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e Problem scale

» Pure compute performance

o Jitter

e Future works




tectures

» Cluster : proprietary dual-socket nodes (2-3 GPUs) + infiniband interconnect
(40Gb/s)

» Other setups throughput oriented

» PCle switches behind IOH : up to 8 GPUs for a single IOH (shared bandwidth)

* Through IOH : 40Gb/s in & 32Gb/s out (measured on Fermi
with Gen2)

* New Intel X79 chipset (no IOH) up to 48Gb/s in & out
(measured on Kepler with Gen3)
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ectures

« Stream processing
» Several kernel launch instances concurrently

» 2 copy engines : bi-directional. Asynchronous copy + compute overlap (hide
host-to-device / device-to-host memcopy latency + removes device memory
limitation)

» 1 compute engine queue + concurrent kernels : increase performance,
maximize GPU utilization for small kernels (Fermi up to 16 concurrent kernels)

» Get as close as possible to theoretical peak throughput : ~1 TFLOPS




» Workstation : CUDA provides peer-to-peer communications between
GPUs on the same motherboard.

» Single IOH / single node : GPUdirect

» Limited impact on dual-IOH (30% in bandwidth)

- Multi(>2)-GPUs : MPI / openMP + CUDA

« MPI support for Unified Virtual Adressing (peer-to-peer)

» GPUdirect over infiniband (shared pinned memory from the host)
5




& jitter

* Monitor multi-processor occupancy, optimize code

« TAU / PAPI / CUPTI

« TAU : Generic tools for heterogeneous systems : profiling at the
host level (kernel level profiling available)

« PAPI CUDA : provides access to hardware counters on NVIDIA GPUs.
Based on NVIDIA CUPTI the Cuda Performance Tools Interface.
Provide device level access

» Intrinsically intrusive but limited impact

6



e JUK X oK Ccomirianda mdatrix . ~v1. )

« MVM : 163MFLOP => 163 GFLOPS (1kHz)

» Multiple WFS / multiple DMs / LGS

« MAORY : up to 6 LGS WFS with 80x80 subaps, 12x12 for LGS and 3 Dms

 Bandwidth requirement : ~15Gb/s (1kHz)

« Command matrix up to ~20Gb

 Throughput requirement (1kHz) for MVM : 1.5TFLOPs

7
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(=] Thread 2123282208
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(=] [0] Tesla M2090
[=| Context 1 (CUDA)
F MemCpy (HtoD)
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performance)

» Exec. Time
dominated by
MVM

ormance

| |
I [ void gemv... |f void gemv2 ..
§ || J'void gemvaN.. |
I
void gemv2...
=m... void gemv2N. ..
I
I

| [ [ cudaEventSynchronize

T
| L
B | void gemv... | void gemuz... I
] Jvoid gemvan...
[ e—————

void gemv2N.. B void gem.

[1 [void gemv. . S
() [ [voidgemnvon... [
' [voidgemva.
" -

» Centroiding has high multi-processor occupancy

[ ['void gemv...|
J| | ['void gemv2N...|
I I

void gemv?Zz..,

» Throughput limited (pixel data copy takes about 500us)




concurrency level
(load too small)

oIrMmance

1.001 s 1002 s

[=| Process 7504
[=| Thread -275392736
Runtime AP
Profiling Owverhead
=l [0] Tesla M2090
=] Context 1 (CUDA)
T MemCpy (HtoD)
I MemCpy (DtoH)

=] Compute

“F 65.7% [B000] woai...

T 10.8% [8000] ce...
F12.8% [B000] red..
“F 6.8% [B000] cent...

F 3.6% [2000] me...

T 0.4% [1000] void...

o Explicit synchronization = seam:

may be required

Stream 11
Stream 13
Stream 15
Stream 17
Stream 19
Stream 21

- Pixel copy takes longer Stream 23

(smaller chunks,
sub-optimal) >1ms

Stream 25

1] ] cudaEventSynchroni..|

T 1Tl cudaEventsyncl




oIrMmance
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oIrMmance

ﬂ

=l Process 7581

=|
Runtime AP [ [ [ cudabv. [0 ]

Driver AP|
Profiling Owverhead
= [0] Tesla M2090
[=|] Context 1 (CUDA)
S MemCpy (HtoD)
T MemCpy (DtoH)

Compute

~nJ mS [=] Streams

Stream 2
Stream 2
Stream 10
® BeSt trade_Off Stream 12
Stream 14
= [1] Tesla M2090

* >500 Hz with =] Context 2 (CUDA)

T MemCpy (HtoD)

profiling overheads ¥ MemCpy (Dtok)

Compute

[=| Streams
Stream 11
Stream 13
Stream 15
Stream 17
Stream 2
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oIrMmance

|. 5 2.1[31 5 2.1[5'2 s 2103 sERRELERNIAZ 104 5 2.1[?5 5

[=|] Process 7605
(=] Thread 1782171424
Runtime AP oL UL L0 O LT DL oo O e ez e PN
Driver AP
Profiling Owerhead
[=| [0] Tesla M2090
[=| Context 1 (CUDA)
7 MemCpy (HtoD) [ T Y I A O I [ I I O I
¥ MemCpy (DtoH) 1 I I T T e I ||
—— 110 T |
I i Nl I D I B BN I |
[=] Streams
Stream 2

Stream 8 ||||I. II- ” II-
Stream 10 |l. II- II.
Stream 12 III.
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ase 80x80 ssp with 6x6 pixels on GTX690 with RT kerne ase 80x80 ssp with 6x6 pixels on tesla M2090 with RT kerne
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ase 80x80 ssp with 6x6 pixels with RT kerne
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ase 80x80 ssp wi X12 pixels on
tesla M2090 with RT kernel
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» Use of RT kernel with nvidia RT patch
» Use of professional Tesla boards (M2090, K10, K20, K20X, ...)

» Long-run performance (including jitter) compatible with RT operations
on Tesla boards

» GeForce have similar throughput, but...

« Huge jitter (>2ms) — performance not stable

» OK for simulations but incompatible with RT
22




e Next the GPU can feed a second kernel module
(also GPU direct compatible)

» Accurate precision of the real jitter

» Acquisition interface through serial protocol

» Studies on MPI/RT




