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Overview

ÅIntroduction

ÅQualities of an HPC interconnect

ÅHow well to current products meet these criteria

ÅQuadrics next generation product



Quadrics Background

ÅDevelops interconnect products for the HPC market

ïHPC Linux systems 

ïAlphaServer SC systems 

ÅQuadrics is owned by the Finmeccanica group

ÅQuadrics will be 12 years old in July



Quadrics Background

Å Delivering production systems: 

ï Tera10, 3 rails 600 ports

ï Sharcnet ï800 node Opteron cluster

ï ETHz & BMW systems

Å LLNL (11), PNNL (3)

Å ASCI-Q, PSC, Tera-1, é.

Å HP, Bull, IBM, Dalco, Raytheon & 

Streamline resell

Å Large number of systems to UK/US 

government customers



Qualities of an HPC network

ÅScale

ïNeed to support thousands of commodity CPUs

ÅLatency

ïYes, but also issue rate especially for high core count nodes

ÅBandwidth

ïYes, provided all nodes can achieve it at the same time

ÅHardware support for collectives, put/get etc

ïImportant to some customers



Qualities of an HPC network

ÅIndependent Progression of MPI Messages

ïRDMA support

ïTag matching without being in an MPI call

ÅPrice

ïCommodity has lowered the price per port. Some 

customers will pay more if the network is reliable and 

scales well 



HPC Networks

ÅFirst some background on what people 

are building today 

ï3D-Torus

ïMulti-stage switch networks

ïCrosspoints



Network Topology ï3D Torus

Å Each node has its own  switch 

(6-way)

Å All nodes can communicate with 

nearest neighbours at the same 

time. 

Å Traffic for distant node must be 

through-routed ïrelatively poor 

bisection bandwidth

Å Relatively easy to build big 

systems

ïSingle ASIC per node

ï Fewer cables with lots of 

nodes per board

Å Examples

Å Cray XT3, XT4

Å IBM BG/L and BG/P



Network Topology ïFat Tree

Å Nodes connect to the base of a 

tree of switches.

Å Bisection bandwidth can scale 

with the number of nodes

Å Multiple paths ïhardware can 

automatically route around 

errors

Å Also know as a multi-stage 

switch network or Clos

network.

Å Examples

ï QsNet, Myrinet, Infiniband, 

ï Ethernet

ï Cray Black Widow



Network Topology ïCrosspoint

Å Ideal: in the sense that 

every node can route to 

any other node without 

network contention

ÅCost rises as the square 

of the  number of nodes 

ÅExamples

ïNEC Earth Simulator

ïSmall cross points used to 

build multi-stage switch 

networks



How good are these networks?

ÅLatency & Issue rate

ïMulti-stage switch networks are ahead, typically 1-3us rather 

than 5-7us latency. Issue rates of several million per sec.

ïNo inherent reason for this (in fact the 3D Torus networks are 

more closely integrated with the nodes). Suppliers are network 

specialists rather than system vendors.

ïReducing latency below 1us is hard. Limited by the time to 

update a cache line. 

ïScope for increasing issue rates, limit is the memory system 

again, rate of cache line updates.

ïCPU to CPU communication is required to do better



How good are these networks?

ÅBandwidth

ïPoint to point bandwidth of 1 - 2.5 GB/sec is typical. 

ÅEarth simulator is x10 higher

ïBut only QsNet and the Earth Simulator can sustain this 

across a large machine.

ï3D-Torus has low bi-section bandwidth

ïStatically routed multi-stage switch networks achieve very 

poor  percentage of peak

ïAdaptive routing required



Bandwidth scalability ï1024 nodes

ÅBandwidth achieved when 1024 nodes communicate at 

the same time

System Interconnect Min Max Average

Atlas Infiniband 95 762 263

Thunder QsNetII 248 403 369



How good are these networks?

ÅHardware support for 

collectives

ïBlueGene has separate 

reduction and barrier 

networks

ïQsNet has hardware 

broadcast and barrier plus 

offload of reduction

ïEarth simulator has 

hardware barrier 



How good are these networks?

ÅIndependent progression of MPI messages

ïNearly everyone supports RDMA by now

ïQsNet  adapter performs tag match

ïCray XT/4 can perform tag match in software on the adapter (not 

clear if this is in the Cray release)

ÅHardware put/get

ïQsNet hardware performs on sided put/get to virtual address

ïCray XT/4 performs put/get in software on the adapter



Introduction to QsNetIII

ÅNext generation Quadrics product

ÅElan5 ASIC

ïPCI-Express adapter

ÅElite 5 ASIC

ïHigh radix multi-stage switch network

ÅOptical interconnect

ÅFirmware, drivers, libraries
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Elan5 Adapter 

Elan5 Adapter Overview

Å Take commands and data 

from the host

Å Build and output packets

Å Take packets from the 

network and commit to 

memory

Å Offload communications 

processing from the host
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Elan5 Adapter 

Elan5 Adapter Overview

Å 2 × 2 × 25 Gbit/s links 

(20Gbit/s after protocol)

Å PCIe, PCIe2 host i/f

Å Multiple Packet  Engines

Å 512KB of high bandwidth 

on chip local memory

Å SDRAM interface



Packet Processing Engines

Å Role is high speed streaming 

and realignment of data

Å 500 MHz dual issue RISC core

ï 8 loads and 8 DMAs pending

ï 4 outstanding DMA writes

Å 16 Kbyte instruction cache

Å 9 Kbyte DMA buffer 

ï Enough buffering to hide the 

PCI-E read latency

Å Streaming bandwidth of 

4GBytes/s



Link Interface

Å 2 DDR Xaui links, each 4 SerDes pairs operating at 6.25 GHz (or 

3.125 GHz for compatibility with CX4).

Å Each link has a dedicated input Packet Engine

Å All Packet Engines can output to either link

Å 32Kbyte input and output buffers on each link

Å 64 outstanding operations per link



Elan5 Local Functions

ÅBuffer manager

ïBuilds on Elan4 experience with ñput to a remote queueò

ïGeneric way of implementing queues within the adapter, 1024 

separate hardware queues (fptr, bptr, counters)

ïCommunication channels between the packet engines

ïManages the memory behind each queue

ïInputter NACKs when memory is exhausted

ÅObject cache

ïLookup an object given a key (e.g. sequencers for atomic puts, 

MPI message descriptors)



Software Model ïFirmware & Drivers

ÅBase firmware in the ROMs

ÅFirmware modules loadable with the device driver

ïElan, Ethernet, OpenFabrics, é

ÅDevice dependent library (libelan5)

ÅDevice independent library (libelan)

ÅUser libraries



ÅPoint-to-point 

message passing

ÅOne-sided put/get

ÅTransparent rail striping

ÅCollectives

ÅGlobal memory allocation

Software Model ïElan Libraries



Software Model ïShort put

ÅShort put

Command + address & 

data written to the Elan

Low latency case, 850ns 

on Elan4

Similar latency, 

significantly higher 

throughput on Elan5
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Software Model ïDMA put

ÅDMA put
Command + descriptor 

written to the Elan

Packet Engine reads the 

data from the host

ACKs return to the source
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Software Model ïDMA get

ÅDMA get

Implemented with put

Source sends a get 

request

Destination DMAs 

data back to the 

source
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Software Model ïLarge MPI Send

ÅLarge MPI send

Independent progress (no 

need to be in an MPI call)

Source sends an MPI 

header

Destination matches and 

issues a get

ÅSmall MPI send is 

simply put to a 

remote queue
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Elan5 Fault Tolerance

ÅThousands of adapters & thousands of Gbyte/sec links

ïError detection and correction in the network is a serious issue

ÅTechniques used on Elan5 / Elite5

ïECC on all the memories where it is difficult to recreate the data: 

SRAM, DMA buffers, external data cache, SDRAM

ïParity on instruction caches.

ï32-bit end-to-end CRC on all 256-bytes packet segments 

ï16-bit CRC on segment headers, checked on each hop

ïPCI-Express has its own CRCs

ïPseudo random packet generation in the link engines



Elan5 Fault Tolerance

ÅErrors, congestion, page faults all generate NACKS

ÅSource Elans retransmit on receipt of a NACK

ÅPackets are either sequenced or unsequenced

ïUnsequenced packets are written to memory in arbitrary order 

and can be replayed. Used for bulk data transfer

ïSequenced packets are executed once. Used for atomic 

operations, e.g. transfer requests, message completion, global 

synchronisation



Elite5 - Overview

ÅPhysical layer DDR XAUI

ï4 x 6.25Gbit/s (2.5Gbytes/s) in 

each direction

Å16 4, 32 2  switch component

ïOr multiple 8, 4, 2, switches

Å32 virtual channels per link

ÅFat tree or mesh topologies

ÅAdaptive routing

ÅBroadcast & barrier support



Device Overview

Elan Elite

Manufacture partner LSI, TSMC G90 process

Semi custom ASICs, 500MHz system clock 

High performance BGA package

672 pin 982 pin

17W 18W



QsNetIII cables

ÅQSFP connectors throughout

ïOptical cables (e.g.Luxtera), 5-300m

ïActive copper cables (Gore), 8-20m

ïCopper cables (Gore) 1-10m

ïNo longer Quadrics proprietary

ÅBit error rates are a big issue

ïOptical cables between switch

ïShort copper cables from nodes



QsNetIIIïFederated Networks

Å Node level switch

ï 128 links up 128 down 

Å Same module provides multiple 

top switch configurations:

ï 64 4     512-way systems

ï 32 8    1024-way systems

ï 16 16  2048-way systems

ï 4 32    4096-way systems


