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Sources

 http://www.computerhistory.org/timeline
 wikipedia
 other web sites
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1953: Simultaneous I/O

 Introduced to absorb latency in I/O, by
allowing processor to run in parallel with
I/O.

 Gave rise the concept of an I/O
channel.
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1958: Parallel Programming

 S. Gill, "Parallel Programming,"
Computer Journal, vol. 1, (1958) p. 2.

 Introduced the idea of fork & join

 Related concepts such as cobegin &
coend and parallel-for followed.
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1960: Instruction Pipelining,
Memory Interleaving

 IBM 7030 “Stretch” 7030
 1.2 MIPS
 about 250,000 64-bit words of memory

Stretch maintenance console
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1964, CDC 6600:
Parallelism in Instruction Streams
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1964: Multics OS

 Processes
 Memory segmentation
 Memory protection
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1966-72: SIMD Architecture Illiac IV
(originally called the “Solomon” machine)
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1966: Flynnʼs Taxonomy
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1966: Flynnʼs Taxonomy
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1967, IBM 360 model 91:
Parallelism in Instruction Streams
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1971: Unix

 process fork
 wait rather than join
 pipes on command line
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1974-79: ICL DAP

The Distributed Array Processor (DAP) produced by
International Computers Limited (ICL) was the world's
first commercial massively parallel computer. The
original paper study was complete in 1972 and
building of the prototype began in 1974.

The ICL DAP had 64x64 single bit processing
elements (PEs) with 4096 bits of storage per PE. It
was attached to an ICL mainframe and could be used
as normal memory. Programs for the DAP were
written in DAP FORTRAN which was FORTRAN
extended with 64x64 matrix and 64 element vector
primitives. It had a Single Instruction Multiple Data
(SIMD) architecture.
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1975: Tandem Fault Tolerance
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1976: Cray Vector Processor
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1982: Parallel Vector Processor
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Cray / Apple

 'Apple Computer purchased a big Cray
supercomputer in the mid-1980s. In fact, Steve Jobs
was Cray's first and only walk-in customer. He arrived
unannounced at Cray headquarters in Mendota
Heights, Minnesota and asked to speak to someone
about buying a Cray. They nearly threw him out.

 'Later, Cray president John Rollwagen phoned
Seymour and told him that Apple had just purchased
a Cray that would be used in designing the next
Macintosh. Seymour thought for a bit, and replied
that it seemed reasonable, since he was using a
Macintosh to design the next Cray!'
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1979-1983: Goodyear MPP
(Massively Parallel Processor)

Based on Goodyear's earlier STARAN
array processor, a 4x256 1-bit
processing element (PE) computer.

The MPP was a 128x128 2-dimensional
array of 1-bit wide PEs.
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1980ʼs: Sequent SMP
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1980ʼs: Sequent SMP
(example: HMCʼs jarthur)
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1983: Hypercube Interconnect
(example: HMCʼs henry, 2nd floor Sprague)

 Cosmic Cube at Caltech
 Used 8086 chips

 iPSC at Intel
 Used 8086 chips, multiple ethernet cards to

interconnect

 nCUBE corp.: 1024 custom architecture
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1986: Connection machine
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1988: Posix Threads

 POSIX = Portable Operating System
Interface [for Unix]

 Standardized multithreading in C
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1987: BBN Butterfly
(BBN = “Bolt, Beranek, and Newman”)

 Butterfly interconnect
 NUMA (non-uniform memory access)

architecture
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1987: Parallel Inference Machine

Japanese 5th Generation Project
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1989: PVM

 PVM = Parallel Virtual Machine
 Developed at Oak Ridge National

Laboratory (ORNL)
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1991: Directory-Based Cache Coherence

Stanford DASH
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1991: CM-5

With the CM-5, announced in 1991,
Thinking Machines switched from the
CM-2's hypercubic architecture of
simple processors to an entirely new
MIMD architecture based on a fat tree
network of SPARC RISC processors.
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1993: NOW (Network of Workstations)
“Beowulf” Clusters

John Kozaʼs 1000 node cluster, 1999
Used for Genetic Programming  
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1994: MPI

 MPI = “Message Passing Interface”
 Developed at Argonne National

Laboratory
 Became the de facto standard for

distributed multiprocessing
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1995: Cray T3E-1200

 Distributed memory
 32 to 2048 processing elements (PEs)
 8 Million words (64 MB) per PE
 PE: DEC Alpha, 1200 Mflops
 2.4 teraflops maximum
 3-D torus interconnect
 interprocessor comm. rate: 500 MB/s
 starting at the paltry sum of $630,000
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1995: Java

 Integral multithreading
 Developed at SUN Microsystems
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1996: Deep Blue: Chess Playing

Massively parallel,
RS/6000 SP Thin P2SC-
based system with 30-
nodes, with each node
containing a 120 MHz
P2SC microprocessor for
a total of 30, enhanced
with 480 special purpose
VLSI chess chips.

http://en.wikipedia.org/wiki/IBM_Deep_Blue
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1997: ASCI Red

 Intel i4640 nodes
 Housed at Sandia National Laboratory
 666 MOPs peak per node
 606 GB memory



01-35

1997: Distributed Apps

 distributed.net (Jeff Lawson ʻ99, et al.)
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2003: IBM SP3

 1-8 processors, shared memory
 up to 16 GB memory
 networkable to 512 processors
 PE: IBM RS/6000
 2-level coherent cache
 14.2 GB/s crosspoint switch
 Cost for 128 PE version:

only $8,614,441
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2006: SGI Origin 3000 series

 16-512 processors
 up to 1 TB shared memory
 R12000 processors, 300 MHz
 NUMA architecture
 38.4 Gflops for 64 processors
 716 GB/s system bandwidth
 Cost starting around $300k
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2005-2008:
 Red Storm (Cray-Designed) at Sandia
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2004-2011: IBM Blue Gene

The first computer in the Blue Gene series, Blue Gene/L,
developed through a partnership with Lawrence Livermore National
Laboratory (LLNL), originally had a theoretical peak performance of
360 TFLOPS.

. . .
The archetypal Blue Gene/Q system called Sequoia will be
installed at Lawrence Livermore National Laboratory in 2011 as a
part of the Advanced Simulation and Computing Program running
nuclear simulations and advanced scientific research.

It will consist of 98,304 compute nodes comprising 1.6 million
processor cores and 1.6 PB memory in 96 racks covering an area
of about 3000 square feet, drawing 6 megawatts of power.
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2007: Cray XT5 (Jaguar, Kraken)



Mooreʼs “Law”



Moore's original statement that transistor counts had doubled every year
can be found in his publication "Cramming more components onto
integrated circuits", Electronics Magazine 19 April 1965:

The complexity for minimum component costs has increased at a rate of
roughly a factor of two per year...

Certainly over the short term this rate can be expected to continue, if not
to increase. Over the longer term, the rate of increase is a bit more
uncertain, although there is no reason to believe it will not remain nearly
constant for at least 10 years. That means by 1975, the number of
components per integrated circuit for minimum cost will be 65,000. I
believe that such a large circuit can be built on a single wafer.

Moore slightly altered the formulation of the law over time, in retrospect
bolstering the perceived accuracy of his law . Most notably, in 1975,
Moore altered his projection to a doubling every two years. Despite
popular misconception, he is adamant that he did not predict a doubling
"every 18 months". However, David House, an Intel colleague, had
factored in the increasing performance of transistors to conclude that
integrated circuits would double in performance every 18 months.http://en.wikipedia.org/wiki/Moore's_law



Mooreʼs Law and Processor Speeds
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2007: Nvidia GPUs and CUDA

On high-end NVIDIA video cards, upwards of
300 million keys/second (on a code-breaking
problem) has been reported. Considering a
very high end single CPU may achieve 50
million keys/second, the CUDA advancement
represents a performance increase of roughly
500%.

http://en.wikipedia.org/wiki/Distributed.net



2010 (Nov.): Current Top 500 SC Sites
http://www.top500.org/
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Slicing the Top 500 Pie
by vendor
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Slicing the Top 500 Pie
by country
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Slicing the Top 500 Pie
by processor family



01-49

Slicing the Top 500 Pie
by interconnect family
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Slicing the Top 500 Pie
by operating system
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Vendor Share vs. Time
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Country vs. Time

http://www.top500.org/files/TOP500_Looking_back_HWM.pdf
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Architecture vs. Time



Example Applications
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Rayleigh-Taylor (Turbulence) Simulation
http://www.llnl.gov/casc/asciturb/simulations.shtml

A parallelized compressible PPM (Piecewise Perturbation Method) code
used to simulate the Rayleigh-Taylor instability and turbulent mixing.
The domain is a unit cube spanned by a grid containing 512 points in each
of the three directions.
This case was run on the ASCI Blue-Pacific ID System at LLNL using 128
nodes.
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Global Weather Forecasts
http://www.ecmwf.int
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Reactor Modeling
http://www.cs.sandia.gov/CRF/MPSalsa/

Steady-state solution for the deposition of Gallium Arsenide from GaMe3 and AsH3
in a horizontal CVD reactor with tilted susceptor and rotating substrate. Streamlines
and contours of GaMe3 on the reacting surface illustrate the 3D nature of the flow.
This MPSalsa calculation of 430,000 unknowns required approximately 15 minutes
on 256 processors of an Intel Paragon.
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Virtual Supercomputers
(grid, cloud)


