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Application areas I
Image Processing and Pattern Recognition
Molecular Modelling
VLSI Design (Optimization)
Speech Processing
Computational Physics / Biology / ...
Financial Modelling
Cellular Automata / Percolation (oil recovery)
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Technologies I
VLSI Systems
Field Programmable Gate Arrays
On the hardware level machines were build to support concurrency. Examples are
The Delft machine (5) (Delft Ising System Processor: DISP) that reflects in a
direct way the structure of the Monte Carlo algorithm or
The machine build by the Santa-Barbara group (6). The Santa Barbara
architecture allows to exploit the inherent parallelism of Monte Carlo Ising
simulations that result from the data structure and the condition of detailed
balance. Instead of using just one processor, one can include many more so that
one can update spins in parallel. The processor as such reflects, similar to the
Delft computer, the structure of the Monte Carlo algorithm. The Santa Barbara
machine optimizes the performance exploiting the data structure and the
algorithmic structure.
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The heart of the machine is the spin memory, with a capacity of 2” bits, in which
spin configuration of the Ising system is stored. At the start of the

Technologies
II
the momentary
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FIG. 1. The functional organisation of the Delft Monte Carlo processor for Ismg systems.

Figure taken from: A special-purpose processor for the Monte Carlo simulation of ising spin systems, A. Hoogland, J.
Spaa, B. Selman and A. Compagner, Journal of Computational Physics Volume 51, Issue 2, August 1983, Pages
250-260
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memory banks. This identification and decoding circuitry activates only those
and routes the values of
these spins to the selected lines of the S-bus. When the central spin has a position

memory
Technologies
III banks that contain a spin of the local configuration

22

31

A-BUS

S-BUS

FIG. 2. One of the 64 identical parts of the spin memory, each with its own netghbour IdentCicatton
and decoding section.

Figure taken from: A special-purpose processor for the Monte Carlo simulation of ising spin systems, A. Hoogland, J.
Spaa, B. Selman and A. Compagner, Journal of Computational Physics Volume 51, Issue 2, August 1983, Pages
250-260
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Technologies IV
sional (d;>2) lattices, and it is shown in Fig. 3 for a 322 lattice.
The binary representations of the bit position within a word
and the address of the spin word in memory are formed from
the binary representations of the physical lattice coordinations (X I ,x2, ... ,xd) by this recipe: The two most significant
bits of XI are catenated with the three most significant bits of
X 2, with the bits from X 2 being more significant, this forms
the five bit number of bit position; the remaining bits of Xl
are catenated with the remaining bits of x 2 and all the other
bits from the other dimensions, this forms the address of the
spin word relative to the base address of the spin word array.
The inverse of this operation should be obvious. This method
works only if size of each linear dimension is an integer power of2.
For a d-dimensional simple cubic lattice there are 2d
vectors that describe the difference between the location of a
nearest neighbor [y in (4) above] and the location of the central site [x in Eg. (4)]. Each vector L\ has d components,
which have value restricted 0, 1, - 1, and in anyone vector
only one component is nonzero. Binary addition of the spin
word address and the binary representation of L\ results in
the address of the nearest neighbor if the carry inside the
addition does not propagate from a field of bits representing
one dimension into a field of bits representing another. If the
carry were to propagate, the physical1attice would have a
screw dislocation built in, rather than have true periodic
boundary conditions. The hardware prevents the propagation of carry, the method is described later.
When the nearest neighbor is across a boundary from a
FIG. 2. Photograph of the Monte Carlo computer. Three larger boards on
central site spin the above method does get the correct adthe left constitute the special processor described in Sec. III.
dress of the spin word, but the bits within that word are not
in their correct places. Referring to Fig. 3, normally the upward nearest neighbor of a bit 31 is also a bit 31, but when the
secured by making this module programmable, and subjectcentral site is in the top row the nearest neighbor is a bit 3. In
ing it to the control of a program executing on the general
order to physics,
get them into
places
two-dimensional
Figure taken from: Fast special purpose
computer
for
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simulations
in
statistical
J. the
H. correct
Condon
and
purpose CPU. It is not programmable in the same way as a
Von1691
Neuman
machine, doi:10.1063/1.1138125
far from it. Some of its programmaA. T. Ogielski, Rev. Sci. Instrum. 56,
(1985);
(6 pages)
31
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bility is more like that of a plug board controlled automatic
0
o
calculator circa 1948. When the lattice size needs changing,
•
• bu.ll
or the physics problem is changed, a new set of programmable read only memories (PROMs) and programmable array
0
•
•
•
logic devices (PALS) must be made and installed.
Before proceeding with the discussion of the processor
o·
o
hardware, it is necessary to spend some time on the organiza7 / 26
tion of data in the memory, because the design reflects the
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zationV of parallel and pipelined computations, and by the
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Figure taken from: Fast special purpose computer for Monte Carlo simulations in statistical physics, J. H. Condon and
A. T. Ogielski, Rev. Sci. Instrum. 56, 1691 (1985); doi:10.1063/1.1138125 (6 pages)

ct to AIP license or copyright; see http://rsi.aip.org/about/rights_and_permis
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Technologies VI
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FIG. 6. Block diagram ofthe spin updating pipeline. The data from the serial
input buffer registers are shifted into the decoder; the new updated spins
other pa
accumulated in the parallel output buffer are written back to the memory.
performe
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Figure taken from: Fast special purpose computer for Monte Carlo simulations in statistical physics, J. H. Condon and
loaded
the next
machine
has stopped (6because
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A. T. Ogielski,
Rev. and
Sci. Instrum.
56, 1691
(1985); doi:10.1063/1.1138125
pages)
On p
registers are empty, the data is parallel loaded into the serial
one word
registers, the progam counter is reset, and the next central
CPU can
site is processed until the lattice sweep is completed.
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Technologies VII

168

A. Cruz et al. / Computer Physics Communications 133 (2001) 165–176

Fig. 1. Schematic view of the full d = 3 machine.

Bymodels,
processing
onP. 12
modules
Every
clock
cycle,
theSUE:
random
number
generator
deFigure
taken
from:
A special
purpose
computer
for spin glass
A. Cruz,8 J.spins
Pech,in
A. parallel
Tarancon,
Tellezc,
vice included
in each
boardComputer
providesPhysics
a pseudo-random
(96(2001)
spins in total) within one clock cycle (clock
C.L. Ulloda,
C. Ungil,
Communications 133
number which is shared for the update of the eight latperiod of 48 MHz), we obtain an update speed of
tices, so the replicas (systems with the same couplings
217 ps/spin. The time spent reading, writing and
Jij ) must be simulated in different boards. We can then
processing (Measurement and Parallel Tempering)
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Technologies VIII
A. Cruz et al. / Computer Physics Communications 133 (2001) 165–176

169

Fig. 2. SUE board.

Figure taken from: SUE: A special purpose computer for spin glass models, A. Cruz, J. Pech, A. Tarancon, P. Tellezc,
C.L. Ulloda, C. Ungil, Computer Physics Communications 133 (2001)
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blocks must be even, yields the range of simulable

Technologies
IX2.
sizes shown in Table

In state 5, we send for update the first spin i
block stored in C. The x+ neighbor is in the

Fig. 3. Demon algorithm pipeline implemented in the UPDATE devices.

Figure taken from: SUE: A special purpose computer for spin glass models, A. Cruz, J. Pech, A. Tarancon, P. Tellezc,
C.L. Ulloda, C. Ungil, Computer Physics Communications 133 (2001)
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Technologies X
Initial population (Np)
N th population (Np)
Mating (2Nm)

Copy (Np)

Intermediate population (Np+2Nm)
Natural selection (Np−Nx)

Mutation (Nx)

N+1 th population (Np)
Figure 1: Procedure for updating the population in GA-DS method.
The reliability factor indicates the level of the difference
between the calculated and measured diffraction data. It is
from the current population. Randomly selected three
calculated Analysis
as
Figure takenparameters
from: A
Tflops
Calculation
for X-ray
Structure
with Special-Purpose Computers
are281
exchanged
between
a pair of parents.
As a Protein
result
theSC07
intermediate
population10-16,
composed
of Np+2N
is
m members
MDGRAPE-3,
November
2007,
Reno,
Nevada,
USA (c) 2007 ACM 978-1-59593-764-3/07/0011
created. In the mutation process randomly selected three
Nw
parameters of the randomly selected Nx members from the
Fo (h) − Fc (h)
intermediate population are replaced by a random number. The
h =1
R1 =
,
(1)
Nw
Np−Nx members of the rest of the intermediate populations are
Fo (h)
selected and survive according to their reliability factor R1, that
h =1
indicates the level of the difference between the calculated and

∑

∑
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Technologies XI

Figure 2: Block diagram (left) and photograph (right) of MDGRAPE-3 system used in the present work. It is composed of a host computer
MDGRAPE-3 system. The host computer is a 174 dual-core CPU cluster of Intel Xeon processors. MDGRAPE-3 system consists of 348
boards with 12 MDGRAPE-3 chips and its peak performance is 302 Tflops.

where N is the number of atoms, r is the position, f (h) is the
atomic scattering factor of the j-th atom and exp(-Bj /4dh2) is
the thermal displacement factor. In this work, we assumed that
fbjh is replaced by a look up table, and the equation (2) can be
accelerated by MDGRAPE-3, as described in section 3.

with the Ewald method [19], MDGRAPE-3 calculates the
pair-wise interactions in the real-space part and the
wavenumber-space part. In the wavenumber-space part DFT and
inverse DFT (IDFT) are performed.

j
j
Figure taken from: A 281 Tflops
Calculation for
X-ray Protein Structure Analysis with Special-Purpose Computers

MDGRAPE-3, SC07 November 10-16, 2007, Reno, Nevada, USA (c) 2007 ACM 978-1-59593-764-3/07/0011

2-3. Parameter set-up and initial model
We adopted Carbamoyl-Phosphate Synthetase as model cases

The implementation of both functions into the same pipeline
is realized as follows. MDGRAPE-3 pipeline calculates
(Coulomb) potentials between atoms as
N

φi = ∑ q j G (α rij2 ) ,
j =1

(4)

14 / 26

Technologies XII

Fig. 6.
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GPU I

Figure taken from: http://en.wikipedia.org/wiki/Graphics_processing_unit

Graphics cards are optimized for floating point arithmetic
General Purpose Programming on a GPU
Use CUDA/OpenCL
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GPU II
OpenCL is an open standard supported by all modern graphics card
manufacturers that allows access to the graphics cards computing abilities.

Improvements

CUDA is a set of extensions on top of OpenCL specific to nVidia graphics cards

• Efficient use of memory (1 bit per spin)

• Use of multiple GPUs

Figure taken from: The 2D Ising Model on GPU Clusters, Benjamin Block, University of Mainz, Institute for
Physics

17 / 26

From Vector to Multi-Processor Machines I

Figure taken from: http://en.wikipedia.org/wiki/Cray-1

18 / 26

Transputer

Figure taken from: http://en.wikipedia.org/wiki/Transputer
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Transputer

SEQ i = 0 FOR
SEQ
pass.x[i] :=
pass.y[i] :=
pass.z[i] :=

nop
x[i]
y[i]
z[i]

--- calculate forces on the particles within the processor
-SEQ packet = 0 FOR MaxPackets
SEQ
-- send and receive the next packet
SEQ i = 0 FOR nop
PAR
ToRight ! pass.x[i];pass.y[i];pass.z[i]
FromLeft ? got.x[i] ; got.y[i]; got.z[i]
SEQ i = 0
SEQ j = 0
SEQ
xd :=
yd :=
zd :=

FOR nop
FOR nop
x[i] - got.x[j]
y[i] - got.y[j]
z[i] - got.z[j]
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Tianhe-1A

Figure taken from: http://supercom.org/tag/supercomputer-tianhe-1a/
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The APE machine

The APE Collaboration / Nuclear Physics B (Proc. Suppl.) 140 (2005) 176–182
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