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Hobbes	
  Team	
  
Institution Person Role 

Georgia Institute of Technology Karsten Schwan PI 

Indiana University Thomas Sterling PI 

Los Alamos National Lab Mike Lang PI 

Lawrence Berkeley National Lab Costin Iancu PI 

North Carolina State University Frank Mueller PI 

Northwestern University Peter Dinda PI 

Oak Ridge National Laboratory David Bernholdt PI 

Oak Ridge National Laboratory Arthur B. Maccabe Chief Scientist 

Sandia National Laboratories Ron Brightwell Coordinating PI 

University of Arizona David Lowenthal PI 

University of California – Berkeley Eric Brewer PI 

University of New Mexico Patrick Bridges PI 

University of Pittsburgh Jack Lange PI 



System	
  So)ware@Sandia	
  
•  Established	
  the	
  func/onal	
  par//on	
  

model	
  	
  for	
  HPC	
  systems	
  
•  Tailor	
  system	
  soTware	
  to	
  func/on	
  

(compute,	
  I/O,	
  user	
  services,	
  etc.)	
  

•  Pioneered	
  the	
  research,	
  development,	
  
and	
  use	
  of	
  lightweight	
  kernel	
  opera/ng	
  
systems	
  for	
  HPC	
  
•  Only	
  DOE	
  lab	
  to	
  deploy	
  OS-­‐level	
  soTware	
  

on	
  large-­‐scale	
  produc/on	
  machines	
  
•  Provided	
  blueprint	
  for	
  IBM	
  BlueGene	
  OS	
  

•  Set	
  the	
  standard	
  for	
  scalable	
  parallel	
  
run/me	
  systems	
  for	
  HPC	
  
•  Fast	
  applica/on	
  launch	
  on	
  tens	
  of	
  

thousands	
  of	
  processors	
  

•  Significant	
  impact	
  in	
  the	
  design	
  and	
  of	
  	
  
scalable	
  HPC	
  interconnect	
  APIs	
  
•  Only	
  DOE	
  lab	
  to	
  deploy	
  low-­‐level	
  

interconnect	
  API	
  	
  on	
  large-­‐scale	
  
produc/on	
  machines	
  

AWARDS: 
•  1998 Sandia Meritorious Achievement Award, 

TeraFLOP Computer Installation Team 
•  2006 Sandia Meritorious Achievement Award, Red 

Storm Design, Development and Deployment Team 
•  2006 NOVA Award Red Storm Design and 

Development Team 
•  2009 R&D 100 Award for Catamount Multi-Core  

Light Weight Kernel 
•  2010 Excellence in Technology Transfer Award, 

Federal Laboratory Consortium for Technology 
Transfer 

•  2010 National Nuclear Security Administration 
Defense Programs Award of Excellence 



Lightweight	
  Kernel	
  Timeline	
  

§  Ki[en	
  and	
  CNK	
  similar	
  in	
  concept	
  
§  Both	
  support	
  Linux	
  API	
  subset	
  and	
  ABI	
  

compa/bility	
  
§  Ki[en	
  targets	
  x86	
  (ARM	
  underway),	
  

CNK	
  targets	
  PowerPC	
  only	
  
§  Ki[en	
  leverages	
  Linux	
  source	
  code,	
  

CNK	
  uses	
  no	
  Linux	
  source	
  code	
  

§  Palacios	
  and	
  Xen	
  are	
  both	
  hypervisors	
  
§  Palacios	
  designed	
  to	
  be	
  embeddable	
  in	
  a	
  host	
  OS,	
  

Ki[en	
  or	
  Linux	
  
§  Palacios	
  is	
  designed	
  for	
  HPC,	
  low	
  overhead,	
  

predictable	
  performance	
  
§  Palacios	
  targets	
  x86,	
  

Xen	
  targets	
  x86	
  +	
  other	
  archs	
  

Green = Open Source 
Red    = Closed Source 

2007 
Palacios 

2002 
Catamount 

 

Lightweight Kernel

Timeline

1990 – Sandia/UNM OS (SUNMOS), nCube-2

1991 – Linux 0.02

1993 – SUNMOS ported to Intel Paragon (1800 nodes)

1993 – SUNMOS experience used to design Puma

First implementation of Portals communication architecture

1994 – Linux 1.0

1995 – Puma ported to ASCI Red (4700 nodes)

Renamed Cougar, productized by Intel

1997 – Stripped down Linux used on Cplant (2000 nodes)

Difficult to port Puma to COTS Alpha server

Included Portals API

2002 – Cougar ported to ASC Red Storm (13000 nodes)

Renamed Catamount, productized by Cray

Host and NIC-based Portals implementations

2004 – IBM develops LWK (CNK) for BG/L/P (106000 nodes)

2005 – IBM & ETI develop LWK (C64) for Cyclops64 (160 cores/die)

Nov 2007 Top500

Top 10 System

Compute Processors:

82% run a LWK

2008 
Kitten Hobbes 

2002 
Virtuoso 

2004 
IBM BG/L CNK 

2007 
IBM BG/P CNK 

2012 
IBM BG/Q CNK IBM FusedOS 



Project	
  Goals	
  

§  Deliver	
  prototype	
  OS/R	
  environment	
  for	
  R&D	
  in	
  extreme-­‐
scale	
  scien/fic	
  compu/ng	
  

§  Focus	
  on	
  applica/on	
  composi/on	
  as	
  a	
  fundamental	
  driver	
  
§  Develop	
  necessary	
  OS/R	
  interfaces	
  and	
  system	
  services	
  required	
  to	
  

support	
  resource	
  isola/on	
  and	
  sharing	
  
§  Support	
  complex	
  simula/on	
  and	
  analysis	
  workflows	
  

§  Provide	
  	
  a	
  lightweight	
  OS/R	
  environment	
  with	
  flexibility	
  to	
  
build	
  custom	
  run/mes	
  
§  Compose	
  applica/ons	
  from	
  a	
  collec/on	
  of	
  enclaves	
  

§  Leverage	
  Ki[en	
  lightweight	
  kernel	
  and	
  Palacios	
  lightweight	
  
virtual	
  machine	
  monitor	
  
§  Enable	
  high-­‐risk	
  high-­‐impact	
  research	
  in	
  virtualiza/on,	
  energy/power,	
  

scheduling,	
  and	
  resilience	
  



Factors	
  Influencing	
  OS	
  Design	
  



Exascale	
  Focus	
  on	
  Hardware	
  

§  Reliability/Resilience	
  
§  Power/Energy	
  
§  Heterogeneity	
  
§  Memory	
  hierarchy	
  
§  Cores,	
  cores,	
  and	
  more	
  cores	
  

§  Risk	
  
§  Hardware	
  advancements	
  and	
  investments	
  can	
  provide	
  orders	
  of	
  

magnitude	
  improvement	
  
§  OS/R	
  advancements	
  can	
  provide	
  double-­‐digit	
  percentage	
  

improvement	
  



Applica/on	
  Focus	
  on	
  Programming	
  Models	
  

§  Dealing	
  with	
  effects	
  of	
  many-­‐core	
  
§  Advanced	
  run/me	
  systems	
  
§  Node-­‐level	
  resource	
  alloca/on	
  and	
  management	
  
§  Managing	
  locality	
  
§  Extrac/ng	
  parallelism	
  
§  Introspec/ve,	
  dynamic,	
  adap/ve	
  capabili/es	
  

§  Risk	
  
§  Incremental	
  approach	
  (OpenMP)	
  wins	
  

§  Advanced	
  run/me	
  capabili/es	
  are	
  overkill	
  

§  No	
  clear	
  on-­‐node	
  parallel	
  programming	
  model	
  winner	
  
§  Difficult	
  to	
  op/mize	
  OS/R	
  



OS/R	
  is	
  Enabling	
  Technology	
  

§  Need	
  to	
  support	
  advanced	
  run-­‐/me	
  systems	
  and	
  approaches	
  
to	
  resilience	
  and	
  power/energy,	
  not	
  necessarily	
  provide	
  
solu/ons	
  

§  BASF	
  mantra	
  
§  We	
  don’t	
  make	
  it	
  -­‐	
  we	
  make	
  it	
  possible	
  

§  OS/R	
  should	
  focus	
  on	
  providing	
  capability,	
  not	
  just	
  
overcoming	
  limita/ons	
  of	
  current	
  hardware	
  

§  Applica/on	
  composi/on	
  is	
  the	
  responsibility	
  of	
  the	
  OS/R	
  
§  Capability	
  will	
  be	
  required	
  regardless	
  of	
  underlying	
  hardware	
  or	
  

overlying	
  parallel	
  programming	
  model	
  



Applica/on	
  Composi/on	
  Will	
  Be	
  
Increasingly	
  Important	
  at	
  Extreme-­‐Scale	
  
§  More	
  complex	
  workflows	
  are	
  driving	
  need	
  for	
  advanced	
  OS	
  services	
  and	
  capability	
  

§  Exascale	
  applica/ons	
  will	
  con/nue	
  to	
  evolve	
  beyond	
  a	
  space-­‐shared	
  batch	
  scheduled	
  approach	
  

§  HPC	
  applica/on	
  developers	
  are	
  employing	
  ad-­‐hoc	
  solu/ons	
  
§  Interfaces	
  and	
  tools	
  like	
  mmap,	
  ptrace,	
  python	
  for	
  coupling	
  codes	
  and	
  sharing	
  data	
  

§  Tools	
  stress	
  OS	
  func/onality	
  because	
  of	
  these	
  legacy	
  APIs	
  and	
  services	
  
§  More	
  a[en/on	
  needed	
  on	
  how	
  mul/ple	
  applica/ons	
  are	
  composed	
  
§  Several	
  use	
  cases	
  

§  Ensemble	
  calcula/ons	
  for	
  uncertainty	
  quan/fica/on	
  
§  Mul/-­‐{material,	
  physics,	
  scale}	
  simula/ons	
  
§  In-­‐situ	
  analysis	
  
§  Graph	
  analy/cs	
  
§  Performance	
  and	
  correctness	
  tools	
  

§  Requirements	
  are	
  driven	
  by	
  applica/ons	
  
§  Not	
  necessarily	
  by	
  parallel	
  programming	
  model	
  
§  Somewhat	
  insulated	
  from	
  hardware	
  advancements	
  



Mul/physics	
  Example	
  



Mul/physics	
  Example	
  (cont’d)	
  



Mul/physics	
  Example	
  (concl’d)	
  



Project	
  Ac/vity	
  Areas	
  



Hobbes	
  Complements	
  Exis/ng	
  DOE	
  OS/R	
  R&D	
  Investments	
  

§  DOE/ASCR	
  
§  XPRESS	
  

§  Deliver	
  prototype	
  system	
  soTware	
  stack	
  that	
  instan/ates	
  ParalleX	
  model	
  
§  HPX	
  run/me	
  system	
  
§  Ki[en	
  enhancements	
  for	
  dynamic	
  adap/ve	
  run/me	
  system	
  

§  Scalable	
  System	
  Virtualiza/on	
  
§  Exascale	
  hardware/soTware	
  design	
  with	
  Ki[en/Palacios	
  

§  DOE/ASC	
  CSSE	
  
§  Scalable	
  Interconnects	
  project	
  

§  Portals	
  4	
  for	
  scalable	
  applica/on	
  and	
  system	
  network	
  services	
  

§  Simula/on	
  Tools	
  project	
  
§  Ki[en	
  running	
  on	
  SST	
  

§  SoTware	
  and	
  Tools	
  for	
  Scalability	
  and	
  Performance	
  
§  Ki[en	
  port	
  to	
  ARM	
  

§  Sandia	
  LDRD	
  
§  Exascale	
  Grand	
  Challenge	
  

§  Ki[en+Qthreads+Portals	
  4	
  for	
  unified	
  simula/on	
  and	
  analysis	
  architecture	
  



Accomplishments	
  So	
  Far	
  
§  Ron	
  Brightwell,	
  et	
  al.	
  “Hobbes:	
  

Composi/on	
  and	
  Virtualiza/on	
  as	
  the	
  
Founda/ons	
  of	
  an	
  Extreme-­‐Scale	
  OS/
R,”	
  in	
  Proceedings	
  of	
  the	
  Workshop	
  
on	
  Run/me	
  and	
  Opera/ng	
  Systems	
  
for	
  Supercomputers,	
  June	
  2013.	
  

§  Pete	
  Beckman.	
  “Argo:	
  An	
  Exascale	
  
Opera/ng	
  System	
  and	
  Run/me,”	
  
Invited	
  Talk,	
  Workshop	
  on	
  Run/me	
  
and	
  Opera/ng	
  Systems	
  for	
  
Supercomputers,	
  Jun	
  2013.	
  

§  Ron	
  Brightwell,	
  Patrick	
  Bridges,	
  Terry	
  
Jones.	
  “Hobbes:	
  Opera/ng	
  System	
  
and	
  Run/me	
  Research	
  for	
  Extreme	
  
Scale,”	
  INCITE	
  Proposal	
  for	
  36	
  million	
  
core	
  hours	
  on	
  Titan.	
  


