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   Marcel Kunze - Towards High Performance Cloud Computing 

Cloud Computing: Definition 

“Building on compute and storage virtualization,  
cloud computing provides scalable, network-centric,  

abstracted IT infrastructure, platforms, and applications  
as on-demand services that are billed by consumption.”  

 
C.Baun, M.Kunze, J.Nimis, S.Tai: Cloud Computing, Springer 2011 
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HPC	
  as	
  a	
  Service	
  

Tradi1onal	
  HPC	
  Architecture	
  …	
  
!   is	
  characterized	
  by	
  very	
  specific	
  computer	
  clusters	
  designed	
  for	
  special	
  applica>ons	
  
!   offers	
  pre-­‐defined	
  opera>on	
  systems	
  and	
  user	
  environments	
  only	
  
!   serves	
  one	
  single	
  applica>on	
  at	
  a	
  given	
  >me	
  
!   provides	
  restricted	
  user	
  access	
  
!   provides	
  management	
  privileges	
  exclusively	
  to	
  administrators	
  

Concept	
  of	
  HPCaaS	
  
!   Capability	
  of	
  using	
  clustered	
  servers	
  and	
  

storage	
  as	
  resource	
  pools,	
  fully	
  automated	
  
management	
  

!   Individual	
  cluster	
  configura>on	
  on-­‐demand	
  
!   Flexibility	
  to	
  serve	
  mul>ple	
  user	
  groups	
  and	
  

applica>ons	
  with	
  varying	
  requirements	
  

!   Customers	
  gain	
  resource	
  management	
  
privileges	
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High	
  Performance	
  Cloud	
  Compu1ng	
  (HPCC)	
  

!   Clusters	
  of	
  virtual	
  machines	
  

!   Cluster	
  management	
  on	
  the	
  user	
  level	
  
!   Performance	
  guarantees	
  

!   Elas>city	
  to	
  consume	
  exactly	
  the	
  HPC	
  capacity	
  required	
  	
  

!   Dynamic	
  pricing	
  models	
  and	
  non-­‐HPC	
  workload	
  to	
  op>mize	
  u>liza>on	
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  Compute	
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  Instances	
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HPL	
  Benchmark	
  Results	
  on	
  Amazon	
  EC2	
  Instances	
  

!   Execu>on	
  of	
  the	
  HPL	
  benchmark	
  using	
  Intel	
  MPI,	
  MKL,	
  and	
  ICC	
  on	
  various	
  
Amazon	
  EC2	
  systems	
  
!   m1.large:	
  2	
  cores,	
  7.5GB	
  RAM,	
  4ECU	
  
================================================================================  
T/V                N    NB     P     Q               Time                 Gflops  
--------------------------------------------------------------------------------  
WR01C2R4        4096   128     1     2               5.05              9.084e+00  
================================================================================"

!   m1.xlarge:	
  4	
  cores,	
  15GB	
  RAM,	
  8ECU	
  
================================================================================  
T/V                N    NB     P     Q               Time                 Gflops  
--------------------------------------------------------------------------------  
WR01C2R4        8192   128     2     2              13.64              2.687e+01  
================================================================================"

!   m2.2xlarge:	
  4	
  cores,	
  34.2GB	
  RAM,	
  13ECU	
  
================================================================================  
T/V                N    NB     P     Q               Time                 Gflops  
--------------------------------------------------------------------------------  
WR01C2R4       16384   128     2     2              78.80              3.721e+01  
================================================================================"

!   cc1.4xlarge:	
  8	
  cores,	
  68.4GB	
  RAM,	
  26ECU	
  
================================================================================  
T/V                N    NB     P     Q               Time                 Gflops  
--------------------------------------------------------------------------------  
WR01C2R4       16384   128     2     4              38.61              7.595e+01  
================================================================================"
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Current	
  HPCaaS	
  offered	
  by	
  Amazon	
  (cc1.4xlarge)	
  

23 GB of memory 
8 cores (Intel Nehalem Xeon X5570) 
1690 GB of instance storage 
64-bit platform 
10 Gigabit Ethernet 
	
  
Cost:	
  	
  
1,60	
  $	
  	
  	
  /	
  hour	
  	
  	
  	
  (Spot	
  price	
  ca.	
  0.50$	
  /	
  hour)	
  
4290	
  $	
  	
  /	
  year	
  
6590	
  $	
  	
  /	
  3	
  years	
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!   Ge\ng	
  HPC	
  resources	
  from	
  the	
  spot	
  market	
  is	
  pre]y	
  cheap	
  
!   Works	
  marvelous	
  for	
  development,	
  tes>ng	
  and	
  smaller	
  campaigns	
  
!   No	
  guarantee	
  for	
  con>nuous	
  opera>on:	
  If	
  the	
  market	
  price	
  exceeds	
  your	
  

maximum	
  offer,	
  the	
  machine	
  is	
  stopped	
  

! Checkpoin>ng	
  is	
  of	
  importance	
  (Snapshots)	
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HPC	
  CPU	
  Spot	
  Market	
  Prices	
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http://www.top500.org/ 

… 

AWS advertising 
campaign to 
launch Linpack	
  
Benchmark:	
  
	
  
880	
  instances	
  	
  
(7040	
  cores)	
  
reached	
  	
  
42	
  TFlop/s	
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Communica1on	
  and	
  Performance	
  in	
  AWS	
  

!   AWS	
  communica1on	
  only	
  offers	
  Ethernet	
  in	
  virtual	
  machines	
  
!   Most	
  HPC	
  in-­‐house	
  clusters	
  use	
  physical	
  machines	
  	
  
!   Typical	
  HPC	
  bandwidth:	
  40	
  Gigabit	
  Infiniband	
  
!   Typical	
  HPC	
  latency:	
  Micro-­‐seconds	
  

!   AWS	
  instances	
  are	
  usually	
  located	
  in	
  different	
  loca1ons	
  /	
  racks,	
  yielding	
  a	
  
large	
  latency	
  (a	
  few	
  dozen	
  milli-­‐seconds)	
  
! Paravirtualiza>on	
  	
  

!   Bandwidth:	
  1	
  Gigabit	
  Ethernet	
  (1GE)	
  
!   AWS	
  Compute	
  Cluster	
  Instances	
  (CCI)	
  may	
  be	
  grouped	
  and	
  are	
  located	
  in	
  a	
  

close	
  context	
  with	
  low	
  latency	
  
!   Hardware	
  virtualiza>on	
  (HVM)	
  

!   Bandwidth:	
  10	
  Gigabit	
  Ethernet	
  (10GE)	
  
!   A	
  science	
  benchmark	
  has	
  been	
  produced	
  at	
  NERSC/Berkeley	
  

!   	
  AWS	
  clusters	
  based	
  on	
  normal	
  instances	
  are	
  much	
  slower	
  (except	
  BLAST)	
  

!   AWS	
  clusters	
  based	
  on	
  CCI	
  are	
  compe>>ve	
  in	
  all	
  fields 	
  	
  

	
  
Marcel	
  Kunze	
  -­‐	
  Towards	
  High	
  Performance	
  Cloud	
  Compu>ng	
  



13	
   Marcel	
  Kunze	
  -­‐	
  Towards	
  High	
  Performance	
  Cloud	
  Compu>ng	
  

(Gigabit Ethernet, geo-distributed) 

(QDR Infiniband, cluster) 

Slide presented by Kathy Yelick, ISC Cloud  
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HPCaaS	
  at	
  KIT	
  

!   Challenge:	
  Development	
  of	
  a	
  HPCaaS	
  system	
  with	
  Infiniband	
  support	
  

	
  
!   Limits	
  of	
  sodware-­‐only	
  I/O	
  virtualiza>on:	
  

! Increased	
  I/O	
  latency:	
  VMM	
  must	
  process	
  and	
  route	
  every	
  data	
  packet	
  
and	
  interrupt,	
  leads	
  to	
  higher	
  applica>on	
  response	
  >me	
  

! Scalability	
  limita>ons:	
  sodware-­‐based	
  I/O	
  processing	
  consumes	
  CPU	
  
cycles,	
  reduces	
  the	
  processing	
  capacity	
  

!   Solu>on:	
  PCI	
  pass-­‐through	
  of	
  Infiniband	
  interface	
  
!   Setup	
  of	
  a	
  testbench	
  on	
  the	
  basis	
  of	
  OpenNebula	
  with	
  extensions	
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Cloud	
  Management	
  –	
  OpenNebula	
  

!   ONE	
  Extensions…	
  
!   Allow	
  to	
  allocate	
  complete	
  virtual	
  clusters	
  with	
  InfiniBand	
  Support	
  (pass-­‐through)	
  
!   Control	
  the	
  InfiniBand	
  Subnetmanager	
  to	
  configure	
  par>>ons	
  dynamically	
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Node	
  Virtualiza1on	
  

!   Start	
  with	
  tradi>onal	
  KVM-­‐based	
  virtualiza>on	
  layer	
  

!   Develop	
  novel	
  OS	
  layer	
  with	
  low-­‐latency	
  communica>on	
  for	
  virtual	
  
environments	
  

!   Examine	
  lightweight	
  OSs	
  and	
  virtualiza>on	
  layers	
  (e.g.	
  Ki9en/Palacios)	
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InfiniBand	
  Virtualiza1on:	
  PCI	
  Pass-­‐Through	
  

Marcel	
  Kunze	
  -­‐	
  Towards	
  High	
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  Compu>ng	
  

IB	
  PCIe	
  Card	
  

Virtual	
  Machine	
  Manager	
  

Physical	
  Interface	
  

Physical	
  
Interface	
  

Virtual	
  Machine	
  1	
  	
  Host	
  

Direct	
  Access	
  with	
  VT-­‐d	
  /	
  IOMMU	
  

Virtual	
  Machine	
  2	
  
(without	
  IB	
  Support)	
  	
  

!   VT-­‐d	
  (Intel)	
  /	
  IOMMU	
  (AMD)	
  chipset	
  specifica>on	
  allows	
  to	
  	
  pass-­‐through	
  a	
  IB	
  	
  
PCIe	
  Adapter	
  to	
  single	
  VM	
  

!   VMM	
  does	
  not	
  have	
  to	
  manage	
  I/O	
  traffic	
  

!   Direct	
  access	
  with	
  near	
  na>ve	
  performance	
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Evalua1on:	
  Current	
  State	
  

!   Readily	
  available	
  virtualiza>on	
  
!   Linux	
  /	
  KVM	
  (CentOS	
  with	
  current	
  OFED	
  and	
  KVM	
  Versions)	
  
!   PCI	
  pass-­‐through	
  (InfiniBand	
  HCA	
  exclusive	
  to	
  one	
  VM)	
  

!   Small	
  test	
  cluster	
  
!   Started	
  with	
  2	
  blades,	
  now	
  4	
  blades	
  
!   Quad-­‐core	
  Intel	
  Xeon	
  E5520	
  CPUs	
  
! Mellanox	
  ConnectX-­‐2	
  InfiniBand	
  adapters	
  

!   Benchmarks	
  
! SkaMPI:	
  Special	
  Karlsruhe	
  MPI	
  Benchmark	
  
!   High	
  Performance	
  Linpack	
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SKaMPI	
  –	
  PingPong	
  (SendRecv)	
  

!   Latency:	
  	
  
Almost	
  no	
  difference	
  
between	
  physical	
  
and	
  virtual	
  
environment	
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!   Ji9er	
  increases	
  in	
  the	
  
virtual	
  environment	
  

!   Needs	
  op>miza>on	
  
of	
  the	
  hypervisor	
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High	
  Performance	
  Linpack	
  (HPL)	
  

!   Standard	
  HPL	
  with	
  OpenMPI	
  and	
  gcc	
  

!   Assess	
  overall	
  performance	
  for	
  HPC	
  workload	
  
!   Vary	
  #	
  processors,	
  vary	
  distribu>on	
  over	
  nodes	
  (2	
  blades	
  –	
  4core	
  CPU)	
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Processes	
   Na1ve	
  (GFlops)	
   Virtual	
  (GFlops)	
   Overhead	
  %	
  

1	
  	
  /	
  	
  0	
   1.26	
   1.23	
   2.49	
  %	
  

2	
  	
  /	
  	
  0	
   1.85	
   1.78	
   3.99	
  %	
  

1	
  	
  /	
  	
  1	
   2.50	
   2.41	
   3.79	
  %	
  

4	
  	
  /	
  	
  0	
   2.21	
   2.19	
   0.86	
  %	
  

2	
  	
  /	
  	
  2	
   3.64	
   3.49	
   4.05	
  %	
  

4	
  	
  /	
  	
  4	
   4.24	
   4.25	
   2.05	
  %	
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Future:	
  Single	
  Root	
  I/O	
  Virtualiza1on	
  (SR-­‐IOV)	
  	
  

Marcel	
  Kunze	
  -­‐	
  Towards	
  High	
  Performance	
  Cloud	
  Compu>ng	
  

DMA	
  and	
  Device	
  Sharing	
  with	
  Intel®	
  VT-­‐d	
  and	
  SR-­‐IOV	
  

PCIe	
  Card	
  
(SR-­‐IOV	
  capable)	
  

Virtual	
  Machine	
  Manager	
  

Physical	
  
Interface	
  

Virtual	
  
Interfaces	
  

I/O	
  Sojware	
  Driver	
  

Virtual	
  Machine	
  3	
  

I/O	
  Sojware	
  Driver	
  

Virtual	
  Machine	
  2	
  

I/O	
  Sojware	
  Driver	
  

Virtual	
  Machine	
  1	
  

28.06.11	
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Current	
  InfiniBand	
  Development	
  

!   First	
  SR-­‐IOV	
  supported	
  IB	
  Host	
  Channel	
  Adapters	
  
(HCAs)	
  are	
  already	
  available	
  by	
  Mellanox®	
  
Technologies:	
  
Model	
  Type:	
  ConnectX®-­‐2/3	
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!   SR-­‐IOV	
  supported	
  Drivers	
  for	
  the	
  OFED	
  
Sodware	
  Stack	
  and	
  Firmware	
  are	
  currently	
  in	
  
development	
  and	
  will	
  be	
  available	
  in	
  the	
  
second	
  half	
  of	
  2011	
  

Summary	
  and	
  Outlook	
  
!   PCI-­‐Passthrough	
  already	
  works,	
  see	
  ISC‘11	
  Poster:	
  

Towards	
  High-­‐performance	
  Cloud	
  Compu7ng	
  for	
  x86/InfiniBand	
  Clusters	
  	
  
!   The	
  SR-­‐IOV	
  standard	
  will	
  allow	
  us	
  to	
  use	
  InfiniBand	
  at	
  near-­‐na>ve	
  

performance	
  in	
  a	
  mul>-­‐tenant	
  environment	
  
!   Further	
  steps:	
  Integra>on	
  of	
  a	
  parallel	
  filesystem	
  like	
  e.g.	
  Lustre	
  
!   Cloud	
  Frameworks	
  like	
  Nimbus	
  or	
  OpenNebula	
  have	
  to	
  be	
  extended	
  to	
  

manage	
  and	
  monitor	
  >ghtly	
  coupled	
  compu>ng	
  nodes	
  
!   High	
  Performance	
  Cloud	
  Compu1ng	
  is	
  a	
  feasible	
  and	
  useful	
  concept	
  

especially	
  to	
  support	
  midrange	
  applica1ons!	
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