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attel Computing

MeTtoAa KOHEUHbIX pasl-loaeu

> Mocne NpUMeHeHUA MeToa KOHEeYHbIX Pa3HOCTEN:
Uk, = U1 — 8k, (5)
Y [ne:
Uki = (Uis1 + Uk + Ugpoq + U — 8%px ) /4, (6)
&0 = Ut — (Ukgr + Uk—11 + Ui—1 + Ugs1 — A%pr ) /4, (7)

¢ - HeBAI3Ka, M OHa PacCUYMTbIBAETCS U3 PasHULLbl 1€BOW
M NPaBOWN YaCTU YpPaBHEHMUA
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s SOR MeToA

attel Computing

» Successive over-relaxation (SOR) — meTopa pelieHus
JIMHENHbIX CUCTEM YPaBHEHUU TUNA AX=b nNosy4eHHbIN
nytem ob6ob6uieHna metoaa Gauss-Seidel.
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SOR MeTop,

atie Computing

Y Ecnm pobasutb w B popmyny (5) mbl nonyymm
OCHOBHOe ypaBHeHue SOR:
Unew _ Uold f, (6)
Y W 0b6blYHO He paBHO 1

Y 1A nydwen cxogmmocTu BbibMpatoT 3HaYEeHUA
mexagy 1 mn 1,5
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» [lopAagok ceTok:
ToyHas <-> [pybas

Y Smoothing: ymeHbleHue
BbICOKOYACTOTHbIX FAPMOHUK

Restriction: TouHasa ceTka ->
rpyban ceTka

v Prolongation: rpybas ceTKa
-> TOYHas CeTKa

Solver: nouckK peweHuna ¢
3a/1aHHOW TOYHOCTbIO
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Peanu3auuﬂ

BxoaHble AaHHble: pa3mep AOMeHa 3a[a4m, 3ajatoLlee
BO34eMNCTBME, KOJIMYECTBO CeTOK U 3aaHHaA Be/IMYNHA
HEeBA3KM

Solver ncnonb3yet SOR ¢ multigrid namn 6e3 Hero
(ynpaBnaetca A4ONO/IHUTENbHbIMU BXOAHbIMU
napameTpamm)

BbiBOA, NPUNOXKEHMA: PAaCYETHbIE 3HAYEHMUS,
Bu3yanmlaumna B opmate BOV (Paraview) nnm c
nomoulbto OpenGL
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Stream 2496
Processors

Core Clock 706MHz
Memory Clock 5.2GHz GDDR5
Memory Bus 320-bit
Width

VRAM 5GB
Single Precision 3.52 TFLOPS

Double Precision

1.17 TFLOPS (1/3)

Transistor Count 7.1B
TDP 225W
Manufacturing TSMC 28nm
Process

Architecture

Kepler
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Mepapxua namrm

N YnpasnAaemas:
* [nobanbHasa NnamATb

Global memory Local memory

* Paspensaemaa namaTb

Y YacTnyHoO ynpasasaemas:
* JlokanbHaA NamATb SIVIX Instruction cache

L2 cache

* Peructpbl L1/SMEM | Read-only Constant cache
* L1 Kaw

* Read-only kaw

Registers
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192 CUDA apgpa

64 DP KOHuTa

32 LD/ST KOHuTa

32 SFU

64 KB L1 Kaw/ pasgenaeman namaTb
16 TEKCTYPHbIX NpoLLeccopos

48 KB read-only Kaw

65536 32-bit perncrpa

4 NNaHUPOBLLMKA BapnoB

8 dispatch roHuTOB

Dispatch Unit

Warp Scheduler
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Register File (65,536 x 32-bif)
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PE)KVIMbI paGO'rbl

Multigrid principles:

1) SOR only (without multigrid)) /?????/ Ei‘;‘i'si Grid  Level 1 f’f

2) C — cycle (with multigrid) S
S s

S

LSS

L o o o e g Atk
L

L L
PPNy yyg
PO IN sy ysydg
PP rrrrrg

Solver modes:

3) V — cycle (with multigrid)

Restriction
uoneso|oid

=l
ha
j 5
b
T,

4) W — cycle (with multigrid) T .
Fine Grid C-, V- and W- cycles

o o v
L L L L L LSS
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arattel Computing

AprymeHTbl nporpaMMbl

Example:
./MGCUDA X Yy M N S err Q

Arguments:

X,y — pa3mep AOMEHA 3a4a4U

M,N — KoamyecTBo ToveK ceTkm no 'x' mn'y'
S — KonnyectBo yposBHen multigrid

Err - HeBA3Ka

Q — pexum (0 = SOR, 1 =C-cycle, 2 =V-cycle, 3 =W-cycle)

APC | 12
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> Mode 1: 389,91 sec (Usual SOR)
. /MGCUDA 32 32 4096 4096 O le-6 0 (Mode 1)

Y Mode 2: 208,44 sec (Multigrid -> C-cycle)
. /MGCUDA 32 32 4096 4096 3 le-6 1 (Mode 2)

Y Mode 3: 210,8 sec (Multigrid -> V-cycle)
. /MGCUDA 32 32 4096 4096 3 le-6 2 (Mode 3)

Y Mode 4: 257,02 sec (Multigrid -> W-cycle)
. /MGCUDA 32 32 4096 4096 3 le-6 3 (Mode 4)

APC | 13
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& Low Compute / Memcpy Efficiency [ 76,207 msz /83 765 ms = 0,911 ]

The amount of time perferming compute is low relative to the amount of time required for memcpy. More...

& Low Memcpy/Compute Overlap [ 0 nz /76,307 m=z = 0% ]

The percentage of time when memcpy is being perfermed in parallel with compute is low. More...

& Low Kernel Concurrency [ 0 ns /76,307 ms = 0%

The percentage of time when two kernels are being executed in parallel is low. More...

& Low Memcpy Throughput [ 1,008 MEB/s avg, for memcpys accounting for 0% of all memcpy time |

The memory copies are not fully using the available host to device bandwidth. More...

& Low Memcpy Overlap [ 0 nz /34 044 ms = 0%

The percentage of time when two memory copies are being performed in parallel is low. More...

& Low Compute Utilization | 76 307 m= /17199 = = 0 4% ]

The multiprocessors of one or more GPUs are mostly idle, More...

1 Compute Utilization

The device timeline shows an estimate of the amount of the total compute capacity being used by the kernels executing on the device.
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NVIDIA Vlsual Profller

v Profiled GPU utilization and effective memory bandwidths:

attel Computing

. Warp Execution Efficiency 65,2 %
- Global Memory Store Efficiency 12,5 %

E e e Global Memory Load Efficiency 12,5 %
= mm e cpzraters - \A/grp Non-Predicated Execution
B Mermory (LoadiStore Instructi... L.
Efficiency 61,9 %
L2 throughput (Texture Reads) 0 GB/s
Compute Memory (Load/Store Instruction Lini Texture Cache Transactions 0 times
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V  Read-only Kaw

Y OnTummsayma Koga agpa

Y AoS to SoA

»  [loBopoT 6/10KOB

Y Swap yKasateneum BMecTo ABHOIMo KONMpoBaHUA
»  Custom memory allocator 8 Thrust

Bce onTummsauunm 6b11m npoBepeHbl Ha CeayoLWmx napameTpax:

S ./MGCUDA 32 32 4096 4096 0O le-6 0 (Mode 1)
S ./MGCUDA 32 32 4096 4096 3 le-6 1 (Mode 2)
>  ./MGCUDA 32 32 4096 4096 3 le-6 2 (Mode 3)
S  ./MGCUDA 32 32 4096 4096 3 le-6 3 (Mode 4)

2 N
N

-
=

-

LLlarn onmmuaau,uu
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48 KB Ha SMX
OTtaenbHbIM OT L1 Kawa

J1aTeHTHOCTb
aHanornyHa L1

KawunposaHue 1D, 2D un
3D arrays

BCcTpoeHHble
aNrTOPUTMbI
MHTEepnoaALnNn

Global memory

L2 cache
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-~
— —
oy i
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Read-only KoL

Local memory

SMIX Instruction cache

L1/SMEM = Read-only

Registers

Constant cache
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Read-only cache

atie Computlng

« const __restrict SMX
* B obxop tekctypHoro bnoka T
« KawmpoBaHHbIN 4OCTYN K rnobdanbHOM namsTu =
* He TpebyeT SIBHOro NCnosib30BaHnst TEKCTYP Tex
Y [1ng vyero? h—
* OtaenbHO OT smem/L1 K3LLa Read-only Data
« BbICcokas nponyckHass cnocobHOCTb K L2 Cache
* HeBbIpOBHEHHbLIVM OOCTYN T

« 1D, 2D n 3D maccuBbl
L2
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Y YKasaTb const _global__
void saxpy (float x, float vy,
__restrict OJ14A const float * __restrict input,
float * output){
”apaMeTPOB size_t offset = threatIdx.x +
(blockzdx.x * blockDim.x);
> KomnmnaTtop
// Compiler will automatically use texture
CFeHepI/IpyeT // for ‘input’

output[offset] = (input[offset] * x) + y;

MHCTPYKLUUIO 3arpys3ku
yepes read only kaLu

APC | 19
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_global__
float dy, int M,
x_old)

void calculate_residual (float dx,
int N, float*

__global__ int N_S,

int N_d)

void project_up(int M_s,
int M_d,

__global__ void project_down(int M_s,

int M_d,

int N_s,
int N_d)

_global__
calculate_single_poisson_iteration(int M,
float dy, float*
int rb)

N, float dx,
float _w,

float* x0,

-
- - -

CpaBHeHue Kop,a

__global__ void calculate_residual(float dx,
float dy, int M, int N, const float*
__restrict__ x, float* x_old)

__global__ void project_up(int M_s, int N_s,
const float* __restrict__ x_s, float* x_d, int
M_d, int N_d

__global__ void project_down(int M_s, int N_s,
const float* __restrict__ x_s, float* x_d, int
M_d, int N_d)

__global__ void
calculate_single_poisson_iteration(int M, 1int
N, float dx, float dy, float* x, const float*
__restrict__ x0, float _w, int rb)

APC | 20
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Y YckopeHue B 1.27x, B
3aBUCUMOCTU OT
pexkmma paboTbl.

450,00

400,00

350,00

300,00

250,00

200,00

150,00

100,00

50,00

0,00

Time to solution

389,91
307,37
208,44 210,80
I ) I )
Mode 1 Mode 2 Mode 3

M Original m Changed

Optimized version works:

389.91/307.37 = 1.27x faster (Mode 1)
208.44/165.25 = 1.26x faster (Mode 2)
210.80/166.92 = 1.26x faster (Mode 3)
257.02/206.11 = 1.25x faster (Mode 4)

-~
-
T e e e - ——

-
- e G

257,02

206,11

Mode 4
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Y UNcxoaHaa nporpamma npoctamsaet 50% GPU saapa n3-3a MHAEKCOB HUTEN:

calculate_single_poisson_iteration<<<blocks, threads_1>>>(M, N, dx, dy, x, x0, _w, 0);
calculate_single_poisson_iteration<<<blocks, threads_1>>>(M, N, dx, dy, x, x0, _w, 1);

__global__ void calculate_single_poisson_iteration(int M, int N, float dx,

float* x, float* x0, float _w, int rb){
int i = _ umul24(blockIdx.x ,blockpim.x) + threadIdx.x:
int J = _umul24(blockIdx.y ,blockDim.y) + threadIdx.y;

TF( (1>0)8&(1 <M-1)&&(F>0)8&(F<N-1) )
if(G +3) %$2==rb)

{
float resid=(-x0[12(1,37)] + (x[12(i-1,73)]+x[12Ci+1,73)]) *dxdx+
(x[12(Ci, j+1) 1+x[12(i, j-1)1) *dydy) /c;
x[12(1,3)]1=x[12(1,3)]1*(L.0-_w)+_w*(resid); //calculate SOR
}

float dy,

APC | 22
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calculate_single_poisson_iteration<<<blocks, threads_1>>>(M, N, dx, dy, x,
x0, _w, 0);
calculate_single_poisson_iteration<<<blocks, threads_1>>>(M, N, dx, dy, X,
x0, _w, 1);
_global__ void calculate_single_poisson_iteration(int M, int N, float dx,

float dy, float* x, float* x0, float _w, int rb){

_umul24(bTockidx.x ,blockDim.x) + threadIdx.x;
—umul24(blockIidx.y ,blockDim.y) + threadIdx.y;

int i
int j

if(C (>0)&&(I<M-1)&&(F>0)&&(F<N-1) )

if(G + 3) %2 ==rb ){
float resid=(-x0[12(i,j)] + (x[12(i-
1,3)1+x[12CG+1, D) *dxdx+(x[12(i, j+1)1+x[12(i,j-1D 1) *dydy) /c;
x[12(1,3)1=x[12(,3)]1* (1. 0-_w)+_w*(resid); //calculate SOR
}

-
- - -

CpaBHeHne KoAa

calculate_single_poisson_iteration<<<blocks, threads>>>(M, N, dx, dy, x, xO0,

_w, 1, 1);

calculate_single_poisson_iteration<<<blocks, threads>>>(M, N, dx, dy, x, xO0,

W, 2, 2);

calculate_single_poisson_iteration<<<blocks, threads>>>(M, N, dx, dy, x, xO0,
w, 1, 2);

calculate_single_poisson_iteration<<<blocks, threads>>>(M, N, dx, dy, x, xO0,
w, 2, 1);

_global__ void calculate_single_poisson_iteration(int M, int N, float dx,
float dy, float* x, float* x0, float _w, int si, int sj){

float res;

int i = (__umul24(blockIdx.x ,blockDim.x) + threadIdx.x)*? + si;

int j (_umu124(blockIdx.y ,blockDim.y) + threadIdx.y)*2 + sj;
if( (>0)&&(I<M-1)&&(F>0)&&(j<N-1) )

{

float resid=(-x0[12(i,j)] + (x[12(i-

1,3)1+x[12G+1, ) 1) *dxdx+(x[12 (i, j+1) 1+x[12(i,3-1D 1) *dydy) /c;
res=x[I2(i,j)]1*(1.0-_w)+_w*(resid);

x[12(i,j)] = res;
3
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N YckopeHue B 1.28x, B
3aBMCUMOCTU OT peXmma
paboTbl

450,00

400,00

350,00

300,00

250,00

200,00

150,00

100,00

50,00

0,00

‘\‘
—

Time to solution

389,91

303,76

I ]

Mode 1 Mode 2

M Original ® Changed

Optimized version works:

389.91/303.76 = 1.28x faster (Mode 1)
208.44/166.18 = 1.25x faster (Mode 2)
210.80/167.88 = 1.26x faster (Mode 3)
257.02/201.44 = 1.28x faster (Mode 4)

208,44 210,80

-— -
- — -

257,02

201,44
167,88

Mode 3 Mode 4
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AoS to SoA

Y OnTMManbHbIN AOCTYN K NAMATK:

* 3anpoc 32 nocnenoBaTeNbHbiX 4-6anUTHbIX cnoB, 1 cnoBo Ha 1 HUTDL
Bapna, BbiIpoBHEHbI NO 128-baunt

Y 3anpocbl B rnobanbHy0 NamATb NONaaaloT B 1 TpaH3aKuuio
* Bapn 3arpykaet 128 6auT 1- K3 AnHUeN
* Wcnonb3oBaHue WuHbl: 100%

addresses from a warp

L l‘

0 32 64 96 128 160 192 224 256 288 320 352 384 416 448 480 512
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struct A{ struct A{
float r; float r [n];
float b; float b [n];
¥ s
struct A myArray[n] struct A myArray

tid 0 tid 1 tid 2 tid 3 tid O tid 1 tid 2 tid 3
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"AoS to SoA
Y Pa3penntb 1 maccmB Ha 5 00000600 O
4|/1H,£||MB|/1,£||yaf|be|X =8 O ® ® e ® o0 o 0 0 —P) R2, B2
maccuea R1, R2, B2, B2. 7O0eesseeee0 —pR]BI
& O ® @ & @ & @ & 0 O
JlocTyn K anemeHTam s Oe e e ee e e e O
KaXXaoro u3 aTmx +tO® e 0000000
ARG NN NN NN NN BN BN BN e
MmaccmBoB byaeT 0 e 0606 e 0
ONMTUMANbHbIM il Oeeeeeee e O
i= 0 OO0 000000
= 0 1 2 3 4 5 a7 B o
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#define 12(i,3) (G)*(Y)+()
#define 12_r(i,j) (G)*(Y2)+(i)
void Make_A0S_order (int M, float*
int Y = M;
int Y2 = Y/2;

for (int j=0; j<(N/2); j++)

int N, float* x,

{
for (int i=0; i<M/2); i++)
{
x[I2(i*2, j*2)] = x_r2[12_r(i,j)]1;
ifGi<(M-1)/2))
x[I2(i*2+1, j*2)] = x_b2[12_r(i,j)];
else
x[I2(i*2+1, j*2)] = 0.0f;
if(G<(IN-1)/2))
x[I2(i*2, j*2+1)] = x_b1[12_r(i,j)];
else
x[I2(i*2, j*2+1)] = 0.0f;
if (G<(M-1)/2)) && j<((N-1)/2))
x[I2Ci*2+1, j*2+1)] = x_r1[12_r(i,3)]1;
else
x[I2(Ci*2+1, j*2+1)] = 0.0f;
ks
h

x_rl, float*

OO0 O0OO0O0O0O0O0
O @ o @ o @ » @ ¢ O
O ® @ ® @ & @ & ¢ O
O @ @ @ 0 @ » @ ¢ O
O @ @ @ & @ & @0 O

x_r2, float*

-
- - -
— e e - - e > =

CpaBHEHMe Kop,a

x_bl, float* x_b2){

O O OO0 OO O0OO0OO0O0OO0O0

® ¢ & 0O O e @& 0 0 ¢ ¢ ¢ O

® ® & ¢ O (o2 I I BN N BN BN BN BNe R1

e @ & 0O O & @ & & ¢ & & ¢ O R?

® ¢ & O < O e @ 0 0 ¢ ¢ ¢ O

@ @ ® @ O ONN I BN BN N NN BN BN ENe)

® ® & ¢ O O @ @ @ @ @ ® 0 ¢ O Bl

e @ » @ O O @ @ ® @ @ ® 0 ¢ O

@ ¢ @ o O ONN BN BN BN BN NN BN BN ENe) B2

O O OO0 OO 0000 O0O0
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#define 12(i,3) (D*(YV)+()
#define 12_r(i,j) (G)*(Y2)+(i)

void Make_SOA_order (int M, int N, float* x, float* x_rl, float* x_r2, float* x_bl, float* x_b2 ){
int Y = M;
int Y2 = Y/2;

for (int §=0: j<(N/2): j+0)1 00000000 00000000
for (int i=0; i<M/2); i++){ O ® @ 0 & @ ¢ 00O EEEEENEENE N
Xx_r2[12_r(i,j)] = x[12(i*2, j3*2)1; O @ ® @ ® @ @ @ 0O O e ® @@ @ 0 0 0O R1
if(i<(M-1)/2)) O® ®@ ® e o 0 0 00O Oe® e e e e 0 @ 0O
x_b2[12_r(i1,] = x[12G*241, 3*D] 5 o 0 © ® © © ® ® O Ceeeeeeeso N2
e1sexb2[12r(1')]_00f. C e e & @ & 0 & o0 O ol BN BN BN BN BN BN I JNe
HEG<CN-1)/2)) )d = OCeeeeee e 00 Ceeeeeeeeo bl
Xx_b1l[I2_r(i,j)] = x[12(i*2, j*2+1 O @ @ ® ® & @& & @ O Oe e e e @ 0 ¢ ¢ O B2
else O e ® e o e o 0 0 O Oe® e e e @0 0 0 O
x_b1[12_r(i,j)] = 0.0f; O 0000000 OO0 00O00O0O0
if ( (G<(M-1)/2)) && j<((N-1)/2) )
Xx_rl[12_r(i,j)] = x[I2(i*2+1, j*2+1)1;
else
x_rl[12_r(i,j)] = 0.0F;
ks
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__global__ void calculate_single_poisson_iteration_rl(int
M, int N, float dx, float dy, float* rl, float* r2,
float* bl, float* b2, float* x0, float _w)

__global__ void calculate_single_poisson_iteration_r2(int
M, int N, float dx, float dy, float* rl, float* r2,
float* bl, float* b2, float* x0, float _w)

__global__ void calculate_single_poisson_iteration_bl(int

-

-

M, int N, float dx, float d¥, float* rl, float* r2, float®
oa

bl, float* b2, float* x0, float _w)
__global__ void calculate_single_poisson_iteration_b2(int

M, int N, float dx, float d¥, float* rl1, float* r2, float¥®
oa

bl, float* b2, float* x0, f t _w)

-

N
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YckopeHune B 1.48x, B
3aBMCUMOCTU OT peXmma
paboTbl

450

400

350

300

250

200

150

100

50

Time to solution

389,91
262,72
208,44 210,8
I - I ]
Mode 1 Mode 2 Mode 3

M Original ™ Changed

Optimized version works:

389.91/262.72 = 1.48x faster (Mode 1)
208.44/142.24 = 1.47x faster (Mode 2)
210.80/144.72 = 1.46x faster (Mode 3)
257.02/180.46 = 1.42x faster (Mode 4)

-~
-
el el T p—

-
- - —

257,02

I ]

Mode 4
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X direction

' Y direction

A(0,0) | A(1,0) | A(2,0) | A(3,0) A(0,0) | A(1,0) | A(2,0) | A(3,0) A(0,0) | A(1,0) | A(2,0) | A(3,0)
A1) | A(11) | A1) | AB1) A1) | A(11) | A1) | AB1) AQ©,1) | A1) | A@1) | AB1)
A(02) | A(12) | AR22) | AB2) A(02) | A(12) | AR22) | AB2) A(02) | A(12) | AR22) | AB2)
A(03) | A(13) | A@23) | A(33) A(03) | A(13) | A@23) | A(33) A(03) | A(13) | A@23) | A(33)
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v Original version:

#define 12(i,3) ()*(Y)+(j)
//calculating index

#define 12_1(i,3) (I))*@2)+(3)
//calculating index

#define BLOCK_SIZE_x 32
#define BLOCK_SIZE_y (512 / BLOCK_SIZE_X)

int Y=N;

//for macros
definition
int 1 = __umul24(blockIdx.x ,blockDim.x)
+ threadIdx.x;
int J = _umul24(blockIdx.y ,blockDim.y)

+ threadIdx.y;

-
. —

CpaBHeHue Kop,a

»  Optimized verison:
#define 12(i,3) (G)*(YV)+(1)
//calculating index

#define 12_1(1,3) (J)*(2)+(1)
//calculating index

#define BLOCK_SIZE_x 128
#define BLOCK_SIZE_y (512 / BLOCK_SIZE_X)

int Y=M; //for macros definition

int 1 = _umul24(blockIdx.x ,blockDim.x)
+ threadIdx.x;
int J = _umul24(blockIdx.y ,blockDim.y)

+ threadIdx.y;
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» YckopeHue B 5.16x, B
3aBMCMMOCTM OT pemMma
paboTbl

250

200

150

100

50

(e
—
-

Time to solution

389,91

208,44 210,8

75,57

. 41,67 42,11

Mode 1 Mode 2 Mode 3

M Original ® Changed

Optimized version works:

389.91/75.57 = 5.16x faster (Mode 1)
208.44/41.67 = 5.00x faster (Mode 2)
210.80/42.11 = 5.01x faster (Mode 3)
257.02/54.13 = 4.75x faster (Mode 4)

-
-
ey e

-
- - —

257,02

54,13

Mode 4
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cudaMemcpy -> pomters swap

cudaMemcpy(x_old, x, sizeof(float)*(M)*(N), cudaMemcpyDeviceToDevice);
dim3 threads_1( BLOCK_SIZE_X, BLOCK_SIZE_y );

calculate_single_poisson_iteration<<<blocks, threads_1>>>(M, N, dx, dy, x, x0, _w, 0);
calculate_single_poisson_iteration<<<blocks, threads_1>>>(M, N, dx, dy, x, x0, _w, 1);

calculate_residual<<<blocks, threads_1>>>(dx, dy, M, N, x, x_old);
thrust::device_ptr<float> Max_Ptr = thrust::device_pointer_cast(x_old);
float Mmax = 0.0f;

MaxX = thrust::reduce(Max_Ptr, Max_Ptr + (M)*(N), 0.0f, thrust::maximum<float>());

return(Max) ;
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float one_complete_step(dim3 blocks, dim3 float one_complete_step(dim3 blocks, dim3
threads, float dx, float dy, int M, int N, threads, float dx, float dy, int M, int N,
float* x, float* x_old, float* x0, float float* x, float* x_old, float* x0, float _w){
—w){

cudaMemcpy (x_old, x, sizeof(float)*(M)*(N),
cudamMemcpyDeviceToDevice); //copy: x->x_old

swap_arrays(ss);

eps=one_complete_step(blocks, threads, eps=one_complete_step(blocks, threads,
x/(float)M[ss], y/(float)N[ss], M[ss], x/(float)M[ss], y/(float)N[ss], M[ss], N[ss],
N[ss], &P_GPU[shift], &Pold_GPU[shift], P_GPU[ss], Pold_GPU[ss], &D_GPU[shift],
&D_GPU[shift], sor_w[ss]); sor_w[ss]);

void swap_arrays (int s)

{
float* temp = P_GPU[s];
P_GPU[s] = Pold_GPU[s];
Pold_GPU[s] = temp;

} APC | 36
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sww.parallel-computing.pro

P=(float*)allocate(total_size,P); P=(float**)malloc((S+1)*sizeof(float*));
P_old=(float*)allocate(total_size,P_old); POLD=(float**)malloc((S+1)*sizeof(float*));
P_GPU=allocate_device_mem(total_size,P_GPU); P_GPU=(float**)malloc((S+1)*sizeof(float*));
Pold_GPU=allocate_device_mem(total_size, Pold_GPU=(float**)malloc((S+1)*sizeof(float*
Po1d_GPU) ; ));

for(int i=0;i<=S;i++){

P[i]=(float*)malloc((M[i]*N[1])*sizeof(float
));
POLD[i1]=(float*)malloc((M[i]*N[i1])*sizeof (]
oat));
cudamMalloc(&P_GPU[i1],M[i]*N[i]*sizeof(float)
);
cudaMalloc(&Pold_GPU[i] ,M[1]*N[i]*sizeof(flo
at));
}
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[locTOAHHAA SKOHOMMUA 5-
10 cekyHA (3% B
MCXOAHOM BapUaHTe,
15% B dnHanbHOMU
BEPCUN)

450

400

350

300

250

200

150

100

50

Time to solution

389,91 379,92

I I ! | 210’8 |

Mode 1 Mode 2 Mode 3

M Original ® Changed

Optimized version works:

389.91/379.92 = 1.03x faster (Mode 1)
208.44/203.37 = 1.02x faster (Mode 2)
210.80/205.74 = 1.02x faster (Mode 3)
257.02/251.55 = 1.02x faster (Mode 4)

-
-
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-
- e G

257,02 251,55

Mode 4
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ustom memory aIIocator in Thrust

Y Mbi ncnonbsyem thrust::reduce gna HaxoKaeHUA MakCMMaNbHOro 3HAa4YEeHUA Ha
Karkaom wware. Anroputm Bbi3biBaeT cudaMalloc/cudaFree ans ynpasneHums
npomexKyTouHbim bydepom. C ncnonbsoBaHmem custom memory allocator moxHo
COXPaHATb bydep mexay ntepaumnamm.

=== - Z ] — 1] 1=m | =}
CEHE RS- Rl F RIEE L
t *MewSessionl 3 t *MewSession2 t *MewSession3 = B8
605 ms 1608,25 ms 1605,5 ms 1605,75 ms 1609 ms 1609, 25 ms 1609,5 ms 1609,75 ms 1610 ms
v i P P i v i h '

[=] Process “sertl_u”~ [7586)
[—| Thread 146409280

L Runtime APIL - |- cudaMermcpy

- Drriver APT

L Profiling Overhead

[=] Context1 (CUDA)

- MemCpy (HtoD) I

L P MemCpy (DtoH) |

= compu | void thr... ||
l—?ss 8% void thrust:
L SF 3,2% v wstsy.. I
[=] streams
- Default
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//Allocator
#include "allocator.h"

static cached_allocator alloc;

Max =
Max = thrust::reduce(Max_Ptr, thrust::reduce(thrust::cuda: :par(a
Max_Ptr + (M)*(N), O0.0f, 1Toc), Max_Ptr, ng_Ptr + (M)*(N),
thrust: :maximum<float>()); 0.0f, thrust::maximum<float>());

Y See additional information and code in the post on our Website “https://parallel-
computing.pro/index.php/9-cuda/34-thrust-cuda-tip-reuse-temporary-buffers-
across-transforms”
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[TocTOAHHAA SKOHOMMA 2-6
cekyHz (2% B ncxoaHom
BapunaHTte, 10% B
dUHaNbHOWN Bepcumn)

450

400

350

300

250

200

150

100

50
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—
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Time to solution

389,91 387,43
I I 208,44 |— 206,02 210,8 208,3
Mode 1 Mode 2 Mode 3

M Original ® Changed

Optimized version works:

389.91/387.43 = 1.01x faster (Mode 1)
208.44/206.02 = 1.01x faster (Mode 2)
210.80/208.3 =1.01x faster (Mode 3)
257.02/251.5 =1.02x faster (Mode 4)
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257,02 /_ 251,5

Mode 4
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Time to solution

v Read-only cache

450,00

(Achieved speedup of up to 1.27x) 400,00 389,91
v Kernel code optimizations
(Achieved speedup of up to 1.28x) oo . e
v AOS to SOA
(Achieved speedup of up to 1.48x) zzzz
Y Block rotation
, 0,00 ] ] ] ]
(Achieved speedup of up to 5.16x) ’ Vode 1 Viode 2 Mode 3 Mode 4
v cudaMemcpy -> pointers swap
(Achieved speedup of up to 1.03x) Optimized version works:
) . 389.91/51.02 = 7.64x faster (Mode 1)
Y Custom memory allocator in Thrust 208.44/26.81 = 7.77x faster (Mode 2)
(Achieved speedup of up to 1.02x) 210.80/27.25 = 7.74x faster (Mode 3)

257.02/34.04 = 7.55x faster (Mode 4)
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original final Difference

Warp Execution Efficiency 65,20 99,90 34,70 %

L2 throughput (Texture Reads) 0,00 125,46 125,46 GB/s
L2 throughput (L1 Reads) 118,00 22,83 -95,17 GB/s
Issue Slot Utilization 26,20 53,10 26,90 %
Global Load Transaction 100565016,00 | 1048064,00 -98,96 %
Global Store Transaction 16760838,00 | 10480672,00 -37,47 %
Control-Flow instruction 247255086,00 | 230436920,00 -6,80 %
Texture Cache Transactions 0,00 20961280,00 | 20961280,00 [Times
Issued Control-Flow Instructions 24650222,00 | 11538432,00 -53,19 %
Warp Non-Predicated Execution Efficiency 61,90 95,40 33,50 %
Issued Load/Store Instructions 138673220,00| 4754584,00 -96,57 %
Instructions Executed 130331460,00 | 62019584,00 -52,41 %
Global Memory Store Efficiency 12,50 100,00 87,50 %
Global Memory Load Efficiency 12,50 100,00 87,50 %
Instructions Issued 277422440,00 | 64629020,00 -76,70 %
Issued IPC 1,11 2,45 120,50 %
Executed IPC 0,52 2,35 349,90 %
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Original

1005

905

0%

B Memory cperations

B Comrzklow cperations

Bl Arithmetic operaticns

Bl Memory (LoadiStore Instructi...

LHilization

Compute  Memory (LoadiStore Instruction Unit)

- —
e - - — - e | S D

dddeKT B npocbaunepe

Final

I Memory cperations
B Controkflow cperations
Bl Arithmetic operations
Bl Memory (Cevice)

Comp ute Memory (Device)
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