangtike index option volatility)

ALYGdA GA @GSt &2 Ay impliedvaladitityis highier féd, S i Q>
longermaturities unless the market is very stressed

A Slope is less steep for longer maturities, although this has changed
in the past year (Black Swan funds buying idated volatility?)
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The VXX and VXZ ETNSs

VXXiShare€TN which tracks short term VIX futures (months 1 and 2)
target maturity 30 days; continuous roll

VXZiShare€TN, tracks miterm VIX futures (months 4 through 7);
target maturity 120 days; continuous roll

Both securities have negative drift and are correlated to the same
underlying asset.

This gives rise to the possibility of arbitrage by building a-&lrayt position



\/

empirically
VXZ/VXX

20-day regression coeff of daily returns:

-

Connecting the volatilities of both products
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Very profitable until
October 2010

<

short 100% of VXX, long 200% of VXZ

month X 2 (since inception)

Short the frontmonth ETN, long the back
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Arbitrage Strategies with Leveraged
ETFs

A Leveraged ETFs must rebalance daily their position in the underlying
assetto maintain fixed market exposure (2X, 3X)

A Even though this is done via total return swaps, the hedging of the swaps
will induce anarket impactunfavorable to the fund

A Volatility plays against LETFs
A Borrow costsof LETFdiminish, but not eliminate, arbitragapportunities

A Astructural arbitrage: short LETFs and hedge market exposure
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Another example: FAS/FAZ
Direxion3X and-3X Financial ETF
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Relation between LETF and underlyin
iIndex

o) ~b t
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Leveraged funds haveegative exposure to volatility

Avellaneda & Zhang (2009), Cheng &atihavan (2009



Analysis of Borrow costs

A In the current market, LETFs trade ategative borrow rate

A However, LETFs typically underperform their benchmark
over asingle trading datedue to market impact (slippage).

A The rate of return of this trade excluding shorting costs can exceed
10% per year (4 bps per day).

A Except for the case of EEM, a study based on data from June 2009 until
now suggests that the borrowing costs charged by one major brokerage
(Interactive Brokers) typically offset the gains from slippage in the LETFs.



e \With Cost
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- 11/92/90
- 11/9¢/v0
- 11/9¢/70
- 0T/9z/T1
- 0T/92/0T
- 0T/92/80
- 0T/9¢/90
- 0T/9¢/v0
- 0T/9¢/20
- 60/92/TT
- 60/92/0T

- 60/92/30

60/92/90

110
108
106
104
102
100

98

96

=t
)

Short UYG/Short SKF, daily rebalancir

= 9% or 2.4 bps per day

Ann return before costs




Short EDC/Short EDZ, dally rebalancir

s Short EDC Short EDZ w/fo Cost e \With Cost
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UYG/SKF sheshort, managed

exposure

Short UYG Short SKF
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Proforma performance of a portfolio of LETF trades
(June 26, 2009 to Aug 7, 2011)
Return

Initial Value=$100
Final Value= $141.96

Leverage =3 (1.5/1.5)

Cumulative Zyear return=41.96%

Daily Variation

DailyRisk Stats

al A T N | N | 99%VaR=-150 bps
99.5%VaR=-240 bps

Sharpe Ratio=2




