
Supporting Scientifc Analysis – From Services to Gateways



https://researchsoftware.orghttp://ssa.ncsa.illinois.edu

http://ssa.ncsa.illinois.edu/


Research Data Challenges

• Storage
• Everything else!!!

• The bytes are not enough on their own
00110100 00110010

• Metadata, curation tools, indexes, storage abstraction, replication,
data transfer, authentication, access control, transformation,
analysis tools, …

Software



Parsl

XRAS

YesWorkflow

3D Utilities

VersusNEST

WIX

Omi
X

Evidence Visualizer

Virtual Director

Eclipse PTP

MarketMaker

MyProxy
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Tabular Data
Gap Filling

Climate Modeling
Lidar

Flood Plain Analysis River Depth Distribution

River Maturity
Stream Detection and Sinuosity

Satellite/Aerial Photos
Land Cover/Usage

Water Detection (e.g. Lakes, Retaining Ponds)

Green Infrastructure

Hyperspectral

Radar

Photos

3D Reconstruction

3D Data

Human Preference Modeling

Video

People Detection/Tracking

Large Dynamic Group Behavior

Bee Detection/Tracking

Bee Colony Behavior

Underwater Photos

Color Correction

Image Stitching

Mapping

Event Detection

Species Detection/Counting
Reef Changes

Food Supply

Structural Defects

Hazard Modeling

Microscopy Images

Pollen Detection/Classification

Paleoclimate

Evolution
Root Tip Tracking

Phenomics

Materials Development

Cell Tracking

Tissue Classification

Renal Failure

Loss of Organ Function

Feedlot Tracking

Disease Detection

Historic Maps

River Meander

Coastline Changes

Documents

NLP

Sentiment Analysis

Regions in Conflict

Handwritten Documents Pre-Digital Datasets

Databases

Web Sites

Publications

Simulations



Conversion

Ex
tr

ac
tio

n



DIBBs Brown Dog
Web Browser 
(BDFiddle)

Clients 
(e.g. BDCLI, …)

Converter 
(Software 
Server)

Polyglot Polyglot

NGINX (Load balancer)

MongoDB
Converter 
(Software 
Server)

HTTP/HTTPS

Conversions

…

… Extractor

Clowder Clowder

NGINX (Load balancer)

MongoDB
(Data, 
Metadata)

Extractions

…

… Extractor

RabbitMQ (Event Bus)

Fence (API Gateway)

HTTP/HTTPS



Tools – Convertors & Extractors
PEcAn#ED_convert.R

#!/usr/bin/Rscript
#PEcAn
#data
#pecan.zip
#ed.zip

.libPaths("/home/polyglot/R/library")
sink(stdout(),type="message")

# global variables
overwrite <- TRUE
verbose <- TRUE

# get command line arguments
args <- commandArgs(trailingOnly = TRUE)

usage <- function(msg) {
print(msg)
print(paste0("Usage:    ", args[0], " cf-nc_Input_File edOutputDir "))
print(paste0("Example1: ", args[0], " US-Dk3.pecan.nc US-Dk3.ed.zip  [/tmp/watever] "))

…

wordcount.py

import subprocess

def wordcount(input_file):
result = subprocess.check_output(['wc', input_file], stderr=subprocess.STDOUT)
(lines, words, characters, _) = result.split()
metadata = {

'lines': lines,
'words': words,
'characters': characters

}

result = {
'metadata': metadata

}

return result





https://bd-api.ncsa.illinois.edu



https://bd-api.ncsa.illinois.edu



http://browndog.ncsa.illinois.edu

http://browndog.ncsa.illinois.edu/
















Geospatial Software



General Software



Box Integration



Operating Systems



BD Command Line Interface



BD Bookmarklet



BD Bookmarklet



BD Bookmarklet



BD Bookmarklet



Total Code 
from 2 Files

Lines of Code 273
Other files Model

Image Sample
Dependencies numpy, argparse, glob, cv2, 

cPickle, random, h5py, 
skimage, sklearn, scipy

Difficulties Install OpenCV (cv2)



Lines of Code 47
Other files None

Dependencies bd, requests, os, glob, 
argparse, time, json, PIL

Difficulties

Total Code 
from 1 File
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Clowder (2013-Present)
NSF Innovative Systems and Software: Applications to NARA Research Problems (OCI-0525308)

http://clowder.ncsa.Illinois.edu

http://clowder.ncsa.illinois.edu/


Active Curation

● Active curation (AC) involves recording data and metadata as 
close to the source as practical and driving that acquisition 
through the deployment of capabilities that help data producers 
manage their research.

● Social Curation (SC) drives this economic analysis further, 
looking at ways that crossgroup interactions can further 
motivate best practices.

J. Myers and M. Hedstrom, "Active and Social Curation: Keys to Data Service Sustainability," NDS 
Consortium Planning Workshop, 2014
http://sead-data.net/sites/default/files/pubs/ActiveandSocialCurationKeystoDataServiceSustainability.pdf

Machine Learning

http://sead-data.net/sites/default/files/pubs/ActiveandSocialCurationKeystoDataServiceSustainability.pdf


PublicationSharing

Staging





Broad Data & Tool Support



Broad Data & Tool Support



Metadata



Custom Community Dashboards







https://www.workbench.nationaldataservice.org

https://www.youtube.com/watch?v=tDSWNNzYJZc

https://www.workbench.nationaldataservice.org/
https://www.youtube.com/watch?v=tDSWNNzYJZc














Further/Custom Analysis



129,471,866 datasets/files transformed



Cost of the ”Cloud”

W. Gropp, R. Harrison, M. Abbot, R. Grossman, P. 
Kogge, P. Raghavan, D. Reed, V. Taylor, K. Yelick, J. 
Eisenberg, S. Bradley, “Future Directions for NSF 
Advanced Computing Infrastructure to Support U.S. 
Science and Engineering in 2017-2020”, National 
Academies of Sciences, Engineering, Medicine, 2017



Research FacilitiesScience Portals

In
te

gr
at

iv
e 

Se
rv

ic
es

R
es

ou
rc

es
D

is
ci

pl
in

e 
Sp

ec
ifi

c 
En

vi
ro

nm
en

ts

Applications & Frameworks

University Resources International ResourcesNSF Resources Commercial Resources

Architectural Vision for Research Cyberinfrastructure
https://dibbs17.org

https://dibbs17.org/


Big Data Hubs
Stimulate regional grassroots 
partnerships focused on Big Data

CC*
Coordinated campus-level 
cyberinfrastructure components of 
data, networking, and computing 
infrastructure across 200+ universities



OSN Nodes
88-Disk OSN 

Node 
24 Disk OSN 

Node (128GB)
24 Disk OSN 

Node (256GB)
36 Disk OSN 

Node
Total Sockets 2 1 1 1
Per-CPU Cores (HT) 6 (12) 12 (24) 12 (24) 18 (36) 
Total CPU Cores (HT) 12 (24) 12 (24) 12 (24) 18 (36) 
CPU Speed 3.4 GHz 2.1 GHz 2.1 GHz 2.3 GHz
Total GFLOPS 652.8 403.2 403.2 662.4
Total RAM (GB) 256 128 256 256
RAM Speed (MHz) 2400 2400 2400 2666
Drive Count (AKA OSD) 88 24 24 36
Per-Node  Data Storage (TB) 704 192 192 288
~1.5PB Node Count 2 8 8 5
Total Data Storage 1408 1536 1536 1440
Node Cost $51,492.00 $15,528.00 $16,672.00 $17,845.00
Total Cost $102,984.00 $124,224.00 $133,376.00 $89,225.00
$ per TB $73.14 $80.88 $86.83 $61.96
Utilized Rack Space (RU) 24 36 36 24
Max Power Consumption (Watts) 7600 9600 9600 6800
Ceph RAM:Storage Cap Ratio 
(Nearest to 1 is best) 0.36 0.67 1.33 0.89
Ceph CPU Thread: OSD Ratio 
(Nearest to 1 is best) 0.27 1 1 1

Data-Scope 
Style Node



Open Storage Network

IIS-1747552
IIS-1747490
IIS-1747507
IIS-1747483
IIS-1747493
IIS-1836357



Use Cases
Project Average size of 

data entities
Total data 

volume
Storage problem being solved Use case

Critical Zone 
Observatories 10 MB 50 TB

Provide storage space and access to 
CZO datasets and community-
generated data Community long-tail data

TerraFusion
10 GB

1 PB

Transport datasets across the US at 
high speed, obtain data slices with 
high probability of reutilization

Experiment-to-site, Slice-and-
compute

HathiTrust Research 
Center collection 200 MB 500 TB

Provide storage space and access to 
the HTRC dataset and further 
community-generated derivatives Common resource access

Machine Learning 10 GB 1 PB

Make available a well-curated dataset 
for testing machine learning 
algorithms Dataset-as-benchmark

Large Synoptic Survey 
Telescope 2 TB 100 PB

Transport datasets across the US at 
high speed, obtain data slices with 
high probability of reutilization, 
facilitate inter-site data processing

Experiment-to-site, Slice-and-
compute, Workflow staging space

Combined Array for 
Research in Millimeter
Astronomy 50 MB 50 TB

Transport datasets across the US at 
high speed, obtain data slices with 
high probability of reutilization

Experiment-to-site, Slice-and-
compute



Architecture

OSN Hardware

Ceph + radosgw

S3 API 

AMIE

Globus Clowder WholeTale iRODS

Remote Operations, Boot, Monitoring, 
Management

XRAS

Leverage NSF 
Data Software 
Investments
e.g DataNet, 
DIBBs, CSSI

Leverage NSF 
XSEDE 
Capabilities...

OSN Pod



OSN Clowder Interface

• IML-CZO use case data
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