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Statement of Results

Let X be an m × n normal data matrix: each row is an independent
observation from Nn(0, σ). A n× n matrix A = X ′X is then said to have a
Wishard distribution A ∼Wn(σ,m).

Let A ∼Wn(I ,m1) be independent of B ∼Wn(I ,m2), where m1 ≥ n.
Assume n is even and that n, m1, and m2 satisfy

lim
n→∞

min(n,m2)

m1 + m2
> 0,

and,

lim
n→∞

n

m1
< 1
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Statement of Results — continued

the largest eigenvalue of B/(A + B) is a random variate having
distribution θn.

Let Wn be the logit transform of θn (i.e. Wn = logitθn = log θn
1−θn )

Let Z = Wn−µn

σn
, then Z is approximately Tracy-Widom distributed.

where the centering and scaling parameters are given by,

µn = 2logtan

(
φ+ γ

2

)
σ3n =

16

(m1 + m2 − 1)2
1

sin2(φ+ γ) sinφ sin γ
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Statement of Results — continued

where the angle parameters φ, γ are defined by,

sin2
(γ

2

)
=

min(n,m2)− 1/2

m1 + m2 − 1

sin2

(
φ

2

)
=

max(n,m2)− 1/2

m1 + m2 − 1
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Simulation — Script

Generate the empirical distribution of θ (random variable denoting the
largest eigenvalue of Jacobi ensemble)

Qing He (MIT) Jacobi Ensembles: Tracy-Widom Limits May 13, 2013 5 / 17



Simulation — Script

Derived distribution of Wn, the logit transform of θ

Wn = log θn
1−θn (i.e. θ = eWn

1+eWn
)

f (Wn) = fθ

(
eWn

1+eWn

) ∣∣∣∣ eWn

1+eWn
−
(

eWn

1+eWn

)2
∣∣∣∣

= fθ(θ)
∣∣θ − θ2∣∣
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Simulation — Script

Derived distribution of Z (shifted and rescaled version of Wn).

Z = Wn−µn

σn

fZ = fWn |σn|
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Simulation — Parameters

Parameters:

number of samples: 30,000

nbin = 50

m1 = 1.5n and m2 = 2n
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Simulation: n = 30; m1 = 1.5n and m2 = 2n
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Largest eigenvalue distribution for Jacobi ensemble (beta = 1)
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Tracy−Widom Distribution
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Simulation: n = 80; m1 = 1.5n and m2 = 2n
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Simulation: n = 150; m1 = 1.5n and m2 = 2n
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Simulation: n = 500; m1 = 1.5n and m2 = 2n
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Simulation: n = 1000; m1 = 1.5n and m2 = 2n
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Simulation: n = 500; m1 = 10n and m2 = n
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Simulation: n = 500; m1 = 10n and m2 = 10n
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Simulation: n = 300; m1 = 1.1n and m2 = 5n

−6 −4 −2 0 2 4 6
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
Largest eigenvalue distribution for Jacobi ensemble (beta = 1)

 

 

Simulation

Tracy−Widom Distribution

Qing He (MIT) Jacobi Ensembles: Tracy-Widom Limits May 13, 2013 16 / 17



Thank you !
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