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Maths to simula*ons ≠ bijec*on  Maths to simula*ons ≠ bijec*on  

simulation weight error on  

Error of code run  

Residue = numerical

generation of new

operator

Weight error

= vicinity of solution

⇒⇒⇒⇒ statistics



VOICE 1D-1V kineticsVOICE 1D-1V kinetics

Simulation: φ(x,t)

oscillations at ωext

transient to plateau

stroboscopy ⇒ amplitude

amplitude plateau  

∃ analytical expression

VOICE 1 species

AG



ωext

Recovering linear = not enoughRecovering linear = not enough

Standard verification

= excellent agreement

BUT PoPe error POPE = 0

δa1

High precision at resonance

Issue at v = 0 (vanishing operators)

Error at large v, 

propagation to small |v|

PoPe index = –log10(δδδδa1)

= 0



VOICE improved schemeVOICE improved scheme

PoPe index = –log10(δδδδa1)

PoPe index = 4
δa1

VOICE modification

order 4 finite difference in v (previous Fourier)

error on         = fit
governed by 

order 4 finite difference

δa1

new issue @ resonance



Oscillation in v @ resonance Oscillation in v @ resonance 

Nv = 512, N = 9

Nv = 2N

Nv = 8192, N = 13

Impact of Nv

Most simulations

@ constrained resolution



Resonance: error generationResonance: error generation

δa2

δδδδa2 >> δδδδa1

Strong evolution

at vres



Filamentation breakdownFilamentation breakdown

fit ≈ t8.7

δa2 ∝Nv
-4

δa2

ωpt = 150

δa2 ∝Nv
-4

∆t ∝Nv
1/2

"filamentation"

known finite time

breakdown



PoPe in depth analysis  PoPe in depth analysis  

PoPe index = 0

Nv = 32

order 4 fit of PoPe index

d < 10-6, verified d ≈ 0

Projection on diffusion operator

Fourier scheme :

peak at resonance

high velocity

v / vth = 6



Error magnitude: 10-12

Geometry & PoPeGeometry & PoPe
PoPe
Projection on Proper elements

Application: VOICE code

Solution

Hyper-surface

Sequation = 0

Pollution

Normal vector

N ≡ ∇∇∇∇Sequation

Eevo

close to colinear operators

(oscillation in x & t) 

1.5 10-6

Reference magnitude: 10-6

Pollution numerical projection on N

-1.0 10-12
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SummarySummary

PoPe
Projection on Proper elements

Application: VOICE code

Code Verification with data from production run

On the fly verification

In depth analysis of numerical scheme and equation


