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Other POOMA Particles Documentation

® POOMA User Guide, especially Chapter 7

o http://ww. acl .| anl.gov/poorma/ docunent ati on/ user gui de
o Header files

o $POOVA_ROOT/ src/ Particles/*. h

® Test programs
o $POOMA_ROOT/ src/test/particle/*. h

@ Externa data connection (1/O, visualization, PAWS)

o http://ww.acl.lanl.gov/poona/docunent ati on/ ext er nCui de. pdf

® These viewgraphs:

o http://ww.acl. Il anl.gov/poona/ papers/ TecCl assPOOMAParti cl es
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Applications Drive POOMA Particles Design

o ER (HPCC Grand Challenge Applications)
o Numerical Tokamak Turbulence Project (PIC)
o Computational Accelerator Physics (PIC)

e ASCI
O MC++ (Monte Carlo neutron transport)

@ Additional projects leverage previous work
@ Additional projects drive improvementsin POOMA
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Particle Attributes

@ tenplate <class T> class ParticleAttrib
o Vaueof typeT for every particle
m Scalar (doubl e,....)
m Vekt or <doubl e, 3>, Tenzor <doubl e, 3>, ...
o AnaogoustoFi el d<T, ... >
O Distributed object
o Dataparallel and single-particle operations
m Use expression templates
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Data-Paralldd MathOn Parti cl eAttri b

o All particles
Particl eAttrib<doubl e, 3> mu, rho, w, speed, nass;
Particl eAttri b<Vekt or <doubl e, 3>> v;
doubl e scal eFactor;
mu = 2. 0*rho*w;,
mu *= scal eFactor;
speed = sqrt(powm(v(0),2) + powv(1l),2) +
pow(v(2),2));
@ Reductions
Vekt or <doubl e, 3> t ot Mom = sun{ mass*v);

e Conditionals
rho = where((rho > 1.0e-8), rho, 0.0);
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Single-ParticleMathOnParticl eAttrib

® When not to use data-parallel?
O Many particle-dependent temporaries (32 ® Parti cl eAttrib
temporaries)
0 Complicated particle-dependent logic

® Single-particleindexing, using [ i nt ]
for (int i=0; i<nLocalParticles; i++) {
mu[i] = 2.0*rho[i]*wWi];
if (mu[i] < 1.0e-8) mu[i] = 0.0;
}
o SPMD
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Managing A Set Of Particles

® Abstract base class
tenpl at e<cl ass PLayout > cl ass Particl eBase

O Template parameter PLay out
m Must inherit from Par t i cl eLayout base class
m Contains spatial dimensionality
m Manages processor ownership of particles

® User derives custom particles class

OMA
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Key Members Of Parti cl eBase

® TwoParticl eAttrib datamembers
O R- position (Vekt or <T, Di nP)
O | D- global particle identifier (i nt)
® Member functions
o create(),gl obal Create(),destroy()

m create and destroy particles
o updat e()
® manage memory
m move particles between processors
O get BConds()
m Get referenceto Part i cl eBConds object

® Typedef s, suchasParti cl ePos_t
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Example Custom Particles Class. Tr acer s

class Tracers : public
Particl eBase<Particl eSpati al Layout <doubl e, 3>> {
publi c:
/1 Attributes (besides R and |ID)
Particl eAttri b<Vektor<double,3>> v; [/ velocity
/1 ...other attributes would go here ....
/'l constructor
Particl es(Layout _t *L)
Particl eBase<Layout _t>(L) {
addAttribute(v); // add attribute to base’s |ist
/'l other addAttribute() calls...

}

} ; WA
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Particle Layout Classes

® Manage processor ownership of particles
tenpl ate <class T, unsigned D ne
class ParticleUnifornliayout
o Divide particles evenly among processors
tenpl ate <class T, unsigned Dim cl ass
Mesh> class Particl eSpatial Layout
O Spatial subdomains
o0 PE owning subdomain owns al particlesin it

tenpl ate <class T, unsigned Dim cl ass
Mesh> class ParticlelnteractLayout

O Adds mechanisms for particle-particle interaction
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Particle Layout Classes (cont’ d)

Particl eUni f or mLayout Particl eSpati al Layout
[ ] [ ] ©
[ ] [ ] ° [ ] [ ] °
b [ ] [ ] o b [ ]
[ ] [ ] ° [ ] [ ] [ ]
[ ] [ ] b [ ] . [ ]
[ ] o ° o . [ ] [ ] [ ] o °
b [ ] [ ] hd [ ]
° [ ] [ ] o ° .. [ ] .. e ..
[ ] [ ] [ ] b [ ] [ ] [ ] e b [ ]
[ ] [ ] b [ ] [ ] [ ] b [ ]
[ ] ° (o] [ ] ° ° [ ] [ ]
[ ] ° [ ] [ ] ° [ ]
b [ ] [ ] b .. [ ]
[ ] . [ ] . [ ] .
[ ] [ ]

Processor 0,1,2,3
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Particl eSpati al Layout Construction

unsi gned Dim = 3;
typedef UnifornCartesi an<D n>p M
int nVertices[Dim;
NDI ndex<Di > al | Verts;
for (int d=0; d<Dim d++)
al |l Verts[d] = Index(nVertices[d]);
Vekt or <doubl e, D> ori gi n, nmeshSpaci ngs;
M nesh(al | Verts, origin, nmeshSpacings);
Cent er edFi el dLayout<Dim M Cel | > f1 (nesh);

Particl eSpati al Layout <doubl e, Di m M>
psl (fl, mesh);
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Particle Boundary Conditions

® Particl eBconds class

0 What happens to particles that cross global boundaries

o Contains container of function pointers
typedef T (*ParticleBCond)(const T, const T, const T);
Particl eBCond BCList[2*Dinj;

m Act on single particle position in one direction
O Invoked on al particlesby updat e()

® POOMA provides canned functions
® User may supply custom functions

WA

O
Los Alamos National Laboratory Z

14




Los Alamos National Laboratory

POOMA-Provided Particle Boundary Conditions

® Periodic BC

tenpl at e<cl ass T>
T ParticlePeriodi cBCond(const T t, const T mnval,
const T nmaxval)

® Reflecting: particles bounce back at boundary:

T ParticleRefl ectiveBCond(..sameargs...)

® Particlesstick to face
T Particl eSi nkBCond( ...sameargs...)

@ Null (default for al boundaries)
T Particl eNoBCond( ..sameargs...)
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Particle Boundary Conditions Example

typedef UnifornCartesi an<2> M

M nmesh(....);

Cent er edFi el dLayout <2, M Cel | > fI (nesh);

typedef ParticleSpatial Layout <doubl e, 2, M> PL;

PL pl (fl, mesh);

Tracers<PL> tracers(&pl);

tracers. get BConds()[0] = Particl ePeriodi cBCond;
tracers. get BConds()[ 1] Parti cl ePeri odi cBCond;
tracers. get BConds()[ 2] Particl eRefl ecti veBCond;
tracers. get BConds()[ 3] Particl eRefl ecti veBCond;
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Particle Loading

1 Construct user particles object (e.g. Tr acer instance)
Create particles

o creat e(npLocal ) - SPMD PE-local creation

o gl obal Creat e(npTot) - dividesnpTot /#PEs
Assigninitial valuestoParti cl eAttri bs
O read input

O data-parallel/single-particle expressions
4 Tracer::update()

O Set up proper processor ownership
O consults PLayout
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Particle-Mesh Interaction

® | nt er pol at or baseclass
O Maps continuous position = ¥ ® mesh position
® Derived classesprovidescat t er (), gat her ()
O Single particle = ¥%2® mesh neighborhood
o0 POOMA implements| nt NGP, | nt Cl C, | nt SUDS
o O her interp. formulas: user-defined class

@ ParticleAttrib functionsapply to al particles
tenpl ate <unsigned DDm class M class C,
class PT, class |ntOp>
void ParticleAttrib<T>::scatter
(Field<T,DimM C¢&,
const ParticleAttrib< Vektor<PT, Di np >&,
const IntOp& const; WA
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Particle-Mesh Interaction (cont’ d)

® POOMA interpolators| nt NGP, | nt Cl C, | nt SUDS
o gat her ()
m Interpolate from mesh points to single particle position R[ i ]
m Assignvaluetopali ]
o scatter()
m Interpolate from single particle position to mesh nodes/celly....

m Accumulate value to field at node/cell-position
O Really scatter-add
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POOMA | nt NGP Interpolator

[i10[]+1] [i+1][]+1]
*Particle k
eParticleAttri b<T> pa
d *Fiel d<T, 2, M Vert> f

*Distanced =dx x+dy y

[iT0i] [i+1][]]

pa[ k] =(1-dx)*(1-dy)*f[i][j] + dx*(1-dy)*f[i+1][]]
(L-dx)*dy*f[i][j+1]  + dx*dy*f[i+1][j+1]

WA
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Particle-Mesh-SI ndex Interaction

® Sparse index gather/scatter
Fi el d<double, D> f(...), 9(...), h(...);
Particl eAttri b<doubl e> pa(...);
Sl ndex<D> S
S = where(gt(f, 1.0e-6));
pa[S] = g[S] + h[S];
f[S] = pa[S]*g[S];
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Particle Load Balancing

@ Function changes layout and all object using
tenplate <class T, unsigned Dim class Mesh>
voi d BinaryRepartition

Processor 0,1, ,3

Los Alamos Nationa Laboratory

@ Redistribute particles evenly among processors

it

(Particl eBase<Particl eSpati al Layout <T, Di m Mesh>>& PB)

OMA
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Particle-Particle Interaction

® Pair-list iterator over neighbor particles
O Member of Parti cl eLayout class
O Exposed for useby Parti cl eBase class
@ ParticlelnteractlLayout::pair_iterator

O All other particles within fixed radius of particle
Particl el nteractLayout::setlnteracti onRadi us(radius);

® Uses ghost particles
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Particle-Particle Interaction Example

cl ass Ml ecul es:
Particl eBase<Parti cl el nt eract Layout <doubl e, D>;
Mol ecules m(...);
m get Layout (). setl nteracti onRadi us(4.0);
m :pair_iterator neighbor, neighborEnd;
for (int i=0; i < magetLocal Nun(); ++i) {
m get Pai rLi st (i, neighbor, neighborEnd);
for ( ; neighbor != neighborEnd; ++neighbor) {
Mol ecul es: : pair_t pairdata = *nei ghbor;
int n = pairdata.first;
doubl e sep2 = pairdata. second;
mRi] += mvel[n] * 2.0;

}

} WA
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o Parallel Filel/O: Di scParti cl e class
o Onefilesetf 0o. { net a, dat a, confi g} per SMP
o Analogousto DiscField

o Writefread single Parti cl eAttri bs orentire
Parti cl eBase objects

cl ass Atoms:
Particl eBase<Parti cl eSpati al Layout <doubl e, 3>>;

Atoms a(...);
Di scParticle dp(“a”,”a.config”, | NPUT,” Atons a”);
dp.read(a);

o External data connection (Dat aConnect ) approach also works
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Visudlization

® External data connectionto ACLVIS
® ACLVIStool visualizesParticl eAttrib (in
Parti cl eBase) datasevera ways:
o Points, colored by scalar attribute value
O Spheres, colored by scalar attribute value
m Keep N timesteps and display as trace path
o Vector arrows (for Parti cl eAttri b<Vekt or <T, D>>)
m Arrow length = vector magnitude
m Keep N timesteps and display as trace path

WA
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Example: Tracer Particles (1/8)

#i ncl ude "Pooma. h"
#i ncl ude "Particle/lnt NGP. h"

t enpl at e<cl ass PL>
class Tracers : public Particl eBase<PL> {

publi c:
PL:: Particl ePos_t v; [/ tracer particle velocity
Particl eAttri b<double> s; // tracer particle speed
doubl e mass; /] tracer particle nass (const)
Tracers(PL* pl, double n) : ParticleBase<PL>(pl), mass(m {
addAttribute(v); // register the particle attributes....
addAttribute(s); // register the particle attributes....
}
H
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Example: Tracer Particles (2/8)

int main(int argc, char *argv[]){
Poonma pooma(argc, argv);
I nf or m pout ( NULL, 0);

const unsigned Dim = 3;

const int nx=32, ny=32, nz=32;
const unsigned int total P = 5000;
const int nt = 100;

const double dt = 0.1;

const double nmass = 0.1;

const doubl e pi = acos(-1.0);

Los Alamos Nationa Laboratory
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Example: Tracer Particles (3/8)

I ndex |1(nx+1), J1(ny+l), Kl(nz+1);

typedef UniforntCartesian<D n> M

M rmesh(11,J1, K1);

Cent er edFi el dLayout<Dim M Cel | > | ayout ( nmesh);

Fi el d<Vekt or <doubl e, Din>, Dim M Cel | > u(mesh, | ayout); u = 0.0;
double RO = 8.0;
Vekt or<doubl e, Di > c; c[0] = nx/2-1; c[1] = ny/2-1; c[2] = nz/2-1;

Fi el d<Vekt or <doubl e, Di n», Dim M Cel | > x(mesh, | ayout) ;
x = mesh. get Cel | Posi tionFi el d(x);

Los Alamos National Laboratory

29

Example: Tracer Particles (4/8)

Fi el d<doubl e, Dim M Cel | > r(nesh, | ayout);
Fi el d<doubl e, Dim M Cel | > theta(nesh, | ayout);
NDI ndex<Di m> cel | s;
cells[0] = Index(nx); cells[1] = Index(ny); cells[2] = Index(nz);
r[cells] = sqgrt((x[cells](0) - c[0])*(x[cells](0) - c[0]) +
(x[cells] (1) - c[1])*(x[cells](1) - c[1]));
theta[cells] = acos((x[cells](0) - c[0])/r[cells]);
theta[cel |l s] where(lt((x[cells](1) - c[1]),0.0),
2.0*pi - theta[cells],
theta[cells]);
assign(u[cells](0), where(le(r[cells], RO),
(r[cells]/RO)*sin(pi - theta[cells]),
0.0));
assign(u[cells] (1), where(le(r[cells], RO),
(r[cells]/RO)*cos(pi - theta[cells]),
0.0));

Los Alamos Nationa Laboratory
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Example: Tracer Particles (5/8)

IntNGP interp;

typedef Particl eSpati al Layout <doubl e, Di n» PSL;
PSL pLayout (| ayout);
Tracer s<PSL> t (&pLayout, nass);

for (int face=0; face < 2*Dim face++) {

t.getBConds()[face] = ParticleReflectiveBCond,;
}

Los Alamos National Laboratory
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Example: Tracer Particles (6/8)

t. gl obal Create(total P);

assign(t.R(0), PoomaRandom * nx);
assign(t.R(1), PoonaRandom * ny);
assign(t.R(2), PoonaRandom * nz);

t.update();

Los Alamos Nationa Laboratory
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Dat aConnect *dc =

dc->connect ("R", t

dc- >updat eConnect i

Example: Tracer Particles (7/8)

Dat aConnect Creator::create("tracers");

dc->connect ("t", t);

-R);

dc->connect ("s", t.s);
dc->connect ("v", t.v);
dc->connect ("u", u);

ons(); dc->interact();

Los Alamos National Laboratory
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t.R += t.v*dt;

t.update();

}

del ete dc;
return O;

}

t.v.gather(u, t.
t.s = sqrt(dot(t.v, t.v));

Example: Tracer Particles (8/8)

for (int it=0; it<nt; it++) {

R, interp);

pout << "Finished iteration " << it << endl;
dc- >updat eConnections(); dc->interact();

Los Alamos Nationa Laboratory
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File  Tool

Example: Tracer Particles (ACLVISImage 1)

VeclorPariicle Toof T - I:v

Scale Factor:
2.000000

Trace Number

Los Alamos National Laboratory &’
35

File  Tool

Example: Tracer Particles (ACLVIS Image 2)

Spiere Tool T - 15

Daka Value Range

Min: 0.000000 Max: 0958212

Radius

0.200000

=i
7
g
5
£
g
=

Trace Humber

e —

Color Map Range
Min: 0.000000 Max: 0 988212
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