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Principal components analysis
for financial markets

-- Define a universe, or collection of stocks corresponding to the
market of interest (e.g. US Equities, Nasdaqg-100, Brazilian equities
components of S&P 500)

-- Collect as much data as possible

-- On any given date, perform PCA on the correlation matrix, going back
for T periods (days). The analysis is on a T by N matrix

-- Estimate the number of significant components
-- Analyze the corresponding eigenvectors and eigenportfolios

-- Dynamics: evolution of the spectrum in time.
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Density of States (from previous data)
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One large mass at 0.44,
Some masses near 0.025
Nearly continuous density for lower levels
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Results of PCA with DOS analysis

-- 4 significant eigenvectors/eigenvalues
-- first Eigen-state explains about 44% of the correlation

-- total explained variance= 51%



First Eigenvector: Market
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Second Eigenvector: Biotech vs. Chips
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Third Eigenvector: Manufacturing vs. Chips
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“"Coherence”

Definition: If an eigenvector is such that stocks with a given property
(size, industry sector) have entries with the same sign, then
the eigenvector is said to be coherent (with respect to the
given property).

Conjecture: The significant eigenvectors are coherent with respect to
either size of sector




Random Matrix Theory

X, t=12.,T, n=12..N

tn?
X ~N(01)
Wmn :ixtmxtn’ W :th
t=1

A, n=12..N elgenvaluesof W

What are the statistical properties of the eigenvalues as N, T tend to infinity?

What are the fluctuations of the eigenvalues for large N, T?



Marcenko-Pastur Theorem

F(E)= lim MK ANSE)

T o0
N/T -y

Integrated DOE




Marcenko Pastur (N/T=2)
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Bouchaud, Cizeau, Laloux, Potters
(PRL, 1999)

The bulk distribution is described approximately by Marcenko Pastur
properly normalized
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