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STRONG SCALING QUDA WITH NVSHMEM
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BENCHMARKING TESTBED

NVIDIA Prometheus Cluster
I ]

CPU CPU

DGX-1V e =
8x V100 GPUs
Hypercube-Mesh NVLink P Switches Pele Switches

4x EDR for inter-node communication
Optimal placement of GPUs and NIC for GDR

CUDA 10.1, GCC 7.3, OpenMPI 3.1

NVLink PCle QP
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SCALING OPTIMIZATIONS



QUDA’S AUTOTUNER

QUDA includes an autotuner for ensuring optimal kernel performance
virtual C++ class “Tunable” that is derived for each kernel you want to autotune

By default Tunable classes will autotune 1-d CTA size, shared memory size, grid size
Derived specializations do 2-d and 3-d CTA tuning

Tuned parameters are stored in a std: :map and dumped to disk for later reuse
Built in performance metrics and profiling
User just needs to

State resource requirements: shared memory per thread and/or per CTA, total number of threads
Specify a tuneKey which gives each kernel a unique entry and break any degeneracy
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SINGLE GPU PERFORMANCE

“Wilson Dslash” stencil

an @ o half blocksize=32 e @= osingle blocksize=32 = «@=-double blocksize-32

@ half tuned =g single tune d @@ double tuned

1312 GB/s —~—

3000

2500
L XS
- -
~~~~~~~~~~~~ 2000
«»
«»
“--
- -

1500

GFLOPS

1291 GB/s

________________________

1000

1180 GB/s  t=——————t—e———rtm———rtrrr——etee

~s\\ 500

w

Tesla V100

) 0 CUDA 10.1
cf Perfect L2 roofline 32 28 2 20 ' 8 ’ GCC 7.3

~ 1700 GB/s
“Strong Scaling”—> 5 SANVIDIA



STRONG SCALING

Multiple meanings
Same problem size, more nodes, more GPUs
Same problem, next generation GPUs
Multigrid - strong scaling within the same run (not discussed here)

To tame strong scaling we have to understand the limiters
Bandwidth limiters

6 NVIDIA



WHAT IS LIMITING STRONG SCALING

classical host staging

© *p2p0_pol0.0.nvwp % | § *p2pl_pol0.0.nvvp

§ *p2pl_poll.0.nvwp

§ *p2p2_pol15.0.nwp

§ *shmem.0-1.nvvp

§ *shmemfuse.0.nvvp

[042.3 ms

10042.325 ms

10042.35 ms

[= Process "dslash_test --dsla...
|=| Thread 1480674816
- Runtime API
- Driver API
- Profiling Overhead
[~ [0] Tesla V100-SXM2-16GB
|=! Context 1 (CUDA)
L 5F MemCpy (HtoD)
=5 MemCpy (DtoH)
L ¥ MemCpy (DtoD)
[+ Compute
|=| Streams
- Default
L Stream 23
L Stream 24
L Stream 25
- Stream 26
- Stream 27
- Stream 28
L Stream 29
- Stream 33

|
I Il

king kernel

10042.375 ms 10042.4 ms

D2H copies
U —

10042.425 ms

DGX-1,164 local volume, half precision, 1x2x2x2 partitioning

—

10042.45 ms

10042 745

297 ps
[

10042.5 ms

10042.525 ms

H2D copy t

Halo t

10042.55 ms  10042.575 ms 10042.6 ms 10042.625 ms 10042,

Il [ | |
(W——y i il [ S—r— -

H2D copy y H2D copy z

| H

Haloz Haloy
.

J—
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APl OVERHEADS

CPU overheads and synchronization are expensive

© *p2p0_pol0.0.nvvp 2§ *p2pl_pol0.0.nvwp  § *p2pl_poll.0nwp & *p2p2_poll5.0.nvwp & *shmem.0-1.nvvp § *shmemfuse.0.nvvp =
|042|.3 ms 10042.325 ms  10042.35ms  10042.375 ms 10042.4 ms 10042.425 ms  10042.45 ms 10042 PARSLERTH 10042.5 ms 10042.525 ms  10042.55 ms  10042.575 ms 10042.6 ms 10042.625 ms 10042:

[= Process "dslash_test --dsla... .
| Pack nterior H2D copy _ H2D c0|3 copy

|=! Thread 1480674816 |
- [} [ | (. .
- Driver API I il 1T LI | 11 11 - i ]l L[ [l il 1 [ ]
- Profiling Overhead H a I o t i

T D2H copies Sync Halo z Halo y
|=! Context 1 (CUDA) i

L ¥ MemCpy (HtoD) o — — —— — (R
* 7 MemCpy (DtoH) H IN I B =N [
L 57 MemCpy (DtoD)
% Compute - o [Void qud... - - H =
[=| Streams

- Default ‘

* Stream 23 [— [ ] —
L Stream 24 [r— [ra— —

L Stream 25 - -

- Stream 26 - -

* Stream 27 [T [o—

L Stream 28 . I - . I
L Stream 29 H B [ | [ H B

- Stream 33

DGX-1,164 local volume, half precision, 1x2x2x2 partitioning
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P2P TRANSFERS

use NVLink, only 1 copy instead of D2H + H2D pair, higher bandwidth

t *p2p0_pol0.0.nvvp t *p2p1_pol0.0.nvvp 23 ‘ *p2p1_poll.0.nvvp ‘ *p2p2_poll15.0.nvvp t *shmem.0-1.nvvp ‘ *shmemfuse.0.nvwwp

60.309

160 us
i

l’ns 8728.175 ms 8728.2 ms 8728.225 ms

[=| Process "dslash_test —-dsla...
|=| Thread 913985024
~ Runtime API
- Driver API
~ Profiling Overhead
[=! [0] Tesla V100-SXM2-16GB
[=| Context 1 (CUDA)
L 5F MemCpy (HtoD)
= ¥ MemCpy (DtoH)
= MemCpy (DtaD)

P2P copies

=5 MemCpy (PtaP)

void quda:wilsonGP...

Compute
[= Streams
- Default

Packing kernel

L Stream 23
~ Stream 24
- Stream 25

- Stream 26

L Stream 27
- Stream 28
- Stream 29

- void quda::wilsonGP...

DGX-1,164 local volume, half precision, 1x2x2x2 partitioning

8728.275 ms 8728.3 ms 8728.325 ms
({cudaL.. B Il | I | il
" NENNEE HI N[
R —
Halo t, y, z
B =N . —-—
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§ *p2p0_pol0.0.nvvp

§ *p2p1_pol0.0.nvvp

FUSING KERNELS

halo kernels do not saturate GPU

t *p2pl_poll.0.nvwp 22 ‘ *p2p2_pol15.0.nvvp

§ *shmem.0-1.nvvp

§ *shmemfuse.0.nvvp

| 8763.95 ms 8763.975 ms

8764 ms

|=| Process "dslash_test --dsla...
|~/ Thread 4023991808
L Runtime API
~ Driver API
- Profiling Overhead
|=! [0] Tesla V100-SXM2-16GCB
[=| Context 1 (CUDA)
L 5F MemCpy (HtoD)
L 57 MemCpy (DtoH)
=5 MemCpy (DtoD)

=57 MemCpy (PtoP)

[+ Compute

[~ Streams
- Default
L Stream 23
- Stream 24
- Stream 25
- Stream 26
- Stream 27
- Stream 28
L Stream 29

] cudala.._|
111 1]

—
- void quda::wilsonGPU<...

Packing ikernel

i .
—

DGX-1,164 loca

8764.05 ms

8764.075 ms

P2P copies

| volume, hélf precision, 1x2x2x2 partitioning

128.808 ps 8764.025 ms
U
us

[ cudalau...

|| cudala..

Fused Halo

10 €4 NVIDIA.



REMOTE WRITE

Packing kernel writes to remote GPU using CUDA IPC

‘ *p2p0_pol0.0.nvvp ‘ *p2pl_pol0.0.nvvp ‘ *p2pl_poll.0.nvvp ‘ *p2p2_pol15.0.nvwp ‘ *shmem.0-1.nvvp ‘ *shmemfuse.0.nvwp § *p2p2_pol1.0.nvwp =2 ‘ *gdr_pol2 (2).0.nvvp ‘ *gdr_pol2.1.nvvp = ul
8865._66 ms 8865.§7 ms 8865.I68 ms 8865.69 ms 8865.7 ms 8865.71 ms 8865.72 mi:L 26T 65.73 ms 8865.74 ms 8865.75 ms 8865.76 ms 8865.?7 ms 8865.78 ms 8865
[=| Process "dslash_test --dsla... ° °
ST Packing kernel Interior kernel 89 ps Fused Halo
- Runtime AP| I [ ] cudatau... | [ || cudatau... | ] cudatau... | I ] cudalaunchKernel | [
- Driver AP T T B EEEEEEEEE EE EEEEEE Rl T
- Profiling Overhead
|~ [0] Tesla V100-SXM2-16GB Sy' n c Syn c
[=| Context 1 (CUDA)
AN N AN
-7 MemCpy (DtoH) N
=~ 5" MemCpy (DtoD)
L 57 MemCpy (PtoP)
Compute i quda::wilsonGPU<short, I...
[=| Streams.
L Default 3
o Packing kernel Fused Halo
- Stream 24
- Stream 25
- Stream 26
L Stream 27 v
L Stream 28
L Stream 29 void quda::wilsonGPU<short, ...
DGX-1,164 local volume, half precision, 1x2x2x2 partitioning
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MERGING KERNELS

Packing and interior merged with remote write (ok for intranode)

§ *p2p0_pol0.0.nvvp § *p2p1_pol0.0.nvvp § *p2p1_poll.0.nvvp © *p2p2_pol15.0.nvwwp 2§ *shmem.0-1.nvvp & *shmemfuse.0.nvvp § *p2p2_poll.0.nvwp =a
|770.§1 ms 8770..52 ms 8770.53 ms 8770.54 ms 8770.55 ms 87 8770.57 ms 8770.58 ms 8770.59 ms 8770_.6 ms
|=| Process "dslash_test —--dsla... . .
D s 1sorasaona Packing + Interior kernel Fused Halo 73 ps
- Runtime API [ ][ cudataunchi... Jil I [ || cudaLaunchkernel| | [ cudaLaunchK... | I
 Driver API o ol Inmin O VY Y ¥ Ry O v Sy Gy Vv ey ] e e i |
* Profiling Overhead \ Sy nc Sy nec
[~ [0] Tesla V100-SXM2-16GB

|=| Context 1 (CUDA)
= % MemCpy (HtoD)
AN ——

- 7 MemCpy (DtoD)
= MemCpy (PtoP)

[+ Compute void quda::wilsonGPU<short, int=4, int=3, int=
[=I Streams

- Defaul Fused Packing /interior kernel Fused Halo

- Stream 24

L Stream 26

L Stream 28

- Stream 29 void quda:wilsonGPU<short, int=4, int=3, int=1, bo...

DGX-1,164 local volume, half precision, 1x2x2x2 partitioning
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LATENCY OPTIMIZATIONS

Different strategies implemented

DGX-1,164 local volume, half precision, 1x2x2x2 partitioning

a) baseline

b) use P2P copies

c) fuse halo kernels

d) use remote write to neighbor GPU
)

e) fuse packing and interior
reduces overhead through
fewer API calls

fewer kernel launches

still CPU synchronization and API overheads

900

720

540

360

180

GFlop/s
o

a b C d e
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POLICY AUTOTUNING

extended the autotuner to go beyond kernel tuning

What policy to use?
(CE vs remote write) ® (Zero copy vs GDR vs staging) ® kernel fusion

i Tt Dslash scaling, DGX-1V
¢~ s N % & 1.7 _
N B O half / remote write
“ wrap ) half / fused pack
double / remote write

‘O double / fused pack

H“H Hﬁ aaaaa :

@ 2 . 2 e

/] /] 0

t t 8 12 16 20 24 28 32

Lattice Length per GPU

Performance versus Copy Engines
o
oo
(&)}

No single optimal policy

14 <ANVIDIA.



CUDA AWARE MPI

2,500
. half @ single % double
preferred over manual host staging
2,000

can use CUDA IPC for intra-node <olid: CUDA IPC
heuristics for transfer protocol . 500 dashed: CUDA-aware MPI

performance is implementation dependent 1,000

Great for inter-node 500
GPUDirect RDMA ,
data from GPU directly transferred to NIC élo 8 12 6 20 24 o8 1

Lattice length L (volume L4)
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MULTI-NODE SCALING
autotuner will pick detailed policy

DGX-1,643x128 global volume

120,000 :
= half & single Gl Host staging

100,000
80,000
60,000
40,000

20,000

GFlop/s

0
8 16 32 64 128 256

#GPUs 16 <INVIDIA.



MULTI-NODE SCALING

autotuner will pick detailed policy

DGX-1,643x128 global volume
120,000 :
¥ half @ single * double HOSt Stag]ng
100,000 .
Intranode with CUDA IPC
80,000
60,000
40,000
a
e 0
L
O 8 16 32 64 128 256
16 <ANVIDIA.
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MULTI-NODE SCALING

autotuner will pick detailed policy

DGX-1,643x128 global volume
120,000 .
¥ half @ single * double HOSt Stag]ng
100,000 .
Intranode with CUDA IPC
80,000
CUDA IPC + GPU Direct RDMA
60,000
40,000
20,000
LR
[
O 8 16 32 64 128 256

#GPUs
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NVSHMEM



NVSHMEM

Implementation of OpenSHMEM, a Partitioned Global Address Space (PGAS) library
Defines API to (symmetrically) allocate memory that is remotely accessible

Defines API to access remote data
One-sided: e.g. shmem putmem, shmem getmem

Collectives: e.g. shmem broadcast
NVSHMEM features
Symmetric memory allocations in device memory
Communication API calls on CPU (standard and stream-ordered)
Allows kernel-side communication (APl and LD/ST) between GPUs
Interoperable with MPI

NVIDIA.



NVSHMEM STATUS

Research vehicle for designing and evaluating GPU-centric workloads
Early access (EA2) available - please reach out to
Main Features

NVLink and PCle support

InfiniBand support (new)

X86 and Power9 (new) support

Interoperability with MPI and OpenSHMEM (new) libraries

Limitation: current version requires device linking (see also 59677)

19

NVIDIA.


mailto:nvshmem@nvidia.com
mailto:nvshmem@nvidia.com

DSLASH NVSHMEM IMPLEMENTATION

Keep general structure of packing, interior and exterior Dslash

Use nvshmem ptr for intra-node remote writes (fine-grained)

Packing buffer is located on remote device
Use nvshmem putmem nbi to write to remote GPU over IB (1 RDMA transfer)

Need to make sure writes are visible: nvshmem barrier all on stream
or barrier kernel that only waits for writes from neighbors

20
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§ *p2p0_pol0.0.nvvp

§ *p2pl_pol0.0.nvwwp

5298.36 ms

§ "p2pl_poll.0.nvvp

NVSHMEM DSLASH

§ *p2p2_pol15.0.nvvp

5298.37 ms 5298.38 ms 5298.39 ms

[=| Process "dslash_test —-dsla...
|= Thread 1095468800
- Driver API
|=| Thread 1804495680
 Runtime API
 Driver API
L Profiling Overhead
[=I [0] Tesla V100-SXM2-16GCB
[~/ Context 1 (CUDA)
L 57 MemCpy (HtoD)
L 5F MemCpy (DtoH)
=57 MemCpy (DtoD)
L 57 MemCpy (PtoP)

Compute

[=| Streams

- Default

- Stream 21
L Stream 24
L Stream 26
L Stream 28
- Stream 29
- Stream 30

cudalaunchke... i

I void quda::wilson...

void quda::wilson...

§ *shmem.0-1.nwp 2§ *shmemfuse.0.nvvp

5298.4 ms 5298.41 ms

61 us

|| ] cudalaunchKernel
IRl i

Packing kernel

{ void quda::packShmemKernel<bool=0, int=0, QudaPCType_s=4, bool=1, quda:...
void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, b...

i void quda::packShmemKernel<bool=0, int=0, QudaPCType_s=4, bool=1, quda:...

void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, b...

DGX-1,164 local volume, half precision, 1x2x2x2 partioning

[ | | cudataunchke... [l cudaLaunchk...

[ cudataunchie...
™

Barrier kernel

quda::syncneighborhood_kernel(quda::ba...

quda::syncneighborhood_kernel(quda::ba...

5298.42 ms

5298'.43 ms 52!
" [ cudata

Fused Halo

void quda::wilson...

| void quda::packShmemKernel<b

void quda::wilsonCPU<s

| void quda::packShmemKernel <k

void quda::wilsonGPU<s

21 <ANVIDIA.



NVSHMEM + FUSING KERNELS

less Kernel launches

p2p0_pol0.0.nvwp © *p2p1_pol0.0.nvvp & *p2pl_poll.0.nwp & *p2p2_pol15.0.nvvp § *shmem.0-1.nvvp § *shmemfuse.0.nvvp 2 -
| 5507._37 ms 5507.38 ms 5507.39 ms 5507.4 ms 507.41 ms 5507.42 ms 5507.43 ms 5507._4
rocess "dslash_test —-dsla... 56 IJS
| Thread 3843062592
- Runtime API | [ || cudataunchKernel [ | | cudalaunchKer...| [ | | cudaLaunchie... | [ | | cudalaunchkernel [ | Jf cudataunche...| [ | ] cudaLaunchker...
- Driver API il [ | ]} | il
| Thread 2932569856
~ Driver API

- Profiling Overhead
)] Tesla V100-SXM2-16GCB
| Context 1 (CUDA)
= 57 MemCpy (HtoD)
L 57 MemCpy (DtoH)
=S¥ MemCpy (DtoD)
L SF MemCpy (PtoP)

Compute

|=| Streams

- Default

L Stream 21
L Stream 24
- Stream 26
L Stream 28
L Stream 29
- Stream 30

void quda::wilsonGPU<...

void quda::wilsonGPU<...

DGX-1,164 local volume, half precision, 1x2x2x2 partioning

Packing + barrier kernel

void quda::packShmemKernel<bool=0, int=0, QudaPCType_s=4, bool=1, quda::PackArg<short, int=3, int=4, bool=0>>(short)
void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, bool=0, quda::KernelType, quda::WilsonArg<short, int=3, Qu...

. void quda::packShmemKernel<bool=0, int=0, QudaPCType_s=4, bool=1, quda::PackArg<short, int=3, int=4, bool=0>>(short)

void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, bool=0, quda::KernelType, quda::WilsonArg<short, int=3, Qu...

Fused Halo

void guda::pac

void quda::wilsonGPU<...

22 <ANVIDIA.



NVSHMEM + FUSING KERNELS Il

down to two kernels

548.45 ms 3548.455 ms 3548.46 ms 3548.465 ms 3548.4 3548.475 ms 3548.48 ms 3548.485 ms 3548.49 ms

[=] Process "dslash_test --dsla...
|=| Thread 316765952

L Driver API 36 IJS

[=] Thread 958622528

- Runtime APl | [ ] | (- | (—_—
* Driver API - - | B

- Profiling Overhead
[=| [0] Tesla V100-SXM2-16GB
L 5F MemCpy (HtoD)
L 5F MemCpy (DtoH)

% MemCpy (DtoD) Barrier + Fused Halo

L 57 MemCpy (PtoP)
[=| Compute Wi ] int=4, int=3, i 0 - WilsonA i void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0,...
- 5 40.5% void quda... | | t bool bool | J | ! ]
L SF 37.2% barrier_all...

L 5 19.9% void quda... |[ERIETele] E0 void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0,...
L 5F 1.1% void quda:...

L 5F 0.1% void quda:...
L5 0.3% memset (0)
[=] Streams

L Default

DGX-1,164 local volume, half precision, 1x2x2x2 partioning o
NVIDIA.



LATENCY OPTIMIZATIONS

Different strategies implemented

baseline
b) use P2P copies

a

)
)

c) fuse halo kernels

d) use remote write to neighbor GPU
)

e) fuse packing and interior

f) Shmem

g) Shmem fused packing+barrier

h) shmem fuse packing and interior

i) shmem fuse packing+int, split barrier+ext

1

GFlop/s

,200

960

720

480

240

I half

,|IIIH|
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MULTI-NODE SCALING
with NVSHMEM

DGX-1,643x128 global volume
120,000 -0

O half © single O double L bandwidth-limited at small node
100,000 dashed: MPI solid: NVSHMEM ’ count
80,000 QUDA’s use of NVSHMEM not yet
fully optimized
60,000
potential shows at 128 GPUs
40,000
20,000 more data by Lattice conference
S0 ont
- 8 16 - 64 128 ,5¢  NON optimal topology

#GPUs 25 ANVIDIA.



GFlop/s

MULTI-NODE SCALING

DGX-1,643x128 global volume
bandwidth-limited at small node

dashed: MPI solid: NVSHMEM count

QUDA’s use of NVSHMEM not yet
fully optimized

potential shows at 128 GPUs

more data by Lattice conference

non-optimal topology

25 NVIDIA.
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p2p0_pol0.0.nvvp

© *p2p1_pol0.0.nvvp

& *p2pl_poll.0.nwp

NVSHMEM OUTLOOK

intra-kernel synchronization and communication

& *p2p2_pol15.0.nvvp

§ *shmem.0-1.nvvp

§ *shmemfuse.0.nvvp 2

5507.37 ms

5507.38 ms

rocess "dslash_test --dsla...

| Thread 3843062592
- Runtime API
~ Driver API

| Thread 2932569856
~ Driver API

- Profiling Overhead

)] Tesla V100-SXM2-16CB

| Context 1 (CUDA)
=5 MemCpy (HtoD)
L 57 MemCpy (DtoH)
=S¥ MemCpy (DtoD)
L SF MemCpy (PtoP)

Compute

|=| Streams

- Default

L Stream 21
L Stream 24
- Stream 26
L Stream 28
L Stream 29
- Stream 30

=3,Q...

daLaunchker... ||

void quda::wilsonGPU<...

void quda::wilsonGPU<...

|| cudalaunchKernel |
i

5507.39 ms

] | cudaLaunchKer...|

5507.4 ms 6.26 507.41 ms 5507.42 ms

[ | | cudataunchke... || || | cudalaunchKernel |
i

void quda::packShmemKernel<bool=0, int=0, QudaPCType_s=4, bool=1, quda::PackArg<short, int=3, int=4, bool=0>>(short)
void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, bool=0, quda::KernelType, quda::WilsanArg<short, int=3, Qu...

. void quda::packShmemKernel<bool=0, int=0, QudaPCType_s=4, bool=1, quda::PackArg<short, int=3, int=4, bool=0>>(short)

void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, bool=0, quda::KernelType, quda::WilsonArg <short, int=3, Qu...

5507.43 ms

[ ] cudaLaunche...|

void quda::wilsonGPU<...

void quda::wilsonGPU<...

5507.4

[ | ] cudataunchker..

void quda::pac

|

i void gquda::pac

26 <ANVIDIA.



p2p0_pol0.0.nvvp § *p2pl_pol0.0.nvwp

NVSHMEM OUTLOOK

intra-kernel synchronization and communication

rocess "dslash_test --dsla...

| Thread 3843062592
- Runtime API
- Driver API

| Thread 2932569856
- Driver API

- Profiling Overhead

)] Tesla V100-SXM2-16GCB

| Context 1 (CUDA)
= 5 MemCpy (HtoD)
L 5F MemCpy (DtoH)
= 57 MemCpy (DtoD)
L 57 MemCpy (PtoP)

Compute

|=| Streams

- Default

L Stream 21
L Stream 24
- Stream 26
L Stream 28
L Stream 29
- Stream 30

daLaunchKer... |l

& *p2pl poll.0nwp & *p2p2_polls5.0.nvwwp & *shmem.0-1.nvvp t *shmemfuse.0.nvvp 52 =
5507..37 ms 5507.38 ms 5507.39 ms 5507.4 ms 6.26 507.41 ms 5507.42 ms 5507.43 ms 5507..4
| | | cudataunchkernel [ | | cudalauncher.. | [ | ] cudataunchke... | [ | | cudataunchkernel [ | J cudalaunche... | [ | | cudaLaunchKer...
il | [ ] | (] | | ] |
===t One kernel to rule them all !

void quda::wilsonGPU<...

Communication is handled in the kernel and latencies are hidden.

| void quda::pac

| void guda::pac

void quda::wilsonGPU<short, int=4, int=3, int=1, bool=0, bool=0, quda::KernelType, quda::WilsonArg <short, int=3, Qu... void quda::wilsonGPU<...

26 <ANVIDIA.



SUMMARY



NVSHMEM FOR STRONG SCALING LATTICE QCD

APl overheads and CPU/GPU synchronization are costly
prevent overlapping communication and compute

reduce kernel launches and APl synchronization calls (fused kernels)
enabled by rewrite of QUDA kernels

GPU centric communication with NVSHMEM takes CPU limitations out
Prototype implementation already shows nice speed up for Wilson

Will be extended to all Dslashes when experimentation phase cools down
will be awesome for latency limited Multigrid

Works on x86 and Power

28 NVIDIA.



NVSHMEM FOR STRONG SCALING LATTICE QCD

' multi-node
S]ngle nOde 120.000 DGX-1,643x128 global volur?:
1,200 )
& half O half © single © double R4
o i 24
960 DGX-1,164 local volume, half precision, 8 GP 100,000 dashed: MPI _solid: NVSHMEM

720 80,000

40 60,000
240

40,000
0

' ' : 20,000

‘9

64 128 256
#GPUs
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