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Discussion roadmap

Big data and science

Steaming versus batch ecosystems

Epistemology of discovery

Inexpensive sensor networks
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The changing nature of scientific research
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Large Synoptic Survey Telescope (LSST)
Medium, big data

Cerro Pachon — Future site of the LSST

LSST Rendering

Structure e e
* 8.4 meter telescope with 3.5 degree FOV Y e

« 3.2 gigapixel camera

 Construction underway in Chile o

Science
« Dark matter/energy and gravitational lensing

* Quter solar system and NEOs

» Milky Way structure and evolution

Data and analysis
« ~15 TB/night and 200K images/year (1.3 PB)
« 60 PB raw and 15 PB catalog (over 10 ears)

* 50-150 TF computing need
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LSST Basics

Peta-scale Data
Management

Reference
Catalogs

R e -
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Calib Ref
Images

Source
Catalog Catalog

Combined Calibrated
Image Visit Image

Science and EPO user Interfaces

Likely cloud-based
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LSST data processing g

Data captured in Chile
Buffered in Chilean data center .
Transmitted via WAN to NCSA o 1) i NCEA
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» 60 second trigger for interesting events [ o e \ \\

Two years of data releases on disk at NCSA
» Science workflows run against this data
 External requests satisfied for data subsets

Cooperative processing/storage at IN2P3 4
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Stateless versus statetul computation

Stateful (aka streaming/continuous)

* Long term (days, months, years)

* Environmentally responsive (trigger sensitive)
* Discipline-tailored environment

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

L
|

THE UNIVERSITY
OF lowa



Convergence challenges: among many

Differing culture and tools

Shifting workforce demands _§

Dependence on retargeted infrastructure .E

Stream and batch model optimization nEtWUPk -E St

Content distribution networks (CDNs) Virtualization™= | I‘EtEImIng
Clouds and edge computations d ta Ontainer
Virtualization and containerization Ieapnlng"‘_ [}ﬂntentMaﬂhmE
Security and provenance [:DN =B|g Bep

Performance requirements

While, ironically ...
... big data hardware and HPC hardware are converging L
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Divergent ecosystems (Reed/Dongarra, CACM, July 2016)

Application Level

Mahout, R and Applications

Applications and Community Codes

N Hive || Pig || sqoop Flume FORTRAN, C, C++ and IDEs
5
imi 2 Map-Reduce Storm Domain-specific Libraries Perf &
5 |2 > Debug
5 3 J<U (e.g.
oo Hbase BigTable ) CI\(IJPDI;\?SenMgL A 1o e
Middleware & i‘_<2 |3 (key-value store)
Management o §. : PFS Batch System
/;U,;\ = || HDFS (Hadoop File System) (e.g, Lustre) || Scheduler || Monitoring
Q'
>
S
L VMs, Containers and Cloud Services

System Software

________________________________________________________

Linux OS variant

Linux OS variant

Cluster Hardware

Ethernet
Switches

Local Node
Storage

Commodity
X86 Racks

Data Analytics Ecosyste

m

IB+ Enet

Switches

SAN+Local
Storage

x86 +GPUs or
Accelerators

Computational Science Ecosystem
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Have you ever ...
.

Requested 200 nodes and 2 PB for fouryears? 0&

Logged onto a node and killed process QJSI to se@Q would happen?

Wished you could load cont« \{svmt (e‘ran just applications?

‘O

Found your code per@ price I| \ o), the@soandmdth of a Raspberry Pi?

’L@‘\'ast a teo n a PN ge meant for Sam?

Asked your systmo § recommendatlons?

Wondere\oy R came after S and C doesn’t matter? ﬁr THEU@,EM
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What they didn't tell you in school about science

Scientific inference

» Abduction (guessing at an explanation)

« Deduction (determining necessary consequences of set of propositions)
 Induction (making a sampling-based generalization)

Or as Richard Feynman put it

* We guess at a law that would explain what is currently inexplicable
« We derive the consequences of the law that we guessed

« We make further observations to see if the consequences predicted match the reality we find

It's more than hypothesis, experiment, theory
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Epistemology — the theory of knowledge

Formulation of Hypothesis
as Mathematical Model

Theories DEDUCTION
(Drawing necessary conclusions)

Execution of Model to
Generate Predictions

Generation of Explanatory

Hypothesis
Predictions
ABDUCTION
(Making guesses)
INDUCTION
_ (Inferring generalizations from sampling)
Discovery of Patterns
and Anemolies Assimilation of Predictions &

Data to Evaluate Hypothesis

Observations
From Instruments, Sensors, Records, Visualizations etc.
e N N N N N L
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Room at the bottom: less and less
Yeah, we did that — Dennard scaling has come and gone

How Chip Designers Are Breaking Moore’s Law
rocessors got smaller, faster and more power-efficient, but as they reach their phys

Why can't we make them [computers]
very small, make them of little wires,
little elements — and by little, I mean

’
7. Transistors

little. For instance, the wires should be (thousands)
10 or 100 atoms in diameter, and the

circuits should be a few thousand bl
angstroms across. Everybody who has Fofrmaros

analyzed the logical theory of computers
has come to the conclusion that the
possibilities of computers are very

. . . : >. = a4 1 “ F 3o ] - ¢ /7" Numberof
interesting — if they could be madetobe | "« . ../ cores
more complicated by several orders of 10’} =———m :
magnitude. Richard Feynman T 1975 1980 1985 1990 1995 2000 2005 2010 2015

December 29, 1959 ¢
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- -+ Typical Power
(Watts)




Room at the top: bounded {mostly} by money

The UNIVERSITY
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Generation after generation

Disrupted from below by 10X

IBM System Z

Mainfrarhes
IBM S/360

Volume
Unit price
Market size

A
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Minicomputers
VAX 11/780

Workstations
SUN 3/50

Windows PCs

~
.
o

Personal Computers
IBM PC

Tablets/Smartphones
iIPad/iPhone/Galaxy

Market disruption
Performance/$
Societal impact
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Raspberry Pi ecosystem

Raspberry Pi Zero Raspberry Pi 3

* 1 GHz single-core CPU » 1.2 GHz 64-bit quad-core ARMv8 CPU

« 512 MB RAM « 1 GB RAM

* Mini-HDMI port  VideoCore IV 3D graphics core

* Micro-USB OTG port » 802.11n Wireless LAN plus Bluetooth 4.1 with BLE
* Micro-USB power * 40 GPIO pins

« HAT-compatible 40-pin header « 4 USB ports plus HDMI and Ethernet ports

« Composite video and reset headers « Combined 3.5mm audio/composite video jack

« CSI camera interface (v1.3 only) « Camera (CSI) and display (DSI) interfaces

« ~$10 at better toy stores near you « ~$35 at better toy stores near you
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Arduino ecosystem: lots more room at the bottom

Open source hardware Arduino UNO R3
* (Typically) Atmel 8, 16, or 32-bit AVR microcontroller « 16 MHz ATmeta328 chip
« Also ARM Cortex-M0/M3 (32-bit) « 32 KB FLASH
 Also Intel Quark x86 (32-bit) e 2 KB SRAM and 1 KB EEPROM
» Bootloader to onboard FLASH + 14 digital /O and 6 analog I/O pints
+ Digital and analog I/O pins « USB port
e Add-on modules (shields) via I2C serial bus e ~$25

Digital Ground
Digital 1/0 Pins (2-13)
|

 Just about anything one could imagine
 GPS, LoraWAN, sensors, actuators, ...

Standard IDE
Prices range from ~$2 up

Serial Out (TX)
Serial In (RX)

Analog Reference Pin

USB Plug —

Reset Button

In-Circuit
Serial Programmer

- e

ATmega328
Microcontroller

g &~ > 0535 F
®e e re SO REER

Reset Pin
3.3 Volt Power Pin

5 Volit Power Pin

Analog |

o LR
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LoRaWAN LoRa’ loT Ecosystem

Unlicensed Industrial, Scientific and Medical (ISM) band
« 868 MHz (Europe) and 915 MHz (United States)

Low power operation with 0.3 Kb/s to 50 Kb/s data rates
Asynchronous, ALOHA-based protocol

Multiple kilometer range
« ~10-20 open space and ~1-2 built environment

Three device classes

e Class A (bidirectional, unicast)

* Class B (bidirectional, with scheduled receive slots)
e Class C (bidirectional, unicast/multicast)

Originally developed by Semtech

fi

Sources: https://www.lora-alliance.org UNIVERSITY
' - OF lowa



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

A framing guestion ...

What would you do with 10,000 ~$10 wireless sensors?
* Natural and built environments
* Low bandwidth data streaming
« Complex social and technical questions

... and the data from them?
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lowa Quantified: environmental sensor network

Retail

Part Price

Research problem

* Flooding and environmental damage Moteino with Atmel ATmega328P + LoraWAN $22.95
« Citizen science engagement I 5V 1W solar cell $1.00
Requirements A 3.6V 2.1 Ah NiMh battery $3.00
« Simple to deploy 915 MHz 2dB gain SMA antenna $0.25
« Hands free operation Bosch BME 280 sensor

e Wireless access (temperature, humidity, pressure) $3.20
e 2+ year lifetime Soil moisture/temperature sensors $2.35
« CHEAP 3-D printed Stevenson screen + PVC $1.60
- Did I mention CHEAP? TOTAL $34.35

{——-915 Mhz 2dB Gain SMA Antenna

®  c—Atmel ATmega328P Microcontroller

| ,ﬁ Photovoltaic Solar Cell
§% C—Bosch BME 280 Atmospheric Sensor ]

(——Stevenson Screen
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g5 C— LoRaWan® Radio Transciever
Schedule 40 3/4 Inch PVC Support

C=>3.6 Volt 2.1 Ah NiMh Battery Pack

Soil Sensor Assembly:




Computational flood and contaminant modeling

gl \icrosoft

amazon
webservices™
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Argonne’s Waggle toolkit for the Array of Things

ARRAY - TFHINGS

: N

° Data and
Waggle Modular Sensor Node Architecture Computing Cloud
Temp. , Wind Motor Control /\/
Humidity, Infrared CO, 0, Robotic Sampler
Hyperspectral Imager VOCs, NO, Air Pump Q
Camera, Sound Particulates LED Status o
................ N R Py
Y & Sensor > // Sensor \\ / Actuator\\ I
Sensor Node | Module1 | | Modulen ' | Module 1 | Network
! 9 P | Link
Internal
23 Bus

Node A El,

Controller

e 4 -
ve] 1@ S 7
_/._ Stk i . Vi.tals. Data In-Situ
Eailsafe Power onitoring Cache Processing {9
Manager Security
Low-power 4-core computer

External V1.1

Power

Waggle Sensor & Cloud Architecture

‘
On-Demand Cloud Scalin ! —l i
Q = L. < Public Data

nil ' = Portal
| HPC Data Data Cleaning
Simulation Analysis (QA/QC)

Cloud Infrastructure

Sensor
Data
Sensor Node R Commands
= - Al
SOO O Intelligent
~17 | Attentive Sensing
MicroSensors >_ "
(R

Console

35 | JC | 32; Management

Vi1

Wide-Area Sensor Deployment
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Fnd-to-end multivariate optimization
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