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SDSC’s mission is to transform science and society at UC San Diego 
and across the nation through world-leading cyberinfrastructure 
innovation, development and expertise !
!

Coming  1/1/2012"
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Why Gordon?!
!
!

Designed for data and memory 
intensive applications that 
don’t run well on traditional 
distributed memory machines!
!
•  Large shared memory 

requirements!
•  Serial or threaded (OpenMP, 

Pthreads)!
•  Limited scalability!
•  High performance data base 

applications!
•  Random I/O combined with 

very large data sets!
•  Large scratch files!
!

Coming  1/1/2012"
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Trend in U.S. academic computing toward large node counts, 
with smaller memory per node!

machine! peak (TF)! nodes! mem (TB)! mem/node (GB)!

Kraken! 1174! 9408! 147! 16!

Ranger! 579! 3936! 123! 32!

Lonestar4! 302! 1888! 44! 24!

Gordon! 341! 1024! 64! 64 (1024, 2048, …)!

Athena! 166! 4152! 16! 4!

Trestles! 100! 324! 20! 64!

Steele! 66! 893! 28! 16-32!

Condor Pool! 60! 1750! 27! 0.5-32!

Lincoln! 48! 192! 3! 16!

Blacklight! 37! 256! 32! 128 (16384)!
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Gordon is a national resource made possible through a grant 
from the National Science Foundation. One of three OCI Track 
2D awards for innovative systems 
!
Available to all U.S. academic researchers on a competitive 
basis and on a limited basis for-fee to most non-academic 
users (+ foreign users in collaboration with U.S. PIs)!

Design  
Deployment 
Support!

Processors 
Motherboards 
Flash drives!

Integrator! vSMP Foundation!

3D Torus!Funding 
OCI #0910847!
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Gordon Hardware overview!
!
!•  1024 dual-socket compute nodes!

•  2 x Intel EM64T Xeon E5 (Sandy Bridge) processors!
•  64 GB DDR3-1333 memory!
•  80 GB local Flash memory!
•  64 TB total DRAM, 341 TFlop peak performance!

•  64 dual-socket I/O nodes!
•  2 x Intel Westmere processors!
•  48 GB DDR3-1333 memory!
•  16 x 300 GB Intel 710 (Lyndonville) Solid State Drives (SSD)!
•  300 TB total flash memory!

•  Dual-rail 3D torus InfiniBand QDR (40 Gbit/s) network!
•  4 PB Lustre-based parallel file system!

•  Capable of delivering up to 100 GB/s to Gordon!
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Data intensive problems can 
be characterized by the sizes 
of the input, output, and 
intermediate data sets!
!
Can also be classified 
according to patterns of data 
access (e.g. random vs. 
sequential, small vs. large 
reads/writes)!
!
Performance can be improved 
through changes to hardware, 
systems software, file 
systems, or user application!

Data intensive computing!
!
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Data mining and certain types of visualization applications often 
require processing large amounts of raw data, but can end up 
producing fairly small amounts of output. In some cases, the result 
can be single number!
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Simulations involving integration of ODEs (e.g. molecular 
dynamics) or PDEs (e.g. CFD, structural mechanics, weather and 
climate modeling) may involve modest amounts of input data, but 
end up generating large amounts of output – 4D data sets 
proportional to problem size x number of time steps!
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Many problems in domains such as graph algorithms, de novo 
sequence assembly, and quantum chemistry require intermediate 
files that are disproportionately large relative to the size of the 
input/output files!
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A great Gordon application will …!
!
•  Make use of the flash storage for scratch/staging  

64 I/O nodes each w/ 16 x 300 GB SSDs (4.4 TB usable)"
•  Need the large, logical shared memory 

~ 1 TB DRAM & 256 cores, w/ larger configurations possible"
•  Be a threaded app that scales to very large number of cores!
•  Require large physical memory per node  

64 GB/node, 4 GB/core"
•  Be able to use the AVX instructions (8 flops/cycle/core)!
•  Need a high-bandwidth, low-latency inter-processor network!
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Gordon Rack Layout!
!
!

16 compute node racks!
4 I/O node racks!
1 service rack!
!
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CN Rack	
 ION Rack	
 Service Nodes Rack	


Compute node racks: !
4 Appro subracks!
64 blades!
!
ION racks:!
16 Gordon I/O nodes!
!
Service rack:!
4 login nodes!
2 NFS servers!
2 Scheduler nodes!
2 management nodes!
!
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•  8RU Subrack!
•  Supports 16x 2P Intel Sandy-Bridge 

Blades !
•  Support for up to six high-efficiency 

1625W hot-swappable PS in N+1 
configuration!

•  Support for dual-redundant platform 
management modules!

•  Supports six hot-swappable, 
redundant fan modules!

•  Shared reduces power consumption 
by up to 20W per blade over previous 
design!

Front View!

Rear View!

Based on Appro GreenBlade™ 8000 Series!
designed for improved reliability and energy efficiency 
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Gordon naming conventions!
!
!

Gordon Compute Node  
rack 2, row 2, node 6!

!
!

I/O Node 
rack 1, node 3!

!
!
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For more information on AVX, see http://software.intel.com/en-us/avx/!

summary!
64 GB DRAM!
16 cores!
2.6 GHz!
80 GB flash!
333 GFlops!

E

EE
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Bonded into single channel!
~ 1.6 GB/s bandwidth!

summary!
48 GB DRAM!
12 cores!
2.66 GHz!
4.8 TB flash!

LSI! LSI!LSI!LSI!
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Simplified single rail view of Gordon connectivity showing routing 
between compute nodes on same switch, I/O node, and data oasis. !

Single node on!
4x4x4 torus!
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3D Torus Interconnect!
!
!

Note – three 40 Gbit/s 
connections between 
neighboring switches, 
only 1 shown"

Gordon switches connected in 
dual rail 4x4x4 3D torus!
!
Maximum of six hops to get 
from one node to furthest 
node in cluster!
!
Fault tolerant, requires up to 
40% fewer switches and 
25-50% fewer cables than 
other topologies!
!
Scheduler will be aware of 
torus geometry and assign 
nodes to jobs accordingly !
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Flash Drive 
(Intel 710 Series)!

Typical!
HDD!

Good for Data 
Intensive Apps!

Latency (r/w)! 75/85 μs r/w! 10 ms! ✔!

Bandwidth (r/w)! 270 / 210 MB/s! 100-150 MB/s! ✔


IOPS (r/w)! 38,500 / 2700! 100! ✔!

Power consumption! 3.7 W  
 (0.7 W idle)!

6-10 W! ✔


Price/GB! $3/GB!  $.50/GB! -!

Endurance! 1.1 PB! N/A! ✔


Total Cost of Ownership!  Jury is still out.!

SSDs are a good fit for data-
intensive computing!
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vSMP!

1.00E-09!

1.00E-08!

1.00E-07!

1.00E-06!

1.00E-05!

1.00E-04!

1.00E-03!

1.00E-02!

1.00E-01!

1.00E+00!

1.00E-05! 1.00E-03! 1.00E-01! 1.00E+01! 1.00E+03! 1.00E+05! 1.00E+07! 1.00E+09!
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DDR3!
Memory!

10’s of GB!L2 Cache!
KB!

L3 Cache!
MB!

L1 Cache!
KB!

Data Oasis!
Lustre 4PB PFS!

QDR InfiniBand!
Interconnect!
100’s of GB!

64 I/O nodes !
300 TB Intel SSD!

vSMP and Flash Bridge the Latency & Capacity Gap!

Data Capacity (GB)!
(higher is better)!

(lower is!
better)!

Quick Path!
Interconnect!
10’s of GB!
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a.out! b.out! c.out! d.out!

Lustre! Lustre!SSD!

a.out!

Lustre! Lustre!SSD!

Intermediate results in 
processing pipeline 
written(read) to(from) flash!

House data base 
in flash and serve 
to web!

SSD!

www!

apache!

Use flash as fast scratch space!

Flash use scenarios!
!
!
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Virtualization software for aggregating multiple off-the-shelf systems 
into a single virtual machine, providing improved usability and higher 

performance!

16 x 
OS!

16 x 
OS!

16 x 
OS!

16 x 
OS!

16 x 
OS!

16 x 
OS!

16 x 
OS!

16 x 
OS!

16 x 
OS!N x OS!

N x Servers!

1 OS!

1 VM!

Introduction to vSMP!
!
!
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Hypervisor or VMM!

Virtual Machines!
App!
OS!

App!
OS!

App!
OS!

Virtual Machine!

App!
OS!

Hypervisor 
or VMM!

Hypervisor 
or VMM!

Hypervisor 
or VMM!

Hypervisor 
or VMM!

AGGREGATION	  
Concatena1on	  of	  physical	  resources	  

PARTITIONING	  
Subset	  of	  the	  physical	  resource	  
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vSMP node configured from 16 compute nodes and one I/O node!
!

To user, logically appears as a single, large SMP node !
!

vSMP node!
!
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vSMP node configured from 32 compute nodes and two I/O node!
!

To user, logically appears as a single, large SMP node with ~2 TB 
memory (32 x 64 GB) and 512 compute cores (32 x 16)!

vSMP node!
!

vSMP software provides flexibility 
to deploy logical shared memory 
nodes in sizes demanded by 
users. !
Can potentially configure vSMP 
nodes on the fly (but not quite 
there yet)!
!
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Overview of a vSMP node!
!

vSMP node built from	

16 compute nodes + 1 I/O nodes	
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Overview of a vSMP node!
!
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Exporting Flash 
Model A: One SSD per Compute Node!

•  One 300 GB flash drive exported to each 
compute node appears as a local file 
system !

•  Lustre parallel file system is mounted 
identically on all nodes.!

•  Data is purged at the end of the run!
!
Use cases:!
•  Applications that need local, temporary 

scratch!
•  Gaussian!
•  Abaqus!

Compute 
Node! SSD!

Lustre!

Compute 
Node! SSD!

Compute 
Node! SSD!

Compute 
Node! SSD!

Logical View!

File system  appears as:!
/scratch/$USER/$PBS_JOBID!
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Exporting Flash 
Model B: 16 SSD’s for 1 Compute Node!

•  16 SSD’s in a RAID0 appear 
as a single 4.8 TB file system 
to the compute node.!

•  Flash I/O and Lustre traffic 
uses Rail 1 of the torus.!

!
Use cases:!
•  Database!
•  Data mining!
•  Gaussian!
•  Abaqus!

4.8 TB!
SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

Compute 
Node!Lustre!

Logical View!

File system  appears as:!
/scratch/$USER/$PBS_JOBID!

X X X X X X X

X X X X X X XX
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Lustre!

!
!

16 node!
Virtual 

Compute 
Image!
(1 TB)!

!
!
!
4.8 TB file system!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

Exporting Flash 
Model C: 16 SSD’s within a vSMP Supernode!

•  4.8 TB flash as a 
single XFS file system!

•  Flash I/O uses both 
rail 0 and rail 1!

•  Data purged at the 
end of a run!

!
Use cases:!
•  Serial and threaded 

applications that need 
large memory and 
local disk!

•  Abaqus!
•  Genomics (Velvet, 

Allpaths, etc)!
!Logical View! File system  appears as:!

/scratch1/$USER/$PBS_JOBID!
(/scratch2  available if using a 

32-node supernode)!
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Exporting Flash 
Model D: Dedicated I/O node!

•  I/O node is allocated for up to 
one year!

•  Users run applications directly 
on the I/O node!

•  Users may request dedicated 
compute nodes or access 
them through the scheduler!

•  Data is persistent!
!
Use cases:!
•  Database!
•  Data mining!
•  Community applications 

(XSEDE Science Gateways)!

4.8 TB!
SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

Lustre!

Logical View!
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Exporting Flash 
Model E: 16 SSD’s/ 16 compute node –  
Flash mounted as parallel file system (Under development)!

•  16 SSD’s in a RAID 0 appear 
as a single 4.8 TB file system 
to all compute nodes!

!
Use cases:!
•  MPI applications!

Lustre!

Logical View!

4.8 TB!
SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

SSD!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!

Compute 
Node!
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Computational Style Code  
Answering the question: Why Gordon?!

V! M! F!
C! T! L!

V: Uses vSMP!
C: Computationally intensive, leverages Sandy Bridge architecture!
M:Uses larger Memory/core on Gordon (4GB/core)!
T: Threaded!
F: Uses Flash!
L: Lustre I/O intensive!
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Foxglove Calculation using Gaussian 09 with vSMP 
 - MP2 Energy Gradient Calculation!

V! M F!
C! T! L!

Source: Jerry Greenberg, San Diego Supercomputer Center. January, 2012."

The	  Foxglove	  plant	  (Digitalis)	  is	  studied	  for	  its	  medicinal	  uses.	  	  Digoxin,	  an	  
extract	  of	  the	  Foxglove,	  is	  used	  to	  treat	  a	  variety	  of	  condi1ons	  including	  
diseases	  of	  the	  heart.	  	  There	  is	  some	  recent	  research	  that	  suggests	  it	  may	  also	  
be	  a	  beneficial	  cancer	  treatment.	  

Time	  to	  solu0on:	  
43,000s	  

Processor footprint  - 4 nodes!
64 threads!

Memory footprint – 10 nodes!
700 GB!

   1 Compute node!
= (16 cores/node)!
   64 GB/node)!
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Axial compression of caudal rat vertebra using Abaqus 
and vSMP!

V! M F!
C! T! L!Source: Matthew Goff, Chris Hernandez. Cornell University. Used by permission. 2012"

The goal of the simulations is to analyze how small variances in boundary conditions effect high strain 
regions in the model. The research goal is to understand the response of trabecular bone to mechanical 
stimuli.  This has relevance for paleontologists to infer habitual locomotion of ancient people and animals, 
and in treatment strategies for populations with fragile bones such as the elderly.!

•  5 million quadratic, 8 noded 
elements!

•  Model created with custom 
Matlab application that converts 
253 micro CT images into voxel-
based finite element models!
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Cosmology simulation -  matter power spectrum 
measurement using vSMP!

Source: Rick Wagner, Michael L. Norman. SDSC."

Goal is to measure the effect of the light from the first stars on the evolution of the universe. To 
quantitatively compare the matter distribution of each simulation, we use radially binned 3D power spectra.!

•  2 simulations!
•  32003 uniform 3D grids!
•  15k+ files each!

Individual simulations!

Difference!

V! M F!
C! T! L!

Power spectra!

•  Existing OpenMP code!
•  ~256GB memory used!
•  ~5 ½ hours per field!
•  0 development effort!
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LSST – Moving Object Pipeline System!

V! M F!
C! T! L!

Source: Jonathan Myers, LSST Used by permission. 6/4/2012"

Images	  collected	  by	  the	  Large	  Synop1c	  Survey	  Telescope	  (LSST)	  will	  be	  be	  processed	  using	  the	  
Moving	  Object	  Pipeline	  System	  (MOPS).	  Detec1ons	  from	  consecu1ve	  nights	  are	  grouped	  together	  
into	  tracks	  that	  poten1ally	  represent	  small	  por1ons	  of	  the	  asteroids'	  sky-‐plane	  mo1on	  

Run	  1me	  for	  subset	  removal	  algorithm	  scales	  
almost	  linearly	  out	  to	  16	  cores	  
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Daphnia Genome Assembly using Velvet and vSMP!

V! M F!

C! T! L!Source: Wayne Pfeiffer, San Diego Supercomputer Center.  Used by permission."

Daphnia	  (a.k.a.	  water	  flea),	  is	  a	  model	  species	  used	  for	  understanding	  mechanisms	  
of	  inheritance	  and	  evolu1on,	  and	  as	  a	  surrogate	  species	  for	  studying	  human	  health	  in	  
responses	  to	  environmental	  changes.	  

	  
De	  novo	  assembly	  of	  short	  
DNA	  reads	  using	  the	  de	  
Bruijn	  graph	  algorithm.	  
Code	  parallelized	  using	  
OpenMP	  direc1ves.	  
	  
Benchmark	  problem:	  
Daphnia	  genome	  assembly	  
from	  44-‐bp	  and	  75-‐bp	  
reads	  using	  35-‐mer	  
!

Photo: Dr. Jan Michels, 
Christian-Albrechts-University, 
Kiel	
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Although the main benefit of vSMP is 
access to large memory, can also be 
useful for shared memory applications 
that scale to large numbers of cores!
The MHD3D, Lanczos, and MKL 
DGEMM tests all fit within memory of 
a single node (< 64 GB)!
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PDB Query Comparisons, with DB2 Database on two 
Gordon I/O Nodes: One with HDD’s, One with SSD’s!

V! M F!

C! T! L!
Source: Vishwinath Nandigam, San Diego Supercomputer Center. 2011"

The Protein Data Bank (PDB): Is the single worldwide repository of information about the 3D 
structures of large biological molecules. These are the molecules of life that are found in all 
organisms. Understanding the shape of a molecule helps to understand how it works.!

•  For single queries, 
HDD and SSD perform 
about the same.!

•  For concurrent 
queries, SSD’s 
achieve big speedup.!

•  Q5B is > 10x, and 
performance varies by 
type of query!
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Impact of high-frequency trading on financial markets!

V! M F!
C! T! L!Source: Mao Ye, Dept. of Finance, U. Illinois. Used by permission. 6/1/2012"

To determine the impact of high-frequency trading activity on financial markets, it is necessary to 
construct nanosecond resolution limit order books – records of all unexecuted orders to buy/sell stock at 
a specified price. Analysis provides evidence of quote stuffing: a manipulative practice that involves 
submitting a large number of orders with immediate cancellation to generate congestion !

Time	  to	  construct	  limit	  order	  books	  now	  under	  15	  
minutes	  for	  threaded	  applica1on	  using	  16	  cores	  
on	  single	  Gordon	  compute	  node	  
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Monte Carlo network permutation simulations using R!

V! M F!
C! T! L!Source: Chris Fariss, UCSD Dept. of Political Science  Used by permission. 6/1/2012"

Monte	  Carlo	  simula1ons	  are	  run	  to	  test	  whether	  a	  network	  permuta1on	  method	  used	  for	  es1ma1ng	  
causal	  effects	  is	  biased	  by	  structure	  in	  the	  popula1on.	  The	  simula1on	  generates	  a	  5,000,000	  person	  
network	  1,000	  1mes	  to	  es1mate	  the	  parameters	  of	  interest	  
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Classification of sensor time series data!

V! M F!
C! T! L!Source: Ramon Huerta, UCSD Bio Circuits Institute Used by permission 6/1/2012"

Chemical	  sensors	  (e-‐noses)	  will	  be	  placed	  in	  the	  homes	  of	  elderly	  par1cipants	  in	  an	  effort	  to	  
con1nuously	  and	  non-‐intrusively	  monitor	  their	  living	  environments.	  Time	  series	  classifica1on	  
algorithms	  will	  then	  be	  applied	  to	  the	  sensor	  data	  to	  detect	  anomalous	  behavior	  that	  may	  suggest	  
a	  change	  in	  health	  status.	  

A;er	  op0mizing	  code,	  linking	  Intel’s	  MKL	  
and	  por0ng	  to	  Gordon,	  run0me	  reduced	  
from	  15.5	  hours	  to	  8	  minutes	  
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Quantum simulations of water clusters!

V! M F!
C! T! L!

Source: Francesco Paesani, UCSD Dept. of Chemistry Used by permission. 6/1/2012"

The	  water	  hexamer	  is	  the	  smallest	  water	  cluster	  having	  a	  fully	  3D	  structure.	  Conflic1ng	  predic1ons	  for	  the	  rela1ve	  
stability	  of	  different	  hexamer	  isomers	  underscores	  the	  sensi1vity	  of	  this	  prototypical	  H-‐bonded	  system	  to	  the	  
descrip1on	  of	  the	  underlying	  molecular	  interac1ons.	  Quantum	  simula1ons	  on	  the	  full-‐dimensional	  ab	  ini*o	  WHBB	  
poten1al	  energy	  surface	  made	  it	  possible	  to	  determine	  for	  the	  first	  1me	  rela1ve	  popula1ons	  of	  different	  isomers	  as	  
a	  func1on	  of	  temperature.	  

cage	   prism	  
Scaling	  behavior	  of	  quantum	  simula1ons	  on	  Gordon	  
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An invitation to collaborate!
!
!Actively looking for data/memory intensive applications to run 

on Gordon. Focus has been on either traditional user base 
(sci/eng simulations) or new user communities (e.g. social 
sciences, finance) that are starting to scale up. Want to 
expand to predictive analytics and data mining. 
!
SDSC can provide a number of flash and large memory 
environments: remotely mounted SSDs, locally mounted 
SSD and HDD (new), early access to hardware, vSMP 
nodes of various sizes (N x 16 compute+1I/O)!
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I-shaped people!

Coming  1/1/2012"Π	

I	


Pi-shaped people!

Sha-shaped people!
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Gordon Team!

SDSC: Mike Norman, Allan Snavely, Shawn Strande, Bob Sinkovits, 
Mahidhar Tatineni Jerry Greenberg, Pietro Cicotti, Wayne Pfeiffer, 
Jeffrey Bennett, Eva Hocks, William Young (now at Roche), Chaitan 
Baru, Kai Lin, Kenneth Yoshimoto, Susan Rathbun, Diane Baxter, Jim 
Ballew, Amit Majumdar, Nancy Wilkins, Christopher Irving, Rick 
Wagner, Natasha Balac, Paul Rodriguez, Nicole Wolter!
!
UCSD: Steve Swanson, Adrian Caulfield, Jiahua He (now at 
Amazon), Meenakshi Bhaskaran!
!
ScaleMP: Nir Paikowsky, Shai Fultheim and many others!
!
Appro: Steve Lyness, Greg Faussette (now at Aeon Computing), 
Adrian Wu, Roland Wong!


