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•
– (distributed memory system)

– (shared memory system)
shared

memory load/store

– (software)distributed shared 
memory

OS

• hybrid
constellation
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•
– 10

•
–

Pentium (IA32), Power Alpha Itanium (IA64), Sparc

•
– multi-core
– many-core

• IBM Cell Broadband Engine (8 core)
• ClearSpeed (96 core)
• Intel conceptual many-core chip (80 core)

– ALU
• GRAPE-DR (500 ALU)

7

•
–
–

•
– 100 SGI
– quad-core CPU 8 core PC

– MPP (Massively Parallel Processor) 1980

•
– NOW (Network of Workstation), COW (Cluster of 

Workstation) 
– Linux PC Linux

MPI
–

8

NIC (network interface
controller)
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P ... Processor
M ... Memory
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• CPU+memory(+I/O)
or

• message passing

– MPI (Message Passing Interface)

–

– domain decomposition
master/worker

•

• 1980 MPP
PC

10

P

Memory

P P P
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•

– multithread POSIX thread
–

OpenMP

• primitive

•

– scalability

•
scalability
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• system scalability

– bus bottleneck bus 1 transaction

– bus
•

– memory bank memory
module

– crossbar network

– coherent cache

– NUMA (Non-Uniformed Memory Access) memory
module

coherent cache
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SMP

• SMP (Symmetric Multi-Processor)
– memory

module
–

memory module
–

Intel
–

HPC2500
– coherent cache
–

–

P

bus or network

memory (bunk)

P P P
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NUMA

• NUMA (Non-Uniformed Memory 
Access)
– CPU memory module
– CPU

memory module
– memory module

non-symmetric
– AMD

(Opteron)
– SGI Origin, Altix

–

–

P

memory

P

memory

bus or network

P

memory

P

memory
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•
•

(SMP or NUMA)
• 1

P P P P

Mem

P P P P

Mem

Network

P P P P

Mem
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• CPU

– GPU (Graphic Processing Unit)
GPGPU (General Purpose GPU) 

GPU
– FPGA (Field Programmable Gate Array)

–
ClearSpeed

–
CBE (Cell Broadband Engine) LANL Roadrunner
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•
–

– CC-NUMA (Cache Coherent NUMA)

•
– static (direct) / dynamic (indirect)
– diameter (distance)
– degree (number of links)

•
– throughput
– latency
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•

•

•
– 2-D/3-D Mesh/Torus

– Hypercube

– Direct Tree
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Mesh/Torus (k-ary n-cube)

Hypercube (n-cube)

Direct Tree
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• 1
•

•
•

– Crossbar
– MIN (Multistage Interconnection Network)
– HXB (Hyper-Crossbar)
– Tree (Indirect)
– Fat Tree
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Crossbar

switch

22

MIN (Multi-stage Interconnection 
Network)
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X-dimension
Crossbar Switch

MDX (Multi-Dimensional Crossbar)... HXB

Y-dimension
Crossbar Switch
Z-dimension
Crossbar Switch

PU (Processing Unit)
EX (Exchanger)
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Tree

Fat Tree
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• Throughput
–

– [byte/sec]
[bit/sec] 8bit=1byte

• Latency
– source

destination
– source

destination
– [sec]
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•
T [byte/sec] L [sec]
N [byte] t [sec]

B [byte/sec]
t = L + N/T        B = N / t

N [byte]

B [byte/sec]

N1/2

T

0.5T

T) 0.5T
N1/2 (N-

half )

N1/2[byte] = L x T

N1/2 L
dominant

T dominant
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•
– MPP ( )

• IBM BlueGene/L
• Cray RedStorm, XT-series
• CP-PACS (SR2201)

–
• NEC 
• VPP-5000

–
• LLNL/IBM ASCI Purple
• / / PACS-CS
• /Appro T2K

–
• /HP FIRST
• /SUN TSUBAME
• LANL/IBM Roadrunner
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CP-PACS

•

•
• 1996
•

•

•

• 2048 CPU
614GFLOPS
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•

• NEC
• 2002
•

•

•

• 5120 CPU
40 TFLOPS
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ASCI Purple

• Lawrence 
Livermore National 
Lab.

• IBM
• 2006
•

•
• 12208 CPU

92 TFLOPS
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Blue Gene/L
• Lawrence 

Livermore National 
Lab.

• IBM
• 2005
•

•

• 65536 CPU
360 TFLOPS
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PACS-CS
•

.
•

• 2006
• PC

Ethernet

•
• 2560 CPU

14.4 TFLOPS
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T2K

• .
• Appro International + Cray Japan
• 2008 6
• PC
•
• 2592 CPU chip = 10368 CPU core

95 TFLOPS
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Roadrunner

• Los Alamos National Lab.
• IBM
• 2008
• Opteron

IBM Cell Broadband 
Engine

• PFLOPS
• 122400

1.38 PFLOPS
(Linpack: 1.026 PFLOPS)
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•
–

–

•
– NUMA

– cache

• working set
working

set cache
Super-Linear e(p) > 1)
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• point-to-point collective
– point-to-point: domain

decomposition
– collective: 

• barrier: 
• broadcast: 
• reduction: 

• point-to-point

• collective MPI
log(p)

•
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• MPP
•

– IA32=x86
–

• Ethernet (1Gbps 10G ??)
• Infiniband (2GByte/sec

•

– multi-core
–

– Ethernet
– O(N) O(N log N)

–


