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Basics of GPU computing ‘

| Basic behavior of CUDA .
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Using GPUs in a cluster

o A GPU-enabled cluster is a set of independent self-contained
nodes. The cluster follows the shared-nothing approach:

Nothing is directly shared among nodes (MPI is typicaly required for
aggregating computing resources within the cluster, included GPUs)

GPUs can only be used within the node they are attached to
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Problems of using GPUs °

We notice 3 main problems when using GPUs:

1. GPUs can only be used locally in the node
where they are installed

2. GPU utilization is, in general, low

3. GPUs keep consuming energy even when idle

-
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Problems of using GPUs ’

1. GPUs can only be used locally

* Non-MPI multi-GPU applications cannot make use of the
tremendous GPU resources available across the cluster

(even if those GPU resources are idle) Al these GPUPEannSt be

Non-MPI used by the multi-GPU
multi-GPU application being executed
application

Interconnection Network

-
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GPU utilization is, in general, low
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GPU utilization is, in general, low ?
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GPU utilization is, in general, low
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Problems of using GPUs =

2. GPU utilization is, in general, low

* As GPUs become more powerful, it is expected that
current applications will keep them busy for smaller
amounts of time Faster GPUs will complete

kernels earlier, but CPUs
do not improve that fast
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Problems of using GPUs

3. GPUs keep consuming energy even when idle

1
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GPUs keep consuming energy even when idle 13
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How to address GPU concerns? 1

GPU utilization can be increased by virtualizing
the GPU and concurrently sharing it among
several applications
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Overhead of GPU sharing 15

Time for 4
instances is
only 2x time for
one instance

K20 GPU
(5GB memory)

— LI S BN 7 T 7

M 1 Instance
1.5 M 2 Instances * LAMMPS: 876 MB
| 4 Instances * mCUDA-MEME: 151 MB

BarraCUDA: 3319 MB
MUMmerGPU: 2104 MB
GPU-LIBSVM: 145 MB

Normalized
Execution Time
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Overhead of GPU sharing 16

Time for 4
instances is
only 2x time for
one instance

K20 GPU
(5GB memory)
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NP 4 Instances « mCUDA-MEME: 151 MB
€2 « BarraCUDA: 3319 MB
23 o + MUMmerGPU: 2104 MB
i « GPU-LIBSVM: 145 MB

The main concern for |
sharing a GPU is the
memory limitation
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Overhead of GPU sharing

Time for 4
instances is
only 2x time for
one instance

17
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Overhead of GPU sharing

One instance
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What is rCUDA?
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Basics of GPU computing 20

| Basic behavior of CUDA .

Application

JL

CUDA libraries
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" Remark:
GPUs can only be used within
the node they are attached to
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Basics of GPU computing 21

| Basic behavior of CUDA .

Application

JL

CUDA libraries
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" Remark:
GPUs can only be used within
the node they are attached to
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Think different: remote GPU virtualization 22
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Think different: remote GPU virtualization

A software technology that enables a more
flexible use of GPUs in computing facilities
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rCUDA ... remote CUDA

rCUDA is a development by Universitat Politécnica de Valéncia
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Think different: remote GPU virtualization 2

A software technology that enables a more
flexible use of GPUs in computing facilities

GPUs are shared

among applications
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Basics or rCUDA 25

Access to remote GPU is
transparent to applications:
no source code modification

is needed

Client side | Server side

Software

Application |
I
T ,
CUDA AP :
| CUDA
rCUDA client d
U clie : server CUDA libraries
|
|

Hardware

r€EUDA
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Basics or rCUDA 26

Access to remote GPU is
transparent to applications:
no source code modification

is needed r

Client side | Server side

Application

I

CUDA API

rCUDA
server

rCUDA client

Softwa

Hardwage

r€EUDA

rCUDA is a development by Universitat Politécnica de Valéncia remote CUDA



Basics or rCUDA 27

Access to remote GPU is
transparent to applications:
no source code modification

is needed ’
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rCUDA supports RDMA transfers

Client side Server side

Application

I

CUDA API

______________________________________

TCP/IP !InfiniBand: RoCE
module ' module

module

28

rCUDA server

......................................

TCP/IP :InfiniBand: RoCE
module ' module ' module

CUDA libraries

CUDA driver
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rCUDA envision

29
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Outline

How Iis rCUDA deployed in a
cluster?
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Deploying rCUDA in a cluster 31

clb
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Starting the server side 2

export LD LIBRARY PATH=path to_ CUDA
./xCUDAd
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Starting the client side =

export LD LIBRARY PATH=path to_ CUDA
./xCUDAd

clb

export LD_LIBRARY_PATH=path_to_rCUDA/lib
export RCUDA DEVICE COUNT=8
export RCUDA DEVICE O=nodel
export RCUDA DEVICE l=node2:
export RCUDA DEVICE 2=node2:
export RCUDA DEVICE 3=node3:
export RCUDA DEVICE 4=node3:
export RCUDA DEVICE 5=node4:
export RCUDA DEVICE 6=node4:
export RCUDA DEVICE_ 7=node5

PRORPRORO
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Executing the application

Execute CUDA

application

7 T RS 1

clb

34

export LD LIBRARY PATH=path to_ CUDA
./xCUDAd

export
export
export
export
export
export
export
export
export
export

LD_LIBRARY PATH=path_ to_rCUDA/lib

RCUDA_DEVICE_ COUNT=8
RCUDA_DEVICE O=nodel

RCUDA_DEVICE l=node2:
RCUDA_DEVICE 2=node2:
RCUDA;DEVICE_3=node3:
RCUDA DEVICE 4=node3:
RCUDA_DEVICE_ 5=node4:
RCUDA_DEVICE_6=node4:

RCUDA_DEVICE_ 7=node5

PRORPRORO
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rCUDA-smi tool

clb

fsilla@clb

Fri Jun 12 17:30:55 2020

Persistence-M|
Pwr:Usage/Cap|

00000000:02

00000000:04:

11MiB /

00000000:05:

11MiB /

00000000:04:

00000000:05:

11MiB /

00000000:84:

11MiB /

00000000:02:

11MiB /

00000000:84:

11MiB /

export
export
export
export
export
export
export
export
export
export

LD_LIBRARY PATH=path

RCUDA_DEVICE_ COUNT=8
RCUDA_DEVICE O=nodel

RCUDA_DEVICE l=node2:
RCUDA_DEVICE 2=node2:
RCUDA;DEVICE_3=node3:
RCUDA DEVICE 4=node3:
RCUDA_DEVICE_ 5=node4:
RCUDA_DEVICE_6=node4:

RCUDA_DEVICE_ 7=node5

ksl| Processes:
GPU PID Type Process name

No running processes found

0 fsilla@clb:

1
0
1
0
1

Disp.A | Volatile Uncorr.
-Usage | GPU-Util Compute M.

0.0 Off
11441MiB
00.0 Off |
11441MiB Default |
................................ +
00.0 Off 0 |
11441MiB Default |
................................ +
0|
11441MiB Default |
________________________________ +
00.0 Off 0 |
11441MiB Default |
________________________________ 3
00.0 Off 0 |
11441MiB Default |
_______________ =3
00.0 Off |
4743M1B 9 Default |
________________________________ +
00.0 Off 0 |
11441MiB Default |
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Outline

Performance of rCUDA?

(local PCle link replaced by a network fabric)
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Performance of rCUDA

37
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Performance of rCUDA

38
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Performance of data movements to/from GPUs =)

CUDA I

NODE

CPU to GPU (Host to Device)

H2D pinned
H2D pageable
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K applicatior

S

GPU to CPU (Device to t)
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CPU
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Network
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Performance of data movements to/from GPUs “0
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Performance of data movements to/from GPUs 4
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Performance of data movements to/from GPUs 2

Bandwidth (MB/s)
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Performance of data movements to/from GPUs 2

Bandwidth (MB/s)
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Performance of data movements among GPUs

44
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Performance of data movements among GPUs
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Outline

Benefits of rCUDA?
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Outline

Benefits of rCUDA?
1. Many GPUs for an application

2. Increased cluster throughput
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Outline

Benefits of rCUDA?
1. Many GPUs for an application

2. Increased cluster throughput
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Providing many GPUs to an application with rCUDA 0

oy 0 ooo CIFA |

node 3

CPU =G
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Providing many GPUs to an application with rCUDA 0

K20 GPUs and FDR InfiniBand '
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Providing many GPUs to an application with rCUDA

@ S & bsc19421@nvb127:~
. fdeviceQuery Starting...

CUDA Device Query (Runtime API) version (CUDART static linking)

Detected 64 CUDA Capable de¥ice(s)

Dev’ _e @: "Tesla M2890"

JDA Driver Version / Runtime Version 5.0 / 5.0

CUDA Capability Major/Minor version number: 2.0

Total amount of global memory: 6144 MBytes (6442123264 bytes)

ESZl (16) Multiprocessors x ( 32) CUDA Cores/MP: 512 CUDA Cores
iPU Clock rate: 1301 MHz (1.30 GHz)
GPUS ! 'memory clock rate: 1848 Mhz

Memory Bus Width: 384-bit

L2 Cache Size: 786432 bytes

Max Texture Dimension Size (x,y,z) 1D=(65536), 2D=(65536,65535), 3D=(2048,2048,2048)
Max Layered Texture Size (dim) x layers 1D=(16384) x 2048, 2D=(16384,16384) x 2048
Total amount of constant memory: 65536 bytes

Total amount of shared memory per block: 49152 bytes

Total number of registers available per block: 32768

Warp size: 32

Maximum number of threads per multiprocessor: 1536

Maximum number of threads per block: 1024

Maximum sizes of each dimension of a block: 1024 x 1024 x 64

Maximum sizes of each dimension of a grid: 65535 x 65535 x 65535

Maximum memory pitch: 2147483647 bytes

Texture alignment: 512 bytes

Concurrent copy and kernel execution: Yes with 2 copy engine(s)

Run time limit on kernels: No

Integrated GPU sharing Host Memory: No

Support host page-locked memory mapping: No
Alignment requirement for Surfaces: Yes

Device has ECC support: Disabled

Device supports Unified Addressing (UVA): Yes

Device PCI Bus ID / PCI location ID: 2/ 8

Compute Mode:

< Default (multiple host threads can use ::cudaSetDevice() with device simultaneously) =

Device 1: "Tesla M2890"
CUDA Driver Version / Runtime Version 5.0 / 5.0

F. Silla @ HPC ADMINTECH 2021



Outline

Benefits of rCUDA?
1. Many GPUs for an application

2. Increased cluster throughput
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Increased cluster throughput ”

. rCUDA servers can concurrently provide service to multiple clients

. Cluster throughput is increased as a consequence of serving
multiple clients

One rCUDA box serves i

multiple clients
4 TY !x "

/4

remote CUDA

1
. o
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Need of aresource scheduler 54

GPUs are shared
among applications

H

H

b

&
d
i

E
4=
i

Which is the limit of GPU sharing? I
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Cluster test bench 55

. Dual socket E5-2620v2 Intel Xeon + 32GB RAM + K20 GPU

« FDR InfiniBand based cluster

16 GPU nodes + 1 node

the Slurm
scheduler

T
l___W~

| T
| ' | O
l IIII| l O I
l O I | o O 1111
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Workload used in the experiment o

. Applications used in the tests:

. GPU-Blast

« LAMMPS

« MCUDA-MEME
GROMACS
NAMD

. BarraCUDA

« GPU-LIBSVM

« MUMmerGPU

Set 1 Short execution time

Non-GPU

Set 2 2 Long execution time

« Three workloads:
. Setl
. Set?2 400 jobs at each set
« Setl+2

—
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Cluster performance when using rCUDA o7

CUDA M rCUDA

16000
Q
£ 12000
=
5 8000 1
S 4000 -
eI\ oA CUDA I rCUDA
= Set 1 Set 2 Setlr2  _ 16{— e
Workload .§ 1 14%
=
> 8 5
a0 -39%
CUDA M rCUDA R & r
5> +56% +104% 07 Set1 ~ set2  setiv2
50'4 Workload

Set 1 "~ Set2 "~ Set 142
Workload
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Increased cluster throughput o

1200 100%
GPU assigned GPU assigned GPU assigned 90%
but not used but not used but not used 0
1000 0
80% °
800 0% g
g 60% §
EBOO 50% ®©
a
e 40% <
®4OO - S N A AN A . L B B B BN R BB R BN N R BN R R R R R B R R N N R BN R B R B RN N 300/ g
= 03
N
200 20% 5
A 10% ~
0 0%

O X 2 o P D RA PO RIS >R
Time (seconds)

Used Memory

GPU-BLAST

GPU Utilization
=

------- Avg. GPU Utilization
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GPU allocation vs GPU utilization

GPUs
assigned
but not

used

59

 Normalized Workload Execution Time
m Normalized GPU Allocation Time
M GPU Utilization

Set 1

Set 2

Set 3
Workload

Set 4

Set 5
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Outline

GPU-Job migration

(increasing flexibility of using GPUs even more)

HPC ADMINTECH 2021



GPU-Job migration o

R\ Node A
m. 1. The application is initially assigned
rEUPA

GPUs in nodes B and C
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GPU-Job migration o

R\ Node A
m. 1. The application is initially assigned
rEUPA

GPUs in nodes B and C

p Node C
,

rE/0A

2. During the execution of the
application, it is decided that
the GPU part of the application
in node B must be moved to
node A
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GPU-Job migration o

R\ Node A
m. 1. The application is initially assigned

CUDA GPUs in nodes B and C

! g\ Node B

N
UM \Node C
 _
2. During the execution of the
application, it is decided that

the GPU part of the application
in node B must be moved to
node A

()
o
cC
o
=
o
QO
(o3

3. Migration is transparent to the
application, which is not aware of
using a new GPU

GPU |
,

rf€UBA Node C
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Outline

Use cases
e server consolidation
* load balancing
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Consolidation process o

Source GPU

CGDAmeﬁe

{ e

e e

CODAme&e

-
CGDAmé%e1ﬂ=Ei=&'

Target GPU
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General idea for load balancing 66

Idle GPU

1. At some point in time, one of the
GPUs is heavily loaded while other
GPUs remain idle

CDAmee
- =rammy

TR\ Idle GPU
3 ar 1
EUDA /

erote CLGA

rEUOA

rermote LUD:

GPU A
2. Migration can be used to move :
GPU-jobs to idle GPUs thus NN

balancing load across the cluster

CloverLeaf

GPU N

r€UPA

Permote CLIOA
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Outline

rCUDA Increases
heterogeneity in the cluster
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Heterogeneous clusters o

rCUDA clients and servers can use different processor architectures

rCUDA rCUDA
clients servers

-
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Heterogeneous clusters &

rCUDA clients and servers can use different processor architectures

rCUDA
servers

loT
device

-
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remote cUD.

Get a free copy of rCUDA at
http://www.rcuda.net

More than 1000 requests world wide

YW @rcuda_

rCUDA is a development by Universitat Politecnica de Valéncia, Spain



