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My Research Domains
*Reliability Analysis
—Parallel Disks Storage Systems
—Cloud Storage Systems
*HPC Storage Systems
* Energy-Efficient of Storage Systems
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ADA: An Application-Conscious Data
Acquirer for Visual Molecular Dynamics

BORA: A Bag Optimizer for Robotic
ANalysis
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MoTtivation

(11 Tube

Stream Multimedia

Weather Forecast

Data Intensive Applications
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MoTtivation

12 Million Computer Servers in Nearly 3 Million
Data Centers Deliver all U.S. Online Activities

(Email, Social Media, Business, etc. )*
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*Data and the Image Source: “Data Center Efficiency Assessment”,
www.nrdc. org/energy/do’ro -center-efficiency-assessment.asp
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*Data and the Image Source: “Data Center Efficiency Assessment”,
__www.nrdc.org/energy/data-center-efficiency-assessment.asp
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HPC-10:
Makes Data Analysis Betfter
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INn Order to Compute Data, Need to
Follow A Pafttern:
Transfer (I/O -> Memory)
De-Compress (Compressed Data -> RAW)
Distill (RAW -> Usetul Datasets)
Compute
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(c) Reading Sub-volumes from A 3D Variable (d) Reading Sub-volumes from A 3D Variable
(Middle Sphere Volumes) (Center Volumes)

(a) Reading Columns from A 2D Variable (b) Reading Sub-volumes from A 3D Variable
(Edge Volumes)
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ADA

An Application-Conscious Data Acquirer
for VMD

Dedicated Hybrid Storage System
Application Driven

Divide Dataset into Few Sub-Datasets
Provide Data on Current Usage
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Dedicated Hybrid Storage System

Duo Parallel Storage Systems
NVM P Dt o oo | Compuie Todes

L] 1. Decompression % % Rendering
2. Scanning Active Data

HDD pool e ! :
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DOTO Pre—PrOceSSIHQ gPVFS PVfS P\iFS
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Active Datal | --- | Active Data m
|
| n d e e n d e n '|' Compressed Raw Data Data Pro.Processing
ADA 1. Decompression
2. Locating Active Data

HDDs HDDs SSDs  SSDs ' HDDs HDDs || SSDs  SSDs |
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Con odes
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Application Driven
Blo-Computing Virtualization
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Computational Biology Applications
(e.g. visual molecular dynamics)

______________________________________________________________________________

: User API Layer
| High-Level I/O Libraries MPI-IO POSIX |!
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ADA: Application-Conscious Data Acquirer

'| Data Pre-Processor

Label Manager

Labeler || Indexer

I/O Determinator I/O Dispatcher I/O Retriver

_______________________________________________________________________________

|| Data Categorizer Data Decompressor

Underlying File System(s)
(e.g. xis, ext4, Lustre, PVFS, etc.)
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Data Data Requests S

___________________ lDatauerles
Data Decompressor — Labeler Indexer
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NVM - Protein Dataset

FQst

Efficient

Energy Consumption
/O Transfer
Memory Allocation

HDD - Water Dataset
Large Capacity
High Reliability
Can be pushed to idle long as heeded
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VMD- with IHuman
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BORA: A Bag Optimizer tor
Robotic Analysis
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Background

ROS file format: bag s et | oo |
rosbag: essentfial bag tool [ rosfamewer

ROS Libs,
(FIOS publisher/subscriben)

Online operation: ! )
ROS Compute graph | Ongfmen
bag replay

Oftline operation
Data analysis (o] (]

Rebagging R C—

I B — =
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|| IESSESEec
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Data analysis

Big data sharing

) LW w seky

AV AL : :
Znis.7¢/ ShanghaiTech Universit 20
Irecu o




@L.1.0.N
A bag organization

Message data  Index entry: (time, offset)

Bag Header
5 5
Chunk1 | § g Index
I I
5 5
Chunk2 | & g Index2
I I
I o
ChunkN EI ] I 8 IndexN
| T T

Connection Info
ChunkInfo 1, 2, ..., N
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MoTtivation

Pros:
Bag can quickly store a large volume of data in
a chronological order
Bag can support prompt data migration
Bag can store poly-type data (structure&
unstructured)

Cons:

Bag data is interleaved, data extraction is not
efficient

Data index and query iIs not efficient
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Traditional Rosbag

rosbag open

-----------------------------------

Read bag metadata to retrive the | :
start position of connection info

v

Read all connection infos at once

v

[ Read all chunk infns at once ]

i
I
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{Get a chunk info frnm}
chunk mfn list

[ Read cnrrespnnding ]

5 index entry
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! [Create or Insert into aJ

5 nash table

i Any more chunk l
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BORA

Bag Organizer for Roboftic Analysis

e h
ROS ROS-Lib
BORA-Lib
N N S S /
Front-end |
/CGntainer )
BORA Data Organizer
Tag Manager
-\ /.
[ Back-end J
T T T T T T T T T T O T <
Underlying File System
(e.g., xfs, ext4, Lustre, PVFS, etc.)
\_ J
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BORA Container

Virtual Layer

. vy

‘c m

ontainer based on Underlying File Syste
bag1i

index

\tnp|c1 topic2 topicN metadata )
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Traditional Rosbag vs. BORA

rosbag rosbag open \ open

------------------------------------------------------------------------

Read bag metad* Read bag metadata to retrive the | : : | metadata
start position of i; | start position of connection info | : 1'

: ‘L: Y E lion infos at unce]
5 [ ead all connecti: [Fiead all connection infos at once| : i |

i _ I
‘Li Y . arse backend ] 5
Read all chunk; [ Read all chunk infos at once ] : :

1
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BORA Data Migration

Infercept |/O request cp R0S Data Migraton
DO scan & divide data fo O | oeorpagiie |
fopics s

DO sends fopics fo TP
TP assigns available
fhread to wrife fopics to
underlying FS

/Back-end: Underlying File System

/mnt

%

metadata topic1l topic2 ---topicN Index
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BORA Data Extraction

|n.|.ercep.|. quew reques-l- ROS Data Extraction

. topic1..topicN | @)
bag.read messages (LOPILCS) gy 5

TM search backend ; ;
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BORA Topic-Time Index

[31, 36) [36, 41) [76, 81)

Coarse-Grain Time Index BT
Divides messages from 01,39 40 8,8
each fopic by T e
Calculate [Toart/T), [Tena/Tl 1o w0
farget message ranges

Only return the range of messages
Improve query performance
Oftfter a FS-based 2-D index
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BORA Experiment Dato

Data organization of a 2.9 GB bag

Id Topic name Type description # of Messages | Data size
A /camera/depth/image Depth Image 1,429 1.64 GB
B /camera/rgb/image_color RGB Image 1,431 1.23 GB
C /camera/rgb/camera_info RGB CameraPose Info 1,432 594 KB
D | /camera/depth/camera_info Depth CameraPose Info 1,430 594 KB
E /cortex_marker_array Primitive Shapes (MarkerArray) 14,487 8.4 MB
F /imu Inertial Measurement Unit Info (IMU) 24,367 8.4 MB
G /tt Transform Stamped Message (TF) 16,411 3.6 MB

Required Topics In Each Real-world Application

Application Required Topics
Handheld SLAM (HS) Depth Image, RGB Image
Robot SLAM (RS) Depth Image, RGB Image, IMU
: : TF, RGB Image
Dynamic Object (DO) CameraPose, MarkerArray
Pre-analysis Algorithms(PA) Randomly Pick

Ly IR
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BORA Testing Environment

A Single Server (all SSD)
256GB NVMe SSD*2

4-node Cluster (all SSD)
256GB NVMe SSD*8
INfiniBand Connection

A Tianhe-1A Storage Subsystem
12 Compute Nodes, 3 OSSs, 4 MDSs
804TB
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Single Server: query by fopics

Bag size: 2.9GB

[ 1 BORA-+Ext4(read)

NN

OO0 BORA-+XFS(read)

BORA+Ext4(open) B BORA+XFS(open)

Bag size: 8.7GB

I Ext4(read)

Ext4(open)

I XFS(read)
XFS(open)

Bag size: 14.5GB

Bag size: 20.3GB

9-
14
Handheld - 3
7 - 12
SLAM 2]
T 2] =571 [ T 81| =
E = E 5. E
(= ~ F 6
(2.9GB bag) g
g) - :
([ ] 2 4
1 - 21
o o o 8
B C E A B C E F A B C E F
(a) (b) (c)
Bag size: 2.9GB, app: HS Bag size: 3.9GB, app: RS Bag size: 2.2GB, app: DO Bag size: 3GB, app: PA
5-
6-
/ 10 - 4 é
Real-world = _ .
7 81
— 4' — — 3- —
L) ) C) W3 oy
] Q 61 Q ]
ApPPS £a £ £, £
= = = 27 =
4 4
(small bag) =
1 -
1 - 2 1
0 0 0 0 v .
(a) (b) (c) (d)
Bag size: 21GB, app: HS Bag size: 27.3GB, app: RS Bag size: 15.4GB, app: DO Bag size: 21GB, app: PA
32 48

Real-world

A\

ApPpS .
(large bag) -

(a)

7

(c)

A\

(d)
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Single Server: topics + start-stop time

—=— BORA+Ext4 —— BORA+XFS —©— Ext4 —A— XFS
Bag size: 21GB, topic: Depth Image Bag size: 21GB, topic: Marker Array Bag size: 21GB, topic: IMU Bag size: 21GB, topic: Depth Camera Info

Handheld | ve.

(1) ()] )] )
SLAM

e b e dd

o E°] k-] < 47

o © © I

(] [ [T Q

o 'S e o
(21GB bag) y

10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
Time interval (s) Time interval (s) Time interval (s) Time interval (s)
(a) (b) (c) (d)
Bag size:21GB, app: HS Bag size:27.3GB, app: RS Bag size:15.4GB, app: DO Bag size:21GB, app: PA
20. 30
25 1
17. 25 4

Real-world == 5 5 20,

@ ()] () ()]

£ 154 £ g 12 =

= F=] = = 15

o o < 10. -

3 10- 4] 0 @

o o x 7. o 101
(large bag) - > 2

- 2. £
10 20 30 10 20 30 10 20 30 10 20 30
Time interval (s) Time interval (s) Time interval (s) Time interval (s)
(a) (b) (c) (d)
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4-node Cluster

[ BORA+PVFS(read) NN BORA+PVFS(open) 7 PVFS(read) PVFS(open)
Bag size: 21GB 90 Bag size: 42GB Bag size: 21GB Bag size: 42GB
45
7 I 724 7 140- 7
291 Z Z 20 ” Z é 777 é 77
s 7 Z o1 7 7 2 w7z 7 1200 g 7 7
727 2 9 77 2 9 o 561 7 Z. Z Z Z Z
30 /// 7 % Z % 60 - 7 % 7 % ) / % / 100 - % /
0 Z Z ZRR Z 7 7| =8 — Z 0 Z = % Z
3251 7 7 Zz 7 2151 U 7 . 77 T 72 15 8ol © Z
] 7 7 7| @ 77777, 2 40 v 7, |@ 80 A 7
E 20 Z 7 7 2 7 | Eae Z 787/ ; E . —  |E o ] —%
" ’ 7 7 7|F Z 7 7 7 7 7 |F32 F 604 “
15 77 7 7 30- 2 7 2 7 7 g
10- ZEN7 201 ? % — v Z 16 40 -
5 - 10 7 8 - 201
;Q’ 0 “é ”‘/ 0 o
A B D E F G A B C D E F G HS RS DO PA HS RS DO PA
(a) (b) (c) (d)

(a) (b)Handheld SLAM; (c)(d) real-world apps
(Query by topics)

—+=—- BORA+PVFS —S— PVFS
Bag size: 42GB, topic: Depth Image Bag size: 42GB, topic: Marker Array Bag size: 42GB, topic: IMU Bza§ size: 42GB, topic: Depth Camera Info
35+ ]
40- 35- o-0-0-60-6000606660669
30 -

30 20 -
@ 30- @ 25 Ol 0

15 A
) ) ] i )
E £ 20; E2° £
L o 20_ L o L 15- L o

" ® 151 " ® 101
(] ] (] Q
(-4 (' 10- [-'4 10 [-'4

101 5-

5 ch
o , : : : 0- , : : . 0- , : : : o EEEEHEHE : :
10 20 30 40 10 20 30 40 10 20 30 40 10 20 30 40
Time interval (s) Time interval (s) Time interval (s) Time interval (s)
(a) (b) (c) (d)

Handheld SLAM

(query by topics and start-stop fime)
LR AF
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Tlianhe-1A Storage Subsystem

Open multiple bags simultaneously
Swarm Robot scenario
bag quantity: 10, 50, 100
bag size : 21GB, 42GB

-/ BORA+lLustre(read) [ Lustre(read) —£— BORA+Lustre(21GB) —4— Lustre(21GB) —©— BORA+Lustre(42GB) —A— Lustre(42GB)
NNNY Lustre( h) 7, (open)
Bag size: 21GB Bag size: 42GB Number of bags: 10 2000- Number of bags: 50 3000 Number of bags: 100
1 7200 600 - '
2700
00000 Z 64001 7 —_ —_ —_
2100+ / 00000 / L) W 1500- 0
— 1800 - —~ 4800- % CIEJ 400 - g g 2000+
'g 1500 7 % ?554000' 7 = = 1000- =
ey % ey 7. Z : : ® 1000
9001 =4 L || 2400 2 o 200" 2 500 S 1
6001 | | || 1e600- e e e
300+ L 800 - z
0 [ ’7 0 [ ] ’7 ’7 0 T T 0' T T 0' r T
10 50 100 1 5 100 20 40 20 40 20 40
Number of bags Number of bags Time interval (s) Time interval (s) Time interval (s)

(a) (b) (a) (b) (c)

query by topics query by topics and start-stop fime
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BORA - Results Summary

Single server
5x-11x Improvement

4-node server
Up o 30x improvement (small size topics)

Tlanhe-1A Storage

Swarm Robof
1 Ix Improvement (HDD-based, JBOD)
Open operation: 31 10x improvement

NEL LN
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Takeaways

ADA
Middleware tor VMD
Pushes data pre-process on storage
2x performance, 65% less memory

BORA

First FS-based middleware for ROS
Improves data query efficiency
Provides 2-D indexing for files

OX-11x, 30x, 3110x

37
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Conclusion

* Middleware: Transparent to Both Apps
and File Systems

* Application-Driven
®* Data Pre-processing
* Computing-Ready Data vs. Entire Dato
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