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Let's spend Can$900k (~ Aus$iM)
Already have alarge expensive SMP machine

32-cpu Alpha 731MHz with 64G RAM (~$3M)

for OpenMP (threads) parallel codes, or serial jobs that
need large memory

Beowulf cluster isagood complementary
technology

many “normal” machines connected by a fast network

for MPI parallel codes (separate processes talking via
messages), or many small-ish memory serial jobs



: CITA
InterconneCt TeCh OV@fVlaN Canadian | ngtitute for *

Theoretical Astrophysics

Myrinet, Quadrics, Infiniband, SGI's interconnect, ...

low latency: few to 10 ns

high bandwidth: 200+MB/s

expensive! ~$1000/port

doesn't scale well past ~few hundred to 1000 ports

Large Gigabit Ethernet Switch (Foundry, Cisco, ...)

high latency: 50 to 100 ns
good bandwidth: 100MB/s
but almost as expensive!
only up to ~128 ports
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These “exotic” interconnects mean up to 50% of
the cost of the machine isin the networking

Noooo! | want a more nodes...

None of the expensive networking options scale
well to 1000+ node machines

typically use afat tree which limits bandwidth

Seria (non-parallel) jobs don®use the fast
network at all
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Server machines typically come with 2 gigabit
ethernet ports

Use both of them!

Connect machine with a stack of cheap 24-port
commodity gigabit ethernet switches
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Built by Mynix Technologies, Montréal, Quebec
(HPC division is now part of Ciara, Montréeal)

268 dual CPU serversrunning RedHat Linux 7.3
two 2.4GHz Xeons (with HyperThreading disabled)
Westville (SE7500WV 2ATA) motherboard

dual onboard gigabit (Intel e1000) ethernet ports

Includes remote-management over LAN (unused)
1GB RAM

two 80GB Maxtor IDE drives
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Compute nodes (ehl to en256) total
512 cpus, 256G RAM, 35TB (usable) scratch disk

2 front-end nodes (bob and doug) are the same
except additional

1G RAM, 200G Maxtor IDE disk, SCSI card
2.2TB (usable) SCSI-attached IDE RAID-5 (Zentra)

8 extra development nodes thrown in by Intel
(thanks!)

2 Spare nodes
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Aug ©2 —Begin in-house discussions

Sep-Oct — Vendor discussions

1 Nov — Selected Mynix technologies

Nov-Dec — assembly and burn-inin Montr al

19 Dec —boxesarrivein Toronto

21-22 Dec — Cabled network connections

23 Dec —Test simulations start (Xmas? Nah...)

Jan ©3 —debugging, tweaking and science
(Sep ©3 — Redesigned network!)
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PXE boot (dhcp + tftp + pxelinux)

downloads and boots kernels (+ optional
ramdisk) over the network

#@'$@'!!' @% Promise IDE RAID

Welcome to the OSCAR wizard!

Step 1: Select OSCAR Packages To Install | Help |
nodes either network or CDROM boot (head | step2:  configure Selected 0SCAR Packages | Help |
nodes boot off CDROM!) Step3: _Install OSCAR Server Packages | Help |
. . . Step 4: Build OSCAR Client Image | Help |

~15 mins to boot, partition, build soft | ses: Dofins OSCAR Clonts | _Hep |

RAID, format, and install 32 nodes o B Beni Henivortnd |t |

Before continuing, network boot all of your nodes.
Once they have completed installation, reboot them from
the hard drive. Once all the machines and their ethemet
adaptors are up, move on to the next step.

Step 7: Complete Cluster Setup | Help |
Step 8: Test Cluster Setup | Help |
‘ The following buttons are for managing ‘

based on “rsync” and a directory
containing a RedHat 7.3 install

easy commands eg. e
cexec :33-64 reboot Delolo 0SCAR Olenks __ | _ Help |
cpushi mage :1-16 oscari magel ||_ = _||




CITA

ROUtI ng OverVI aN Canadian I nstitute for

Theoretical Astrophysics

Use both of the gigabit
ethernet NICs on each node

ALL nodes are Routers

Use seventeen 24 port SMC
gigabit switches (SMC8624T
TigerSwitch)

2 logically different networks

dow fat tree “ maintainance”
network

high bandwidth
communi cations network
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vertex O 1 2 3 4 5 6 7

— are @unksdetween 2 switches on avertex + making a (low bandwidth) ~48 port switch
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Cross-Diagonally Connected Cube (CDCC)

X wires arered

y wires are black

Z Wires are green
diagonal wires are blue

V ertex consists of 32 nodes on 2 switches
Each coloured line is 8 node-to-node wires, 16Gbit total



CITA

Routl Nng + CDCC Example Canadian Institute for

Theoretical Astrophysics

eg. Route from a node on vertex O to anode on vertex 3

.
-
© =2 nodes did routing
=1 node most likely
did routing
2 _
D N

4 different routes are possible depending upon whether
the starting node is x,y, 7, or diag connected
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eg. Route from a node on vertex O to anode on vertex 3
e viavertex 4

© =2 nodesdid routing

=1 node most likely
did routing

_J

<D
<D

Traffic goes via 3 nodes that do routing
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Summary
Every node routes traffic for other nodes

Unique routing table for each node

Generated from python scripts that are aware of the
geometry and connectivity of the machine

Worst case Is going through 3 routing nodes on the
way from one node to another

Most traffic does go through multiple nodes
What does the routing table (for enl) look like?
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} routes out our wire to other vertices

routes to other
vertices via nodes on

our vertex (they
tweaks Involve less hops than
us sending directly)

routes to nodes on own vertex
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Actually we don®route on a“vertex” basis

“Trunks’ between the 2 switches on avertex are a
bandwidth bottleneck

8*4* 2 = 64Ghit/s for Trunks
8*8* 2 = 128Ghit/sfor x,y,z,diag wires

So routing Is actually done on a per switch basisto
(mostly) avoid the “trunk” and keep 128Ghit/s

Wires travel from each switch not just x,y,z,diag but:

X,y,z,diag to “left hand” switches on vertices
X,y,z,diag to “right hand” switches on vertices
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Netpipe (ping-pong) Latency

62ns (cf. Myrinet 7 to 12ns
S50MS or Quadrics 5 to 8n)
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Netpipe Bandwidth



CITA

ROUtI ng i LI nux Canadian I nstitute for

Theoretical Astrophysics

Routing bandwidth drops steeply through each node

| really don®understand this...

L ooks to be independent of size and number of packets
Not adriver performance problem?

Kernel needs work?

Dual Xeon to blame?
L atency goes up linearly with the number of nodes
As expected

It all works!
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MHD FHow onto aBlackhole  Pen, Matzner, Wong 2003
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Cosmology
Simulation

GOTPM
1536° mesh=3.6B
N=768°=452M

Dubinski, Kim,
Park, Humble 2003
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Ganglia
comes with OSCAR

Home-grown python
cgi-bin app
monitors PBS batch system,
ganglialoads, node states,

knows node identities and
machine geometry
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Sep ©3 + Start again!
Almost, but not really...
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Same basic idea + all nodes
are routers

Every node connected to an
X-switch and ay-switch

[ extra 24 port switches
from SMC (thanks!)

27 switchestotal (incl afew
gpares we had from before)

Include devel nodes in mesh

Maximum of one hop
through a router node
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Node to node bandwidth and latency are the same
as direct and 1-hop from CDCC scheme

Not sure what the Cross-Sectional Bandwidth
number is!

top500.0rg (Linpack) scores:

Processors Rmax % of Peak Rank
CDCC 512 1202 TFLOPS 49 #38
Mesh 528 1455 TFLOPS 57 #34
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The Universe Simulator. eg.

91 48-port switches, 45* 46 mesh = 2070 nodes
4-way Opteron nodes
=> 8280 processors

Want bigger? Can add a 3™ NIC and use the z-
dimension

then 1t® 2-hops between nodes :-(
Mesh (and CDCC) work for other network fabrics

Could do the same with Myrinet, or 10Gbit ethernet



CITA

ConCI USI Ons Canadian I nstitute for

Theoretical Astrophysics

Teraflop is achievable with commodity networking
and modest budget

CDCC and Mesh are not for everyone but work well
for latency tolerant parallel algorithms

Networking (switches and cables) ~6% of total cost
Scalable to much larger designs

Linux rocks! (but routing and HT scheduler 4
could be improved atad) 7\

An 0

AFastest® Computer in Canada, and faster == ==
than any in Australiatoo :-( —
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McKenzie £ www.cita.utoronto.ca/webpages/mckenzie/
OSCAR =+ oscar.sourceforge.net
Netpipe £ www.scl.amed ab.gov/netpipe/
Goto®BLAS - www.cs.utexas.edu/users/flame/goto/
LAM MPI - lam-mpi.org
Top500 x top500.0rg

Thanksto:

Canadian Foundation for Innovation, Ontario Innovation
Trust, SMC, Intel, Centre for Astrophysics and
Computing - Swinburne University, Craig West
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