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A Brief History of InvestmentsA Brief History of Investmentsyy
January 1926 to December 2013

Asset Mean Volatility Min Median Max CumRet
Large Stocks 10.4   18.8 -29.7 1.3    42.6 $5,922
Small Stocks 12.2   28.8 -36.7 1.5    73.5 $26,044
Long-Term Corp Bonds 5.7   7.8 -20.3 0.4    15.6 $129
Long-Term Govt Bonds 5.5   8.2 -9.5 0.3    15.6 $112
Intermediate-Term Govt Bonds 5.3   4.4 -6.4 0.3    12.0 $93
Treasury Bills 3.5   0.9 -0.1 0.3    1.4 $21

 Investors like return
 Investors dislike risk (volatility); prefer predictability

y

Investors dislike risk (volatility); prefer predictability

What About Perfect Asset Allocation?
 ,429,388,652$211
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Risk and RewardRisk and Reward
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The Quant Meltdown of August 2007The Quant Meltdown of August 2007
Quantitative Equity Funds Hit Hard In August 2007
 Specificall A g st 7 9 Specifically, August 7–9
Massive reversal on August 10
 Some of the most consistently profitable funds lost too
 Seemed to affect only quants Wall Street Journal September 7, 2007y q
No real market news

But Lack of Transparency Is
Problematic!
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The Quant Meltdown of August 2007The Quant Meltdown of August 2007
Use Investment Strategy As Research Tool

Kh d i d L (2007 2010) i l b i i Khandani and Lo (2007, 2010) simulate basic mean-reversion 
strategy of Lehmann (1990) and Lo and MacKinlay (1990)

 Buy previous “losers” and sell previous “winners” Buy previous losers  and sell previous winners
 Bet on mean reversion
 P tf li i ht f t k i t d t t Portfolio weight for stock i at date t:
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The Quant Meltdown of August 2007The Quant Meltdown of August 2007
Use Investment Strategy As Research Tool

R R - R I

Example of Mean-Reversion Strategy, k = 1

Rt-1 Rt-1 - Rmt-1 It
(%) (%) ($MM)

Ticker

C 1.55      1.62      -45.53      
IBM -0.89      -0.82      23.15      
INTC -0.97      -0.90      25.32      
MCD 0 18 0 11 3 03MCD -0.18      -0.11      3.03      
MRK -1.79      -1.73      48.50      
MSFT 1.87      1.94      -54.47      

Average: -0.07      Sum: 100.00      
Sum: -100.00      
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The Quant Meltdown of August 2007The Quant Meltdown of August 2007
Use Investment Strategy As Research Tool
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The Quant Meltdown of August 2007The Quant Meltdown of August 2007
Use Investment Strategy As Research Tool

Year Mean SD Sharpe

1995 1.38%  0.40%  53.87   % %
1996 1.17%  0.48%  38.26   
1997 0.88%  0.68%  20.46   
1998 0.57%  0.84%  10.62   
1999 0.44%  1.02%  6.81   
2000 0.44%  1.68%  4.17   
2001 0.31%  1.43%  3.46   
2002 0 45% 0 98% 7 252002 0.45%  0.98%  7.25   
2003 0.21%  0.54%  5.96   
2004 0.37%  0.53%  11.07   
2005 0.26% 0.46% 8.852005 0.26%  0.46%  8.85   
2006 0.15%  0.52%  4.47   
2007 0.13%  0.72%  2.79   4x: E[R] = 0.60%

SD[R] 2 08%
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The Quant Meltdown of August 2007The Quant Meltdown of August 2007
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The Quant Meltdown of August 2007The Quant Meltdown of August 2007
Cumulative m -Min Returns of Intra-Daily Contrarian Profits for Deciles 10/1 of 

S&P 1500 Stocks July 2 to September 30, 2008
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The Unwind HypothesisThe Unwind Hypothesisypyp

 Losses due to rapid and large unwind of quant fund(s)
 Liquidation was likely forced, given “firesale” prices
 Initial losses caused other funds to cut risk and unwind Initial losses caused other funds to cut risk and unwind
 Unwinding caused further losses across broader set of 

equity fundsequity funds
 Friday rebound consistent with a liquidity trade, not an 

information-based trade
 Rebound due to “bargain-hunters”
 Investment horizons differ for different stakeholders
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Analyzing Investment Frequency Analyzing Investment Frequency y g q yy g q y
 Expected returns drive investor behavior

 But portfolio weights may not be deterministic
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Analyzing Investment Frequency Analyzing Investment Frequency y g q yy g q y
 Expected return decomposition (Lo, 2008):

Active 
Component

Passive 
Component

 Covariances vary across investors

p p
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Analyzing Investment Frequency Analyzing Investment Frequency y g q yy g q y
 Use frequency representation (Chaudhuri and 

)Lo, 2015):

C d i Cross power density spectrum
 Decomposes expected return and investment p p

behavior into distinct frequencies
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Analyzing Investment Frequency Analyzing Investment Frequency y g q yy g q y
 Mean-reversion strategy with white noise:

 In phase at high frequencies
 Out of phase at low frequencies
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Analyzing Investment Frequency Analyzing Investment Frequency 
 Mean-reversion strategy with momentum:

y g q yy g q y

 More power at low frequencies (out of phase)
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Analyzing Investment Frequency Analyzing Investment Frequency 
 Mean-reversion strategy with mean reversion:

y g q yy g q y

 More power at high frequencies (in phase)
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Analyzing Investment Frequency Analyzing Investment Frequency y g q yy g q y
 Empirical analysis of historical data
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Analyzing Investment Frequency Analyzing Investment Frequency y g q yy g q y
Opens a Large Field of Potential Applications
 Identify key frequencies for each investor type
 Construct frequency-optimized portfolios Construct frequency-optimized portfolios
 Coupled oscillators
 Are there “resonant frequencies” for the 

financial system?financial system?
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Privacy vs. TransparencyPrivacy vs. Transparencyy p yy p y

PNAS 106 (July 2009)
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I Th A C i B tI Th A C i B tIs There A Compromise Between Is There A Compromise Between 
DataData Privacy and Transparency?Privacy and Transparency?DataData Privacy and Transparency?Privacy and Transparency?



Secure MultiSecure Multi--Party ComputationParty Computation

Y Y Y

y py p

Y1 Y2 Yn-1…Y1 = 
S1+X1

Y2 = Y1+
S2+X2

Yn = Yn-1+
Sn+Xn

Andrew Todd Alice
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Privacy Privacy andand TransparencyTransparencyyy p yp y
Transparency and Privacy Can Both Be Achieved
 Abbe, Khandani, and Lo (2012, 2015)
 Individual data is kept private e g RSA Individual data is kept private, e.g., RSA
 Encryption algorithms are “collusion-robust”
 Aggregate risk statistics can be computed using 

encrypted dataencrypted data
– Means, variances, correlations, percentiles, 

Herfindahl indexes VaR CoVaR MES etcHerfindahl indexes, VaR, CoVaR, MES, etc.

 Privacy is preserved, no need for raw data!



Privacy Privacy andand TransparencyTransparencyyy p yp y
Real Estate Loans Outstanding



Privacy Privacy andand TransparencyTransparencyyy p yp y
Real Estate Loans Outstanding



Privacy Privacy andand TransparencyTransparencyyy p yp y



ConclusionConclusion
 Technology has transformed everything!
 Financial markets are vastly better off
 But new challenges have emergedBut new challenges have emerged
 We can do better
 We have to do better
 Regulation has to account for technology andRegulation has to account for technology and 

how it interacts with human behavior
l l l l Signal processing can play a critical role in 

measuring and managing systemic risk
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Th k Y !Th k Y !Thank You!Thank You!


