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HPC General Information
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HPC Considerations

ÅCriterion
ðPerformance
ÅSpeed

ÅPower

ðScalability
ÅNumber of nodes

ÅLatency bottlenecks

ðReliability (boring)
ÅFault tolerance

ÅFault Isolation
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HPC Performance History

4YǳǊȊǿŜƛƭΣ wŀȅΦ άDǊƻǿǘƘ ƻŦ {ǳǇŜǊŎƻƳǇǳǘŜǊ tƻǿŜǊέ  нллу Φ¦w[Υ ƘǘǘǇΥκκǿǿǿΦǎƛƴƎǳƭŀǊƛǘȅΦŎƻƳκŎƘŀǊǘǎκǇŀƎŜтмΦƘǘƳƭ

Petaflop



Server Power History

ÅAcquired data 
ðServer power usage

ðServer cooling and 
auxiliaries 

ÅUnaccounted
ðData storage power

ðNetwork equipment

ðCooling and 
auxiliaries for each

ð20 to 40 % of 
datacenter load
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Power Consumption for Servers

J.G. KoomeyΣ ά9ǎǘƛƳŀǘƛƴƎ ¢ƻǘŀƭ tƻǿŜǊ /ƻƴǎǳƳǇǘƛƻƴ ōȅ {ŜǊǾŜǊǎ ƛƴ ǘƘŜ ¦Φ{Φ ŀƴŘ ǘƘŜ ²ƻǊƭŘέΤ ƘǘǘǇΥκκŜƴǘŜǊǇǊƛǎŜΦŀƳŘΦŎƻƳκ5ƻǿƴƭƻŀŘǎκǎǾǊǇǿǊǳǎŜŎƻƳpletefinal.pdf.



HPC Power

ÅStudy accounts for all servers

ðNot HPC

ðCheap servers have worse power performance

ÅImportance of low power design

ðEnvironmental management costs

ÅLimits scalability

ÅLimits extensibility
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HPC Scaling

ÅWeak Scaling:

ðGlobal Problem size grows with number of nodes

ÅStrong Scaling:

ðGlobal Problem size remains fixed with number of 
nodes

7



HPC Architecture

ÅMPP: Massively Parallel Processor

ðBlue Gene and Roadrunner 

ÅCluster: Group of autonomous systems

ðRely on general network structure

ÅSMP: Single Massive System

ðLooks like one giant system

ÅConstellation: Sun HPC System Architecture
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HPC Architecture

9[1] TOP500 SupercomputerList ςDongarra, Meuer, et al. ςNovember2008 URL: http://www.top500.org



HPC History

ÅPerformance
ðAdd more processors
ÅUse Vector Processors (VLIW) 

10T.H. Dunigan, Jr., J.S. Vetter et al., Performance Evaluation of the Cray X1 Distributed Shared Memory Architecture, IEEE Micro, 25(1):30-40, 2005.



HPC History

ÅVector Processors:

ðSecondary specialized floating point processors

ÅInterconnect:

ðShifted from crossbar designs to meshes and 
trees

ÅCrossbars have better bisection bandwidth

ÅMore complex
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Blue Gene/L
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Blue Gene/L

ÅDesign Goals:

ðLow power

ðHigh performance 
from scalability

Å65,000+ nodes

ÅParallelism over 
speed

ðSmall footprint
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A. Gara, M. A. Blumrich, D. Chen, G. L.-T. Chiu, P. Coteus, M. E. Giampapa, R. A. Haring, P. Heidelberger, D. Hoenicke, G. V. Kopcsay, T. A. Liebsch, M. Ohmacht, B. D. 
Steinmacher-Burow, T. Takken, and P. Vranas. Overview of the Blue Gene/L System Architecture. IBM
Journal of Research and Development, 49(2/3):195ς212, 2005.

Gflops/W of HPCs



Blue Gene: Overview: Node

ÅASIC
ðDual Core PPC 440 
Å700 MHz clock

ð4 MB Embedded DRAM
ðContains all functions
ð1 Watt operation
ð4 Floating point units
ÅSeparate Instructions

Å512 MB memory
ÅTwo node types
ðCompute or I/O
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Blue Gene: Memory Hierarchy

ÅSlower Processor leads to flatter memory 
hierarchy
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Blue Gene: Coherence

ÅSoftware managed coherence

ðCommunication Coprocessor Mode

ÅOne core acts to control messaging

ðVirtual Node Mode

ÅDivides memory in half

ÅAllows read only access to other processor

ÅL2, L3 are sequentially consistent

ÅCaches are not inclusive
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Blue Gene: Interconnect

ÅMain 3D Torus
ðPoint to point/multicast
ð100 ns hop (worst case 64)

Å Collective network
ðGlobal Reduction operations
ð5 µs

Å Barrier Network
ðGlobal barriers/interrupts
ð1.5 µs

Å Service Networks 
ðEthernet
ðJTAG
ð Interfaced through I/O Nodes
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Misc. System Characteristics

ÅProgramming Environment
ðC/C++, Fortran

ðOptimized MPI

ÅReliability
ðSimple components reduce complexity

ðMultilevel Redundancy

ðECC memory (DDSC)

ðCRC protected transfers
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Roadrunner
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Roadrunner

Å3,060 compute nodes

ð12,240 IBM PowerXCell 8i

ð12,240 AMD Opteroncores

ÅLINPAC Performance:

ð1.38 Pflops/s peak ( 1.026 sustained)

ð536 Mflops/(s-Watt)
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Kevin J. Barker , Kei Davis , AdolfyHoisie, Darren J. Kerbyson, Mike Lang , Scott Pakin, Jose C. Sancho, Entering the petaflopera: the architecture and performance of 
Roadrunner, Proceedings of the 2008 ACM/IEEE conference on Supercomputing, November 15-21, 2008, Austin, Texas [doi>10.1145/1413370.1413372]

http://doi.acm.org/10.1145/1413370.1413372


Roadrunner: Design Goals

ÅParadigms:

ðHeterogeneous multiprocessing

ÅUse accelerators for computation

ðModes of operation

ÅSupport unmodified code from HPC environments

ÅAccelerate performance hotspots 
ðAccelerator model (push computation down)

ÅRun all computational instructions on accelerators
ðSPE-Centric Model (push communication up) 

21



Roadrunner: Node

ÅBlades

ðContain processor

ð4 GB of memory per core

ÅTriblade(system node)

ðOne Dual-Core Opteron(1.8 
GHz) blade

ðTwo Dual PowerXCell (3.2 
GHz) blades
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Roadrunner: PowerXCell 8i

ÅCell Broadband Engine based
ðSingle PPC Core
ÅHandles general communication 

functions

ð8 Synergistic Processing Elements
ÅSpecialized for floating point 

computation

ðImprovements over Cell
ÅImproved DP floating point (108.8 

Gflop/s)

ÅDDR 2 support (up to 32 GB)

Å3.2 GHz clock frequency
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wƻŀŘǊǳƴƴŜǊΥ tƻǿŜǊ·/Ŝƭƭ /ƻƴǘΩŘ

ÅSPE
ðSIMD unit that can issue 4 

DP operations per cycle
ð256 KB Local store Memory
ÅOnly addressable memory
ÅDMA transfers to access main 

memory

ÅInterconnected by Element 
Interconnection Bus (EIB)
ð1.6 GHz
ðHandles 3 operations per 

concurrently
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Road Runner: Compute Unit 
(Level 0 Network Hierarchy)

Å180 triblades

Å12 I/O nodes

Å288 port switch

ð192 intraCUconnections

ð96 interCUconnections

ð2 GBpsbandwidth each
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Roadrunner: Network Topology

ÅFat-Tree hierarchy of 
crossbars 

ðLevel 1: 3 crossbar plains

ÅLeads to predictable and 
small latencies
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Roadrunner: Summary of Performance 
Characteristics

ÅThings to note:

ðStill Top50 network if 
all PowerXCell blades 
not used

ðPowerXCell is 
primary 
Computational 
engine
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Roadrunner

Observed Performance
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Roadrunner: Memory Performance

ÅPing pong test

ðObserved latency 
matches

ðDips caused by intra-
crossbar messages 
every 90 nodes 
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Roadrunner: Application Performance

ÅSweep3D

ðNeutron transfer 
problem

ðWeak scaling

ðSPE-Centric 
Programming 
Mode

Å5x5x400 unit
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tŜǊŦƻǊƳŀƴŎŜ /ƻƴǘΩŘ

ÅNotable:

ðPredicted best is 
based on making 
improvements to 
DaCS communication 
library

31

Performance of Sweep3D on Roadrunner 



Misc System Characteristics

ÅMPI based programming

ðCell Messaging Library (subset)

ÅSupports RPC operations which SPEs cannot do (malloc)

ÅCoherence not a problem

ðIndividual PPC/Opteroncores take care of 
themselves

ÅSPEs cannot be directly addressed
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Roadrunner: Summary

ÅOperating paradigms:
ðAccelerator 

ðSPE-centric

ðSimple operation
ÅDiscussion: allows for quicker porting

ÅFat Tree like network
ðTree of crossbars

ÅLǘΩǎ ƎƻƻŘ ǘƻ ōŜ ǘƘŜ ƪƛƴƎ
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Top500 [1]

34[1] TOP500 SupercomputerList ςDongarra, Meuer, et al. ςNovember2008 URL: http://www.top500.org



Green500 [2]

ÅPowerXCelland Blue Gene are dominant.

ÅAverage Power Top10: [1]
ðJune 2008:
Å1.32 MWatt 

Å248 Mflop/(s-Watt)
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[1] TOP500 SupercomputerList ςDongarra, Meuer, et al. ςNovember2008 URL: http://www.top500.org
[2] Green500  SupercomputerList ςNovember2008 URL: http://www.green500.org

ðNovember 2008:
Å1.08 MWatt 

Å193Mflop/(s-Watt)



Comparison

Blue Gene\ L

Å 65,536 Processors

ÅMPI
ðSpecialized for implemented 

networks

Å 360 teraflops peak

Å 3D torus, binary trees

Å Unit node: 2 cores

Å Can it run Crysis
ð no

Roadrunner 

Å122,400 cores (if SPE = core)

ÅMPI
ðSpecialized for SPEs

Å1.38 petaflops peak

ÅFat tree of crossbars

ÅUnit node: 20 cores
ðEIB interconnect is faster

ÅCan it run Crysis
ðMaybe, probably not though
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Parting Thoughts

ÅGeneral Trends:
ðSpecialization of processing units
ÅMore accelerator based architectures

ðMove functionality on chip. 
ÅReduction in power

ÅFaster networks

ðCoherence is managed with the help of higher 
level abstractions

ðMore cores and memory
Å48 bits of address space => 32 TB
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