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Overview

Goal

Fast scientific
iInsight
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Problem

Large data
transfers
iIncreasingly limit
VTK/ParaView viz
performance

Technique

A pNFS pushdown
architecture for in-

storage execution
of VTK code

Results

6x speedup in
end-to-end runtime
with 2 real-world

apps



Scientific Storage 1/0 Stack

Scientific Data Format Mesh (points & cells) + data arrays

File System

Block Storage
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VTK Pipeline

Storage Raw data : VTK Viz data : VTK
Server Server Client
Readers Renderer

Filters (e.g., contour filters)
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Existing Data Reduction Techniques

Problem:

®
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Storage VTK
Server Server

|

Moving data increasingly
costly

__________________________________________

1. Data array selection

Only read relevant arrays

2. Compression

Lower the size of each array
and the mesh



Example: Asteroid Impact (sc16 sci-viz showcase)

@—[ reader

Data movement
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contour
filter

contour
filter

contour
filter

Hot air (yellow)  Asteroid (orange)

Ocean water (blue)



Applying Today’s Reduction Techniques

Array
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float
float
float
float
float
float
float
float
float
float

float
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Description

density in grams per cubic centimeter

pressure in microbars

temperature in electronvolt

x component vectors in centimeters per second
y component vectors in centimeters per second
z component vectors in centimeters per second
sound speed in centimeters per second

AMR grid refinement level

material number id

volume fraction of water

volume fraction of asteroid

VTK supports gzip, LZ4, and LZMA



Data Reduction Performance

100%

Selective
89% array loading

m— 15% Compression

Overall reduction ratio: 6.67x
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A Brief Discussion

Compression isn't effective for every dataset

Array-level selection is especially effective on structured meshes

Current techniques typically cut data volume by 1-2 orders of magnitude (~100x)

Can we do better?
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Offloading Viz Processing to Storage

Storage

contour
filter

Data contour
movement filter

N

Storage

contour contour
reader : renderer reader )
filter filter

contour
filter

contour
filter
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Near-Zero Data Movement With offload

No offload Water contour:

contour
Mesh + 3 relevant arrays filter

w/ gz compression:
data

contour
reader > renderer
filter

Hot air contour:

Asteroid contour:

contour

filter
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Parallel NFS (pNFS) Viz Pushdown

1. Get file location

PNFS Client s PNFS MDS

2. Offload viz processing

v

Data Server

-
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Pushdown Interface

PNFS Client

NFS mounts /pushdown1 /pushdown2

Data Server 1 Data Server 2
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Offload Model

nstructured Grid
Poly Data

U

{ Reader co.ntour renderer |
( filter J

Pre-pipeline

o = e = e e e e e e e e e e e e e e

poly poly
reader contour data result data

filter writer reader

__________________________________
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Pushdown Process #1

2. Write work info .
to FUSE

command file ) FUSE
I Daemon

1. Get file location

v

oNFS MDS

PNFS Data Server
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Pushdown Process #2

2. Write work info
to FUSE
command file

Daemon 3. Fork a

subprocess to run
viz work, reset
uid/gid to match

Subprocess user

1. Get file location

v

oNFS MDS

PNFS Data Server
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Pushdown Process #3

2. Write work info
to FUSE
command file

Daemon 3. Fork a

subprocess to run
viz work, reset
uid/gid to match

4. Access data ~ Subprocess user

: using global
1. Get file location § pNFS file

' names
oNFS MDS

PNFS Data Server
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Pushdown Process #4

2. Write work info
to FUSE
command file

Daemon 3. Fork a

subprocess to run
viz work, reset
uid/gid to match

4. Access data ~ Subprocess user
| using global
1. Get file location | :
| prfnfii \ 5. pNFS data

! server
pNFS MDS § - additionally
i acts as a client

PNFS Data Server
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Pushdown Process #5

2. Write work info
to FUSE
command file

Daemon 3. Fork a

subprocess to run
viz work, reset
uid/gid to match

4. Access data ~ Subprocess user
| using global
1. Get file location | :
| prfnfii \ 5. pNFS data

6. Get file location server
pNFS MDS -« ; - additionally
| acts as a client

PNFS Data Server
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Pushdown Process #6

2. Write work info
to FUSE
command file

Daemon

4. Access data ~ Subprocess
; using global
1. Get file location | PNFS file
! : names _
6. Get file location ZNES?;ZS
PNFS MDS - to local FS
read

PNFS Data Server
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Pushdown Process #7

2. Write work info
to FUSE
command file

Daemon

4. Access data ~ Subprocess 8. Return
L using global local data to
1. Get file location oNFS file \ ‘ subprocess
' : names _
6. Get file location gnggr;\e/Z:jt
PNFS MDS = to local FS
read

PNFS Data Server
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Pushdown Process #8

2. Write work info

to FUSE o
command file 9. Write viz
results to

intermediate
files in
FUSE

Daemon

4. Access data Subprocess 8. Return
| local data to

: using global b
1. Get file location oNFS file H subprocess

Nnames

7. Convert
PNFS read
to local FS

v

6. Get file location

pPNFS MDS <

PNFS Data Server
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Pushdown Process #9

2. Write work info
to FUSE
command file

9. Write viz
results to

10. Read result intermediate

from FUSE ! files in
! FUSE

Daemon

4. Access data Subprocess 8. Return
| local data to

: using global b
1. Get file location oNFS file H subprocess

Nnames

7. Convert
PNFS read
to local FS

v

6. Get file location

oNFS MDS -

PNFS Data Server
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Experiment (asteroid-impact dataset)

Pushdown work and

Read raw data
reap results

\ 4 v

Data Server Data Server
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Baseline Results Compute time

7/ANN

v
Bl Baseline
T 200 -
Q
v _
oy 150
- i |

'g 100 -
C
)
o 50 A
O | | |
0 12244 24095 36009 48013
Timestep ID
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GZIP Compression Speedups: 2.4 - 2.6x

12.5x
250 '
—~ 500 - B Baseline
§ mm Gzip |
= i 2.6X
GE) 150 :
= 100 -
= | 2.4x
o 504 |2.4x :
0 L=
0 12244 24095 36069 48013

Timestep ID
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Speedups:

LZ4 GZ: 2.4 -2.6x,LZ4:2.2 - 2.4x
250
—~ 500 - Bl Baseline
§ mm Gzip
> 1509 HE LZ4
'g 100 -
-
)
o 50 - | 2.4x
O | v
0 12244 24095 36069 48013
Timestep ID
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Speedups:
Offload Performance GZ: 2.4 -2.6x, LZ4: 2.2 - 2.4x
Offload: 3.1 - 4.4x

250

—~ 500 - B Baseline

§ mm Gzip

P 150 Il LZ4

_g 100 - mam Offload

-

)

o 50 - | 3.1x

O_ v
0 12244 24095 36069 48013
Timestep ID
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Speedup Increases with Selectivity

Water contour:

contour

filter Water, asteroid, hot air

.. Asteroid contour:

contour
reader : renderer
filter

Hot air contour:

3.1 — 4.4x speedups

B

Hot air only
Storage

5.2 — 6.2x speedups

contour

filter
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Conclusion

* Minimizing data movement is essential as datasets grow
 Pushdown lets visualization pipelines use their own selectivity to speed things up

 Pushdown and compression can be combined to reduce both local I/O and
network transfer (useful for slower storage)

« The mechanism generalizes beyond visualization to broader analytics (e.g., SQL
— See our e-poster)

Future work: resource management on data servers, more applications, ...
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Thank you!
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