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Metody Quasi Monte Carlo (QMC)

= Pouziti striktné deterministickych sekvenci misto
nahodnych cisel

= VSe funguje jako v MC, dikazy se ale nemohou opirat o
teorii pravdépodobnosti (nic neni nahodné)

= Pouzité sekvence cisel s nizkou dikrepanci (low-
discrepancy sequences)
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Discrepancy

= Cil: Co nejrovnomernejsi pokryti integracniho oboru vzorky

High Discrepancy Low Discrepancy
(clusters of points) (more uniform)
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Defining discrepancy

= s-dimensional “brick” function:

1if0 < z); <wv,0<zlp <va,...,0 <zly <o,
(z) =
() otherwise.

= True volume of the “brick” function:
V(A) =TI, vj

s MC estimate of the volume of the “brick”:

number of sample points that
total number of sample points actually fell inside the “brick”
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Discrepancy

= Discrepancy (of a point sequence) is the maximum
possible error of the MC quadrature of the “brick”
function over all possible brick shapes:

m(A
D*(z1,2Z>,...ZN) = Sup | ()
A j\

0 serves as a measure of the uniformity of a point set

- V()

o must converge to zero as N -> infty
o the lower the better (cf. Koksma-Hlawka Inequality)
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Koksma-Hlawka inequality

= Koksma-Hlawka inequality ,variation“ of f

/

/

z;) < Vyuk -D"(2,,22,...2n)

I} M;

/f ) dz —

o the KH inequality only applies to f with finite variation
o QMC can still be applied even if the variation of f is infinite
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Van der Corput Sequence (base 2)

i | bmary form of¢ | radical inverse | H;

1 1 0.1 0.5

2 10 0.01 0.25
3 11 0.11 0.75
4 100 0.001 0.125
5 101 0.101 0.625
6 110 0.011 0.375
7 111 0.111 0.875

= point placed in the middle of the interval
= then the interval is divided in half

= has low-discrepancy
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Van der Corput Sequence

= b..Base

= radical inverse
d,:Ng — QnJ[o0,1)

f:i@mﬂk%dmw:
j=0

aj(iyb~"
/=0
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Van der Corput Sequence (base b)

double RadicalInverse (const int Base, int 1)
{
double Digit, Radical, Inverse;
Digit = Radical = 1.0 / (double) Base;
Inverse = 0.0;
while (1)
{
Inverse += Digit * (double) (i % Base);
Digit *= Radical;
i /= Base;
}

return Inverse;
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Radical inversion based points in
higher dimension

Halton sequence X; := (®p, (i)....,Pp (i) where b; is the i-th prime number

Hammersley point set x; := (i-‘bm (1);--- P, (f))

n
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Pouzité pro path tracing

= Cesty jsou ,.body“ ve vysokodimenzionalnim prostoru
cest

= VesSkera nahodna ¢isla pouzita pro konstrukei jedné cestu
jsou ruzné komponenty jednoho dlouhého ,ndhodného
vektoru®

= Dalsi cesta — dalsi nahodny vektor ve
vysokodimenzionalnim prostoru.

= Pokud nadhodné vektory dobre pokryvaji
vysokodimenzionalni prostor, pak cesty dobre pokryvaji
cely prostor cest ve scéné
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Transformace nahodnych cisel

Halton

Hammersley
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Ukazka vysledku pro MC a QMC

Monte Carlo
(230s)

padded
Hammersley
(202s)
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Metody Quasi Monte Carlo (QMC)

= Nevyhody QMC:

0V obrazku mohou vzniknout viditelné ,,vzory“ (misto Sumu
v MC)
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Stratified sampling

10 cest na pixel
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Quasi-Monte Carlo

10 cest na pixel
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Fixni nahodna sekvence

10 cest na pixel
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