Plasma Program
UCLA Pardlel PIC Framework, Viktor K. Decyk and Charles D. Norton in Comp. Phys. Communications 164 (2004) 80-85

PIC: parallel Particle-in-Cell codes, original ideais based on object-oriented in Fortran95.

= serial one
n[10):= NX = 32; ny = 32; np = 10240; nb = 2048; charge =1; dt =0.1
ou10]= 0.1

n11:= ChargeDepositl[part_, charge_] := Mdule[{rho, i, j, X, ix, fx},

rho = Tabl e[0, {nx +1}, {ny +1}1;

Do[x =part [[I 11[[11]; ix =Floor [x]; fx =x-ix; rho[[ix[[1]]+1, ix[[2]]+1]1] =
rho[[i x[[1]]1+1, ix[[2]] +2111+ (L -fx[[11])* (1-fx[[2]]) »charge;

rho[[i X[[1]]+2, iX[[2]]+1]1] =rho[[ix[[1]]+2, ix[[2]] +1]] +
(FX[[111) » (L -fx[[2]1]) »charge; rho[[ix[[1]1]+1, ix[[2]] +2]] =
rho[[i Xx[[1]]1+1, ix[[2]] +2]1]1+ (L -fx[[11]1) » (FxX[[2]]) »charge; rho[[ix[[1]] +2,
iX[[2]]1+2]1] =rho[[ix[[1]1]+2, ix[[2]]+2]] + (FX[[1]1]) = (fFxX[[2]]) *charge,

{i, Length[part]1}];

Do[rho[[1, i]1] =rho[[1, i]]l+rho[[l+nXx, i]1], {i, ny}];

Do[rho[[i, 1]1] =rho[[i, 111 +rho[[i, L+nyl], {i, nx}];

Table[rho[[i, j11, {i, nx}, {j, ny}1l;

KEDepositl[part_] := Mdule[{rho, i, j, x, ix, fx, charge},

rho = Tabl e[0, {nx +1}, {ny +1}7;

Do[x = part [[i 11[[1]1]; charge = part [[i 11[[2]1]1[[111"2+part [[I J1[[211[[2]11"2;

ix =Floor [x]; fx=x-ix; rho[[ix[[1]]+1, ix[[2]]+1]] =
rho[[i x[[1]]1+1, ix[[2]]+111+ (L -fx[[11]) % (1-fx[[2]]) »charge;

rho[[i Xx[[1]]+2, ix[[2]]1+1]1] =rho[[ix[[1]]+2, ix[[2]] +1]] +
(FX[[111) » (L -fx[[2]]) »charge; rho[[ix[[1]1]+1, ix[[2]] +2]] =
rho[[i Xx[[1]]1+1, ix[[2]]+211+ (L -fx[[11]1) = (fFx[[2]1]) »charge; rho[[ix[[1]] +2,
i X[[2]]1+2]1] =rho[[ix[[1]1]+2, ix[[2]1]1+2]1]1+ (FX[[1]1]1) = (Fx[[2]]) *charge,

{i, Length[part]1}];

Do[rho[[1, i]] =rho[[1, i]]l+rho[[l+nx, i]1]1, {i, ny}];

Do[rho[[i, 1]1] =rho[[i, 1]1+rho[[i, 1+nyl], {i, nx}];

Table[rho[[i, j11, {i, nx}, {j, ny}1l;

Fi el dSol vel[rho_, kernel _1:= Mdule[{rhotilde, i, j},
rhotilde = Fourier [rho]; InverseFourier [Table[rhotilde[[i, j1] *kernel [[i, j1],
{i, Length[rhotildel}, {j, Length[rhotilde[[1]]11}11];

FieldStitchl[fX , fY_]:=
Table[{fX[[i, j11, fY[Li, j11}, {i, Length[fX]}, {j, Length[fX[[11]1}];

Particl ePushl[part_, inField_]:=Mdule[{ix, fx, ax, nv, i, j, field},
field=Table[inField[[1+MdI[i, nx], 1+Md[j, nyl]]l, {i, nx+1}, {j, ny+1}]; Table[
ix =Floor[part [[i 11[[1111;
fx =part [[IiJ1[[1]1]-ix; ax = (field[[ix[[1]1]+1, ix[[2]]+21] % (1 -fx[[1]]) +
fx[[11] »field[[ix[[1]1]+2, ix[[2]]+1]]) %= (L-fx[[2]]) +
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fX[[2]1] = (field[[ixX[[1]1]+1, iX[[2]]+2]) % (L-fx[[1]]) +
fx[[11] xfield[[ix[[1]1]+2, ix[[2]1]+2]]);
nv=opart [[1 1][[2]] +ax *=dt; {part [[I11[[1]] +nv =dt, nv}, {i, Length[part]}]11;

Particl eManagel[part ] := Mdule[{i, x, list},
list = Tabl e[
x=part [[I 110[21]; X =X+ {If[X[[1]] <O, +nx, If[x[[1]] =2nx, -nx, 011, If[x[[2]] <O,
+ny, 1f[X[[2]] 2 ny, -ny, O11}; {x, part [[I 11[[2]]}, {i, Length[part]}]1;

DrawThreel[speed_, rho_, potential _]1:=Mdule[{r, g, b},
r = Transpose[M/Nor nal i ze [speed]];
g = Transpose [MyNor nal i ze[rho]];
b = Transpose[MyNor mal i ze [potential 11; I f [True, Show[G aphics[
Rast er [Tabl e [Li st [Pi xel Doubl e[r, i, j]1, Pixel Double[g, i, j], Pixel Doubleflb, i, j11,
{i, 2xLength[r] -1}, {j, 2xLength[r[[1]]]-1}1], AspectRatio -» Automatic]]11;

MyNor mal i ze[list_]:=Mdule[{i, j, mx, m},
mK=m =1list[[1, 1]7;
Do[lflist[[i, jl]l>mk, mk=1list[[i, jl11; Ifrlist[[i,jl]l<m, m=1list([[i, 111,
{i, Length[list1}, {j, Length[list[[1]]11}]; If[nx > m,
Table[p(ist[[i, jl11-mm) / (nx-m), {i, Length[list]}, {j, Length[list]1}], 011;

Pi xel Doubl e[l _, i _, j_1:=I1f[Md[j, 2] <1,
If[Md[i, 2] <1, (I [[IntegerPart[(i -1) /2] +1, IntegerPart[(j -1) /2] +11] +
I [[l+IntegerPart [(i -1) /2], 2+IntegerPart [(j -1) /2]]] +
I [[2+IntegerPart [(i -1) /2], 1+IntegerPart[(j -1) /2]]] +
Il [[2+IntegerPart [(i -1) /2], 2+IntegerPart[(j -1) /2]11]1) /4,
(» else =) (I [[IntegerPart [(i -1) /2] +1, IntegerPart[(j -1) /2] +2]]+
I [[IntegerPart [(i -1) /2] +1, IntegerPart[(j -1)/2]1+1]1]1) /2],
(» else x)If[MdI[i, 2] <1, (I [[IntegerPart[(i -1) /2] +1, IntegerPart[(j -1) /2] +11] +
I [[2+IntegerPart [(i -1) /2], 1+IntegerPart [(j -1) /72]11]1) /2,
(* el se %)
| [[IntegerPart [(i -1) /2] +1, IntegerPart[(j -1) /721 +11111;

potkernel =Table[If[i =1&&j =1, I,
If[j*2>ny, If[i *2>nx, L/ ((x+1l-i)*(nx+1-i)+ny+1-j)*x(ny+1-j)),
1/7(0 =-1) %@ -1)+(ny+1-j)*(ny+1-j))I,
Ifli*2>nx, L/ ((nx+1-i)xx+1-i)+( -1)=*( -1)),
1/7(0 -1 *( -1+ (-1 (G -1))11+11, {i, nx}, {j, ny}l;

fieldXkernel =Table[If[i ==1&&) =1, 0, -I =
If[p*2>ny, Ifli *2>nx, (nXx+1-i)/((Mx+1l-i)*(nNx+1-i)+ny+1-j)*x(ny+1-j)),
(i-1)/7(( -1) %@ -1)+(ny+1-j)*x(ny+1-j))I,
Ifli *2>nx, (NX+1-i)/ ((Mx+1-i)*Nx+1-i)+(-1)=( -1)),
(i-1)/7(( -1) = (0 -1)+( -1y~ -1))111, {i, nx}, {j, ny}];

fieldYkernel =Table[If[i ==1&&) =1, 0, -I =
If[p*2>ny, Ifli *2>nx, (ny+1-j)/((nx+1l-i)*(nx+1-i)+ny+1-j)*x(ny+1-j)),
(ny+1-j) /7 (( -1)* (@ -1)+(ny+1-j)*(ny+1-j))I,
Ifli*2>nx, (j-1)/7(Mx+1-i)yxmx+1-i)+( -1)=*( -1)),
G-1) /70 -1)* @ -1)+(-1)(-1))111, {i, nx}, {j, ny}];

n[12):= particles =
If [True, Table[lf [i >np, x = Random[]; {{X*nx, (ny /2) + (Sin[Xx*Pi *2] *xny /16) +
((Random[] -0.5) xny /8)}, {(Random[]) *0.5, 0.5 % (Random[] -0.5)}},
{{Random[] » nx, Random[] = ny}, {(Random[] -0.5) /4, (Random[] -0.5) /4}}1,
{i, np+nb}], List[]]; particles = ParticleManagel[particles];
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3= {Timng[rho = ChargeDepositl[particles, charge]; field =
FieldStitchl[Re[Fi el dSol vel[rho, fieldXkernel 1], Re[Fi el dSolvel[rho, fieldYkernel 117;
potential = Re[Fi el dSol vel[rho, potkernel 17;
particles =Particl eManagel[Particl ePushl[particles, Re[field]]];
ke = KEDeposi t1[particles]; ], DrawThreel[ke, rho, potential 1}

out[13)= {{2. 96845, Null 1,

in41:= {Tim ng[Do[rho = ChargeDepositl[particles, charge]; field=FieldStitchl[
Re [Fi el dSol vel[rho, fiel dXkernel 1], Re[Fi el dSol vel[rho, fieldYkernel 111;
particles = ParticleManagel[Particl ePushl[particles, Re[field]]], {4}];1,
ke = KEDepositl[particles]; potential = Re[Fiel dSol vel[rho, potkernel 17;
Dr awThr eel[ke, rho, potential ]}

outiL4l= {{8. 84233, Null },

m Parallel version
n[15):= NX = 32; ny = 32; np = 10240; nb = 2048; charge =1; dt =0.1

oufis)= 0.1

|3
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in[16]:= 1 dproc = npi CommRank [mpi Comm\dr | d7;
nproc = npi Com®i ze [npi Conm\r | d1; npi Gat her [{i dproc, nproc}]

oufiel= {{0, 8}, {1, 8}, {2, 8}, {3, 8}, {4, 8}, {5, 8}, {6, 8}, {7, 8}}

n171:= Char geDeposit [part_, charge_] : = Modul e[{rho, i, j, X, ix, fx},

rho = Tabl e[0, {nx +1}, {ny +1}1;

Do[x =part [[I 11[[1]1]; ix =Floor [x]; fx=x-ix; rho[[ix[[1]]+1, iXx[[2]]+1]] =
rho[[i x[[1]]1+1, ix[[2]]+111+ (L -fx[[11]) % (1-fx[[2]]) »charge;

rho[[i Xx[[1]]+2, ix[[2]] +1]1] =rho[[ix[[1]]+2, ix[[2]] +1]] +
(FX[[111) » (L -fx[[2]]) »charge; rho[[ix[[1]1]+1, ix[[2]] +2]] =
rho[[i Xx[[1]]1+1, ix[[2]]+211+ (1 -fx[[11]1) » (fFx[[2]1]) »charge;

rho[[i Xx[[1]]+2, ix[[2]]1 +2]] =rho[[ix[[1]]+2, ix[[2]] +2]] +
(FX[[111) » (fFx[[2]]) »charge, {i, Length[part]}];

Do[rho[[1, i]] =rho[[1, i]]l+rho[[l+nXx, i]1], {i, ny}];

Do[rho[[i, 1]1] =rho[[i, 1]1+rho[[i, L+nyl], {i, nx}];

Table[rho[[i, jI1, {i, nx}, {j, ny}1l;

KEDeposit [part_] := Mddule[{rho, i, j, x, ix, fx, charge},

rho = Tabl e[0, {nx +1}, {ny +1}];

Do[x =part [[I 11[[1]1];

charge = part [[i ]1[[2]1][[1]1"2+part [[i J1[[211[[2]1]1"2; ix =Floor [Xx];

fX =x-ix; rho[[i X[[1]]+1, ix[[2]]+21]] =rho[[ix[[1]]+1, ix[[2]] +1]]+
(1-fX[[111) » (L -fx[[2]]) »charge; rho[[ix[[1]]+2, ix[[2]]+1]] =
rho[[i Xx[[1]]1+2, ix[[2]] +21] + (FX[[1]1]) *» (L -fx[[2]]) »charge;

rho[[i x[[1]]+1, iX[[2]]1+2]] =rho[[ix[[1]]+1, ix[[2]] +2]] +
(1-fx[[111) » (fxX[[2]1]1) »charge; rho[[ix[[1]1]+2, ix[[2]] +2]] =
rho[[i Xx[[1]]+2, ix[[2]] +21] + (FX[[1]1]) = (fFx[[2]]) *charge, {i, Length[part]}];

Dofrho[[1, i]1] =rho[[1, i]]l+rho[[l+nx, i]1], {i, ny}];

Do[rho[[i, 1]1] =rho[[i, 1]1+rho[[i, 1+nyl], {i, nx}];

Table[rho[[i, j11, {i, nx}, {j, ny}1l;

Fi el dSol ve[i nRho_, kernel _] : = Modul e[{rho, rhotilde, i, j},
nmpi Al | reduce[i nRho, rho, npi Sum npi ComAbr| di;
rhotilde = Fourier [rho]; InverseFourier [Table[rhotilde[[i, j1]*kernel [[i, j1],
{i, Length[rhotildel}, {j, Length[rhotilde[[1]]11}111];

FieldStitch[fX , fY_ ]:=
Table[{fX[[i, j11, fY[Li, j11}, {i, Length[fX]}, {j, Length[fX[[1111}];

Particl ePush[part_, inField_]:=Mdule[{ix, fx, ax, nv, i, j, field},
field=Table[inField[[1+MdI[i, nx], 1+Md[j, nyl11], {i, nx+1}, {j, ny+1}1;
Tabl e[

ix=Floor[part [[i ]1[[11]]; fx =part [[I 11[[1]1]-iX;
ax = (field[[ix[[1]]+1, ix[[2]]+1]1 % (L-fx[[1]1]) +
fX[[11] «field[[ix[[1]]+2, ix[[2]] +11]) *» (L -fx[[2]]) +
fX[[2]1] = (field[[ixX[[1]]+1, ixX[[2]] +2]) % (L-fx[[1]]) +
fx[[11] »field[[ix[[1]1]+2, ixX[[2]]+2]]);
nv=opart [[I 1]1[[2]] +ax *=dt; {part [[I11[[1]] +nv =dt, nv}, {i, Length[part]}]1];

Particl eManagePi cker [in_] :=Md[(in[[1]]1[[1]] *nproc) /nx, nproc];

Particl eManage([part_] :=Mdule[{i, x, list}, list =Table[x =part [[I1]1[[1]1];
X=X+ {If[x[[1]1] <0, +nx, If[x[[1]1] 2nx, -nx, 011, If[x[[2]] <O, +ny,
If[x[[2]] zny, -ny, O]1}; {x, part [[i 11[[2]]}, {i, Length[part]}];
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El ement Manage [l i st, Particl eManagePi cker11;

DrawThree[speed_, rho_, potential _]:=Mdule[{r, g, b, rt, gt, bt},
npi Reduce [speed, rt, npi Sum 0, npi ComAbrl di;
r = Transpose[MyNormal i ze[rt]];
nmpi Reduce[rho, gt, npi Sum 0, npi CommW\rl di;
g = Transpose [MyNornal i ze[gt 11;
mpi Reduce [potential, bt, npi Sum 0, npi ComMrl d];
b = Transpose[MyNormal i ze[bt ]1]; If [i dproc = 0, Show[Gr aphics[
Rast er [Tabl e [Li st [Pi xel Doubl e[r, i, j]1, Pixel Double[g, i, j], Pixel Doublefb, i, j11,
{i, 2xLength[r]1 -1}, {j, 2%xLength[r[[1]]]-1}1], AspectRatio -» Automatic]]11;

MyNormal i ze[list_]:=Mdule[{i, j, mx, m}, mk=m=1ist[[1, 1]1];
Doflforlist[[i, jl11>m, mkx=list[[i, j111; If[list[[i, jl]l<m, m=1ist[[i, j111,
{i, Lengthlist1}, {j, Length[list[[1]11}]; If[nx > m,
Table[(list[[i, jl11-mm) / (nx-m), {i, Length[list]}, {j, Length[list]1}], 011;

Pi xel Doubl e[l _, i_, j_1:=1f[MdJ[j, 2] <1,
If[Md[i, 2] <1, (I [[IntegerPart [(i -1) /2] +1, IntegerPart[(j -1) /2] +1]1] +
I [[l+IntegerPart [(i -1) /2], 2+IntegerPart [(j -1) /2]]] +
| [[2+IntegerPart [(i -1) /2], 1+IntegerPart[(j -1) /2]1]1] +
I [[2+IntegerPart [(i -1) /2], 2+IntegerPart [(j -1) /72]1]1]) /4,
(I [[IntegerPart [(i -1) /2] +1, IntegerPart[( -1) /2] +2]]+
I [[IntegerPart [(i -1) /2] +1, IntegerPart[(j -1) /2] +1]1]) /2],
If[Md[i, 2] <1, (I [[IntegerPart[(i -1) /2] +1, IntegerPart[(j -1) /2] +1]1] +
Il [[2+IntegerPart [(i -1) /2], 1+IntegerPart[(j -1)/2111) /2,
| [[IntegerPart [(i -1) /2] +1, IntegerPart[(j -1) /721 +11111;

potkernel =Table[If[i =1&&j =1, I,
If[j *2>ny, If[i *2>nx, L/ ((x+1l-i)*(nx+1-i)+ny+1-j)*x(ny+1-j)),
1/7(0 =-1) %@ -1)+(ny+1-j)*(ny+1-j))I,
Ifli*2>nx, L/ ((nx+1-i)xx+1-i)+( -1)=*( -1)),
170 =1 *( -1+ (-1 (G -1))11+11, {i, nx}, {j, ny}];

fieldXkernel =Table[If[i ==1&&) =1, 0, -I =
If[p*2>ny, Ifli *2>nx, (nXx+1-i)/((Mx+1l-i)*(Nx+1-i)+ny+1-j)*x(ny+1-j)),
(i-1)/7(( -1) %@ -1)+(ny+1-j)*x(ny+1-j))I,
Ifli *2>nx, (nNX+1-i)/ ((MXx+1-i)*Nx+1-i)+(-1)=( -1)),
(i-1) /7 (( -1) (0 -1)+ (-1~ -1))111, {i, nx}, {j, ny}];

fieldYkernel =Table[If[i ==1&&) =1, 0, -I =
If[j*2>ny, Ifli *2>nx, (ny+1-j)/ ((nx+1l-i)*(nx+1-i)+ny+1-j)*x(ny+1-j)),
(ny+1-j) /7 (( -1)* (@ -1)+(ny+1-j)*(ny+1-j))I,
Ifli*2>nx, (j-1)/7(Mx+1-i)yxmx+1-i)+( -1)=*( -1)),
G-1) /70 -1)* @ -1)+(-1)(-1))111, {i, nx}, {j, ny}];

n[i8):= particles =

If [idproc =0, Table[If [i >np, x = Random[]; {{X*nx, (ny/2) + (Sin[X*Pi *2] »ny /16) +
((Random[] -0.5) xny /8)}, {(Random[]) *0.5, 0.5 % (Random[] -0.5)}},
{{Random[] » nx, Random[] *ny}, {(Random[] -0.5) /4, (Random[] -0.5) /4}}1,
{i, np+nb}], List[]]; particles = Particl eManage([particles];
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o= {Tim ng[rho = ChargeDeposit [particles, charge]; field =
FieldStitch[Re[Fi el dSol ve[rho, fiel dXkernel 1], Re[Fi el dSol ve[rho, fiel dYkernel 1171;
potential = Re[Fi el dSol ve[rho, potkernel 17;
particles =Particl eManage[Particl ePush[particles, Re[field]]];
ke = KEDeposi t [particles]; 1, DrawThree[ke, rho, potential ]}

out[19)= {{o. 614456, Null 3,

inzoj:= {Ti m ng[Do[rho = ChargeDeposit [particles, charge]; field =
FieldStitch[Re[Fi el dSol ve[rho, fieldXkernel 1], Re[Fi el dSol ve[rho, fieldYkernel 111;
particles = Particl eManage[Particl ePush[particles, Re[field]]]l, {4}1;1,
ke = KEDeposit [particl es]; potential = Re[Fiel dSol ve[rho, potkernel 11;
Dr awThr ee [ke, rho, potential 1}

outRoj= {{1. 83851, Nul | },




