


Big data and science

Steaming versus batch ecosystems

Epistemology of discovery

Inexpensive sensor networks
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Data captured in Chile

Buffered in Chilean data center

Transmitted via WAN to NCSA

NCSA does “real-time” processing

Two years of data releases on disk at NCSA

Cooperative processing/storage at IN2P3

Blue Waters is not used



Stateful (aka streaming/continuous)

Data and computing co-resident

Increasingly complex workflows

Stateless (aka batch)
• Short term (hours, days)

• Oblivious (generally not trigger sensitive)

• Multidisciplinary environment

Data staged for computation

Increasingly complex workflows

Convergence



Differing culture and tools

Shifting workforce demands

Dependence on retargeted infrastructure

Stream and batch model optimization

Content distribution networks (CDNs)

Clouds and edge computations

Virtualization and containerization

Security and provenance

Performance requirements

While, ironically …

… big data hardware and HPC hardware are converging
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FORTRAN, C, C++ and IDEs

C
lo

u
d

 S
e
rv

ice
s (e

.g
., A

W
S
) VMs, Containers and Cloud Services 



Requested 200 nodes and 2 PB for four years?

Logged onto a node and killed processes just to see what would happen?

Wished you could load containers rather than just applications?

Found your code performance limited by the I/O bandwidth of a Raspberry Pi?

Thought SAN was just a typo in a message meant for Sam?

Asked your system for recommendations?

Wondered why R came after S and C doesn’t matter?



Scientific inference

Or as Richard Feynman put it

It’s more than hypothesis, experiment, theory

And most of us in computational science focus on just a subset …





Why can't we make them [computers] 
very small, make them of little wires, 
little elements – and by little, I mean 
little. For instance, the wires should be 
10 or 100 atoms in diameter, and the 
circuits should be a few thousand 
angstroms across. Everybody who has 
analyzed the logical theory of computers 
has come to the conclusion that the 
possibilities of computers are very 
interesting – if they could be made to be 
more complicated by several orders of 
magnitude. Richard Feynman

December 29, 1959 
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Unit price

Market size

Market disruption

Performance/$

Societal impact



Raspberry Pi Zero Raspberry Pi 3
• 1.2 GHz 64-bit quad-core ARMv8 CPU

• 1 GB RAM

• VideoCore IV 3D graphics core

• 802.11n Wireless LAN plus Bluetooth 4.1 with BLE

• 40 GPIO pins

• 4 USB ports plus HDMI and Ethernet ports

• Combined 3.5mm audio/composite video jack

• Camera (CSI) and display (DSI) interfaces

• ~$35 at better toy stores near you





Open source hardware Arduino UNO R3
• 16 MHz ATmeta328 chip

• 32 KB FLASH

• 2 KB SRAM and 1 KB EEPROM

• 14 digital I/O and 6 analog I/O pints

• USB port

• ~$25



Unlicensed Industrial, Scientific and Medical (ISM) band

Low power operation with 0.3 Kb/s to 50 Kb/s data rates

Asynchronous, ALOHA-based protocol

Multiple kilometer range

Three device classes

Originally developed by Semtech

https://www.lora-alliance.org

https://www.lora-alliance.org/


What would you do with 10,000 ~$10 wireless sensors?

… and the data from them?



Research problem

Requirements

Part

Retail 

Price

Moteino with Atmel ATmega328P + LoraWAN $22.95

5V 1W solar cell $1.00

3.6V 2.1 Ah NiMh battery $3.00

915 MHz 2dB gain SMA antenna $0.25

Bosch BME 280 sensor 

(temperature, humidity, pressure) $3.20

Soil moisture/temperature sensors $2.35

3-D printed Stevenson screen + PVC $1.60

TOTAL $34.35
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Bandwidth
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