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I/0 acceleration with GPU for I/0-bound applications
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Background

GPU-enabled supercomputers

= Several supercomputers usually have GPUs on each
compute node to accelerate computation

= Not all applications can be accelerated by GPUs

= Performance of I/O-bound applications is limited by
underlining 1/O device performance

= Such I/O-bound applications require more I/O bandwidth
rather than computational power

= |f we execute such non-GPU applications, the GPUs is not
utilized, and we waste the resources

Data transfer throughputs of GPUs

= Data transfer throughputs with POSIX read/write for
ioDrive 2 Duo & tmpfs, and with cudaMemcpy for GPUs

Low speed data transfer High speed data transfer to/from GPU

Read/HostToDevice

throughput (GB/s)

GPU (C2050) GPU (K20c) GPU (K40c)
PCle-gen2 x16 PCle-gen2 x16 PCle-gen3 x16

10Drive 2 Duo tmpfs

—_ =

Write/DeviceToHost

throughput (GB/s)

: ioDrive 2 Duo

GPU (C2050) GPU (K20c) GPU (K40c)
PCle-gen2 x16 PCle-gen2 x16 PCle-gen3 x16

tmpfs

|
|
|
J

ioDrive 2 Duo Flash devices on ioDrive can become a bottleneck

tmpfs A file system becomes a bottleneck

GPUs GPUs can exploit PCle’s bandwidth

» PCle-attached GPUs can be used as |/O devices for
accelerating I/O-bound applications

Objective

= Accelerate 1/O operations using GPU device memory
= Exploit PCle’s bandwidth even with |/O operations
= Provide well-known I/O interfaces
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Methods

gmfs: GPU-accelerated I/0O interface

= gmfs is an I/O interface which uses

GPU as buffer cache of persistent storage

= gmfs provides well-known 1/0

interfaces (open, read, write and close)

on top of the hierarchical storage

Requirement for self memory management

cudaMalloc
throughput (GB/s)

Challenges

cudaFree
throughput (GB/s)

persistent

storage

(local-SSD, Lustre)

Storage hierarchy

PClIe-gen3 x16 bandwidth

=

PCle-gen2 x16 bandwidth

C2050 mK20c mK40c

p—
ONHEOCHODN KO

3 16 32 64

128 256 512 1024

cudaMalloc size (KB)

PClIe-gen3 x16 bandwidth

Y

PClIe-gen2 x16 bandwidth

C2050 mK20c mK40c

ONEBROYODNKO

R

8 16 32 04 128 256 512 1024
cudaFree size (KB)

How to exploit PCle’s bandwidth on multiple small
writes requiring small cudaMallocs and cudaFrees

gmfs’s file management

= First allocate entire GPU memory to gmfs
= gmfs divides the GPU memory into chunks, and chunk

tables manage chunk locations (round-robin cache mgmt.)

chunk_1id

Chunk table (file 0)

dev _1id

GPU (dev_id = 0)

chunk_addr

0x00000000

0x00010000

0x00020000

0x00030000

chunk_id
0

Chunk table (file 1)

dev _1id

0

chunk_addr

0x00040000

0

file 0:0

Persistent storage

(dev_id = 1)
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file O

file 1
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Experiments
Experimental environment

M/B

ASUSTeK P9X79 WS

CPU

Intel(R) Core(TM) i7-3930K CPU @ 3.20GHz

Memory

DDR3 DIMM 1333Hz (16GB)

GPU

NVIDIA GPU (Tesla: C2050, K20c, K40c)

CUDA

5.5

Persistent

storage

OCZ VTX3-25S5AT3-120G (SSD MLC)
(Max Read: up to 550MB/s, Max Write: 500MB/s )

Results

= Sequential Read/Write throughput comparisons

Write throughput Read throughput

Write throughput

= gmfs can accelerate sequential read/write, and utilize 82%

(GB/s)
S NN OB~ O

(GB/s) —
— Ot

O
o

10

C2050 (gmfs) ®K20c (gmfs) ®K40c (gmfs)

256 4096
Read size (KB)

65536 1048576

C2050 (gmfs) ®K20c (gmfs) ®K40c (gmfs)

2560 4096
Write size (KB)

65536 1048576

DO

C2050 (cudaMalloc/Memcpy)
C2050 (gmfs)
® K20c (cudaMalloc/Memcpy)
® K20c¢ (gmfs)
B K40c (cudaMalloc/Memcpy)
® K40c (gmfs)

-
|

4 8
Write size (KB)

of PCle-gen2 peak bw, 50% of PCle-gen3 peak bw

= gmfs can improve small write operations
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