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ACCELERATED COMPUTING

GPIl Accelerator
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ACCELERATED COMPUTING

CPU Strengths

Very large main memory

Very fast clock speeds

Latency optimized via large caches
Small number of threads can run
very quickly

CPU Weaknesses

Relatively low memory bandwidth
Cache misses very costly
Low performance per watt
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ACCELERATED COMPUTING

GPU Strengths

High bandwidth main memory
Latency tolerant via parallelism
Significantly more compute
resources

High throughput

High performance per watt

GPU Weaknesses

Relatively low memory capacity
Low per-thread performance

Optimized for
Parallel Tasks
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SPEED V. THROUGHPUT
Speed - Throughput

Which is better depends on your needs...

*Images from Wikimedia Commons via Creative Commons 5 <ANVIDIA.



HOW GPU ACCELERATION WORKS

Compute-Intensive Functions
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|dentify
Available
Parallelism

Optimize
Kernel
Performance

Express
Parallelism

Optimize
Data
Movement
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3 WAYS TO ACCELERATED APPLICATIONS

Applications

Programming

Libraries Directives
Languages

,Drop-in“ High Productivity Maximum Flexibility
Acceleration
Highest Performance

8 <ANVIDIA.



OPENACC DIRECTIVES

Manage fpragma acc data copyin(x,y) copyout (z) |ncremental
Data {
Movement #pragma acc parallel Single source
{
Initiate #pragma acc loop gang vector |nter0perable
Paralle.l for (1 = 0; i < n; ++1i) {
Execution 211 = x[i] + y[il; Performance portable

Optimize } CPU, GPU, MIC

Loop }

9 NVIDIA.



EXPRESSING PARALLELISM



GP100

TESLA P100 GPU
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GP100 SM

Warp Scheduler Waip-Schaduler

Dispatch Unit Dispateh Unit Dispatch Unit Dispatch Unit
. . = 5 .

Register File (32,768 x 32-bit) Register File (32,768 x 32-bit)

Core Core

2]
a
@

Core:

Core

CUDA Cores

Caore Core Care

Core Core Core

Register File 256 KB

Shared
Memory

Active Threads 2048

Care Core Core

64 KB Core Cora:.  Cors

Core Core Core

Core LDIST Core  Core

Core LLDV/ST Caore. Core

Active Blocks 32




GPU PERFORMANCE COMPARISON

P100 (SXM2)

Double/Single/Half TFlop/s 0.2/7.0/NA 1.4/4.3/NA
Memory Bandwidth (GB/s) 288 288
Memory Size 12GB, 24GB 12GB
L2 Cache Size 3072 KB 1536 KB
Base/Boost Clock (Mhz) 948/1114 745/875
TDP (Watts) 250 235

13 <ANVIDIA.



OPENACC DIRECTIVES

real* restrict const A = (real*) malloc(nx*ny*sizeof(real))

real* restrict const Aref = (real*) malloc(nx*ny*sizeof (real));

fpragma acc parallel loop present (A, Anew)
for (int iy = iy start; iy < 1y end; 1iy++) {
for( int ix = ix start; ix < 1ix end; ix++ ) {

Aliy*nx+ix] = Anew[iy*nx+ix];

14 NVIDIA.



OPTIMIZING DATA LOCALITY



NVLINK

P100 supports 4 NVLinks

Up to 94% bandwidth efficiency

Supports read/writes/atomics to peer GPU
Supports read/write access to NVLink-enabled CPU

Links can be ganged for higher bandwidth

NVLink on Tesla P100

16 <ANVIDIA.



NVLINK - GPU CLUSTER

Two fully connected quads, cPU CPU

connected at corners i

I

- PCle < > PCle <
» Switch < > Switch —

160GB/s per GPU bidirectional to Peers

Load/store access to Peer Memory . . - pEllaN e
Full atomics to Peer GPUs
High speed copy engines for bulk data copy P00 Plo0 T P100 P00

PCle to/from CPU

+—» PCle

17 NVIDIA.




NVLINK TO CPU

Fully connected quad $ : o
:mH CPU
120 GB/s per GPU bidirectional for peer traffic ]

40 GB/s per GPU bidirectional to CPU

——» P100 P100 <——
Direct Load/store access to CPU Memory

High Speed Copy Engines for bulk data movement

P100 P100

4+—p PCle
4—» CPU

18 NVIDIA.



OPENACC DIRECTIVES

Data Management

#fpragma acc enter data create(A[O:nx*ny],Aref[0:nx*ny],Anew[0:nx*ny], rhs[0:nx*ny])
#pragma acc update device(A[ (iy start-1) *nx: ((iy end-iy start)+2) *nx])
#pragma acc update device(rhs[iy start*nx:(iy end-iy start) *nx])
while ( error > tol && iter < iter max ) {
iter++;
}

#pragma acc update self (A[(iy start-1)*nx:((iy end-iy start)+2) *nx])

fpragma acc exit data delete (A,Aref,Anew, rhs)

19 <4 NVIDIA.



PAGE MIGRATION ENGINE

49-bit Virtual Addresses

Sufficient to cover 48-bit CPU address + all GPU memory
GPU page faulting capability

Can handle thousands of simultaneous page faults
Up to 2 MB page size

Better TLB coverage of GPU memory

20 NVIDIA.



UNIFIED MEMORY

Single pointer for CPU and GPU

CPU code GPU code with Unified Memory

21 <4 NVIDIA.



UNIFIED MEMORY ON PRE-PASCAL

Kernel launch triggers bulk page migrations

GPU memory System memory
~0.3 TB/s ~0.1 TB/s

cudaMallocManaged

h page fault
- page fault

Kernel launch

22 <ANVIDIA.



UNIFIED MEMORY ON PASCAL

On-demand page migrations

GPU memory System memory
~0.7 TB/s ~0.1 TB/s

cudaMallocManaged

page fault ‘
page fault mm)

interconnect

=)

page fault
page fault

4 page fault

Vv

map VA to
system memory

23 <4 NVIDIA.



LINUX AND UNIFIED MEMORY

ANY memory will be available for GPU*

CPU code GPU code with Unified Memory

*on supported operating systems 24 nVIDIA



OPTIMIZE KERNEL PERFORMANCE



PROFILING OPENACC APPLICATIONS

Use on the command line to get a flat profile

pgprof ./app

Collect performance metrics

pgprof --metrics gld efficiency,gst efficiency ./app
or write output to file and import into pgprof GUI:

pgprof -o timeline.pgprof ./app

pgprof --analysis-metrics -o metrics.pgprof ./app

26 NVIDIA.



PROFILING OPENACC APPLICATIONS

juron’.fz-juelich.de - PuTTY - O X
a2 s
s
- b
- b
s
L
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PROFILING OPENACC APPLICATIONS

Using pgprof

Use the import Wizard

- o ®
e T LIRS TP =
© “poisson2d.timeline.pgprof &1 =n
03455 03475 0355 03525 03555 0357 0365 03625 03655 0367 3 0375 03725 037:
e - : v ! ;
Openacc
Driver AP 1

Profiling Cverhead
[=! Unified Memory
W ) Phge Eatits (U MCY (AT
=1 (01 Tesla P100-SXM2-16GB
=] Unified Memory

7 Data Migration [DtoH) MT WD W
T GPU Page Faults AULIECNUAN SOV RC O VLI A TOERTOO v fep
F Data Migratian HtoD) WACCEOECDD LA RO ORI O OO DRI

[=1 Context 1 (CUDA)
I MemCpy [HtoD}
W MemCpy [DtoH)

+ Compute [main___ |

# Streams v
< >
[l Analysis 57 | B GRU Details| (54 CPU Details| ® OpenACC Details| B Console| [ Settings| v = 0 || 5 properties =)
| [% ResetAll i Analyze All Results main_95_gpu
= : s fnay =
main_95_gpu © 4 Global Memary Alignment and Access Pattern Start X
X P elimiter [[3)] @ Memory bandwidth is used most efficiently when each global memory load and store has proper alignment and access pattern. End
Optimization: Setect each entry below to open the source code to a globat ioad or store within the kemel with an inefficient alignmm Duration
access pattemn. For each load or store improve the alignment and access pattem of the memory access. Stream
Kernel Latency dy| @ Grid Size
v ine/File poisson2d.c - \gpfsiher 0 torial-operipowsAS-GPUN Tasks\Chtusk Mock St
Kemnel Compute | & 103 Global Load L2 Transactions/Access = 32, Idesl Transactions/Access = 8 [ 4186116 L2 transactions for 130944 total “:5'““;7"'“" -
103 Global Store L2 Transactions/Access = 32, Ideal Transactions/Access = B [ 4186116 L2 transactions for 130944 total Shared Memory/Bloc!
Kernel Memory ] 103 Global Load L2 Tr A = 32 Ideal ions/Access = 8 4186116 L2 transactions for 130944 total i 0““":“"
103 Global Load L2 Transacti = 32, Ideal T 52 = 8] 4186116 L2 transactions for 130944 total :‘ et
103 Global Load L2 Transactions/Access = 32, Ideal Transactions/Access = 8 [ 4186116 L2 transactions for 130944 total Tecwts
103 Global Load L2 Transactions/Access = 32, Idesl Transactions/Access = 3 [ 4136116 L2 transactions for 130344 total hd 5"';:" M;::’"" ("":9“’:;“:
104 Global Load L2 Transactions/Access = 32, Ideal Transactions/Access = 8 [ 4136116 L2 transactions for 130944 total AIRE ooty R
Shared Mem_ss Pattern |1y ) L [ d v s iy Erac il 5

[k > < >
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ACCESSING GLOBAL MEMORY

Threads issue instructions in groups of 32 threads (warp) operating in SIMT mode
Each issued memory instructions generates multiple 32byte transactions
4 consecutive 32byte segments form a cache line

The memory subsystem works most efficient if all moved data is consumed and as
few memory instructions as possible are used

95, Accelerator kernel generated
Generating Tesla code
threadldx.x 96, #pragma acc loop gang /* blockIdx.x */
99, #pragma acc loop vector (128) /* threadIdx.x */
0 1 2 3 | 31 104, Generating implicit reduction (max:error)

29 NVIDIA.



ACCESSING GLOBAL MEMORY

optimal access pattern (4byte words) - fully coalesced

#fpragma acc loop vector

0.0;

for( int ix = 0; 1ix < nx; 1x++ ) A[iy*nx+ix]

0 1 2 3 4 5 6 7 8 9 (10|11 12 13 14 15 16 17 18 19 20 21 |22 23 24 | 25 26 27 28 | 29 30 31

NENESEEERENRENNNNNENN NN

12 113 | 14 15 | 16 | 17 27 | 28 | 29 | 30 | 31

0 1 2 3 4 5 6 7 8 9 10| M

1
Segment 3

Cache Line
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ACCESSING GLOBAL MEMORY

worst case access pattern (4byte words) - fully uncoalesced

#fpragma acc loop vector

for( int iy =

0, 1y < ny; iy++ ) Aliy*nx+ix]

0 1 2 3 4 5 6 7
0 /{ 3 4 5 6 7
4
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INTRODUCING TESLA P100

New GPU Architecture to Enable the World’s Fastest Compute Node

Find out more at http://devblogs.nvidia.com/parallelforall/inside-pascal

32 <4NVIDIA.



