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Data Management in Scientific Applications

— Scientific Applications

Experiments
Observations

— Ever-increasing Data

Size of the files
Number of the files
Variety of the files

— Self-describing Data Formats

HDF5, netCDF, ADIOS-BP, ASDF,
etc.

Metadata is stored alongside the
data objects




Metadata Search

Time-consuming file scanning
process

— Size of the data objects

— Number of the data files

Deployment Effort
Maintenance Demand
Data Model Adaption
Storage Redundancy
Performance Issues

Poor Portability & Mobility

Name Type Data Source DB System DB Type
SPOT Suite | Tomography HDF5 MongoDB
NoSQL
JAMO Genomics HDF5 MongoDB
BIMM Biomedical | Blomedical MySQL
Image
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EMF;ROESS General HDF5, netCDF SQLite
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A New Era of Metadata Search

Application Application
MIQS MIQS - Minimal Complexity:
s — i — Metadata schema
% J% MEtadata tndex — Metadata search process
e s - Portability & Mobility
o e | - Minimal Storage Requirement

Excellent Performance

HPC System




MIQS — Metadata Indexing and Querying Service
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MIQS — Metadata Indexing and Querying Service
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MIQS — Metadata Indexing and Querying Service
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* Index Persistence
— Compact Index File
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Index Persistence
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MIQS — Metadata Indexing and Querying Service
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MIQS — Metadata Indexing and Querying Service

» Serving Metadata Queries
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Evaluation — Platform & Control Experiment

- MIQS v.s. MongoDB

— NoSQL

— Flexible Data Schema

— State-of-the-art

MIQS Evaluation Platform

Supercomputer Edison

CPU 12 * lvy Bridge @2.4GHz
Memory 64GB DDR3 1866
Network 23.7TB/s global bandwidth
Lustre 30PB @ 700GB peak I/0

MongoDB Evaluation Platform

Host machine

Different from Edison

CPU 16 * Haswell @2.3GHz
Memory 128GB DDR4 2133
Network 56Gb/s bandwidth

HDD 6TB 7200rpm 6Gb/s SAS

MongoDB Storage Engine

WiredTiger with data
compression




Evaluation — Dataset

100 HDF5 files

Baryon Oscillation
Spectroscopic
Survey(BOSS)

145 GB

250 attributes

144 million key-value pairs
1.5 million data objects.

File Size (GB) Number of Number of K-V
25 Objects(x1k) Pairs(x1m)
) -1 25 —_ 25
L5 20 2 -
' . 15 % 15 ”
1 10 J_ 1
0 0 0
_ 268.44 200
g 16.78
= 1.05 150 &
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g 0.00 100 <
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E=3Number of Objects 257353 | 537487 | 828690 | 1198301 | 1590881
EEENumber of K-V Pairs | 20905975 | 45336951 | 72119206 | 106462728 i 144570022
—a—Total Size of Files(GB)!  23.41 48.75 75.39 109.11 145.19

Number of Scanned Files/Number of Processes



Evaluation — Indexing Time

- 16 attributes in MongoDB

— 5-9 min

- 16 attributes in MIQS

- 50% Indexing Time Reduction (initial
indexing)

- 99% Indexing Time Reduction (index
recovering)

- You can also:

Time (Seconds)
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Evaluation — Indexing Time (Break-down)

B MongoDB Scanning  [) MongoDB Inserting B MIQS Scanning B MIQS In-memory Indexing
EIMIQS Index Persistence OMIQS Retrospective Loading

400

Scanning Time : roughly equal
(MIQS v.s. MongoDB)

- MongoDB 16 attributes
— Inserting BSON (3 - 6min)

- MIQS 16 attributes Y oot ot Y oot oot
_ In-memory index: 0.5 — 1min MongoDB Infiexing Time MIQS Inde.xing Time
- Persistent index : ignorable T e

- MIQS all 250 attributes: T
— In-memory index: 5 — 8min ; o
— Persistent index : ignorable ol

- MIQS index recovery s e e wom o 5w
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Evaluation — Storage Consumption

- MongoDB: y |
— 16 attributes: Up to 4.2GB ou Can:

- MIQS: Save space
— 16 attributes: up to 600 MB

_ Index more attributes
— All 250 attributes: up to 7.8GB

BSON Documents [JIndex Size MIQS Index File [ MIQS In-memory Index EAMIQS Index File [ MIQS In-memory Index
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Evaluation — Query Performance

- Latency
— MongoDB: 5 min at maximum scale
- MIQS: 0.29 ms at maximum scale
- Throughput:

— MongoDB: 319 kQPS at maximum
scale

— MIQS: 363 billion QPS at maximum
scale
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--%-MongoDB Latency 47655 52307 92906 201351 313272

—a—MIQS Latency 0.28 0.29 0.29 0.28 0.28
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Query Latency Comparison (16 attributes)
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* Discussion

— Full Functionality of DBMS
- Do we need it in most of the cases?

- What does it take to
deploy/maintain/learn about DBMS

- Compound queries
— Creatively build composite index
— Query execution plan

—What about embedded DBMS
- SQLite?
- Complexity
— Data model adaption
— Learning curve
- Storage overhead
- Performance

* Conclusion

Problems: No metadata indexing or
Not self-contained.

MIQS — Self-contained Metadata
Indexing and Querying Service

Benefits:

— Minimal Complexity

— Minimal Storage Requirements
— Portability & Mobility

— Impressive Performance

* Future Work

More types of queries
Performance improvement



Follow Up

Paper:
ACM Digital Library:

http://bit.ly/SC19-MIQS

Contact Us:

SDM Group @ LBNL DISCL@TTU:
https://sdm.lbl.gov https://discl.cs.ttu.edu

zhangwei217245@lbl. Brody.Williams@ttu.edu
gov Yonqg.Chen@ttu.edu
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