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Figure 18.1 A non-monotonic optimal estimator. The MMSE estimator of a Gaussian variable
corrupted by Cauchy noise (see Eq. (18.21)). For small absolute observations y, the estimator is
almost linear with slope 2 — /2/en ferfc(1/ «/7) =2 (.475 (dashed line).
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Figure 19.5 Shrinkage function &(A) computed for the same problem as in Figure 19.3, now using
cross-validation. The dataset is divided into K = 10 blocks of equal length. For each block, we
compute the N = 1000 eigenvalues Af’ and eigenvectors vf’ of the sample covariance matrix using
the rest of the data (of new length 97'/10), and compute &x (Aﬁ’) i= vf’ TE’V?, with E’ the sample
covariance matrix of the considered block. The dots correspond to the 10 x 1000 pairs ()L".’,EX (Af’)).
The full line is an isotonic regression through the dots. The procedure has a slight bias as we in fact
compute the optimal shrinkage for a value of g equal to gx = 10N /97, but otherwise the agreement
with the optimal curve is quite good.
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Figure 20.2 Average signature plot for the normalized returns of US stocks, where the x-axis is
in days. The data consists of the returns of 1725 US companies over the period 2012-2019 (2000
business days), returns are normalized by a one-year exponential estimate of their past volatility/To
a first imati 62(‘[) is i of r}The signature plot allows us to see iati from

this pure random walk behavior. One can see lhaglocks tend to mean-revert slightly at short times
(t < 50 days) and trend at longer ximesZIhe effect is stronger on the many low liquidity stocks
included in this dataset.
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Figure 20.3 Empirical distribution of normalized daily stock returns compared with a Gaussian and
a Student’s t-distribution with .« = 3 and the same variance. Same data as in Figure 20.2.
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Figure 20.4 Average a ol of squared daily returns for the US stock data described
in Figure 20.3. The autocorrelation decays very slowly with h time difference 7. A power law 7~
with y = 0.5 is plotte ide the eye. N e the three peaks at T = 65, 130 and 195 busmess days
correspond to the peri of highly vo! 1 e earning announcements.
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Figure 20.5 Eigenvalue distribution of the scm, averaged over for three random sets of 500 US stocks,
each measured on 2000 business days. Returns are normalized as in Figure 20.3, corresponding to
A = 0.97. The inset shows the complementary cumulative distribution for the largest eigenvalues
indicating a power-law behavior for large A, as P (1) =~ 17473 Note the largest eigenvalue A ~
0.2N, which corresponds to the “market mode”/1.e. the risk factor where all stocks move in the same
direction.
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Figure 20.6 Non-linear shrinkage function &(1) computed using cross-validation and RIE averaged
over three datasets. Each dataset consists of 500 US stocks measured over 2000 business days. Cross-
validation is computed by removing a block of 100 days (20 times) to compute the out-of-sample
variance of each eigenvector (see Eq. (19.88)). RIE is computed using the sample Stieltjes transform
evaluated with an imaginary part n = N~1/2, Results are shown for q = N/T = 1/4 and also for
q* = 1/3, chosen to mimic the effects of temporal correlations and fluctuating variance that lead
to an effective reduction of the size of the sample (cf. Section 17.2.3). All three curves have been
regularized through an isotonic fit, i.e. a fit that respects the monotonicity of the function.



