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| ntroducti on

Array processors are achi eving hi gh perfornance for special scientific prograns
requiring a |l arge anount of floating point conputations. Using techniques such
as parallelism pipelining, nmicrocode control, and VLSI conponents, high
performances ar e obtai ned t hrough architectural features rather thaninthe use
of exotic and expensive technol ogy.

The use of array processors withinthe VAX/VMS environnent i s di scussed and
usi ng exanpl es fromearth resource anal ysis some of t he parameters and factors
associ ated wi t h obt ai ni ng maxi nrumbenefit ar e consi dered.

Thistalk i s broken down into three sections.

The first part will cover some general aspect of array processors, what they

are, why we use them and howthey appear and performwi thinthe VAX
envi ronnent.

I nthe second section typical usage, and perfornmance requirements will be
outlined by exanples fromt he areas of

- synt heti c aperture radar

- imagerectification

- resource i mage data

The final part of thetalk will sumrari‘se some of the general characteristics
of the applications and t he factors which feature inthe choice of an array

processor as a solution for conputational intensive processing. .

1 Attached Array Processors

What are they?

' Why do we need t henf?

What can t hey do?

Howdo t hey éppear‘ tothe user?

What i s an Attached Array Processor?

An array processor i s a conputing engi nethat has been specifically designedto
support array type problens. Unlike general purpose conputers such as VAX

whi ch are required t o performboth conmputi ng and i nput/output functions, the
array processor need only performa conputing function and therefore can adopt
an architecture whichis nore suitedtothat type of work. | n particular, by
reducing the vari ety of operations that needto be performed, its reduced
functional requirement canlead to significant inprovenents i n efficiency

t hrough caref ul design.

One aspect of thisrestricted capability i sthe needto provide a host conputer
whi ch i s of a nore general purpose nature. This host may be an integral and

i mbedded conponent of the array processor or nore typically a traditional

m ni comput er such as t he VAX or M crdVAX. The function of this host conputer
isprimrilyto supervisethe operations of the attached processor. It will



of fload work t o t he attached array processor i nthe sane way t hat a manager
will offload his typingto a secretary who can performthis function nore

qui ckly and efficiently thanthe manager. Following onfromthis anal ogy the
manager i s left tocarry out his own activities for which he i s nore suited.
I nasimlar manner t he host conputer i s ableto continuewith other work until
it isinterrupted by its slave. The host's functionwi |l include:

1) The transfer of datato and results fromthe attached processor.
2) The control and synchronisation of the attached processor operations.

Interns of t he user who nmay want t o t ake advant age of one of these devices
connected t o hi s conmputer it must be said that i n nost cases the operationis
not transparent. The user must be aware t hat he i s t aki ng advant age not only
of t he host processor but of the additional slave processor. | nthis way
attached array processors differ fromt he coprocessor type of devices i n many
m cro and m ni conmput ers.

I n a co-processing environment there i s a much cl oser rel ati onship between t he
host conputer and an arithnetic coprocessor. | f certaininstructions are
executed by t he host conputer thesewi Il automatically be passedtothe

i ntegral coprocessors whilethe main CPUwaits for theresult. | nthe case of
an attached array processor no intimte know edge or interaction of the

har dwar e t akes pl ace and work nmust be givento it specifically. This approach
has many advant ages i n systemdesign, i n particular the user can partition a
task over several processors which will operate concurrently.* I n brief, array
processors should be gi ven work that it does best i e floating point
conmputation. Whilst the host should do t he general purpose processing, the
work for which it was designed.

Why Do we Need Thent?

Array processors appeared i nthe early 1970s when t here was a need t o i ncrease
t he performance of floating point conputationin areas such as digital signal
processing. *Although it was possibleto get general purpose conputers with

t he performance required t hat sol uti on was prohibitively expensive i nterns of
" the overall applicationrequirenent and thus unecononical. 1t isinthese
cases of computationally intensive processing wherethe attached processor can
becane very vi abl e and ar e econoni cal sol ution.

Typi cal application areas involve either | arge volunes of data which needto be
processed as qui ckly as possible or small vol unes whi ch need t o be perforned at
hi gh speed possibly inreal-tinmne.

What Can They Do?

Fol l owi ng on fromt he previ ous sections, sincethereis norequirenent for an
attached processor t o be ablet o performt he operations associ ated wi t h gener al
pur pose processing they can be designed specifically to performarithnetic
operations i n an efficient manner. By adopting architectures which are
particularly orientated t o fl oati ng poi nt conputationthey can performthis
wor k gi ving hi gh performance at | ower cost. Many of these architectures

i ncl ude separate data and programnenories as well as a nodest degree of

parall elism



How do t hey appear t o the user?

An. attached array processor i s a device that i s connected to a host conputer in
much t he same way as a nornmal peripheral device such as a di sk or tape drive.
Thi s connection canvary inthat it may vary t he degree of coupling betweenthe
t wo machi nes.

A |l oosely coupl ed processor i s invariably a devicet o which data and work i s
passed fromt he host and the results are returned upon conpletion. A closely
coupl ed device inplies a tighter bond betweenthe two processors and t o some
extent results inthe ability to share resources. Thisinitself can be an
advant age or a di sadvant age dependi ng upon t he mechani snms used t o achi eve t he
coupli ng.

Inall cases the attached processor i s a sl ave processor and i nternms of
operation, resi des outsidethe scope of the normal operating environment as
supplied by t he manufacturer. As a consequence of this renmteness the
operation of the attached processor i s not transparent and t he user must became
involved with t he operation of two devices. This operation may sound difficult
but i n practice i s usually quite straightforward.

For example, if the user wishestorunthe computationally intensive programhe
wi || partitionthe program(which for well designed structured prograns should
betrivial) and produce 2 programsource files. The conputationally intensive
programwi Il be compiled sothat it could berun onthe attached processor

whi |l st t he remai nder of t he application programwould be conpiledtorunonthe
normal host. The only changetothe programwill bethe inclusionof some
subroutine calls inthe host programt o control the operation of attached
processor. As nentioned briefly beforethe distributionof work between
systens can be of enornmous benefit for t he overall performance of t he system

2 Applications

To provide an indication of howarray processors are used, | will outline some
typical applications fromthe area of earth resources whi ch take advantage of

these systenms. The applications considered bel oware synthetic aperture radar,
" image rectification, and resource i mage dat a processi ng.

Bef ore considering these exanples i ndetail there are some gener al
characteristics about these applicationsthat are worth considering.

1) Most alogrithns use 32-bit floating point format. Although it would be
possi bl e and possibly more efficient touse integer formats i n some
applications, this canoftenleadtoproblens interms of producing
portabl e and therefore easy t o use code.

2) The input data usually has a precisionof 8 to' 20 bits.

3) The processing which contains a high proportion of FFT and convol ution
kernel s usually requires a precisionof 24to 32 bit. Some of the factors
whi ch need t o be considered i nthis processing are signal noi se and

numerical stability.

4) I nall these applicationsthereis a vast amount of datat o be anal ysed.



2.1 Synthetic Aperture Radar

Synthetic aperture radar (SAR) i s a techni que repeatedly for taking one

di mensi onal images froma noving satelliteto generate a t wo di mensi onal
imge. The information contained withinthis inage is application dependent
and t he foll owi ng di scussion outlines some of the general characteristics
associated with t he processi ng i nvol ved.

Figure 1 illustrates a satellitewhichisinorbit and i s using radar to obtain
i nformati on about the earth’s surface beneath. To be ableto build up an i nage
it emts a pul se and detects t he echos, repeatingthis process as it travelsin
itsorbit. The responses fromeach out put pul se are used t o generate part of a
2-Dimge of t he observed obj ect beneath.

I nthe measurenent techni que and subsequent processing there are 3 factors t hat
have consi derabl e effect onthe datathat i s available and its processing.

1) The radar systemitself i s a broad beamradar (using a small antenna) and
receives data i n a conplex form(anplitude and phase ar e avail abl e).
Because of a physical restraint onthe output power avail able and t he
difficulty with determningthetimer returnof a very narrow pul sethe
radar systemwi ||l also use a chirp pul se technique. This chirp pul se
consi sts of an out put which varies in frequency over tine.

The deconvol ution of the return pulsewiththe ideal output i e a cross
correlationw || produce a spike giventhetinme at whichthereturn was
received t he resolution and accuracy of thistimeis determnedtoa large
extent by the processing used rather thant he physics of the system An
obvi ous advant age of the chirp technique i sthe ability t o output |arge
anounts of energy.

2) The satelliteis noving, not only isthesatelliteinorbit but it is also
wobbl i ng and rotating. So having enmitted a pul se, reflectionswill be
recei ved at various new positions. Another aspect of broad beamsystens i s
t hat when recei ving echos there i s no guarantee that they are duetothe
current pulse. The situationcanleadtoa nmultiplicity of datainthe
i nput stream -

3) There are various geonetric factors such as the curvature of the earth and
t he fact that we may be taki ng neasurenents at weird angl es which wil |l
particularly distort the data received.

Since we are using this as an exanple of array processing rather than a

di scussion of SAR, | will briefly outline some of the paraneters associ ated
with these types of applications, consider the processing requirenents, and
i ndi cate types of sol ution.

Pul se repititionrate: 1700 HZ
For each pul se 5700 sanpl es = 9. 69 Mval ues/ sec
Each i mage consi st of 2048 records which are typically 8192 data points

(conplex data). This data is 5 real bits plus 5 inmaginary bits equal s
10-bi ts/ sanpl e (approxi mately 100 nmegabi ts/sec).



Typi cal processing associated will include formatting/correction of data,
filtering, correction of effects such as range nmitigation (curvature of earth),
position, nmultiplicity of data. The output of this processingwill be a '’ raw
pi cture" whichwill require further processingto extract the information
required for the application. Before discussing sone of the techni ques
associated with post processing of therawpicture, it i s worth considering
some of the characteristics of a typical application. Typically nost of the
processi ng consi sts of 75-80%of FFT' s which for a typical i mage woul d require
10 gigaflops i f the processing was to be doneinreal-tine. For non-real-tine
wor k using a 12 negafl op machi ne, each i mage requires approxi mately 40 m nutes
processi ng.

SAR i s only one detection techni que and t here are ot hers avail abl e such as
infrared and invisible light. All of these techni ques produce an i mage whi ch
wi |l have different attributes and which serve the different application
requirements. For exanple, these applications may be geol ogical, the search
for mneral deposits, weather, and agricultural assessnent. One aspect of all
these techniques i sthat wewi |l get a picture fromwhich we need t o extract
the information required. However, if the imge has been obtained froma
satellite, it will be distorted by such factors as noti on and t he curvature of
the earth and therefore before starting the processingto extract the

i nformati on you nmust present the i mage i n a standard geographical form These

i mages wi | | need to berealignedto"groundtruth" sothat the informationis
presented i n a meani ngful manner. This process of imagerectificationis

di scussed i nt he next section. «

2.2 Il mage Rectification

The process of image rectification involvestransforningthe rawpicture i mage
intothe newand realigned inage. This process involves sanplingtherawdata
togeneratethis newrectified imuge. Figure 2 illustratesthe type of
processing that may be required. The i nput data nay consi st of a two

di nensi onal i mage whichis 2Kby 8K. To enable ustostart the transformation
process, it i s inportant that we canidentify where our distorted wall picture
dat a was geographically. This process can be hel ped.

1) By knowi ng where t he picture was taken
2) By using processing techniquestoidentify key points.

| n essence this process of sanpling therawdatat o produce a newi nmage
i nvol ves a "rubber stretching" type techniquetorenovethe distortions of our
i mage.

Much of t he work can be seent o involvethe sanpling of the raw picture and
vari ous techiques are available. I nthe sinplest case we could takethe
nearest val ue, this could further berefined by using linear interpretation.
At the other extreme we could use sone ki nd of convul uti on techni que i nvol ving
a matrix upto 25t o 25.

The accuracy of our newinmageto a |l arge extent will be determ ned by t he
amount of processing that is carried out inits generation.



2.3 Processing of Resource I nage Data

I nthe previous sections we have di scussed SARtechiques i n detail and

menti oned some of the ot her techni ques whi ch are avail able. Depending onthe
informationthat i s required by the user there are various different types of
processing that will also be requiredto extract information fromour now
rectified image. I nthis sectionl will outlinetwo of the types of technique
that are used i nthis post processing. The first i s feature extraction where
we are | ooking for geonetric factors. Sone of these applications may be
associ ated wi th identifying:

- geol ogi cal features

- types of reflection

- crops, roads, cities

- shapes - airports.

The t echni ques associated with this type of processing i nclude

scal i ng/ t hreshhol di ng/ edge det ecti on/t hi nni ng/ t hi ckeni ng/ convol uti on/| ocal area
hi st rogr amm ng.

An exanpl e of the type of processingthat will be carried out i s say a | andsat

i mge of t he great west desert in Australia would be a search for features but
wi t hout t he sand dunes. By the use of special filtersit will be possibleto

remove t he sand dune features t o expose any underlying structure.

The second t ype of processing involves i mage classification (Spectral) this
type of processing will berequired for applications such as agriculture/fields

- wheat, corn, forests
- snowon nountainsto estimte volume of water and spring.

- animal life, thistype of processing involves | ooking at the pixel data in
therawinmge and usingthistodeternmnethe characteristics of the inmage.

This data is further classified using a classifier programwhich i nspects data
val ues, pl aces each pixel into a category and repaints the pictureinterms of
t hese categories. This technique can be extended t o nultiple plan operations

wher e cat egories m ght involvethe identification of red, green, bl ue,

i nfrared, SAR dat a.

I nall these techni ques where t he val ue of a pixel i s associated with sone
attribute of theimuge it may be necessary t o define a reference whichis
known, t o ensurethe integrity for the results obtained.

2.4 Ot her Exanpl es

Satellite imaging i s a techniquethat i s ideal for maki ng observations of the
| arge areas of the earth’s surface. Another project which i s taking advant age
of thisistheUniversity of London's 2.5-Dproject. This project involves
using 2 satellite pictures (stereo) t o generate 3-di mensi onal pictures of the
surf ace.



Before l eaving t his area of satellite imaging there i s one aspect of the work
whi ch cannot be ignored i nthe devel opnment and verification of newtechni ques
such as SAR. \When devel oping techniques it i s inportant that one cantest
their operationand it i s by theuse of sinmulationtechniquesthat a higher

| evel of confidence can be placed on data received. As inthe processing of
real data the sinulationtechniques thenselves can involve a significant anount
of processing and once again i nthese areas array processors are of significant
benefit.

3 GCeneral Characteristics and Factors I ncorporated i n Choosi ng and Attached
Array Processor

I nthe applications that have been di scussed it i s apparent that t he processing
required i s not only related tothe conputation but alsothe |large data sets

i nvol ved. The order of processing involved for each el ement woul d typically be
intherange 5to 50 floating point operations. Thereforethe |arger the data
sets the larger t he computational task

The phil osophy of identifyingthe processing required and using a machineto
whi ch t he work can be of f-1o0ad has been an essential feature of conputing in

t he areas discussed. It is a consequence of t he conputational requirenent that
many of these applications which can broadly be descri bed as conputationally

i ntensi ve t ake advant age of devi ces such as array processors, acting as
.conmputing engines t o provide a very cost effective way of providingthe
processi ng power needed. '

~The identification of conputationally intensive applications and subsequent use
of array processor relies onthe ability to structurethe programso that those
intensive parts canredily be off-1oaded fromt he host.

Sone of the factors which haveto be considered i nthe selectection of any
particular drive can be summari sed as fol | ows:

3.1 RawArithnetic Processi ng Power

Any array processor will have a peak arithnetic processing power. 1t is a fact
t hat depending onthe architecture of the machi ne - many of which are tailored
specifically for vector or DSP type problens - the true processi ng power will
vary. Furthernore, the variation of achievabl e perfornance can be | arge. For
exanpl e, machi nes whi ch can achi eve a hi gh Megaflop rating for FFT routines may
achi eve as | owas 5-10% When runni ng a FORTRAN conpi | ed program

3.2 Data Set Size and Menory

The rel ati onshi p between t he paramet er whi ch defi ne nenory such as size, nenory
access time, bus bandwi dth and overal |l performance can be nore significant than
the overall arithnetic processing power of the nachine. Apart for a small
number of applications, many array processors fail mainly duetorestrictions

i nposed by nenmory. I nthe applications described i nthis paper it i s obvious
that a | arge anount of data i s handl ed and t he effici ency and speed wi t h whi ch
this can be donewill offend the overall systemperfornmance

I nparticular, if the menory i s unable t o holdthe conplete data set there may
be significant overhead i ntrasfer datato/fromt he host conputer and its
peri pheral s.



3.3 |1 /0O- Data Transfer

An attached processor i s a slave processor which i s controlled by the host. It
i s givenwork by the host and will often use data provi ded by t he host -
passi ng resul ts back upon coupl eti on.

I n some applications this may i nposetoo great a restrictiononthe systemand
so may AP's support alternative routes for transferring data particularly if
connected t o external equipnment. |t nust be renenbered that data transfer
times i n some applications far outway the total processing tine!

3.4 Software

To make t he systemusable it i s essential that appropriate software i s made
available. This may sinply be a subroutine library or may be a full FORTRAN
devel opnent envi ronnment.

Al t hough t he concept of using a slave processor t o provide multi-process
support may appear cunbersone and fraught wi th hi dden dangers, systens are now
avai | abl e whi ch provide a strai ghtforward nmethod of using and progranm n AP' s,
so much so that they can be viewed as a natural extension of the host conputer
and may naturally fall withinthe structure of the users' program

Sunmary-

Thi s paper has provided a brief outline of attached array processors descri bing
howt hey appear on a typical conputer system By using some exanples fromthe
field of earth sources analysisthe justification for such a device i s made
clear bothinterm of econom c and functionality.

It isclear fromthe applications that the type of problens for which they are
suitedwill belimted, but duet o advances both hardwar e/ software t echni ques
t he attached array processor i s beconm ng nore a sol ve processi ng engi ne t hat
can nowbe use! ina much wi der range of applications scientific/engneering,

i ndustrial, and business.
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