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Background and Purpose
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Nonlinear Schrodinger Equation (NLSE)
» Bose-Einstein Condensates
* Nonlinear optics.

« 3D vortex rings
* Need many 3D large

simulations

« Want to speed up i
computations .
» High order schemes
« Parallel

programming
 Visuals and easy
analysis



One-Dimensional Test Example
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One-Dimensional NLSE ¥, + a
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Moving dark soliton solution with /()
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Constant density
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Parameters:
a—=1.1
s=—1.1
() =2.1s
c = 0.5

tena = 10
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i HV¥IDA GPU

Graphical Processing Units oo o 92

- Massively Parallel "
- Have surpassed CPU FLOPS

- Very inexpensive compared to
CPU clusters. 28
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G30 = GeForce 8800 GTX MV40 = GeForce 6800 Ukra

<: Collection of Multiprocessors (MP), each
with 8 ALUs
Each MP has small fast shared memory

GPU card has large (slow) global

4 g memory (RAM)
Giobal Memory Other memory (constant, texture, etc.) s




NVIDIA CUDA API

NVIDIA C code extension (free!) CUDA vs. OpenCL

Allows low level access to GPU FORTRAN Support
Logic structure: Grids of Blocks of Threads

Grid 0

Per-block shared
Block (0,0)  Block(1,0) Block (2, 0} memory

S A

Block (0,1)  Block (1,1)  Block (2, 1) Global memory

S L B

Threads instantiated through calls to a “kernel”
Thread synchronization within blocks

Each thread typically computes one cell of array or matrix

Each thread has access to per-thread local, per-block shared,
and global variables.




High Order Finite Difference
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MSD Boundary Conditions

Want simple boundary condition. Dirichlet?

P(x)

Constant density at ‘\DO |2 g

boundary:
Separate real and . l 0Vr _
imaginary parts: _‘\I’0| = Ve ot
Solution to ODEs @‘PR oV,
’ =CV¥ d = —CVU

but need C: ot ) ] ot &

details: substitutions... one-sided differencing... recombining...
(New?) Modulus-Squared oA i oV, Already
Dirichlet boundary condition: ot ‘111 Ot < | computed!

Works for any time-dependent complex PDE and in any dimension

V2\111+V1—V0

L . v2\Ij ~
Applying to NLSE: 0 [\111 .

S
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CUDA Code Implementation

MATLAB: allows easy
analysis and visuals.
Can compile custom C-
code MEX files that use
CUDA with nvmex.

matcode.m

for # of chunks...

end
plot...

e speedup: 721
0.545
42 4R
503 speedup: b5
10 20 30 40 all

Time {sed)

c_code.cu

B SCRIPT
3 hEx.

for # of steps/chunk...

end

CUDA

kernels:




CUDA Code Implementation

Vectors transferred to GPU, then do chunk of time steps:

compute F ocdimGrid, dimBlock>>> (Ktotr, ktotl, Uoldr gpu
F*Evaluate Utmp: ¥/

Dy ::l)(lg for (3 = 0; Jj<chunk size; J++)
ktot:F(\paD\I’av) {
\\\\\\\\\\* compute dxZ <<<dimGrid,dimElock:>>r (dxZr,dxZi,Uoldr gpu,T

l)w ::l)(g%nm) ______ﬁ__-~‘* vec add <<<dimGrid, dimElocks>>> (Tompr, Ttmpi, Toldr gpu
compute dxd <<<dimGrid,dimBlock>>> (dxZr,d=xZ21i, Utmpr, Utmpi
ktmp 3 F(qjtmp,,D\I/,V) T Ot = i i i i
pute F <<<dimErid,dinmBlock>>> (Etpr, ktwpi, Utmpr, Utn
_— + ¥
kun<—-kuﬁ‘+'2anp A ool bt i and evabusice hew Ui *y

At double wec add <<<dimGrid,dinElock>->> [(ktotr, ktoti,kto
\\Jj — U k Ttwpr, Utmwpi, Told
tmp — + tmp
2 ””””””,, compute dxz <<odimGrid,dimBlock>>> (dxar, dxZ2i, Ttmpr, Utnpl
IDW ::l)(q%wm> ////////' ?DmputE_F {{{dimGrid,dimBchk}}}iktmpr;ktmpi,ﬂtmpr,ﬂtn
*Collect k and evaluate new Utmwp again®
= F<\I]tmp7 D‘IH V)

k“np double wec add <<<dinGrid,dimEBlock>>> (ktotr, ktoti,kto

kun:: kuﬁ'+'2kmnp Ttwpr, Ttmwpi, Told
compute dxz <<dimGrid, dimBlocks>s>> (dxar, dxZ21i, Ttmpr, Utmpi
\Ilhnp — \I[ + Atktmp

compute F CodimErid, dimEBlock>>> (Ktmpr , Ktp i, Ttmpr, Utk

ktmp

Dy ::l)(l%nm) ///////v f*Collect: k and evaluate new step®/
veo addi  <<<dimGrid, dimBlock>>»> (Uoldr gpu, Uoldi gpu, kto
=5 F<\Ijtmp7D\Ifav) /}'
t fRlake Hike eveEyENIRg dg soipuneEd R
V= ¢’+__6_(kuﬁ‘+'kmnp) cudaThreadiynchronize () ;

Transfer vector back to CPU for analysis and plotting. 10




CUDA Code Implementation

GPU

Block 1

11




CUDA Code Implementation

Simple CUDA kernel code

__global  wvoid vec add(double* Ar,double* Ai,double* Br,double* Bi,
double* Cr,double* (Ci,double k,int N)

int 1 = blockIdx.x*blockDim.x+threadIdx.x:

1f (1<N)
Ar[i] = Br[i] + k*Cr[i]:
BRi[i1] = Bi[i] + k*Ci[i]:

A
/
/
/

.

Global memory accesses
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CUDA Code Implementation

CUDA kernel using shared memory to compute Dj

/*If cell is not boundary...*/
if (7 >0 && 7 < N-1)

/*If cell is not on shared memory boundary...*/
if (1 > 0 && 1 < blockDim.x-1)

— 2%*sUtmpr[i] + sUtmpr[i-1])/hZ;
- 2*sUtmpi[i] + sUtmpi[i-1]1)/h2;

dx2r[J] = (sUtmpr[i+1]
dx2i[]] = (sUtmpi[i+1]

/*If on KHS of shared nory boudar to use J-1 global*/

=

1f (1==0) {
dz2r[]N = (sUtmpr[i+1] Utmpr[Jv-1]1) /h2;
dx2i[JN\ = (sUtmpi[i+1] Utmpi[3X1]) /h2;
/*If on RHS Yf shared memory bgudary, 0 use J41 globalx/

if(i==blockDi
dx2r[]] =
dx2i[j] =

x-1){
(Utmpr [jJ+1] - 2*sUNmpr[i] +/A\sUtmpr[i-11)/h2;
Utmpi[j+1] - 2*sUtmpi[i] Utmpi[i-1]Y/h2;
illed. */

Global memory accesses | Shared memory accesses (much fagter)




- Speedup Results -

(Single precision)

NVIDIA GeForce GTX 260 N CPU GPU Speedup

192 Cores, 896MB RAM 10000 17.18 1.64 10.45

Price: = $200 100000 171.26  6.72 25.
1000000 4062.08 54.23 << 74.90

80 YN

70 1 8-Caie fd‘ ~~_ CPU: ~ 1 hour

B0

|

100 1000 10000
N

GPU: ~ 1 minute

-

Double precision has
noticeable performance hit

100000 1000000
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Conclusion

51 Using GPU for simulations is very
useful and cost efficient

7 Large speedup observed even for a
computationally simple numerical
scheme

1 MSD boundary condition simple and
effective

51 Plans to develop 2D and 3D versions
of the code.



