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Argonne National Laboratory 

§  $675M	
  /yr	
  budget	
  
§  3,200	
  employees	
  
§  1,450	
  scien)sts/eng	
  
§  750	
  Ph.D.s	
  



Argonne: Vital part of DOE National Laboratory System 



Direct descendent of Enrico Fermi’’s Metallurgical 
Laboratory 

§  Opened	
  in	
  Feb	
  1943	
  (as	
  new	
  site	
  for	
  Chicago's	
  Metallurgical	
  Laboratory)	
  
§  Became	
  Argonne	
  Na)onal	
  Laboratory	
  in	
  July	
  1946	
  (first	
  na)onal	
  laboratory)	
  



User facilities 

Center	
  for	
  Nanoscale	
  
Materials	
  

Electron	
  
Microscopy	
  
Center	
  

Leadership	
  
Compu)ng	
  
Facility	
  

Argonne	
  Tandem-­‐
Linac	
  Accelerator	
  
System	
  

Advanced	
  
Photon	
  Source	
  



Mira: Argonne’s Power-efficient Supercomputer 

§  Blue	
  Gene/Q	
  System	
  
–  48	
  racks	
  
–  786,432	
  cores	
  
–  786	
  TB	
  of	
  memory	
  
–  Peak	
  flop	
  rate:	
  10	
  PF	
  

§  Storage	
  System	
  
–  ~30	
  PB	
  capability	
  

•  240GB/s	
  bandwidth	
  (GPFS)	
  

Argonne:	
  Opera)ng	
  System,	
  File	
  System,	
  Message	
  
Layer,	
  etc.,	
  System	
  Socware	
  Research	
  

…	
  	
  



Argonne’s Next Big Machine: Aurora 
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Argonne: 
 Develops new sensors 
 Runs large sensor networks 
 Does climate modeling and simulation 

 
 
§  …	
  chemical,	
  biological,	
  nuclear	
  and	
  explosive	
  materials	
  

Atmospheric	
  Radia)on	
  Measurement	
  
Climate	
  Research	
  Facility	
  



University	
  of	
  	
  
Cambridge,	
  1991	
  

Amazon	
  Dash	
  

Internet of Things… Yawn? 
 

“ChillHub	
  is	
  a	
  refrigerator	
  with	
  two	
  USB	
  
ports	
  and	
  built-­‐in	
  Wi-­‐Fi	
  connec)vity.	
  In	
  
addi)on,	
  ChillHub	
  has	
  an	
  open-­‐source	
  
iOS-­‐compa)ble	
  app	
  […]	
  Ubuntu	
  is	
  the	
  
favored	
  plalorm	
  for	
  developers	
  of	
  all	
  
kinds	
  –	
  par)cularly	
  those	
  innova)ng	
  
around	
  the	
  Internet	
  of	
  Things.”	
  



Example:	
  	
  ESP8266	
  
$5	
  



Disruption of Interest: Internet of SMART Things 

§  Sensors:	
  Explosion	
  of	
  nano	
  tech	
  (new	
  Moore’s-­‐like	
  law)	
  
–  Increasingly	
  smaller,	
  lighter,	
  more	
  accurate,	
  energy	
  efficient	
  

•  Examples:	
  micro	
  GasChrom	
  (NDA),	
  	
  micro	
  air	
  quality	
  sensors,	
  weather,	
  
mo)on,	
  etc.	
  

§  CPUs:	
  Capable	
  low-­‐power	
  CPUs	
  embedded	
  everywhere:	
  
ci)es,	
  people,	
  infrastructure	
  
–  E.g:	
  CPUs	
  we	
  swallow	
  (Freescale	
  K02	
  prototype),	
  shoes	
  we	
  wear	
  

(Nike),	
  to	
  large-­‐scale	
  city	
  water	
  and	
  electrical	
  infrastructure	
  
–  CPUs	
  can	
  be	
  very	
  capable	
  

§  Big	
  Data:	
  Sensors	
  generate	
  more	
  data	
  than	
  can	
  be	
  stored	
  
–  Sensors+CPUs	
  =	
  new	
  programming	
  model	
  for	
  in-­‐situ	
  computa0on	
  
–  HPC	
  Analysis	
  that	
  can	
  be	
  fused	
  with	
  cloud-­‐based	
  data	
  sets	
  

Opportunity:	
  	
  Move	
  from	
  observing	
  to	
  predic)ng:	
  	
  
	
  	
  	
  	
  Smart	
  Sensors	
  +	
  Supercomputers	
  =	
  predic)ons	
  and	
  analysis	
  





Introducing Waggle (www.wa8.gl) 

§  Open	
  source	
  architecture	
  to	
  leverage	
  disrup)ve	
  
technology	
  
–  A	
  standard	
  building	
  block	
  instead	
  of	
  hack-­‐a-­‐RPi.	
  

§  Powerful	
  CPU,	
  accurate	
  sensors	
  
§  Supports	
  In-­‐Situ	
  computa6on	
  for	
  adap)ve	
  

feature	
  detec)on,	
  auen)ve	
  control	
  
§  “Deep	
  Space	
  Probe”	
  design	
  for	
  resilience	
  (safe	
  

mode,	
  mul)ple	
  kernels,	
  heartbeats)	
  	
  
§  Scalable	
  to	
  100Ks	
  of	
  nodes;	
  can	
  be	
  linked	
  to	
  

supercomputer	
  predic)ons	
  
§  Scalable/hackable	
  design	
  can	
  be	
  adapted	
  for	
  new	
  

sensors	
  or	
  control	
  systems,	
  host	
  ac)ve	
  educa)on	
  
community	
  



The connection between urban and regional climate 

§  Ci)es	
  can	
  alter	
  their	
  local	
  
climate	
  through	
  their	
  built	
  
environment.	
  	
  	
  
–  Temperature	
  (urban	
  heat	
  

island)	
  and	
  precipita)on	
  
(storm	
  spliwng	
  and	
  
ini)a)on)	
  are	
  the	
  most	
  
widely	
  known	
  examples.	
  

§  Ci)es	
  alter	
  the	
  
surrounding	
  regional	
  
climate	
  primarily	
  	
  through	
  
emissions	
  carried	
  
downwind	
  as	
  an	
  “urban	
  	
  
plume”.	
  

§  Predic)ng	
  urban	
  climate	
  
change	
  requires	
  
interac)ve	
  modeling	
  of	
  
regional	
  and	
  urban	
  climate	
  
systems.	
  



The Planetary 
Boundary Layer 

Source:	
  	
  NRC	
  “Urban	
  Meteorology:	
  Forecas)ng,	
  Monitoring,	
  and	
  Mee)ng	
  Users'	
  Needs”	
  

•  Where	
  we	
  live	
  

•  Acer	
  emissions,	
  
primary	
  control	
  on	
  
pollu)on	
  levels	
  is	
  
interac)on	
  between	
  
PBL	
  and	
  free	
  
atmosphere.	
  

•  In	
  Urban	
  areas	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  Urban	
  Boundary	
  Layer	
  

	
  	
  	
  	
  Urban	
  Canopy	
  Layer	
  



New Advanced Sensors 

§  NO2	
  (Nitrogen	
  Dioxide):	
  	
  <2	
  ppb	
  
§  O3	
  (Ozone)	
  <	
  5	
  ppb	
  
§  CO	
  (Carbon	
  Monoxide)	
  <	
  1	
  ppm	
  
§  SO2	
  (Sulfer	
  Dioxide)	
  <	
  15	
  ppb	
  
§  H2S	
  	
  (Hydrogen	
  Sulfide)	
  <	
  2	
  ppb	
  

§  Soon:	
  
–  HCHO	
  (Formaldehyde)	
  
–  VOC	
  (Vola)le	
  Organic	
  Compound)	
  
–  CH4	
  (Methane)	
  

This	
  prototype	
  board	
  would	
  likely	
  
sell	
  for	
  <	
  $75	
  in	
  produc)on	
  









Many,	
  Many,	
  Research	
  Ques)ons:	
  	
  
Are	
  compute-­‐capable	
  sensors	
  interes)ng?	
  

•  #	
  of	
  devices	
  
–  Parallel	
  in-­‐situ	
  processing?	
  	
  Algorithms?	
  Collec)ves?	
  

•  Ultra-­‐resilient,	
  periodically	
  connected	
  opera)on	
  
•  Control	
  systems	
  for	
  actuators	
  (motors,	
  etc.)	
  
•  Embedded	
  secret	
  required,	
  and	
  hard	
  to	
  manage	
  
(pairing,	
  Apple	
  HomeKit)	
  

•  Assume	
  physical	
  access	
  by	
  mischievous	
  hands	
  
–  Cheap	
  Trojan	
  counterfeits,	
  Report	
  false	
  data,	
  Mod	
  
actuators	
  

•  How	
  does	
  massive,	
  lower-­‐quality	
  data	
  compare	
  to	
  
fewer,	
  high	
  quality	
  data?	
  



Sensors 
Waggle EnvSense V1.0 Nov2014 board 

Air	
  Temperature,	
  Humidity,	
  Infrared	
  
Temperature,	
  Barometric	
  Pressure,	
  
Ambient	
  Light,	
  Sound	
  Levels,	
  
VibraNon,	
  Magnetometer,	
  etc.	
  



Programmer Interface for Watching 



Node Management 
Waggle SysMon V1.0 Nov2014 board 

§  Internal	
  Sensors	
  (intrusion,	
  
temp,	
  power	
  (current),	
  etc.	
  

§  Provides	
  “Deep	
  Space”	
  
opera)on	
  with	
  heartbeats,	
  
safe	
  mode,	
  hard	
  power	
  
control,	
  backup	
  kernels,	
  etc.	
  



(Chicago	
  Winter	
  Survival	
  Test)…	
  

(old)	
  Version	
  1	
  Enclosure	
  



Instrumen)ng	
  Ci)es	
  
(Preview:	
  Charlie	
  Catleu)	
  

•  As	
  ci)es	
  grow	
  they	
  face	
  increased	
  opera)onal	
  costs	
  and	
  
challenges	
  across	
  every	
  area	
  of	
  policy	
  and	
  science.	
  	
  

•  There	
  exists	
  no	
  open	
  source,	
  low-­‐cost,	
  general	
  purpose	
  
plalorm	
  to	
  measure	
  ci)es	
  at	
  the	
  spa)al	
  and	
  temporal	
  
resolu)on	
  necessary	
  for	
  science	
  and	
  data-­‐driven	
  policy.	
  



•  Phase	
  1	
  (est.	
  4q2015):	
  50	
  Gen3	
  nodes	
  
at	
  CDOT	
  green	
  space	
  “placemaking”	
  
project	
  sites.	
  

•  Phase	
  2	
  (est.	
  2q2016):	
  100	
  Gen3	
  nodes,	
  
Chicago	
  Loop	
  

•  Phase	
  3	
  (est.	
  4q2016):	
  50	
  Gen4	
  nodes,	
  
Chicago	
  Loop	
  

•  Phase	
  4	
  (est.	
  3q2017):	
  300	
  Gen4	
  nodes,	
  
mixed	
  density	
  deployment	
  throughout	
  
city.	
  

Array	
  of	
  Things:	
  Planned	
  Deployment	
  

Discussions	
  also	
  under	
  way	
  with	
  Seaule,	
  San	
  Francisco,	
  Los	
  Angeles,	
  
St.	
  Louis,	
  Boston,	
  Barcelona,	
  London,	
  Bristol,	
  Glasgow,	
  	
  Umeå,	
  
Bolzano.	
  

(current)	
  Version	
  2	
  



(current)	
  Version	
  2	
  



ArNst	
  RendiNon:	
  Version	
  3	
  

Deployment	
  	
  Map	
  





Gensburg-­‐Markham	
  Prairie	
  
370	
  acres,	
  owned/managed	
  by	
  Nature	
  Conservancy	
  and	
  Northeastern	
  IL	
  Univ.	
  
Registered	
  as	
  Na)onal	
  Natural	
  Landmark	
  



In-­‐Situ	
  Analysis	
  and	
  Feature	
  Recogni)on	
  



Machine	
  Learning:	
  
Cat	
  or	
  Dog?	
  

32	
  









Privacy…	
  





Looking	
  Forward	
  
•  Does	
  community	
  need	
  open	
  plalorm?	
  
–  Featherweight,	
  middle-­‐weight,	
  CPU-­‐heavy	
  archetypes	
  

•  There	
  are	
  good,	
  meaty	
  CS	
  	
  problems	
  in	
  this	
  space…	
  
–  Autonomous	
  decisions,	
  collec)ve	
  behavior,	
  billion-­‐way	
  
control,	
  de-­‐centralized	
  mgmt,	
  trusted	
  unprotected	
  hw…	
  

–  Programmable,	
  HPC-­‐style	
  env.	
  with	
  in-­‐situ	
  computa)on	
  
– Machine	
  learning,	
  classifica)on,	
  processing	
  audio,	
  etc.	
  	
  
–  Neuromorphic	
  compu)ng	
  

•  Selling	
  nodes	
  on	
  SparkFun?	
  
•  Privacy?	
  	
  In-­‐situ	
  computa)on?	
  Air	
  Gap?	
  



hVp://www.wa8.gl	
  







More	
  Informa)on	
  
•  Waggle	
  

–  hup://wa8.gl/	
  
–  Contact:	
  Pete	
  Beckman	
  beckman@anl.gov	
  

•  Array	
  of	
  Things	
  
–  hup://arrayochings.github.io	
  
–  Contact:	
  	
  Charlie	
  Catleu	
  	
  c@anl.gov	
  	
  

Funding:	
  	
  Argonne’s	
  Laboratory	
  Directed	
  
Research	
  and	
  Development	
  program	
  


