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There	
  are	
  no	
  solved	
  problems.	
  There	
  
are	
  only	
  more-­‐or-­‐less	
  solved	
  

problems.	
  
	
  
	
  

Henri	
  Poincaré	
  



BD	
  Usage	
  Models	
  Differ	
  from	
  EC	
  

Big	
  Data	
  
–  Con3nuous	
  access	
  require	
  
based	
  on	
  data	
  genera3on/
submission	
  rates	
  

–  CPU	
  3me,	
  I/O	
  and	
  data	
  
volume	
  all	
  important	
  	
  

–  Data	
  products	
  typically	
  
used	
  in	
  future	
  
computa3ons	
  via	
  an	
  
integra3on	
  or	
  pipeline	
  

–  Data	
  products	
  made	
  
available	
  for	
  external	
  users	
  
and	
  curated	
  over	
  3me	
  

Extreme	
  Compute	
  
–  Batch	
  oriented	
  access	
  
based	
  on	
  alloca3ons	
  for	
  
specific	
  projects	
  

–  Mostly	
  CPU	
  3me	
  centric	
  
–  Output	
  not	
  necessarily	
  
used	
  in	
  future	
  runs	
  but	
  
oTen	
  significant	
  3me	
  used	
  
for	
  visualiza3on	
  

–  Output	
  generally	
  (but	
  not	
  
always)	
  used	
  “privately”	
  
and	
  rarely	
  curated	
  



Policies	
  Need	
  to	
  be	
  Different	
  

•  Long	
  term	
  (many	
  years)	
  access	
  commitment	
  at	
  a	
  
con3nuous	
  or	
  increasing	
  level	
  of	
  service	
  

•  Support	
  for	
  persistent	
  services	
  
•  Storage	
  alloca3on	
  that	
  grows	
  over	
  3me	
  
•  Rich	
  soTware	
  environment	
  with	
  high-­‐
performance	
  database	
  support	
  

•  Mechanism	
  to	
  publish	
  the	
  data	
  to	
  a	
  community	
  
•  Archival	
  support	
  for	
  data,	
  links	
  and	
  cita3ons	
  



Convergence	
  

•  Ideal	
  Environment	
  
–  Interac3ve	
  parallel	
  prototyping	
  environment	
  
– Seamless	
  scale	
  up	
  to	
  produc3on	
  (103x-­‐106x)	
  
–  Integrated	
  pla_orm	
  for	
  analysis	
  and	
  simula3on	
  
– Same	
  pla_orm	
  for	
  publishing	
  
– Persistent	
  data	
  regions	
  in	
  memory	
  
– Programming	
  language	
  support	
  for	
  data	
  analysis	
  
– Large-­‐scale	
  interac3ve	
  compu3ng	
  
– Seamless	
  visualiza3on	
  and	
  sharing	
  







Magellan:	
  Our	
  OpenStack	
  Private	
  Cloud	
  for	
  Systems	
  Biology	
  



What	
  Users	
  Want	
  To	
  Do	
  

1.  Explore	
  
2.  Integrate	
  
3.  Form	
  Hypotheses	
  
4.  Make	
  Inferences	
  	
  
5.  Create	
  Models	
  	
  
6.  Test	
  Models	
  
7.  Discover	
  
8.  Disseminate	
  



What	
  do	
  we	
  want	
  to	
  do	
  with	
  Data?	
  

•  Generate	
  	
  
•  Process	
  
•  Analyze	
  	
  
•  Annotate	
  	
  
•  Visualize	
  
•  Understand	
  
•  Share	
  
•  Publish	
  

•  Curate	
  
•  Archive	
  
•  Integrate	
  
•  Move	
  
•  Search	
  
•  Preserve	
  
•  Model	
  
•  Compare	
  

GREEN	
  is	
  Interac3ve	
  



Pavan	
  Balaji,	
  Argonne	
  Na1onal	
  Laboratory	
  



Converging	
  View	
  of	
  Modeling,	
  Simula3on,	
  
Experiment,	
  Data	
  and	
  Bioinforma3cs	
  

Bioinforma1cs	
  
Analysis	
  
Tools	
  

High-­‐throughput	
  
Experiments	
  

Problem	
  
Specifica1on	
  

Modeling	
  and	
  	
  
Simula1on	
  

Analysis	
  &	
  
Visualiza1on	
  

Experimental	
  
Design	
  

Analysis	
  &	
  
Visualiza1on	
  

Integrated	
  
Biological	
  
Databases	
  



Big	
  Data	
  Challenges	
  for	
  Bioinforma3cs	
  

•  New	
  types	
  of	
  methods	
  and	
  new	
  algorithms	
  
–  From	
  O(N3)	
  ⇒	
  O(N2)	
  ⇒	
  O(N	
  log	
  N)	
  ⇒	
  O(N)	
  ⇒	
  O(K)	
  
– Non-­‐alignment	
  methods	
  and	
  streaming	
  

•  New	
  types	
  of	
  Infrastructure	
  bringing	
  biological	
  
data	
  and	
  compu3ng	
  together	
  
– Users	
  need	
  to	
  have	
  an	
  environment	
  where	
  they	
  don’t	
  
need	
  to	
  move	
  the	
  data	
  to	
  work	
  

•  Ability	
  to	
  share	
  methods,	
  protocols,	
  tools	
  and	
  
insights	
  leveraging	
  social	
  networks	
  
–  Enable	
  the	
  best	
  methods	
  to	
  win	
  regardless	
  of	
  where	
  
they	
  come	
  from	
  



Metagenomic	
  data	
  collec3on	
  

Collec3ng	
  
samples	
  

Sequencing	
  

Sequence	
  
fragments	
  

Assembly	
  of	
  most	
  abundant	
  microbes	
  into	
  complete	
  genomes	
  

Associa3ng	
  fragments	
  
to	
  taxonomical	
  groups	
  

Sequencing	
  the	
  Environment	
  















NVDIMM	
  



Convergence	
  Features	
  

•  Mul3ple	
  node	
  types	
  with	
  different	
  ra3os	
  of	
  
DRAM	
  to	
  NVRAM	
  (gradient?)	
  

•  NVRAM	
  access	
  
– Memory	
  access	
  seman3cs	
  
– K/V	
  access	
  seman3cs	
  
– Legacy	
  block	
  device	
  

•  Persistence	
  ..	
  alachable	
  memory	
  region	
  
•  Distribu3on/Consolida3on	
  opera3ons	
  	
  	
  



Gradient	
  Machine	
  

•  Nodes	
  with	
  various	
  DRAM:NVRAM	
  ra3os	
  
– 16	
  GB	
  RAM	
  :	
  64	
  GB	
  NVRAM	
  	
  (1:4)	
  –	
  comp	
  node	
  
– 16	
  GB	
  RAM	
  :	
  256	
  GB	
  NVRAM	
  (1:16)	
  –	
  hybrid1	
  node	
  
– 16	
  GB	
  RAM	
  :	
  1	
  TB	
  NVRAM	
  (1:64)	
  –	
  hybrid2	
  node	
  
– 16	
  GB	
  RAM	
  :	
  4	
  TB	
  NVRAM	
  (1:256)	
  –	
  store	
  node	
  

•  Machine	
  consists	
  of	
  sets	
  of	
  nodes	
  of	
  various	
  
types	
  (X	
  of	
  comp,	
  Y	
  of	
  store,	
  etc.)	
  

•  Supernode	
  could	
  consistent	
  of	
  node	
  
collec3ons	
  with	
  dynamic	
  network	
  provisioing	
  



16	
  GB	
  DRAM	
  :	
  64	
  GB	
  NVRAM	
  	
  
	
  
	
  
	
  
	
  
	
  

16	
  GB	
  DRAM	
  :	
  256	
  GB	
  NVRAM	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

16	
  GB	
  DRAM	
  :	
  1	
  TB	
  NVRAM	
  
	
  
	
  
	
  
	
  
	
  

16	
  GB	
  DRAM	
  :	
  4	
  TB	
  NVRAM	
  

Imagine	
  1	
  M	
  nodes	
  
of	
  each	
  type..	
  
	
  
64	
  PB	
  DRAM	
  
	
  
5540	
  PB	
  of	
  NVRAM	
  
	
  
85x	
  DRAM	
  storage	
  
	
  

Jobs	
  run	
  where	
  storage	
  
requirements	
  are	
  met	
  
	
  
Data	
  can	
  migrate	
  
	
  
Compute	
  can	
  migrate	
  
	
  
Bandwidth	
  per	
  NVRAM	
  BYTE	
  varies	
  
	
  
Bandwidth	
  per	
  DRAM	
  byte	
  is	
  constant	
  
	
  



Needed	
  Convergence	
  Features	
  

•  OS	
  support	
  for	
  alaching	
  to	
  memory	
  regions	
  
•  OS	
  support	
  for	
  3mesharing	
  sets	
  of	
  nodes	
  
•  OS	
  support	
  for	
  slowstart/faststart	
  
•  OS	
  support	
  for	
  process/storage	
  migra3on	
  
•  OS	
  support	
  for	
  goto	
  store,	
  come	
  to	
  proc	
  
•  OS	
  support	
  for	
  neighborhoods	
  (mem	
  servers)	
  	
  



Hardware/SoTware	
  Approaches	
  

•  Hardware	
  support	
  for	
  nv	
  storage	
  on	
  node	
  in	
  
memory	
  address	
  space	
  

•  Hardware	
  support	
  for	
  variety	
  of	
  operators	
  
against	
  storage	
  (hashing,	
  indexing,	
  search,	
  
etc.)	
  ⇒	
  CAM	
  

•  Language	
  support	
  for	
  data	
  intrinsics	
  
•  Support	
  for	
  scrip3ng	
  DSLs	
  bound	
  to	
  high-­‐
performance	
  data	
  specific	
  libraries	
  

•  Libraries/filters	
  for	
  replacing	
  explicit	
  I/O	
  



 
 
 
 
 
 
 
 



Big	
  Interac3vity	
  

•  Support	
  for	
  acquiring	
  mul3ple	
  I/O	
  nodes	
  with	
  mul3ple	
  
external	
  network	
  connec3ons	
  

•  Support	
  for	
  composing	
  connec3ons	
  with	
  outboard	
  
rendering	
  engines,	
  etc.	
  

•  Flexible	
  input	
  devices	
  (cameras,	
  tracking,	
  audio,	
  etc.)	
  
•  Support	
  for	
  jobs	
  proxies	
  in	
  social	
  media,	
  interac3ve	
  
devices,	
  mobile	
  	
  

•  Capture	
  and	
  playback	
  support	
  (tutorials)	
  
•  Archive	
  and	
  annotate	
  (desktop	
  capture)	
  
•  Jobs	
  pause	
  forward	
  and	
  reverse	
  



Research	
  Areas:	
  New	
  Algorithms,	
  SoTware	
  and	
  
Hardware	
  Architectures	
  Needed	
  

•  Sequence	
  mapping,	
  assembly,	
  
alignment,	
  clustering	
  

•  Palern	
  and	
  feature	
  matching	
  and	
  
discovery	
  in	
  complex	
  data	
  models	
  

•  Domain	
  specific	
  data	
  compression	
  
methods	
  sequence,	
  vector	
  spaces	
  

•  Error	
  detec3on	
  and	
  correc3on	
  
methods	
  in	
  sequence,	
  vector	
  spaces	
  

•  Heuris3c	
  search	
  over	
  complex	
  data	
  
models	
  	
  

•  Constraint	
  based	
  methods	
  for	
  fiqng,	
  
mixed/integer	
  linear	
  programming	
  

•  Text	
  indexing,	
  search,	
  query	
  methods	
  	
  

•  (alg,	
  hw)	
  Sequence	
  assembly	
  and	
  
characteriza3on	
  (hw)	
  Palern	
  
matching	
  architectural	
  support	
  	
  

•  (alg,	
  sw)	
  Approximate	
  matching	
  
methods	
  for	
  palerns	
  in	
  complex	
  
data	
  models	
  

•  (sw)	
  Workflow	
  infrastructure	
  for	
  
parallel	
  systems	
  and	
  cloud	
  based	
  
services	
  

•  (sw)	
  Interac3ve	
  workspaces	
  and	
  
rapid	
  prototyping	
  environment	
  
with	
  DSLs	
  and	
  in	
  memory	
  
database	
  



Blue	
  Sky	
  –	
  	
  things	
  that	
  would	
  make	
  a	
  big	
  
difference	
  

•  Novel	
  hardware	
  for	
  key	
  algorithms	
  
–  	
  Match	
  analysis	
  speeds	
  with	
  data	
  genera3on	
  

•  DSL	
  for	
  programming	
  microfluidics	
  devices	
  
–  Accelerate	
  wet	
  lab	
  data	
  genera3on	
  

•  Next	
  Genera3on	
  Interac3ve	
  systems	
  	
  
–  [1000	
  cores,	
  10TB	
  flat	
  RAM	
  and	
  1	
  PB	
  Store]	
  	
  
–  Enable	
  interac3ve	
  analysis	
  of	
  large	
  bio	
  datasets	
  
	
  	
  	
  	
  for	
  less	
  than	
  $100K.	
  



Convergence	
  

•  Ideal	
  Environment	
  
–  Interac3ve	
  parallel	
  prototyping	
  environment	
  
– Seamless	
  scale	
  up	
  to	
  produc3on	
  (103x-­‐106x)	
  
–  Integrated	
  pla_orm	
  for	
  analysis	
  and	
  simula3on	
  
– Same	
  pla_orm	
  for	
  publishing	
  
– Persistent	
  data	
  regions	
  in	
  memory	
  
– Programming	
  language	
  support	
  for	
  data	
  analysis	
  
– Large-­‐scale	
  interac3ve	
  compu3ng	
  
– Seamless	
  visualiza3on	
  and	
  sharing	
  



Automate	
  and	
  Accelerate	
  




