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My Research Domains
•Reliability Analysis

–Parallel Disks Storage Systems

–Cloud Storage Systems

•HPC Storage Systems

•Energy-Efficient of Storage Systems

2



•ADA: An Application-Conscious Data 

Acquirer for Visual Molecular Dynamics

•BORA: A Bag Optimizer for Robotic 

Analysis
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Motivation
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Data Intensive Applications

Stream Multimedia Bioinformatic

3D Graphic Weather Forecast



Motivation

5

12 Million Computer Servers in Nearly 3 Million 

Data Centers Deliver all U.S. Online Activities 

(Email, Social Media, Business, etc. )*

*Data and the Image Source: “Data Center Efficiency Assessment”,

www.nrdc.org/energy/data-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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Jay lofstead, et. al. “DAOS and Friends: A Proposal for an Exascale Storage System”, SC’16



HPC-IO:

Makes Data Analysis Better



•In Order to Compute Data, Need to 

Follow A Pattern:

–Transfer (I/O -> Memory)

–De-Compress (Compressed Data -> RAW)

–Distill (RAW -> Useful Datasets)

–Compute
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ADA
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•An Application-Conscious Data Acquirer 

for VMD

•Dedicated Hybrid Storage System

•Application Driven

•Divide Dataset into Few Sub-Datasets

•Provide Data on Current Usage



•Duo Parallel Storage Systems

–NVM

–HDD pool

– Independent

•Data Pre-Processing

Dedicated Hybrid Storage System
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Application Driven
•Bio-Computing Virtualization
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•NVM - Protein Dataset

–Fast

–Efficient

•Energy Consumption

•I/O Transfer

•Memory Allocation

•HDD - Water Dataset

–Large Capacity

–High Reliability

–Can be pushed to idle long as needed
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• VMD- with iHuman

• 2X Higher I/O Performance 

• 85% Less Energy Consumption

• 60% Less Memory Usage
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BORA：A Bag Optimizer for 

Robotic Analysis



Background
•ROS file format：bag
•rosbag: essential bag tool

•Online operation：
– ROS Compute graph

– bag replay

•Offline operation
– Data analysis

– Rebagging
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A bag organization
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Motivation
•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 is not efficient
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Traditional Rosbag
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BORA
• Bag Organizer for Robotic Analysis
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BORA Container
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Traditional Rosbag vs. BORA

26



BORA Data Migration
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1.Intercept I/O request cp

2.DO scan & divide data to 

topics

3.DO sends topics to TP

4.TP assigns available 

thread to write topics to 

underlying FS 



BORA Data Extraction
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1.Intercept query request 
bag.read_messages (topics)

2.TM search backend 
paths from TI by topic

3. Underlying FS return 

topic data to ROS



BORA Topic-Time Index

29

•Coarse-Grain Time Index

1. Divides messages from 

each topic by T

2. Calculate ⎣Tstart/T⎦, ⎡Tend/T⎤ to 

target message ranges

3. Only return the range of messages

•Improve query performance

•Offer a FS-based 2-D index



BORA Experiment Data
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Data organization of a 2.9 GB bag

Required Topics in Each Real-world Application



BORA Testing Environment
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•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 



Single Server: query by topics
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Handheld 

SLAM 

(2.9GB bag)

Real-world

Apps

(small bag)

Real-world

Apps

(large bag)



Single Server: topics + start-stop time
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Handheld 

SLAM 

(21GB bag)

Real-world

Apps

(large bag)



4-node Cluster
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(a)(b)Handheld SLAM; (c)(d) real-world apps 

(query by topics)

Handheld SLAM 

(query by topics and start-stop time)



Tianhe-1A Storage Subsystem
•Open multiple bags simultaneously 

–Swarm Robot scenario

–bag quantity: 10, 50, 100

–bag size : 21GB, 42GB
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query by topics query by topics and start-stop time



BORA - Results Summary
•Single server

–5x-11x improvement

•4-node server

–Up to 30x improvement  (small size topics)

•Tianhe-1A Storage

–Swarm Robot

–11x improvement (HDD-based, JBOD)

–Open operation: 3110x improvement 
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Takeaways
•ADA

–Middleware for 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

–5x-11x, 30x, 3110x
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Conclusion
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•Middleware: Transparent to Both Apps 

and File Systems

•Application-Driven

•Data Pre-processing

•Computing-Ready Data vs. Entire Data



Thanks!



Questions?


