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Overview of Presentation

Introduction

Design Overview

Implementation

Verification of results

Performance

Conclusions
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Introduction

Solving heat conduction equation (Laplace

equation)

Benchmark stencil problem

Numerical schemes used would be applicable for

complex systems which require solution of

Poisson/Laplace Equation

Using square plate / cube for 2D/3D for resultvalidation


	
7/31/2019 ECE 408 - Final PresentationPDF

4/27

Ramnik Singh and Ekta ShahECE 408/CS483, University of Illinois,
Urbana-Champaign

Why multi-GPU ?

Stencil problems are bounded on single-GPUapplication by

Grid size - limited by maximum # of threads ona GPU

Speed - Less Work per GPU

Scalable application - Gives potential to beused for
applications with high computation or

domain size demand
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DESIGN OVERVIEW
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Details

CUDA 4.0 OpenMP

1 CPU thread/GPU

Red-Black Gauss Seidel

In-place updates- uses less

global memory thus allows

larger domain size.
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Program Flow & ParallelismInitial Conditions

Domain Decomposition

Launch CPU threads

Red Right (Edge)Red Left (Edge)

GPU 1 GPU 2

Red Left (Core)

Update ghost cell values

from right side

OMP Barrier

Allocate device memory

Copy to device for Left

Red Right (Core)

Update ghost cell values

from left side

Allocate device memory

Copy to device for Right

OMP Barrier

Iteration Loop

Starts
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Domain Composition

Program Flow (contd.)

Copy back data from

GPU1 to host

GPU 1 GPU 2

END iteration

Loop

Copy back data from

GPU2 to Host

Free Left device memory Free Left device memory

Plot Result

Black Right (Edge)Black Left (Edge)

Black Left (Core)

Update ghost cell values

from right side

OMP Barrier

Black Right (Core)

Update ghost cell values

from left side

OMP Barrier
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IMPLEMENTATION
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Domain Decomposition

yx

z

D1

D2

row

col
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Host

Initialize temperature and coefficient values

Domain decomposition

Allocate page-locked memory

cudaMallocHost() for temporary swapped edge

values

CPU threads for #available devices

Hard-coded for two for now

Plot
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CPU Threads

Allocate memory on device for their

respective GPUs

Copy from host to device

Kernel configuration

Iteration loop

All eight kernels and memCpy() launched in a

given order inside the loop
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Kernels

4 red and 4 black kernels

Core kernels loop (solve for multiple YZ planes)

Edge kernels dont loop (only edge YZ planes)

Async memcpy() to update ghost cell values ||

core kernel computation (with 2 streams per

GPU)

Performs coalesced global memory access
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Exchanging Edge Values (I)

Stage 1: Compute red edge values

Red edge-kernels

GPU1 GPU2

y z

x

14
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Boundary Exchange Example (II)

Stage 2: Compute the red core points while

exchanging the computed edge values

Redkernels will only use blackvalues

GPU1 GPU2

y z

x

15
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Second half of the iteration

Repeat same thing for Black

Compute black edge values

Then compute black core values while

exchanging computed edge values

Blackkernels will only use redvalues
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Kernel Launch Sequence
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VERIFICATION
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Testing Approach

1. 2D single domain1 GPU2. 2D two domains1 GPU

3. 2D two domains2 GPUs

Inter-GPU data transfers with OpenMP

Memory coalescing (scary results taught us a good

lesson!)

4. 3D two domains1 GPU5. 3D two domains2 GPUs

6. Next: 3D multi-domainmulti-GPU
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Testing Approach

2D single domain1 GPU

Grid size- (1024*1024)

Total Time- 20.9s

Result-

2D two domains1 GPU

Grid Size- (1026*1024)

Edge Time- 0.89s

Core Time- 20.06s

Transfer Time- 1.318s

Result-
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3D single domain1 GPU

Grid size- (128*128*128)

Total Time- 29.9s

Result-

3D two domains2GPU

Grid Size- (128*128*128)

Total Time- 17.31s

Result-
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PERFORMANCE
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2D CASE PERFORMANCE

5000

Iterations

SIZE OF

DOMAIN Single GPU(sec) Two GPUs SPPED UP

case1 128*128 0.213869 2.639904 0.081014

case2 512*512 2.469199 3.374195 0.731789

case3 1024*1024 9.451092 7.054904 1.339649

case 4 1536*1536 21.02691 13.27315 1.584169

case5 2048*2048 37.23179 21.88444 1.70129

case6 2560*2560 58.53535 33.05488 1.770854

case7 3072*3072 86.26374 46.20088 1.867145

case 8 3584*3584 117.475 62.83336 1.869628


	
7/31/2019 ECE 408 - Final PresentationPDF

24/27

Ramnik Singh and Ekta ShahECE 408/CS483, University of Illinois,
Urbana-Champaign

3D CASE PERFORMANCE

SIZE Single GPU Two GPU's SPEED UP

64*64*64 5.776908 4.066879 1.42047698128*128*128 29.955984
17.315844 1.729975391

192*192*192 89.721953 50.128594 1.789835817

256*256*256 247.577 132.258734 1.871914183

320*320*320 419.375 222.304875 1.886485845

384*384*384 831.5305 419.890281 1.980351862

400*400*400 818.988 425.596375 1.9243303
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CONCLUSIONS

2D and 3D multi-GPU solvers were developed successfully

CUDA4.0 with Open-MP was successful in performing

asynchronous memCpy with parallel computation to give us

the expected speed up.

The speed up was better for large domain sizes as shown in

the results
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QUESTIONS?
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THANK YOU!
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