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18]=

. 1 random complex matrix with entries m-ri y such that:t & y In[1 1]

size = 10;
matrix = RandomComplex[{ (-1 ~1I) /Bqrt(size], (1+I) /Bqrt([size]}, (size, size}];

ev = Eigonvalues [matrix];
plot = ListPlot [Transpose [{Re[ev], Im[ev]}], PlotRange -+ {{-1, 1}, {-1, 1}}, AspectRatio—+ 1,

PlotStyle -+ PointSize[Large], Ticks - {{-1, 0, 1}, {=1, 0, 1}}1s
Bhow [plot]
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- - Random matnx P>l.nb

9= size = 10;
matrix = omComplex[{(-1-1I) /Bqrt[size], (1+I) /Bgrt([size]}, {(sizo, size]}];

ev = Eilgenvialues (matrix];
plot = ListPlot [Transpose [{Re[ev], Im[ev]}], PlotRange + {{-1, 1}, {-1, 1})}, AspectRatio + 1,

PlotStyle -+ PointSize[Large)], Ticks - ({-1,0, 1}, (-1, 0, 1}});
Bhow [plot]
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LICY -~ Random matrix P>l.nb

M= Size = 100;
matrix = RandomComplex[{(-1-I) /Bqrt[size], (1+1I) /Bgrt[size]}, {size, size}];
ev = Eilgenvalues [matrix];
plot = ListPlot [Transpose [ {Re[ev], Im[ev]}], PlotRange -+ {{-1, 1}, {-1, 1}}, AspoctRatio + 1,

PlotStyle <+ intSize[Large], Ticks -+ {{-1,0, 1}, {=1, 0, 1}}];
Show [plot]
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A - Random matrix Fsl.nb

M= size = 10
matrix = RandomComplex[{ (=1 ~1I) /Bqrt[size], (1+I)/Bqrt([size]}, (size, size}];
ov = Eigonvalues [matrix];
plot = ListPlot [Transpose | {Re[ev], Im|[ev]}], PlotRange + {{-1, 1}, (-1, 1}}, AspectRatio <+ 1,
PlotStyle + PointSizo[Large], Ticks -+ ({-1, 0, 1}, {-1, 0, 1}}]1;

Bhow [plot]
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&) Random matrix P5l.nb
f JTE TCUIdr e1ise JIe . rdiiuu U JIE c

» 1 random complex matrix with entries z=x+iy suchthatx & y in [-1, 1]

size = 100i;

matrix = RandomComplex[{ (-1 - I) /6qrt[size], (1+I) /6qrt([size]), (size, size}];

ev = Eigenvalues [matrix] ;

plot = ListPlot [Transpose[{Re[ev], Im[ev]}], PlotRange -+ ({-1, 1}, (-1, 1}}, AspoctRatio -+ 1,
PlotStyle + PointSize[Large], Ticks = {{-1, 0, 1}, {-1, 0, 1}}1;

Show [plot]
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r # » L L)
| () - Running...Random matrix PSl.nb
UTE SUulc - S e . T e » JIE I+ -

» 1 random complex matrix with entries z=x+iy suchthatx & yin [-1,1]

0= size = 1000;
matrix = RandomComplex[{ (-1~ I) /6qrt[size], (1+I) /Bqrt([size]}, (size, size}];
ev = Eigenvalues [matrix] ;

Window Help

plot = ListPlot [Transpose[{Re[ev], Im[ev]}], PlotRange -+ {{-1, 1}, (-1, 1}), AspectRatio -+ 1,

PlotStyle + PointSize[Large], Ticks - {{-1, 0, 1}, {-1, 0, 1}}];

Show[plot]
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W= size = 1000;
matrix = RandomComplex[{ (-1~ 1I) /Bqrt[size], (1+I)/Bqrt([size]}, (size, size}];

ev = Eigonvalues [matrix];
plot = ListPlot [Transpose[{Re[ev], Im[ev]}], PlotRange + {{-1, 1}, {-1, 1}}, AspectRatio -+ 1,

PlotStyle + PointBize|[Large), Ticks -+ {{-1,0, 1}, {=1,0, 1}}]1;
Bhow |[plot]
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W= size = 1000;
matrix = RandomComplex[{(-1-I) /Bqrt[size], (1+1I) /Bgrt[size]}, {size, size}];
ev = Elgenvalues [matrix]; eree
plot = ListPlot [Transpose [ {Re[ev], Im[ev]}], PlotRange -+ {{-1, 1}, {-1, 1}}, AspectRatio + 1,
PlotStyle + PointSize|[Large)], Ticks -+ {{-1, 0, 1}, (-1, 0, 1}}];
Show [plot]
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() - Random matrix Psl.nb
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1]

sizel = 20P;

size2 = 4D;

matrixW = RandomReal[{-1, 1} / (sizel size2) " (1/4), {sizel, sizel2}];

ev = Eigenvalues [matrixW.Transposc [matrixwW]];

listc = BinCounts [ev, {0, 2, 1/20}];

ListPlot [listo, Filling -> Axis, PlotStyle + PointSize [Large], PlotRangoe -+ {0, Max[listc] 1.1}]

12F LA 1)

o 10 X 0 A0

= average over independent Wishart matrices

Rirs2:©9110285) ;
size2 = 800;
nsample = 100:
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1]

sizel = 200;

size2 = 4D;

matrixW = RandomReal[{-1, 1} / (sizel size2) " (1/4), {sizel, sizel2}];

ev = Eigenvalues [matrixW.Transpose [(matrixw]];

liste = BinCounts [ev, {0, 2, 1/20}];

ListPlot [listc, Filling -> Axis, PlotStyle + PointBize [Large], PlotRange + {0, Max[listc] 1.1}]
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0 10 20 0 40

= average over independent Wishart matrices

Rirsa:©9110288) ;
size2 = B00;
nsample = 1003
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1] 1]

gizel = 20;
size2 = 40;
matrixW = RandomReal[{-1, 1} / (sizel size2) " (1/4), {sizel, size2}];
ev = Eigenvalues [matrixW.Transposc [matrixw]];
listc = BinCounts [ev, {0, 2, 1/20}];
ListPlot [listc, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange -+ {0, Max[listc] 1.1}]
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1] 1]

)= sizel = io;

size2 = 40;

matrixw = RandomReal[{-1, 1} / (sizel sizel2) " (1/4), {sizel, sizel}];

ev = Eigenvalues [matrixW.Transposc [matrixw]];

listc = BinCounts [ev, {0, 2, 1/20}];

ListPlot [listc, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange -+ {0, Max|[listc] 1.1}]
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1]

o= sizel = 200;
size2 = 400;
matrixw = RandomRoal[{~-1, 1} / (sizel sizel2) " (1/4), {sizel, sizel}];
ev = Eigenvalues [matrixW.Transposc (matrixw]];
listc = BinCounts [ev, (0, 2, 1/20}];
ListPlot [listc, Filling -> Axis, PlotStyle + PointBize [Large], PlotRange -+ {0, Max[listc] 1.1}]
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1] 11

2= sizel = 200;
size2 = 4007
matrixw = ll.;{ndmml[{-l, 1} / (sizel size2) " (1/4), {sizel, sizel}];
ev = Eigenvalues [matrixW.Transposc [matrixw]];
listc = BinCounts [ev, {0, 2, 1/20}];
ListPlot [listc, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange -+ {0, Max[listc] 1.1}]
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1]

= sizel = 200;
size2 = 400;
matrixW = RardomReal [{-1, 1} / (sizel size2) " (1/4), {sizel, size2}];
ev = Eigonvalues [matrixW.Transposo [matrixw]];
listc = BinCounts [ev, {0, 2, 1/20}];
ListPlot [listc, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange + {0, Max[listc] 1.1}]
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i - Random matrix Fsl.nb
. .
® o oo .8 m. L1 ™

lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1]

)= sizel = 200;
size2 = 4p0;
matrixw = RandomReoal[{-1, 1}/ (sizel size2) " (1/4), {sizel, sizel}];
ev = Eigenvalues [matrixW.Transposc [matrixwW]];
listc = BinCounts [ev, {0, 2, 1/20}];
ListPlot [listc, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange + {0, Max[listc] 1.1}]
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) - Random matrix PSl.nb = |
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1]

=)

sizel = BDD:I CitationStatistics.y
matrixW = RandomReal[{-1, 1}/ (sizel size2) " (1/4), {sizel, sizel2}];
ev = Eigonvalues [matrixw.Transposc [matrixw]];
listc = BinCounts [ev, {0, 2, 1/20}];
ListPlot [listo, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange + {0, Max[listc] 1.1}]
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= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1]

6= sizel = 200; Jis Al
size2 = 800;{ CitationStatistics.p
matrixW = RandomReal [{-1, 1}/ (sizel size2) " (1/4), {sizel, sizel}];
ov = Eigenvalues [matrixW.Transposo [matrixw]];
liste = BinCounts [ev, {0, 2, 1/20}];
ListPlot [listc, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange + {0, Max[listec] 1.1}]
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lishart matrices : eigenvalues distribution

= eigenvalue distribution of R Rt with R a random real n x m matrix with entries in [-1, 1] 1]

2]= sizel = 200;
size2 = 800;§ CitationStatistics.
matrixW = RandomReal[{-1, 1} / (sizel size2) " (1/4), {sizel, sizel}];
ev = Eigenvalues [matrixW.Transposc [matrixw]]; 115
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Do|
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ListPlot [listc, Filling -> Axis, PlotStyle -+ PointSize [Large], PlotRange -+ {0, Max[liste] 1.1}]
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ListPlot [listc, Filling -> Axis, PlotStyle + PointSize [Large], PlotRange -+ {0, Max[listc] 1.1}]
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- Random matrix Fal.n b =

ligner distribution: Distance between eigenvalues

» 1 random symmetric matrix with entries in [-1, 1]

size = 100(;

matrixD = RandomReal [{-1, 1} / (2s8ize) " (1/2), {size, size}];
matrixS = (matrixD + Transposo [matrixD]) /2;

ev = Bort [Eigenvalues [matrixE]];

24

(+ Print[ev]; +) CitationStatistics.y
listc = BinCounts [ev, {~-1, 1, 1/20}];
listl = BinLists[ev, (-1, 1, 1/20}]; lis
Table [Length[listl[[4]]], (4, 1, Length[listl]}]; X1 POF
listdist = {};
Do|
If[liste[[4]] > 1, CNRS. L"¥BF
listtmp = Sort [listl[[i]]];
(# Print | sousensomble de vp ,listtmp]; «) '
disttmp = Table[ (listtmp[[] +1]] - listtmp[[]]]) liste([[4]], {], 1, liste[[i]] ~1}]); POF
(¢« Print[disttmp]; «) User_Manmag
listdist = Join[listdist, disttmp]; 0.5. AT df
’ [ L
1. =
{i, 1, Length[listc]}]; sVr por IRpdf
listdist; d de
listcount = BinCounts [listdist, {0, 1/5, 1/100}]; uwKmz
ListPlot [listcount, Filling -» Axis, PlotStyle + PointSize[Large], PlotRange -+ Automatic] Wheeler JATRZure
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_ _ ~ Random matrix PSl.nb
2r distribution: Distance between eigenvalues

= 1 random symmetric matrix with entries in [-1, 1]

4=

size = 100;
matrixD = RandomReal[{-1, 1} / (28ize)~(1/2), {sizeo, size}];
matrix§ = (matrixD + Transpose [matrixD]) /2;
ev = Sort [Eigonvalues [matrixs]];
(« Print|ev]); =)
listc = BinCounts[ev, (-1, 1, 1/20}];
listl = BinLists[ev, (-1, 1, 1/20}];
Table [Length[listl[[i]]], (4, 1, Length[listl]}];
listdist = {};
Do|

If[14ste[[4]] » 1,

listtmp = Sort [listl[[4]]]);

(# Print| sousensemble de vp ,listtmp]; =)
disttmp = Table[ (listtmp[[J + 1]] - listtmp[[4]]) 1iste[[4]], {1, 1, 1istc[[4]] -1}];
(#+ Print |[disttmp]; *
listdist = Join[listdist, disttmp];
le
{i, 1, Length[listc]}];
listdist;

listcount = BinCounts [listdist, (0, 1/5, 1/100}];
ListPlot [listcount, Filling -> Axis, PlotStyle + PointSize[Large], PlotRange -+ Automatic]
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L () - Random matrix Psl.n

1= size = 100;
matrixD = RandomRoal[{-1, 1} / (28ize) " (1/2), (size, size}];
matrixE = (matrixD + Transposc (matrixD]) /2;
ev = Bort [qmvnlunl[nuiluj 13
(« Printev]; +)
liste = BinCounts [ev, {-1, 1, 1/20}];
listl = BinLists [ev, {-1, 1, 1/20}]);
Table [Length[listl[[4]]], (i, 1, Length[listl]}];
listdist = (};
Do|
If[liste[[i]] » 1,
listtmp = Bort [listl[[i]]];

(#« Print | "sousensemble de vp ,listtmp]; =)
disttmp = Table[(listtmp[[] + 1]] - listtmp[[]]]) ldete[[4i]1] , {3, 1, liste[[4i]] -1}];
(+ Print [disttmp]; .
listdist = Join[listdist, disttmp];
ls
{i, 1, Length[listc]}];
listdist;

listcount = BinCounts [listdist, (0, 1/5, 1/100}];

ListPlot [listcount, Filling -> Axis, PlotStyle + PointBize [Large], PlotRange + Automatic]
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4l size = 100;
matrixD = RandomReal([{-1, 1} / (28ize) " (1/2), (sizo, size}];
matrix8 = (matrixD + Transposc [matrixD]) /2;
ev = Sort [Eigonvalues [matrixE]];
(#« Print|ev]; +)
listc = BinCounts [ev, (-1, 1, 1/20}];
listl = BinLists [ev, (-1, 1, 1/20}];
Table [Length([listl[[4]]], {4, 1, Length([listl]}];
listdist = (};
bo|
If[liste[[1i]] » 1,
listtmp = SBort [listl([[4]]];
(# Print | "sousansemble de vp ,listtmp]; =)
disttmp = Table[ (listtmp([[] + 1]] - listtmp[[§]]) 1liste[[4]]) , {1, 1, 1listo[[4]] -1}];
(# Print [disttmp]; +)
listdist = Join[listdist, disttmp];
1.
(i, 1, Length[listc]}];
listdist;
listcount = BinCounts [listdist, {0, 1/5, 1/100}];
ListPlot [listcount, Filling -> Axis, PlotStyle + PointSizo[Large], PlotRango -+ Automatic]
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7= size = 100; I
matrixD = RandomReal[{-1, 1} / (2size)*(1/2), {(size, size}];
matrixs = (matrixD + Transposc [matrixD]) /2;
ev = Sort [Eigenvalues (matrixE]];
(« Printev]; +)
liste = BinCounts [ev, {-1, 1, 1/20}];
listl = BinLists [ev, (-1, 1, 1/20}]);
Table [Length([listl[[4]]], (i, 1, Length[listl]}];
listdist = {};
Do|
If[liste[[i]] » 1,
listtmp = Bort [1listl[[1i]]];

(¢« Print|[ " sousensemble de vp ,listtmp]) +)
disttmp = Table[ (listtmp[[] + 1]] - listtmp[[i]]) liste[[i]], (4, 1, liste[[i]] -1}];
(#« Print [disttmp];
listdist = Join[listdist, disttmp];
1.
{1, 1, Length[liste]}];
listdist;

listcount = BinCounts [listdist, {0, 1/5, 1/100}];
ListPlot [listcount, Filling -> Axis, PlotStyle + PointSize[Large], PlotRange -+ Automatic]
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O  Running...Random matrix PSl.nk " —
-— 'a o
figner distribution: Distance between eigenvalues ;
OTETEY

= 1 random symmetric matrix with entries in [-1, 1]

W= size = 1000;
matrixD = RandomReal [{-1, 1} / (2size) " (1/2), (size, size}];
matrixS = (matrixD + Transpose [matrixD]) /2;
ev = Bort [Eigenvalues (matrixE]];
(¢« Printev]; )
listc = BinCounts [ev, {-1, 1, 1/20}];
listl = BinLists [ev, {-1, 1, 1/20}];
Table [Length[listl([[41]]], (i, 1, Length[listl]}];
listdist = {};
Do|
If[liste[[4i]] » 1,
listtmp = Sort [1istl[[1]1]];

(# Print | "sousansemble de vp ,listtmp]; +)

disttmp = Table [ (listtmp[[] +1]] - 1isttmp[[4]]) 1iste[[4]], {1, 1, 1iste[[4]] -1}];

(+ Print [disttmp]l; #)
listdist = Join[listdist, disttmp];
le
{i, 1, Loength[liste]}];
listdist;
listcount = BinCounts [listdist, {0, 1/5, 1/100}];

ListPlot [listcount, Filling -> Axis, PlotStyle + PointSize[Large], PlotRange -+ Automatic]
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= size = 1000;
matrixD = RandomReal[{-1, 1} / (28ize) " (1/2), {size, size}];
matrixS = (matrixD + Transposc [matrixD]) /2;
ev = Sort [Eigenvalues [matrixs]];
(#+ Print|ev];
listc = BinCounts [ev, {-1, 1, 1/20)}];
listl = BinLists [ev, {-1, 1, 1/20}];
Table [Length[listl[[i]]], (i, 1, Length[listl]}];
listdist = {};
Do|
If[liste[[4i]] » 1,
listtmp = Bort [1istl[[4]]]);

(#« Print| sousensemble de vp ,listtmp]; «)
disttmp = Table|[ (listtmp([[] +1]] - listtmp[[i]]) 1iste[[i]] , {1, 1, listo[[i]] -1}]s
(¢« Print |[disttmp]; =
listdist = Join[listdist, disttmp];
1.
(i, 1, Length[listc]}];
listdist;

listcount = BinCounts [listdist, {0, 1 /5, 1/100}];
ListPlot[listeount, Filling -> Axis, PlotStyle + PointSize[Large], PlotRange -+ Automatic]
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. _ - Running...Random matrix PSl.nb
M= size = 1000;
matrixD = l.lldmllul[ {=1, 1}/ (28iz0) " (1/2), (8ize, Bize}];

matrix8 = (matrixD + Transposc [matrixD]) /2;
ev = Sort [Eigenvalues [matrixs]];
(« Print|ev];
listec = BinCounts [ev, (-1, 1, 1/20}];
listl = BinLists [ev, (-1, 1, 1/20}];
Table [Length[listl([[4i]]], (i, 1, Length[listl]}];
listdist = {};
Do|

If[liste[[4i]] » 1,

listtmp = BSort [listl([[i]]];

W)

(#+ Print | sousensomble de vp ,listtmp]; «)
disttmp = Table ([ (listtmp([] +1]] - listtmp([(j]]) 1listec[[4]] , {3, 1, 1iste[[4]] =1}];
(#« Print[disttmp]; «)
listdist = Join [listdist, disttmp];
1e
{i, 1, Length[listc]}]
listdist;

listcount = BinCounts [listdist, (0, 1 /5, 1/100}];
ListPlot [listcount, Filling -> Axis, PlotStyle + PointSize[Large], PlotRange -+ Automatic]
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(« Print[ev]; )
listc = BinCounts [ev, {-1, 1, 1/20}];
listl = BinLists [ev, {-1, 1, 1/20}];
Table [Length[listl[([41]]], (i, 1, Length[listl]}];
listdist = {};
Do|
If[liste[[i]] > 1,
listtmp = Bort [listl[[i]]];

(# Print["sousensemble de vp",listtmp]; »
disttmp = Table|[ (1isttmp[[] +1]] = listtmp([[]]]) 1iste[[1]] , (i, 1, 1iste[[41]] -1}];
(+ Print [disttmp]; * )
listdist = Join[listdist, Sisttmp];
1.
{i, 1, Length[listc]}
1s

listdisttotal = Join[listdisttotal, listdist];
» {nBample}];

listcount = BinCounts [listdisttotal, {0, 1/5, 1/100}];
ListPlot [listcount, Filling -> Axis, PlotStyle + PointSize([Large], PlotRange -+ Automatic]
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