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Revolutionary array processors

(d) Falling hardware costs. DAP exploits
these without running into either:

(1) physical limitations (due, for example,
to the speed of light) experienced by
conventional machines;

or

(2) complexities and falling effectiveness
experienced by multiple processor
approaches that rely on the concurrent
execution of different pieces of
sequential code.

(e) Two significant hardware technology
developments have been

(1) that it is much cheaper to produce
many copies of gimple designs than few
copies of large complex designs,

and

(2) that memory and logic are now made from
the same technology.

The DAP exploits both these by large-scale
replication of very simple Processing
Elements (PE) and by physically mixing
storage and processing.

(f) Functions from bit-level operations.

The very simple PEs resulting from (e) are
bit-organised. This means they are very
general, in that all kinds of function can be
built up by software, and very flexible in
that the details are determined by software
rather than hardware. The fact that every-
thing is ultimately derived from the same

set of bit-level operations leads to:

(1) a unified view in computer science terms
vhich often gives fundamental insights
into functions and algorithms;

and

(2) all functions using the same hardware,
so that (provided operations are on arr-
ays of data) it is continuously active.
This contrasts with specialised hardware,
gsuch as a multiplier, which is likely to
have low utilisation. This implies that
one should beware of hardware put in to
help a particular algorithm; the algor-
ithm may change, and in any event the
hardware is unlikely to be cost-effect-
ive overall.

Research into the use of bit-organised PEs
and arrays has not been extensive in the past,
but the impetus given to it by the DAP is
yielding many effective and surprising
results. The lesson seems to be "keep it
simple, keep it general, keep it flexible".

(g) The place of DAP in a complete system.
The DAP is closely integrated into a conven-
tional system giving efficient use of exist-
ing facilities and software.
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3. DESCRIPTION OF THE DAP

More detailed descriptions are contained in
[1], [4] and [5]. The DAP comprises a few
thousand processing elements (PEs) arranged
in a two~dimensional array. The PEs are

very simple but high processing power is )
achieved by having many of them. They execute
a common instruction stream broadcast by a
master control unit MCU); the DAP is thus
classified as a SIMD (Single Instruction
Multiple Data) machine.

Various sizes of PE array can be made,
offering a range of processing powers. It is
most natural for the array to be a square
whose side is simply related to standard store
highway widths. The design aims for cost-
effectiveness rather than speed at any price.

The PEs are bit-organised (i.e. all data

paths are one bit wide) giving great flexibile
ity. Hence parallelism can be exploited in
operations such as table look-up, scanning
data, image processing, symbol processing and
sorting as well as arithmetic. BEach PE has
associated with it a few thousand bits of

fast random access storage. The fast paral-
lel transfer between stores and PEs balances
the high processing speed. As well as being
able to work in a bit-organised way on differ-
ent data in each PE, word-organised process-
ing is possible but with fewer data items
being processed in parallel.

The totality of PE stores form a standard store
module of a conventional computer. Hence
there is no need for separate transfer of
data between host and DAP; the DAP does proc-
essing inside the store of the host and is
under the control of the host via a simple
interface. Being part of a general purpose
system has two related advantages. It gives
access to the facilities of that system, in
particular the operatingsystem, languages

and input/output, and it allows users to
progressively take advantage of DAP process~
ing.

The first customer DAP has 4096 PEs arranged
64 x 64 each with 4K bits of fast store,
making 2 Mbytes in all. There are 256 array
boards, each containing the logic and storage
for 16 PEs built from standard circuits.

The first such machine is already working on
ICL premises, and the second will be delivered
to Queen Mary College, London University in
early 1980. A 32 x 32 pilot model DAP has
been working since 1976.

There are two features that make the array
two-dimensional; row and column highways
connect all the PEs in a row or column, and
each PE ig connected to its four nearest
neighbours.

The PE contains three one-bit registers, one
of which provides 'activity' control; certain
store write operations are effective only if
this register is true. This allows applica-
tion of a function to selected elements of an
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structure, thus ensuring effective use of
the machine.

DAP-FORTRAN is basically an array processing
extension of FORTRAN. It is aimed mainly at
numeric applications for a highly parallel

array processor, and aims to encourage effic-
ient and natural exploitation of parallelism.

The position of DAP as part of a general
purpose system is reflected in the overall
program structure; total processing is split
between host and DAP in a way which is
appropriate to the job, with all input-output
being performed by the host. Code to execute
on the host is programmed in stendard FORTRAN
with calls to DAP-FORTRAN subroutines which
are executed by the DAP. Processing within
the DAP is initiated and monitored by the
host in much the same way as a peripheral
transfer.

Partitioning of DAP and host processing at
the subroutine level reflects the loose
czupling between the two and is consistent
with the overheads expected in the host

“or process switching in a multi-programming
environment. Since the DAP is an integral
part of the host's store, data communication
between the two parts can be achieved via
common data areas situated in the DAP store,
without any movement of data. Any necessary
storage mode conversions are performed by
the DAP either explicitly by calls to gystem
subroutines or implicitly during execution
of DAP-FORTRAN statements.

6. DPERFORMANCE

Reference [4] discusses performance in
general, and includes applications such as
matrix operations, FFT, convolutions,
meteorology, image processing, sorting, heat
diffusion, manyﬁody problems and alternating
direction implicit (ADI) methods.

A DAP gystem is a powerful and cost-effective
tool for solving user problems, but it aiff-
ers so greatly from other systems that
comparisons are difficult. Most useful are
comparisons of effectiveness on complete
applications, and this includes the very
important programming and diagnostic aspects
not covered here. (The DAP-FORTRAN language
and its use in various cases showing its
elegance, conciseness and power is partly
covered in ([1], [2], [3], £57, (6] ana [7))-
Performance on complete problems is more
relevant than on particular algorithms

with particular details, because for a given
problem these may differ on different machi-
nes. Comparison at the level of arithmetic
units is even more misleading.

On a range of floating point routines and
applications, performance of a 64 x 64

DAP is typically between 4 and 15 times a
machine like CDC 7600, with the higher
figures usually associated with less straig-
tforward routines. Particularly high per-
formance (approximately 100 x CDC 7600)

is obtained on applications such as image

processing, the assignment problem, pattern
matching or Hadamard transforms, where
Boolean or low-precision integer processing
is involved. Even larger figures (approx-
imately 200-2000 x CDC 7600) can be obtained
for specific operations.

7. RANGE OF APPLICABILITY

A wide range of applications, which seems
to include most CPU bound applications, can
be done effectively on DAP. In several
respects conventional systems are more
restricted:

21; a specific word length;

2 operations on only one pair of words
at a time;

(3) no effective associative accessing
or processings

(4) inefficient Boolean processing;

(5) specialised hardware limited to

selected functions.

DAP is new and different, so there are certain
to be many exploitation techniques awaiting
discovery, particularly on less well studied
applications. Research is going on in

several areas, including compilation and

such commercial d.p. activities as payroll

and sorting. Operating systems are one of
many areas that seem well worth investigating.

8. PARALLEL PROGRAMMING

Parallel languages are more natural for
problems which are inherently parallel;

if an application is broadly suited to the
DAP, DAP-FORTRAN programming is usually
easier than FORTRAN. Indeed, current
proposals for array extensions to FORTRAN
have many features similar to DAP-FORTRAN.
While DAP-FORTRAN is easy for a FORTRAN
programmer to learn, it is probably true
that a sequential programmer must un-learn
much of his way of thinking; a new
programmer will probably take to parallel
programming more easily.

Data dependent jumps in sequential code are
normally replaced by masked assignments in
DAP-FORTRAN. These use the hardware activity
control, which is very fast compared with
jumps on conventional machines. Although
PEs that are de-activated may be said to be
idle , it is remarkable in highly condit-
ional codes how much time conventional
machines spend performing tests and jumps
rather than the conditional operations
themselves. Thus DAP often performs best
on this type of code, even if for part of
the time very few PEs are active. Although
global tests and branches can be used, DAP
code is often a superset (without branching)
of the code required for all possibilities.
It is then important to minimise the code
that is different for the various conditions,
and experience shows that commonality is
often much greater than is apparent from a
sequential coding; greater clarity and
insight often results from the DAP-FORTRAN
coding.























































































































































































































































































































