Funkce vektorové ndhodné proménné

nahodna proménna @ = (z1,22,...2,) popsana celkovou hustotou pravdépodobnosti  f(x)

nova nadhodna proménna a = (a;.as,...a,,) vytvorenatransformaci a = h(x)

—1
= T1.T9..... : v r1 = hy (ay,a9,...,a
a1 h(z1, 22, Zm) zpétna transformace ! 1 (a1,02,... . am)

z=nh""(a)

celkova hustota pravdépodobnosti nové nahodné proménné a je g(a)= f (h_l (a)) |J].
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Funkce ndhodné proménné — konvoluce

nahodné proménné (x, y) s celkovou hustotou pravdépodobnosti f(x,))

nova ndhodna proménnd u =x +y pomocna proménnd v =y
U=xty L, X=Uu-v
zp€tna transformace
vV=y y=v

celkova hustota pravdépodobnosti novych nahodnych proménnych  g(u,v) = f(u —v,v)|J

Oz Oz

J— Ou  Ov _ (1 -1 J=1 — g(u,v)= flu—v,v)
8y By 0 1
du duv
marginalni hustota pravdépodobnosti ~ 9u () = / 9 (u,v) dv = / fu—w,v)d
pokud jsou ndhodné proménné x, y nezavislé flz.y) = fo(x) fy(y)

gu u / .fj, fy(t)d?-’_fl*fy
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konvoluce



Funkce ndhodné proménné — konvoluce

difrakce rtg. zareni
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Funkce ndhodné proménné — konvoluce

,,idedlni* spektrum spektrometr ,,realné spektrum

fid('x) f(x)

— g% —

f(x)= T fi(x=y)g(v)dy




Funkce ndhodné proménné — konvoluce

difrakce rtg. zareni
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Funkce ndhodné proménné — konvoluce

Pearson VII
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Funkce ndhodné proménné — transformace souradnic

2(x, 7)== f(r,0)

r

X=rCcoS¢ y=rsing@
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Funkce ndhodné proménné — transformace souradnic

1
e(s)=L 1(0)
reU(01) @eU(027 X=rcosQ y=rsing
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Funkce ndhodné proménné — transformace souradnic

glx,y)=21(r,

reU(01) @eU(027

X=~/7CcosQ
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Funkce ndhodné proménné — transformace souradnic

glx.y)=2/(r.¢)

reU(01) @eU(0.27 x=+rcosp y=+lrsing
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Linearni kongruentni generator

smiSeny generator ¢ist¢ multiplikativni generator

I, =al+c (mod m) [, =al, (mod m)
a,c,meN a,meN

x,=1;/m x,=1;/m

0<x,<l x,eU(0]) 0<x,<l x,eU(0])
m =~ 232 a="T7=16807

maximalni perioda m m=231_1=2147483647

1y : seminko perioda 231-2 ~ 2.1 x 10°

korelace



Linearni kongruentni generator - implementace

cisté multiplikativni generator

[, =al, (mod m)
a,meN
x,=1;/m

0<x,<1 x,eU(0,])

a=7 =16807
m=2""—1= 2147483647
q=127773 r = 2836

Faktorizace m (Schragertiv algoritmus)
m=aq+r, q= [m/a], r=mmoda

r<gq

U

O<[j<m—1:>

OSa(lj mod q)Sm—l

OSr[]j/q]Sm—l

a(lj mod q)—r[l./q], je -1i tento vyraz >0

J
aljmodmz

a(]j mod q)—r[lj/q]Jr m, jinak



Linearni kongruentni generator - implementace

float ranO(int *p 1i0)
{

#define a (16807)

#define m (2147483647)

#define g (127773)

#define r (2836)

int k,10;

float x;

10=*p 10;

k=10/qg; //1I0/q]

i0=a* (i0-k*qg) -r*k; //a(I0 mod q)-r[I0/g]

1f(10<0) 10=10+m;

x=(float)i0/m; //converze na realne cislo z intervalu (0,1)
*p 10=10;

return (x) ;



Linearni kongruentni generator - implementace

void main ()

{
FILE *f, *g;
int iseed;
int 1i;
float x;

if ((f=fopen ("iseed.dat","r"))==NULL) iseed=123456789;
else
{
f=fopen ("iseed.dat","r");
fscanf (£, "%d", &iseed) ;
fclose (f);

g=fopen ("ranO.dat","w");

for (i=0;1<1000000; i++)

{
x=ran0 (&iseed) ;
fprintf (g, "%$f\n", x) ;

f=fopen ("iseed.dat","w");
fprintf (£, "%d", iseed);
fclose (f);

fclose(qg);



Linearni kongruentni generator - implementace

N = 1000000
multiplikativni generator, a = 16807, m = 2°'-1
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tor — test
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Linearni kongruentni generator — test

IBM RANDU

al, (mod m)

a = 65539
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Linearni kongruentni generator — sériova korelace

IBM RANDU
l.,,=al, (mod m)
a = 65539

31
m=72

nogoge ifocd® o o sBiP 6

0.0
“ We guarantee that each number is random individually,

but we don’t guarantee that more than one of them is random.”



Linearni kongruentni generator — sériova korelace

RANO
l.,,=al, (mod m)

a =16807

m=2"-1




Linearni kongruentni generator — posuvny registr

RAN2 — L’Ecuyer
l.,,=al, (mod m)

a, =40014
m, =2147483563

a, = 40692
m, =2147483399

+ posuv registru

perioda ~ 2.3 x 1018

>

I.

0.4 4

0.2 ]

° ':'
3
o
:.o
LS

=1,,+1,, (mod m, +m,)

t o 3
o 0’.':.‘0:,0:. oo a® o® ..oo..$;
000 ® oo ‘.‘ L% .; 00...
%* i" ol!..o '
° ° ‘o‘ oY o T 4 o8
Py .‘“:. \(°:e:8'..".""‘g9 o®
°®

CI )
o o

e -

e® ®© @ o 000'.0..0

0.0
0.00000

0.00005 0.00010 0.00015 0.00020 0.00025 0.00030

X



Linearni kongruentni generator — barevny test

IBM RANDU ze dvou Cisel generovan bod ve Ctverci [0,1] x [0,1]
barva ndhodné ze stejného generatoru, napiiklad
1 i1 =a 1l 7 (mOd m) pomoci RGB slozek v rozsahu 0-255

a = 65539




Linearni kongruentni generator — barevny test

IBM RANDU ze dvou’éisel vgenerox./érrl bod ve é,tverci [O,IVJ x [0,1]
barva ndhodné ze stejného generatoru, napiiklad
1 i1 =a 1l 7 (mOd m) pomoci RGB slozek v rozsahu 0-255

a = 65539

31
m=72
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Linearni kongruentni generator — barevny test

RAND() ze dvou ¢isel generovan bod ve Ctverci [0,1] x [0,1
barva ndhodné ze stejného generatoru, napiiklad
pomoci RGB sloZzek v rozsahu 0-255

Mersenne twister

perioda 21°°%7-1
MS Visual C++ 6.0 -




Generatory pseudonahodnych Cisel

Statistical  Prediction Reproducible Code Size & k-Dimensional
Quality Difficulty Results Multiple Streams Period Useful Features Time Perfomance Space Usage Complexity Equidistribution

PCG Excellent Challenging Yes Yes Arbitrary Jump ahead, Very Very Very Arbitrary”

Family (e.g. 2%) Distance fast compact small

Mersenne Some Easy Yes No Huge Jump ahead Acceptable Huge Complex 623

Twister Failures U] (2KB)

Arc4Ran  Some Issues Secure Not Always No Huge No Slow Large Complex No

dom 2% (0.5KB)

ChaCha2 Good Secure Yes Yes PRt Jump ahead, Fairly Plump Complex No

0f (212%) Distance Slow (0.1 KB)

Minstd Many Issues Trivial Yes No Tiny Jump ahead, Acceptable Very Very No

(LCG) <2% Distance compact small

LCG Many Issues Published Yes Yes Okay Jump ahead, Very Very Very No

64/32 Algorithms 2% e Distance fast compact small

XorShift Many Issues Trivial Yes No Small Jump ahead Fast Very Very No

32 22 compact small

XorShift Many Issues Trivial Yes No Okay Jump ahead Fast Very Very No

64 e compact small

RanQ Some Issues Trivial Yes No Okay Jump ahead Fast Very Very No
2% compact small

XorShift*  Excellent Unknown? Yes No Okay Jump ahead Fast Very Very No

64/32 2% compact small



Linearni kongruentni generator — barevny test

PCG-64 (Permutation congruential generator)
Perioda 2138

Python

Statistical  Prediction Reproducible Code Size & k-Dimensional
Quality Difficulty Results Multiple Streams Period Useful Features Time Perfomance Space Usage Complexity Equidistribution

PCG Excellent Challenging Yes Yes Arbitrary Jump ahead, Very Very Very Arbitrary”

Family (e.g. 29) Distance fast compact small

Mersenne Some Easy Yes No Huge Jump ahead Acceptable Huge Complex 623

Twister Failures PLEET (2KB)

Arc4Ran  Some Issues Secure Not Always No Huge No Slow Large Complex No

dom 216997 (0.5KB)

ChaCha2 Good Secure Yes Yes S Jump ahead, Fairly Plump Complex No

0f (2128) Distance Slow (0.1 KB)

Minstd Many Issues Trivial Yes No Tiny Jump ahead, Acceptable Very Very No

(LCG) <23 Distance compact small

LCG Many Issues Published Yes Yes Okay Jump ahead, Very Very Very No

64/32 Algorithms e 2% Distance fast compact small

XorShift Many Issues Trivial Yes No Small Jump ahead Fast Very Very No

32 22 compact small

XorShift Many Issues Trivial Yes No Okay Jump ahead Fast Very Very No

64 2% compact small

RanQ Some Issues Trivial Yes No Okay Jump ahead Fast Very Very No
e compact small

XorShift*  Excellent Unknown? Yes No Okay Jump ahead Fast Very Very No

64/32 e compact small




