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Introduction 

System	
  Architecture	
  Produc1on	
  Cluster	
  

~20+	
  TB	
  Total	
  Archived	
  Data	
  
~3	
  Billion	
  Messages	
  
~15	
  GB	
  ingested	
  per	
  day	
  
Over	
  12,000	
  warnings	
  delivered	
  
Average	
  40	
  warnings	
  /	
  day	
  

12	
  EC2	
  instances	
  used	
  for	
  produc>on	
  
16	
  vCPUs,	
  50	
  GB	
  Virtual	
  Memory	
  

System	
  Sta1s1cs	
  
Goal:	
  Build	
  system	
  to	
  forecast	
  events	
  
	
  from	
  readily	
  available	
  public	
  data	
  

IARPA	
  OSI	
  Program	
  
•  Forecast	
  major	
  popula>on-­‐level	
  events	
  of	
  
substan>al	
  societal	
  importance	
  

•  Civil	
  unrest	
  incidents,	
  elec>ons,	
  rare	
  disease	
  
outbreaks,	
  influenza-­‐like	
  illnesses	
  

	
  	
  	
  	
  	
  	
  	
  	
  –	
  When,	
  Where,	
  Who	
  and	
  Why	
  ?	
  
•  Focus	
  regions	
  include	
  20	
  countries	
  in	
  La>n	
  America	
  

and	
  7	
  countries	
  in	
  Middle	
  East	
  &	
  North	
  Africa	
  

Matching	
  Warnings	
  and	
  Events	
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t2	
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Predicted	
  
Event	
  Date	
  

t4	
  
Reported	
  
Date	
  

Lead	
  Time	
  

Date	
  
Quality	
  

Selected Results 

Planned	
  Protest	
  Model	
  
Extracts	
   event	
   announcements	
  
from	
   tradi>onal	
   	
   news	
   and	
  
social	
  media	
  

Dynamic	
  Query	
  Expansion	
  
Model	
  
Adap>vely	
   extracts	
   keywords	
  
related	
  to	
  protests	
  

Volume	
  Based	
  Model	
  
Machine	
   learning	
   model	
   that	
  
maps	
  volume	
  based	
  features	
  to	
  
protests	
  

Cascades	
  Model	
  
Tracks	
   targeted	
   campaigns	
   and	
  
populariza>on	
   of	
   causes	
   on	
  
TwiXer	
  

Baseline	
  Model	
  
Uses	
   Maximum	
   Likelihood	
  
Es>mate	
   over	
   past	
  GSR	
   reports	
  
to	
  forecast	
  protests	
  

Civil Unrest 

	
  	
  	
  	
  	
  	
  Fusion	
  &	
  
Suppression	
  

Influenza-like Illnesses 

Seeking 

Rare Diseases 

vs.	
  

	
  	
  Evaluated	
  by	
  MITRE	
  

Tensor	
  Decomposi1on	
   Anomaly	
  Detec1on	
   Warning	
  

Audit	
  Trail	
  

Geo-­‐Loca1on	
  	
  
Filter	
  

Keywords	
  
Filter	
  

Predicate	
  
Filter	
  

Pre-­‐Processing	
  

	
  	
  	
  	
  	
  Seed	
  	
  
Vocabulary	
  

PSL	
  
Processing	
  

Keywords	
  for	
  	
  
Itera1on	
  

Threshold	
  
Filter	
  

Membership	
  
Inference	
  

Post-­‐Processing	
  

Brazilian	
  Spring’13	
   Venezuelan	
  Spring	
  ‘14	
   Spread	
  of	
  Protests	
   Rare	
  Disease	
  Forecasts	
   ILI	
  Forecasts	
  

Discovery	
  Analy>cs	
  Center	
  

EMBERS	
  is	
  led	
  by	
  the	
  Discovery	
  Analy>cs	
  Center	
  at	
  Virginia	
  Tech	
  with	
  numerous	
  industrial	
  and	
  academic	
  partners,	
  including	
  University	
  of	
  Maryland,	
  College	
  Park,	
  Cornell	
  University,	
  Children's	
  Hospital	
  Boston/Harvard	
  Medical	
  School,	
  	
  
University	
  of	
  California	
  San	
  Diego,	
  San	
  Diego	
  State	
  University,	
  CACI	
  Inc.,	
  Basis	
  Technology,	
  University	
  at	
  Albany,	
  University	
  of	
  California	
  Santa	
  Cruz,	
  Northeastern	
  University,	
  Carnegie	
  Mellon	
  University,	
  University	
  of	
  Utah,	
  and	
  Raytheon/BBN	
  Technologies.	
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  of	
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  work	
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Disclaimer:	
  The	
  views	
  and	
  conclusions	
  contained	
  herein	
  are	
  those	
  of	
  the	
  authors	
  and	
  should	
  not	
  be	
  interpreted	
  as	
  necessarily	
  represen>ng	
  the	
  official	
  policies	
  or	
  endorsements,	
  either	
  expressed	
  or	
  implied,	
  of	
  IARPA,	
  DoI/NBC,	
  or	
  the	
  US	
  Government.	
  

Elections 

Collaborators	
  	
  
1.  for	
  classified	
  research	
  components	
  
2.  with	
  access	
  to	
  relevant	
  data	
  

sources	
  
3.  with	
  exper>se	
  in	
  modeling	
  

terrorism	
  and	
  military	
  ac>ons	
  


