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| NFORVAT AR IBHCESSI NG The present inventi oPCHEBIYMISY

nmet hods and systens for processing information. 5 The
majority of present day conputers proc,]ess I nformati on using the von
Neumann i nf ormation processi ng nodel where a set of instructions is stepped
t hrough IN@WATI@NI ysRO@ﬁggm,@st ruction being initiated by a pulse froma
regular train - l'ock pul ses. Such conputer systens have proved very
useful in S|tuat|ons V\/nere information is predictable and the sarre wel |
defined set of er s 10t arried, qut t|t|vel

orocess the | nTO IO, BTG “Riese dBrREHS' &% RbieibSar bocbi

I nf or matinformasiopar al | el processing where-there are nultiple processors
whi ch_concurre tl}/nprocess information. In one such architecture

mul ti Bl e i dent [R&MIRTEY L REpENt, vu%%ap*et&'%aw%mfom'%ﬁﬂn%ﬁa?a@"on on

Many  NedrRESn GhiodRbdors swsrsﬁfat bdel AbhE 4 NP damstretshe .éiasft@pped

sequentially through a 1 singl'e processor, thereby processing t

i nf or mattheerigit swt@n@aﬂmeaﬁlaﬂrestructlon being intiated bytahp e frem: aaegtdmtrp@r al | el
~architec t %ﬁﬁ r I npe a

fixed oréfugﬁ)%{( [ ‘g\}gf exr bl g{ 22?‘% F%ﬂ?a OnproRrXﬁ \?eﬁg ‘yse?& ﬁ 8&&5{.6;{3

parts be«gvhgrecmfummlnloeds b;edncagblleamdcﬂh_edanw%bﬁefnm@amieaﬁdnamondqeeeds

I nfor, t|o rena nchr.oni se | t assedfr ne conponent to

oot AB: 0o \ERiHch o Ry Bl process the aFRTtA AT RO KEORE RISy ot e

and met Wsphﬁﬁz@ﬁﬁngnlﬁfbﬂnéﬁ'&ﬂl%l @apdilel Oprocessing UWRABFE rmdﬁ& &% Usditigle

exi sting parall el Rroce33|ng architectures have proved useful In

donai ns RIREPESAhWNitho PARGUTERMYr BERCESE nipfermationarinbeneasialy W@Htﬁé’é’éfet 0 a

seri es %umwmyen&%eﬁ&otcey@mvmlus@a%r e&r\gmt rtgéasfameew .%h div FRS- They

have 25 proved far |ess successful in pro onal ns |nvo ve

Si gm f i citerns aafodatascefcurrentiparathen than ohssigo ahel dﬁtasagquemlvothrvwm'r @ data
n . . : | thnms are often

bri t??’e ahégﬁgge#gpltﬁgﬂgggﬁéé%sﬁk ,ﬁpfé?%g'ﬁg%&gg?g@%a%'g%%rOV| ded as i nput.

As systens bectmboﬂhase;menaa)damd)paratlehphmnebhmed itkkesb'rdueesing elehbats ame

unanti ci ate state nmgy oc i ncr. ease ncreasj,ng the.

b obab | DYl CoanerE fa i PRGN BRn GoribPiat L e Yarous

I'n aCCOF&&ﬁﬁ@wéﬂtt Pards foeird canfrefidd My réguld eRRRt pllB¥ENbI Qﬂsdrbeﬂ'%tl the

provi ded an i nformation processing system conprising a
first da‘FEP’HI%P“f TS E IR oYSech £ itigt Piser rf"i’ﬂé’"ﬁo??ﬁ‘%‘?"%tta ?’Péh%’;

20 within the system.

nmponent

Information processing systems and methods based on thé traditional von
Neumann model or using existing paraliel processing architeétures have proved
useful in domains where the information processing task can be easily reduced to a
series of highly repetitive, well ordered and relatively simple steps. They have
25 proved far less successful in problem domains which involve significant amounts of
pattern matching and classification where data may be noisy and gnpredictable. In
such domains algorithms are often brittle, causing failures when unanticipated déta
is provided as input. As systems become larger and more complex the likelihood
iha’c an unanticipated state may occur increases, similarly increasing the probability
30 of the system failing or giving incorrect resuits.
In accordance with a first aspect of the present invention there is provided
an information processing system comprising: .

a first data pool for containing information in the form of data items;’
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a pl ur al WDW8B6358r ocessi ng el enents di sposed within said f PETIGRIBNSPool f or
processing data itens; and a systemcontroller arranged to
control the processing elenents to tak& selectively at |east one data
itemfroma plurality of data |tems in said first data- 5 pool; in which

system each of t rocess nents i.S_arran rfor

aut ononousl| y ar‘?dpgéﬁ}ﬁ%ﬁ’? ?Fssgﬂ?g Inga %'te’??/seec'oﬁ'g(gg't 3% f'('iﬁt $?et§ poc’mfgrel ect ed
at | east osesdgiddth @@nddngr oduce a resultant data item and to pl ace
t he- resultant data iteminto said first data ef erably,

sai d system corft FYFERY CPRIrGler Aftpaged e e tg%lH!O%eélsﬁ‘@t glgments it%&P'FF'g of at
-l east ongg Ex@'ellyt ?cmegéi.toa?\@dgjcéjft%' frb'moé p‘ﬂ.ﬁ%l@ty' dedFal itbrd il shidr fidst dRtA POOl

I's on a random basi s Pr ef er abl é systens of the present
i nvent borpoohripmhieh systeovredchl af hepproicessing plsmenshisaarranggdi nput i nf or mati on

d f
bei ng. adjiRcBRATOTTy ekfhopfhsh” sl Thfist el lvemmceth BT berafiR i A @ Poo

boundary;sefttled tt lcast onetpaiitetn and peotiicera msalmmtfd}nta itapomhdng data i t ens of
I nput information from sa

d second da 0 said first data pool and
f or dRiees thy 'Ga‘t"H’"Ft i e 'B'fﬂfﬁﬁ‘%?\r‘ﬁfcg‘??rﬁf’?’on fromsaid first data
pool to said seggfgably, sdat Q}/s&@ﬁ’l‘ controller is arranddde siRRBAEsalE@BIRcHRY Dbe
constituted by one or nore of the processing 20 elenents.

Pr ef ed@bltpkingtof|asdeast one deta damdirma BiEality of datrciteras dbpaidifirst detg Ragk

transfer |Q%ﬂr§cﬁn§oﬂ1r5§s@ed to inport data itenms of input information from
sai d secon ata pool to said first data pool, such a processing
el enent bei ng rl%rbﬁaraw systems cststharpresqmnmvatg'oprmmragsectmdedata rooll 25

at | east gne o r.acessi n t.] ans is

arranged b &R ngﬁu& ‘Pﬁ’é’ﬁﬁpg‘? 300t pﬁéust %?nna%’H X rt(;%?%al ?g?; S%at a

pool to said sétshdsés@ansbal dbemgpadiacens 46 rsatd firso ciass bog aﬁdesmaﬁeenﬁr@mef er red
essi ng.el enen

br ocedB Y BriseREmapHuRGetremartns THSLESEPHY 5 TEPRHEG ST IR Shi d-
expor t i NGnpiO GFSHHBGore | #R3R Ndaid Nebsﬁ@adatuewol  $hiagfiest data PHEICEAG fog
el ement may constitute both a said inporting processing elenent and a
exporting data items of output information from Sald first data pool to said second
data pool.
The transfer means may be constituted by one or more of the processing
20 elements.
Preferably, at least one of said processing elements constituting the
'_transfer means is arranged to import data items of input information from said
second data pool to said first data pool, such a processing element being referred
“to as an importing processing element; and | |
25 ~ at least one of said processing elements constituting the transfer means is
arranged to export data items of output information from said first data pool to
said second data pool, such a processing element being referred to as an exporting
~ processing element. _
A said importing processing element may be a different processing
30 element from a said exporting processing element. Alternatively, a single
processing element may constitute both a said importing processing element and a

said exporting processing element.
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Pr ef eraM??Wgﬁi d inporting processing elenent is arrangggr%ggglgqlg%t a

dat a item of input information from said second data pool in accordance
wth a first pr edet er m ned criteridn, to create a copy of said selected
data item of i nput I nformati on and place said copy into said first data

pool , and to dpgé@ulysal fhid Pnpctihg pradssing aldnhéit 9 brraRged 1d Sdiestdmbihan.
A said exporting processing element may be arranged to select a data item

of out puitemnefoinpt iigfermaten Jeany seid secanst datgoproliin ansettanencwithia first second
pr edet er o : 1 LOop.. tQ C a Y, 54| e d.dat aci. of
out put Epealg%{@ﬁﬂrfégf F’g%?'é’ﬂaqﬁl g%g{eggi 88%&;0%?{? oéési%‘?[ghsg%gnggﬁatgf a IJ:'p‘(g;ﬁo?l , and
t 0 dest rinjormaatibnl Ond qebecseid dagtya intbesaidf fistitdatié pavl,oendittoodestroy said

Pr ef er.abl egch of the processing elenments is arranged to distinguish
bet weén ﬁ%?‘é"eat%ﬁ%'tfaﬁ‘a?f 'BPUﬁ '5‘?%{1‘1 \?Bd to operate upon and data itens that

it is not . alddveRbdreing RREHsSingRMment may be arrangBd @ @EREY ¥ .dadd itb@ast one
of said processi n% el enents is arranged to perform 15 a join operation on

two or nBf euiRIteHiteunakian. fianengaid first data pool ipragcerdasicg, with Pe8&i°Wne of
said proﬁ%ﬁéf&&i@édegﬁ{gri%n! %oa&ééﬁgsd@% Effsw %ugctedadg{aeﬁgmoeﬁro%%w on a
tem Pretera S -

sel ected data | y, sald systemcontroller I
ar r angedinferciation and @éscer saitheophantoasaid second datd eloktaridets iestney shidt he

proc i ng._el nt erforms its selection fromsaid 20 first data pool.
I n a?ijcs)r%‘gﬁ%tgg\%%ﬁﬁgg’s%{%ugau%@p%r&a%gp' the present invention, there is

provi ded a mnet padeablyprexxts 6f nhe | processiig @iensentPris Samghdede t tdigtigaish

(i) popul atin first data pogl with a plurality of data itens and a
plurali t?etwee%b atg figms Han it @I%‘H@ﬁ’f’s"? QRfdaterHon dgje Ttetes B dessilg

el ement salikved to operatd Updn.S€l ecting, in accordance with a predetern ned
function, at |east one of the data itens currently in the first data
pool and t aki nfraferablye|adtasy onato seideprosyssing elemsnts isearfanasd taeafasmol

(111 )gg0eL f QR HpRPhticAPRAT B Hore SBR-ARYASRRTRRRUS! Y, by the associ at ed
processi ng el gment, a respective operation on its selected data iten(s) and
30 produci ng aPrefemsbtyarat lekst ane tod rsaidaprbcessing elements is(@rvgnged aoipegfarine

resul tang \galloddi&tibh Bn 3efbdibd aheafRlf. POO! -

Preferably, said system controller is arranged such as to determine the rate

at which at least one of the processing elements performs its selection from said
20 first data pool. _ _

In accordance with a second aspect of the present invention, there is
provided a method of processing information comprisi'ng the steps of:

(i) populating a first data pool with a plurality of data items and a plurality
of processing elements, and, for each of the processing elements,'

25 {ii) selecting, in accordance with a predetermined function, at least one of
the data items currently in the first data pool and faking the selected data item(s)
from the first data pool,

{ili) performing, autonomously and asynchronously, by the associated
processing element, a respective operation on its selected data item(s) and
30 producing a resultant data item, and
(iv) placing the resultant data itém in said first dafa pool.
Preferably, said predetermined function of the selecting and taking step

randomises the selection of said at least one data item.



Preferably, said predeterm ned function of the selecting and taking step.

+andom ses the selection of said at | east one data item WO
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Preferably, the selecting and taking 4t ep includes a substep of

di stingui shing between data itens that the proceSS| ng elenment is allowed to
oper ate upon h owed oper at on,
Preferably, sar feéabe‘fj t}' [?I ﬁt‘? né’"galta 'f‘?r &e%la't”& ”[5'85I a\/\ﬁ"ﬁ geoppl Bfality
of 5 %tﬁngutsﬂmi; %tm&erseﬁté rieonsd ahat Be dtbdedsimTRidMéithisTRBbwadf td' st

pr edet er m ned criterion relating to input information froma second :
dat a po®petate 3aPH andrdata famng that it t‘ﬁ)B‘PT allowed to operatefip®he nay be i ncl uded a -
step of transfgifddigy dakid skdPBF pBPlISHngRRld Arst dats [ f
criterion rel a‘fléfhgé}?\é odt |§utFje g?mat ?%rl:\s 1Edr m saatd%%e?gt'ﬁdgtﬁ&%dw ool to
said §ecdcatm| lwatsa cpuwrises transfernng dafy eﬂeemmtth et pee rfirsir madgtemmpﬁd

conpri ses, eratl on | ect e dat a

s BBt e R REINER iBfbriodRaR irdlR | saaond BRBAS ok 46 .

item 1%pool. Preferably, said predeterm ned function defines the rate
of sel ection of said at | east one data item Systens of the

present inventhi§re P BegRrYdedaapied of ansterdng data dgms whichy H@@ésﬁ ng

el ement $.065d prddiemPNES RFiRMRBHSL)tRG tbhsutgat %foﬁﬂ&:o@ﬁﬂém 94l @kt WAk
I nformati on processi (ggsystem can be controlled not only by the specific 20

oper 4¢i doo! 'E$e$¢lérsﬁ§@!”' at@aR®opr ocessi ng el enents, but al so by the dynam cs

which o 301 bl et hepUohifien’ dg[)gg%?u?ﬂt&gpﬁlt 8t moper ate.

A unit of infornatio I's typl epr ata itenms, or a
" concentsebcterhdatefitetad.a it ens, and this concentration can al so be nodified

h I f th b
System The t ACPETOBInG e by b e R B REoh e e gL ¢ o

each progessing elenent's nethod of = selecting appropriate data fromthe
dat a_pool rather than bei ng determ ned b dat a pat hs bethen t he
el emdAts. Systiaries?ly; Saifedr eF'ﬁT@f’UHHeHg %ﬁéoaﬁ?&weéheorat% of selgqtiop, ©

concent rald Meastodrk 4418 ithpcessi ng el enents' data selectivity can be varied

snoothly to control the system behaviour and avoid the brittleness
associ at ed wi t3¥stems of the present invention are highly parallel, with constituent

processing elements operating asynchronously on the data. The behaviour of the
information processing system can be controlled not only by the specific

20 operations performed hy the processing elements, but aiso by the dynamics which
affect the rate at which particular processing elementé operate.

A unit of information is typically represented by multiple data items, or a
"concentratien" of data items, and this concentration can also be modified so as to
affect the.results of the processing earried out by the system. The transfer of data

25 between processing elements is a result of eech processing element’s method of '
selecting appropriate data from the data pool rather than being determined by fixed
data paths between the elements. Systerh attributes including the dynamics, data
item concentrations, and the processihg elements’ data selectivity can be varied
smoothly to control the system behaviour and avoid the brittleness associated with

.30 the design of traditional architectures. .

Embodiments of an information processing system in accordance with the

present invention will now be described with reference to the drawings in which :-
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30 the design of traditional architectures. ' Enbodi ments of an

i-nformati on processing systemin accordance with the resent invention
will novWQéBE@%ri bed with reference to the drawi ngs in wWRCZ{EBISO0IS0
98/ 36354 . PCT/ GB9/ 00150
5 Figure 1 is a schematic®overview of an information

processi ng system of the present invention; Figure 2 is a

}Sop level f'@%@gf%ﬂz atlg'ﬁég\s\%c h@érbﬁm R¥ %%E%Eﬁirﬁﬁtiﬁb{ gé@s%fngnsystglingwe L

Fi gu IS a art showing the initralisati procedure of
t he thef presestti iomengiapcessi ng system of Figure 1; Figure 4 is
a flowhart shaw ng.t.he processing tteragtion for an enclosure of, t he
i nformation pr =S i2n'§ %g%&ge eg#lo%ﬁcba&egflt,he m¥orma%on procl:_qs§mges%stfer§ ?if
f1 owchar Figakew ng a transfer nmechani smof the information 10 processing
system of Figure 1, . Figure 6 is a _flowhart showi ng a first
exanpl® of t heFigyes e3n By Rafforechgrt showing thgr #ritiglisation pPresedwen@f sthe em of

Fi gure 1intaRflation processing sfét?«‘drcﬁ‘ Fighrg B flowchart show ng a second exanple
of the system dynam cs of the Tnformation processing systemof Figure

1. 15 Flaure-idgisra flowchad shiowing ahe meocsssing itdiatién doic harenslosfireFi gur es
2 to 7, there. is . S | tod. rrocessing system 10 conpri sing
gﬁﬁe inférmation ré?gég}sﬂa@ é»%g a%g(;ﬂé@ﬂig ;

an extern envi ronmne surroundi ng an internal
envi ronment or Fitaka 5pisod fidbduchandstoeyiag & gdnsfer niechamisin 6f/ tiee bdomiation 16.
The internal environnent 14 and the boundary 16 together are referred

to aslGnProsessipg Syatemypt Biguee ti ang these terns are used 20

i nt er changeabl yidues i af idichal ShéWin@! ) fifst &X4inpRSNe sé,%terﬁm%a}rﬁ@s éf set of
dat a items DIs, of which only data itens DIl to DI5 are shown. The data

itens arthe informatioaprpeessing ssstepediFieneilr@dent 12 by a user in an
initialisation | I ' At th the
- (E)Hu?&951§ a flow%ﬁﬁgﬁ&ﬁﬂﬁ.éag%ogd Vﬁglglagwlezgf the a6 Rinarhidd

encl osure 14, IS a trans mechani sm-. sel’'ectively transfers
dat a it enf tixeinferomationepresessingasyseemiafdrgmeat!. 12 and t he i nt er nal

envi rgnnent 14, Transfer hantsm 18. i s sho h i cal S .
discrete entit fp E’ recf(')hﬁ'édg?vzt(ﬁ' "EETEATRY ﬁ?ﬁw\ﬂ%a\?ﬁ% %rﬁ%‘%’egr#oﬁ%z H%I'—zf g'gsur el
bei ng showpQir iatbrenatiod af eedstimg dystermttiOcdormpsrisidy 8 exsersdianvironmenhgar e 1

in r in pr i h f i i
Pﬁlt i ?mte )é gta{ ﬁgc’eh %&uﬁ’lﬁh?%@g %na‘x%%elrggl énv?ro%naerr!n% o?rda[cra'3 %Q(aﬂn |12'm a%g s\émpérlaté)cF

from it by a boundary 16. The internal environment 14 and the boundary 16
together are referred to as an “enclosure” or a “sac” and these terms are used
20 interchangeably hereinafter. The external environment 12, contains a set of data
items Dls, of which only data items DI1 to DI5 are shown. The data items are
placed in the external environment 12 by a user in an initialisation process
described later.
Associated with the enclosure 14, 16 is a transfer mechanism 18 which
25 selectively transfers data items between the external environment 12 and the
internal environment 14. Transfer mechanism 18 is shown schematically as a
discrete entify not connected to data item DI4 which is shown in Figure 1 being
importéd and data item DI8 which is which is shown in Figure 1 being exported,
but in practice the transfer mechanism 18 will be intimately invoived in the
30 importing and exporting of the data items.
The internal environment 14 contains a set of data items, of which only
.data items DI6 to Di11 are shown, and a set of processing elements PEs, of which

only processing elements PE1, PE2 and PE3 are shown. In the preferred



30 inporting and exporting of the data itens. The internal
environnent 14 contains a set of data itens, of which only data itens
DI 6 to Bvbbsaesmeashown, and a set of processing el ements PBEST/GBYS/A#ISEh
only processing el ements PE1, PE2 and PE3 are shown. In the preferred
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enmbodi nent, the data itenp w t he |nternal environnent 14 are the

resul t ofmbodiment, she dafq Hﬁmﬁfw'tt'PfB Hiedntarast epvineamesm fsagnthe fsUiirdcessi ng

el enent S ¢he operation of th&-B8RsTBF RERBAMISE 1 SREMe bdcasshpfbihRArM th a source
data pool, from which it draws one or nore data itens to operate on,

and a target d&eehpueressing elementiishassocisted axith he spurngl dat¥ pphk BP@r at i on.

{Retrlnfernaﬁgér?égvs &fk Rﬁ&%miga%afté}nsaltgo %ﬁétefo(}{ %’ar gg%rBdaga ggooqqel.l%ents 'S

The opr athichn noblabése the oedis ohtheebpenativs. Irs this Mmhﬂdimmtbyha soysdecdata

trol | | ud i terat t | der t
o ocess PRRUTET TPCPRRETUN SERFRGSES o1 (TAEAL/RELRPa0 fy WG j& plse 800 o

the i NPpUtaryBt @5t383doPN t 0 be processed (step 210), initialise the system
(step 212) _ define the end condition for the processi ng (step 214), set
the iteration The pBeIAtien of the, RERSSING: @lpmends ignaontralied; Ryt 7 agystem

Process! Bgniiidr o WriRbilles I RerationRHEIFAN Wl | then perform processing
of the information by repeatedly carrying 15 out the follow ng actions,

asyncH? onousl y lranuiqr rfopapedssehputiinformativoe dhve operodf thieesystemaldd mikhdirgtei ng

d
a0 ver e gbiah e Btk ARILGOL 6L pASelohd Irbb 218 AINH Bk Bltp 1) g
t he i ntegnal, defineamlve rerndnmndrﬂdh fomthe bkmresdmgetste’po@ﬂ4unslar thehéecarionr ol  of
the transfer e sac néste 222

h
Chown § noatel 2 1 s F e &) A e dhicigte prasersiod By 1R Sveterh GO TEE 25

(step 224ystem 10 will then pYRAM! Hocedithg 6nehd ir@BrrhstioiEly Fébabsdf RaR9mhg
information is extracted from data itens in the external data Pool

(st ep! 226yt 3he) Fe¥RWiIRE RAOE] 2P WTCHFeRAUSYnand ipparaligh pwith dryeastiopPf thene

system 1Qcﬁ&?§ﬁénnﬁrg&%ﬁﬁd% ekl ANSo MRy Eb%rﬁiﬁﬁ@@hd con8ithlielh&r 20
determines that the task specific end condition (set by the user in

step 214)stap@Meen reached, in this specific embodi ment, that a fixed

nunber OfI'ran_sfer data items between the external environment 12 and the internal

environment 14 (in either direction} under the control of the transfer mechanism 18
20 (step 220). | |
Process the sac (step 222, shown in detail in FigUre 4} and increment the iteration
counter 22 (step 224).
When the end condition is met the processed information is extracted from
data items in the external data pool (step 226) and the processed information is
25 output {step 228). The system 10 ceases processing iterations when the system
controller 20 determines that the task specific end condition (set by the user in
step 214) has been reached, in this specific: embodiment,'that a fixed number of
processing iterations has been performed.. _
In variants, different task specific end conditions are used to determine
30 when the system 10 ceases processing.
The system 10 can be configured to carry out many alternative tasks

~according to the specific instructions that the system controlier 20 is set up to



processing iterations has been performed. In variants,
dirfferent task specific end conditions are used to determ ne 30 when the

syst em WD 98836386 processi ng. The system 10 caPCHEBRMMASYuUred to
carry out many alternative tasks according to the specific instructions
that the systemcontroller 20 is set up to WO 98/ 36354
PCT/ G3B98/ 00150 oper ate
. under, the user, in'the in | | ed
el ol § SRt nAt ot eliRR by e der! B thE AR ER, 215 a?sacga'ﬁﬁde (step
212, shom;amaﬂ@i ptdcedoreli gure 3), the user def| nes a data structure
for the data itens (step 310), defines a set processing el enent types

(step 312), .dein H&'rv%'sab%m RASAVEF (Stop 2t1r2aﬁ§9wm in' detaih i figusen3tathest ep
314, shoyge, Beﬁlﬁésabl dhtd Eirgbdufe For tFJ@fdaQﬁsité?n§3{ gnkq’f)), defirf¥NgNddtSof | -

the operation of the system control 20, (step , converts each
unit & prapessinaf element otvpent tep C%TZ)esmngthanmrwmanstﬂ@ Bargfer pl aces

a conce t t % step
320), anﬂ'efga?)'?aceg ggtggﬁgé{e]%ﬂ? é\mhnﬁ‘o é&t”cw pr%’gée(s@r n(gef'g?gnén&%@ﬁe fl(nt o]
the sac Ggndrhics2ig. the opekatith o heessteng cohaolert20 Mpﬁpl 318leconeghty sdctp 312)
by specifyijng an operation - condi tion, .  an o?eratl ssoci at ed

source aHB'tt rﬁﬁ”td'af%f"}?S'Bf‘s'"tel'l‘?ecPFrﬁF%‘Wé#"g a HF?’R] %g 8.sPigees (fed

(st ep 31lddnduhtRRiBRi bty eBeh dfatd R lint@OfHd bk&ma%mnment E(§1l%ﬁr 826pnéHd i on.
In the processing iteration of the system 10 own in detail

| n Fi fur plagps a conqepiradign tafngachrnpreeessing ztqur\ﬁ typepnte1the a’aq Higp S22
sel ect, F§éﬁ'9>h6&‘°ss§1}rﬁsgﬁmeﬁg type .anam&ja BRSH pyNsMfDingL8n dhePERFESSI NY

el emant oget one |tem rom the - processing
el enent ' sosdition.caml aperagion) and aesodidted saurce and target datalgoolsh&hecirantferon i s
ntraller .20 the

successful (ste 2 , [Lhe te
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shoul d opgpét eonditibhe sel ected data i ten(s) (step 414) . t he
processi ng el enent shoul d operate tep 41 n the

el emel® perf or # 18 Breag5siae NsrRtAN éh %\fsé%% Hg &%\Dé{‘"? ﬂaﬁ?@ z:éﬁ‘rg?élt)'l ng
Zero or the sySlefh R8WtrdMdra20,! AMBtepS480) Qftefripts &6%Iéh¥8hsm§nﬂ1ep§@s(iélﬂgoﬁny
such new data itens 25 into the processing elenent's targ_let data pool,

i .e. thedyaemicst definedoin sterd316, adusesssinghglement dpagihghIwih s leastetnadat a
i ten(s) Qﬁ{aeﬁerﬁzf?am the processing element’s source data pool, i.e. the sac.
If the selection is successful (step 412), the system controller 20 then
20 checks the operation condition of the selected processing element to determine if it
should operate on the selected data item(s) {step 414).

If the processing element should operate (step 416), then the processing
element performs its operation on the selected data item(s), generating zero or
more new data items as a result {step 418), and placing any such new data items

25 into the processing element’s target data pool, i.e. the sac (step 420), and
destroying the originally selected data item(s) (steh 422). |

In the opefation of the transfer mechanism 18 of the system 10, the
transfer mechanism 18 decides randomly whether to export or to import a data
item (step 510). | ' |

30 If the decision is importing (step- 512), the transfer hechahism 18 sets the
source data pool to be the external environment and the target data pool to be the
internal environment (step 514), and sets the transfer condition to be the import

condition {step 516).
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In the operation of the transfer nechanism 18 of the system 10, the
.transfer nmechani sm 18 deci des randomly whether to export or to inport a
data woiokBéssgstep 510). 30 I f the decision i SPCMGBOS/M0IE0 (St ep
512), the transfer nmechanism 18 sets the source data pool to be the
external environnent and the target data pool to be the: I nt er nal
envi ronnent (step 514), and sets the transfer condition to be the inport

condition (step 516). WD 98/ 36354 .
PCT/ GB98/ 0015# the decision is exporting (step 512), the transfer mechanism 1% sets the
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to be the ort ondition (step 520). . 5 Then the transfer -
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el ements are sufficient to 20 carry out the main processing tasks involved
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descri bed nor e
the internal environment 14, and to allow lists of the desired (sorted) length to

pass from the internal environment 14 to the external environment 12. Multipl'e
copies (or concentrations) of two types of processing elements are sufficient to
20 'carry out the main processing taéks involved in assembling the sorted. lists as
described in more detail later. _
The components of the information procéssing system 10 will now be
" described in more detail. - _
A data item comprises the combination of a task specific data structure
25 definedlduring system initialisation {step 310} and an associated “concentration”.
The concentration can be either a non-negative integer value indicating how many
distinct instances of a data item are present, or a non-negative real value
represen_ting the quantity of the data item that exists in a data pool. In the example
' being considered here, concentration of a particular data item is represented by the
30 number of instances of that data item present in a data pool.
| As mentioned, a processing element operates upon oné or more data items
which originate from its associated source data pool (the internal data pool in this
specific émbodiment) to produce zero or more new data items which are inserted

into the associated target data pool (the internal data pool}, {steps 418 and _420).



A data item conprises the conbination of a task specific data structure 25
defined during systeminitialisation (step 310) and an associ ated
" concenWiOAS(36384, The concentration can be either a n&ﬁ'ﬁ@%fopw i nt eger
val ue indi cati ng how many distinch instances of a data itemare
present, or a non-negative real value representing the quantity of the
data itemthat exists in a data pool. In the exanple bei ng consi dered
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concentration is represented by nultiple discrete data iteminstances,

t hese areffectivelyrwansiened by grcapyrand deletgymechapiyn-and del et e mechani sm

The system Confﬁé)kykﬁémz&n‘?n%ﬁ@(Qbrb%‘ierﬁ-rhﬁeé){r%eérd%gné R & pBEeSHBIiNg, - e
20 the dynam cs the processing system carried out by the processing

el enéft sthe|dynamicgiet thenproeessifg systpmo carisdheptehw thenprocgsaing iglemants.vit ed,
. e. CO‘HE%Q##M Qwhich processing element is to be activated, i.e. commanded to

perform its operation, and the selection of one or more data items from the internal
data pool. _

In the, éxample of the specific embodiment, the system 10 is conf_igured to

25 sort a set'of unique integers into a sorted, monotonically increasing list. In this

case a data item’s data structure is defined to be a list of integer values (data

eléments) and two types of processing element are defined which are called “join”

and “break”. For each processing element type, the processing element’s source

and target data pools are set to be the sac’s internal data pool. The transfer

30 mechanism’s import condition is that a data item should have unit length, i.e. one

data element, and its export condition is that a data item has a length, i.e. the

number of its data elements, equal to the number of input integer values, that is, it

is a fully sorted list. Concentrations of data items and processing elements are
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performits operation, and the selection of one or nore data itens fromthe

i'nternal =~ data pool. In the exanple of the specific
enbodi nemQ 9%3Iedsasystem 10 is configured to 25 sort a set ROT/GBISPOESO
integers into a sorted, nonotonically increasing list. In this case a

data item's data structure i's defined t® be a list of integer values (data
eI enents) and two types of processi ng el enent are defined which are called
"join" and "break". For each’processjng el enent ty t he processing
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t he surface. ﬁ“rgtod%'?ngv u(SfCaIcFI e'JEO%L‘I’snsoo?l ogg'on aé‘&ﬁs'da?'b Yle! A%t ance
I ni tiall yassatidteds withe jhstdhcear ef pmdumd dy qplelgaseting eteat@nt System of
The toroi dal surfvﬂ_ge, Eotion E‘;I 0Si di sta}_nces and vel ocities
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steps indi I gure ternative ver sion e controller
as shown vensitn gli rtbe Tontreliercas wm irc Bigoen 7ruses emho thededncentratiph edwiatad
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poSi t i ong%gr% v ?%g' (t?eg:eﬁ‘ %é% %jmestﬁ %&%ﬁer gﬁ%g eché;lt ??Qé” 6" surface,

positions or velocmes described in the current example.

20 in the example of Figure 6,_ the system controller 20 first records all
processing elements as'unvisited {step 610), and then proceeds to the decision -
“Are theré any unvisited processing elements” (step 612). |

If the decision outcome is positive, the system controller 20 randomly
selects an unvisited processing element (step 614), marks the selected processing

25 element as visited (step 616), and proceeds to a decision - “Is there at least one
data item in the processing element’s source data ppol within a predetermined
distance of the processing element” (_step 618).

Iif the decision outcome is positive, the system controller 20 selects one or
more data items from those within the predetermined distance in accordance with

30 its selection criterion {step 620), and records the selected processing elefnent and

data item(s) (step 622).
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20 In the exanple of Figure 6, the systemcontroller 20 first
fecords all processing el enments as unvisited (step 618) and t hen
pr_oceedswf’(?s?f?é"deci sion - - "Are there any unvisited p 6'?&%9@4?515
el ements™ (step 612). I f the decision outcone is positive, 'the
system control |l er 20 randomly - sel eHes an unvi sited processi ng el enent
(step 614), marks the selected processing 25 elenent as visited (step 616),
and proceeds tqfanéerbiidontcohie heddativb (sRPSE19Nahe systkdh Tohtr@ller Dot he
processing el enent's source data pool within_ a predeterm ned di st ance
of the prdsselesimipecsalenind prqogsaipa@ianent (step 624) and fhe prpgessing /GtyRs3at cone
IS posit is\fg%mstl?? systemcontroll er 20 sel ects one or nore data itens
fromthose within the predeternm ned distance in accordance with 30 its
sel ection crit eks omertdned, 62AGrianant thesgswsn t10cusss! thet sstemodyeamiog) asl enent
and dat a itelggs-l) &s} e&.622§. .. VO 9%/ 36354 .

PCT/ 6858/ X\gbln igure /., in Is case concentrations can be represented asern-negatlve

| f the deghSidliesid OM8Ie i nbe@al ity st TheRoBIM suffbte, PositRifss aRtalesar 20
desel ects the selected processing_elenment (step 624) and the processing

returns t\plocitiessphbhesgariier example. The sygtem spnialal 2Q)is/arangad &f assigD 8ystem

10 uses tdg bt _gpatgamﬁmfos éheh gro%%QWH%' BieRletr &hié- bhl?lgt *Eiieﬁnfdisfs the
concentrations can be repr esented as non- negat lve real values and there
i s no neembncenuston bt the poicgasing widraerd, dipided thiyotie, suih of ahe eoncentrations

vel oci,iii es of .the earlier example. T ystem controller 20 is arranged to
assi g ba over agéF%@F?cgﬁs'BPer%{B%ls'ﬁf/tef’gﬁgzbh processi ng el enment, this being

defi ned as the The sysiaeestntalllenn0 Gleldche a processsmigniderabein@ntomiy actaalding t he
sum of the concentr ationi@l,o over all the processing elenents (step 710).
The syst dfh 08 FetestipRprovphiitiesdeters/ Yrlocessi ng el enent randoniy accor di ng

to the sel ecti omhdspRap tddtidier £BLAEN Gbsighs a selection probabiliy ®YSdc®Ndata _
controller 20 then assigns a selection probability to each data itemin

the procdtnnig thepeogessingoalemenyiat soysee| datghpaolpdhisgbeiegi drftnedsas Hbe15
concenRkr at i . ' ny _ t iaNs
conceghy Sl br i 3t OB PInG YUY phheeg s

Fol | owi ngthehiaga iteine ip\the epurcerdatapbelr(sR® Erdlect s one or nore data itens
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selected is cessing e 0 Opérate
upon) ( st&jeordifg toahd sdlectiohnabbabilitidveot ysd dataciverns dthee huRBer selecrds ishe
sel ect ed t?wreor(w:uerggérnn%qsgrg Qrt thaengro%g;sa}ng element to operate upon) (step 716), and
20 finally, the system controller 20 records the selected processing element and data
item(s) (step 718).
_ Referring back to the specific example of the preferred embodiment, the
input to the system 10, as mentioned, is the set of unique integers to be sorted.
At initialisation of the s\/stem 10 each of these is converted into a data item’s unit
25 length list containing the corresponding integer value. Multiple instances of each
data item (equivalent to a concentration of the data item - integer value) are then
placed into the external environment 12 prior to processing. In addition the sac is
initialised to contain multiple instances of processing elements (equivalent to a
concentration) of both “join” and “break” types. _ '
30 The operation condition of a “join” processing element is that it operates
on two data items, and that the higher end value of one of the data item’s list is
less than the lower end value of the. other data item’s list. Provided that this

operation condition is fulfilled, the resulting operation appends the latter data
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iten(s) (step 718). . Referring back to the specific exanple of
‘the preferred enbodi nent, the I nput to the system 10, as nentioned, i
t he set wo98Be38tie i ntegers to be sorted. At initiali SRCT/GBISH0130he

‘'system 10 each of these is converted into a data items unit 25 |Ilength
list containing the corresponding integer value. Miltiple instances of each
data item (equivalent to a concentration of the dat a item - integer val ue)
are then pl aced into the exter envi r onment pri or tT??é"FroceSSI ng.

I'n addi tiHes sl tefhe fgrmer d?‘ﬁl"é‘i”aF’"q§éd°t°6e%rﬂ ary Ft"f“"ﬁl‘ EoNiRiting B of

pr oceSSIr'agutﬁhsrlﬁﬂt*ﬁmé %waf@h%&ult@.radata it&AB ORI rtré&¥ing 9t RALths, IRk n” and
"break" types. The operation condition of a "join" processing

el enent Qfﬁeﬂhfa!thmtge(ﬂ?@lse@tf ‘snissing ‘oiNteass valwes. i t ens, and that the higher end
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of the other dat operation cona tion
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98/ 36354 - | g | 4 that the foll |
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list to pdivebArtABiwdalsts:ithe Whitieldf The LURitdémih SisfelMent Audt i4)aiBt&dtah ni ng
t he resulting list. This operation results in data itenms with
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and that t he f t i onshi Xi.sts ween the two the
val ue of ™ fh&e unldta%? ,{39{} eﬁ*? qT eFréérn S f"b(l'gs Pm B¢ ere eéf'cftetéél onger
list, andhérb):hé)ﬁoimtalﬂ vgiciatios hsttharisphhts d:loweto etﬁwlvataé e thé uhhtdehgthgist | i St

and Iess than nd val ue of st eration which the
Pt ocess Mot bl b fEceait e O slovel i diR cere PHG RIS PIeGk AOHItG® t wo
sect i onsaivayh- éétStoS)becvtmtm.agmnt {of WRAtHIB Vo tuditi iR ithi dlb@ent, 0B8F ther each
sub-list. Processing is nore efficient when the point at whi ch the |i st

i s spPBi tmidpoItderan 9ddienarhligd- b thedattamless eHirian: gapetone of theesHbristput _
still S%ssedff%qtﬁ.leb%tbmp% SI!J\PV‘Atylea'sE S 1GRRE ‘M’@Jke otpm;athhe%foqel gt is

al wvays set to he m dpoint (or within one unit, I enent,. of
the 1 5 sdb$pouent me\romamewﬂg@m g lisst 9ontalnmh@e|ratssreg valuss obtife bhignt

case, qgnghﬁshe sub-lists would require to be split by at |east one
further ak operation before a - subsequent join operation could join a
| i st contai ni n@hehetha sgstech VIdl (e ioitialisesl andtgiven d seytdf Linigue integer

20 numbers as input information, it produces progressively longer sorted lists within
the sac. Eventually a fully sorted list is produced provided that sufficient
processing iterations have been allowed and the number of data items in the data
pools is not restricted. The fully sorted list will be of the length tequired by the
export condition of the transfer mechanism 18, and is therefore exported into the

25 external data pool. The sorted list can then be extracted from the corresponding.
data item to form the output of the system. |

It will be appreciated that the example of this specific embodiment_ is
illustrative only of how the information proce'ssing system of the present invention
can be applied to .carry out a particular processing task, and that it is not

30 suggested that the system configured as described is an efficient replacement for
‘traditional sorting aigorithms. '

The specific embodiment describes one representation for concentrations
of data items and processing elements as the number of discrete instances in the

system. Alternatively, the concentrations could be represented as nhon-negative
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When the system 10 is initialised and given a set of unique integer 20
nurbers as i nput information, it produces progressively longer sorted lists
within WOBREMac Eventually a fully sorted list is prodRfcREBVI%ed

t hat sufficient processing iterations have been all owed and t he nunber
of data itens in the data pools isldot restricted. The fully sorted
list will be of thhe length required by the export condition of the
transfer S r rnal data
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dynam c system coul I nstance be based on known equati ons
previ ousl gncusmdet damuetbls énZyargifferentk amd thiycassighing mémmsmgy@er@mt a

I'n an al ta) atv'ﬁ:,,%]t?sm % éﬁa‘?npq{a ﬁc?saf;&'}:% 3 %ﬁg}xg’{ aﬁé‘%r@ée%i‘% eleﬂw"fu%' on.

the transfel ormo ual~ res trve ransfer
mechani sneouwcan datal pﬁcﬂ(ﬂs bat mdmletexwrahl dgie pabl whilstvits tﬂlgetaniatbq:ooarsrse&ctoout by

one 1 nor e ssSi ng. el epent s ternatlve

speci Sl‘r’c t&ledegegg%fbata p"g[eolg'ﬁe gfb ‘ge?“ ét"st”eﬁ‘p‘%ﬁr} VOF" &BW@%% pg%‘ dat a
i tems by &elthé Nepdratitrl coAbitioR of thangrokasdry élahanuoonhns bart beortidié ethent and
by assigning the processing el enment a copy" operation. For exanple, to

act as arprpﬁﬁw-ﬂ%rﬂem@tﬁpwegsthﬁgoew@n%ﬂ? item ‘“t°§BErtE@eHé‘FBa pesk and et to
the extergak-faig srg,gg%] e b lihn hi pofrA4i0et data pool is set to 15 the

i nt ernal data pool nport condition is then defined by an appropriate
part An extensnon to the basic processing system is to allow the sac to contain

- 20 one or more subsldlary sacs. In this case a subsidiary sac’s external environment
(and data pool) is the enclosing sac’s internal environment (i.e. the enyironment
within the sac but external to the subsidiary sacs). In this manner a hiérarchy of
processing sacs can be described by the system, with subsidiary sacs performing
parts of the whole information processing task.

25 In a more limited version of the processing sy_sterh, the external
environment and transfer mechénism could be omitted and the initial data items
'introduced directly into the sac during initialisation, and as processing of the sac
proceeds its constituent data items could be examined directly (by the processing
elen";ents, if they contain this function as part of their operation) for solutions to

30 the processing task.

| h is likely that processing systems of the présent invention will be
particularly.uéeful within an evolutionary framework. A known technique such as

Genetic Algorithms could be used to determine various attributes of the system



of the operation condition of the processing elenent. This part controls

t he "processing elenent to copy the source data iteminto the target

dat a poolwo 88136354 destroy the source data item as nor rEiT/GB98/00150

An extension to the basic processing systemis to allow the sac to contain
20 one or -nore subsidiary sacs. I'n thiscase a subsidiary sac' s external
envi r onnent “(and data pool) is the enclosing sac's internal environnent
(i.e. the environment within'the sac_but external to the subsidiary

sacs). In ippludingpingchrogessing QPWt%f°pe'at'% gerdition gnd pper gignspRertger; bed
by the Sysfl%‘brd(&ekgné“é%%k&ha&fhtﬁaﬁ?esgﬁf wemla.g is potfiHdy RAbrd MevaRbIEe"

i nformati on processi ng task In a nore limted version of the
pr ocessi ngthey sxisting tslystemg efme@mputer éangupgement and transfer mechani sm
could be omtted.and the initial data itens introduced directly into
the sac during initialisation, and as processing of the sac pr oceeds
its constituent data itenms could be exam ned directly (by the processing
el ements, if they contain this function as part of their operation) for

solutions to 30 the processing task. It is likely that
processi ng systens of the present invention will be particul arly useful
within an evolutionary framework. A known techni que such as Cenetic

Al gorithnms could be used to determine various attributes of the system
WO 98/ 36354

PCT/ GB9/ 00150 14 i ncluding the
processi ng el enents' operation condition and operations perfornmed. The
processi ng system of the present invention is potentially nore "evol vabl e"
than existing systens and conputer | anguages. WO 98/ 36354

PCT/ GB98/ 00150 _ : 15
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CLAI M5 An i nformation processing systemconprising: 5
a‘first data ooI for containing information in the formof data itens;
a pl uraWV@?s/?é%rocessr ng el enents disposed within said fPEBGBINNSHo0l for
processing data itens; and a systemcontroller arranged to-

control the processing elenents to také sel e([:_t_idie_l_x,,_l_easL—G% dat a
itemfroma plurality of data itens in said firs ata 10 pool whi ch
system each of the processing €elenents is arrange ﬂ‘WH “

aut ononmously and asynchronously, a respective opera““m\m sel ect ed
at | eastChaiM$lata item and produce a resultant data*item® arfd “to pl ace

the resultant data iteminto said first data pool. 15 2. A system as
claimed in claim1l1, wherein said systemcontroller is arranged . such

that sai ¢, sel eahiiv@rihalibh gréfessihg ls9s@m eoRpAshg: item froma plurality of
dat a items in said first data pool is on a random basi s. 3. A

syst e as cl ai adist datajpopkfor coataining ffounation ip thedapm iof idatp Bedecond data 20
pool for contaj ryhﬂglrﬂyn@i" rdg@%ﬁ{rg‘%}én‘&fﬁtg EE@%rtﬂrﬂfs%[JTﬁrs't%t% Bobforf OF m of

dat a itenms, sald sec g adj acent to sa I'rst data
pool andprs:epsmm ddta item$ram it by a boundary, and further conprising a
transfer neans_for rrpor rmat i on {rom sai d

second data poBISYSHFRAE 'Pﬂ?'sr'"a‘éq%? b%(')’ ﬁﬁ'dareof’"’%ess'a g?r’f'?'?{tﬁ ®at3kSi t ens

of out pUéeléé’tf\ﬁbﬂWB’t eut fonenastaiithnd iffosi adpiLAIIPPOF data Hehtt Pesadirdbdatdat a
pool A systemas claimed in claim3, wherein the transfer
meand 0 sp%n@t‘f"f‘ﬁf‘eﬁ’swm' $AFhRfthg Progassingrelements,is @reagedy el enent s.

WO 98/ 36%5éerform, autonomously and asynchronously, a respective operatron on its
PCT/ GB98/ 0
selected at least one data item and produce a resultant data item, and

to place the resultant data item into said first data pool.

15 2. A system as claimed in claim 1, wherein said system controller is arranged
such that said selective taking of at least one data item from a plurality of data -

items in said first data pool is on a random basis.

3. A system as claimed in either claim 1 or claim 2, comprising a second data
20 pool for containing input information and output information in the form of data
items, said second data pool being adjaéent to said first data pool and separated
from it by a boundary; and further comprising a transfer means for importing data
items of input information from said second data pool to said first data pool and for
exporting data items of output information from said firsf data pool to said second

25 data pool.

4, A system as claimed in claim.3, wherein the transfer means is constituted

by one or more of the processing elements.



7
16 5. A systemas clainmed in claim4, wherein: at
| east one of said processing elenents constituting the transfer neans is
arrangedv®e8/363port data itens of input information from SRCTIGBNOMH dat a
pool to 5 said first data pool, such a processing-elenent being referred

to as an inporting processing el em8nt; and 5§
sai d processing elenents constituting the transfer neans

export data itenms of output infdrmation from said flri“l Hmr“ Hu | !l?
sai d second data pool, such a processing el ement bei a

exporting 10 grgggéﬁlégg;lgh,@aqﬁgia,m 4, whétein: A system as ‘claimed in'
claim 5, wherein a said inporting processing elenment is a different

processing el entleast pegrphsydinioesssivot glemepisanstiutigg the teansfrsmeanssis 7.
A syste rrgﬁ ecd[ﬁd m?ﬁjor'.tgi afd ﬁéﬁ} ot m fn%rpnaqloﬁ'#%e %?J 985" 8&a JL&HTPtBt

constitu a sai d I npor rocessi ng el ene a sard exporting
pr ocessi agdeﬁretmlata pool2B8uct8 a processmgsyetehmntamrtg edfanced rm asnan émpordihgcl ai s
Sto 7, wherei.n a said inporting processing elenent is arranged to

sel ect aPWSeSSINY EIR"RNY ALt i nformation from said second data pool in

accordance W t bt pabt bfd of)EﬁdQir@éd%‘sﬁh?%l&héﬁt@rddh@txtdtmg%e&Faﬁsﬁer mearfs0igy Of
said selected data itemof input information and place said copy into said

first dapeapggsl to &Piﬂmt’fcﬁa(ﬂ%s"cef‘?fy°fs&PEP‘%e'PEQEE“@HOGéf(H“|5@€9ﬂf'6'ft dgigRool to
Lnformat gg. segé nd datagpool such & ¥IcB RIS n?énrﬂ%‘éld o refWedRPaPin kpbimgd to 8,

wherein a salid exporting proce55|ng el ement is arranged to seleCt a

dat a 1Q epraskssing glemeéntf or mat i on from said first data pool in accordance
with a second predeterm ned criterion, to create a copy of said

sel ected data item of output information and place said copy i.nto 30 said
second data poal symth tae claisiadoyn ik Selvelodreith dagaid iitnpartinef peatdessihg

i nformation.
element is a dlfferent processing element from a said exporting processing
element.
15
7. A system as claimed in claim 5, wherein a single processing element
constitutes both a said importing processing .element and a said exporting

processing element.

20 8. A system as claimed in any one of claims 5 to 7, wherein a said importing
processing elefnent is arranged to select a data item of input in’formatio_n from said
second data pool in accordance with a first predetermined criterion, to create a
copy of said selected data item of input information and place said copy into said
first data pool, and to destroy said selected data item of input information.

25 |
9. A system as claimed in any one of claims 5 to 8, wherein a said exporting’
processing element is arranged to select a data item of output information from
said first data pool in accordance \{vith a second predetermined criterion, to create
a copy of said selected data item of output information and place said copy into

30 said second data pool, and to destroy said selected data item of output

. information.
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A syst erWOISBS¥Aned in any one ofwclcaitrs 1t td 9 wherein BGEFHIPOPA
processing elenents is arranged to di stinguish between data itens that it
S al l oned to operate upon and dat’d itens that it is not allowed to

oper at e upon. 5 11. A systemas clainmed in any one of clains 1 to

10, whergjyn at . -S4 : e L: to
perform gbj‘ oi ndoggégaeﬁg% éggr:mte\t?\dno%%ﬁée%eéélg{egl égﬂtoegpg\;aht%éé';ﬁt%rﬁém% 12

A syst empasceskiagneldmientsiiy arenged ® distingtishobatiyeephdata iitemis thatsit éhe of
10 said processin | enent.s,i S, arran 1o rf b ation on a
sel ect ed aﬁowegg?é)p?{ag?nupon and d% '.'temsgﬁ&/ifseﬁ?etaas"%&\fg S r?eéfee?%eg'ﬁ)%hbne of

clainms 1 to 12, wherein said system controller is arranged such as to

deternine the rate-at which at |east one of the 15 \Brocessi ng el errEﬂts
perfor®s ks sd 8¥$EBNaY plamagingny, org ohglaing ddp. 10, whereipyat leastongphog of

processi gg{dl Hlfogéf@f;mé ;é%ngé}gFrié %I‘rgggéch?o $efBAM S join operation on tivb)orPRREe at i ng

a first a poo urality of data itemms and a plurality of
processi sglestehdatastenamd, for each of the processing el ements, 20

(ii1) selecting, in accordance with a predeterm ned function, at |east one
of the data itenms currently in said first data pool and taking the
sel ect ed 1¢at a iA ep§tein as clafmedrinsaiydotie b tlathas 4 gob1,, wherein at least orfé pf )

- f I Ng, tong | d h by t | at ed
b 0cob8] gL PARBRTNG 1ebe B IF AN OR AHBIFVE S (S BPREEh TIaf 998 s) and

Ui

25 produgyzgitany. esul tant data item and ~(iv) placing the
resultant data itemin said first data pool. - 15. A et hod as
clainmed in claim214, wherein said predeterm ned function of t he

selectingAnd 1R BT ERIGARI A ohd Bf 2RIRE!T 85 12] WWrbinYaid B98tondne
' controller is arranged such as to determine the rate at which at least one of the

15 processing elements performs its selection from said first data pool.

14. A method of processing information comprising the steps of:
(i) populating a first data pool with a piurality of data items and a plurality
6f processing elements, and, for each of the processing elements,'

20 (i) selecting, in accordance with a predetermined function, at least one of
the data items currently in said first data poo! and taking the selected data item(s)
from said first data. pool, _

{iii) peﬁorming, autonomously and asynchronously, by the associated
processing element, a respective operation on its selected data item(s} and
. 25 producing a resultant data item, and .

(iv} placing the resultant data itefn in said first data pool.

15. A method as claimed in claim 14, wherein said predetermined function of
the selecting- and taking step randomises the selection of said at least one data

30 item.

16. A method as claimed in either claim 14 or claim 15, wherein the selecting

and taking step includes a substep of distinguishing between data items that the



e

16. A nmethod as clainmed in eit | ai m 15, wherein the
sel ecting and taking step i ngimg@ﬁm'|MHmOf di sti ngui shi ng between
dat a it ermO98/34354 he o PCT/GB98/00150

PCT/ GB98/ 00150

processing elenent is allowed to operatige upon and data |tems that it is not
al | oned to operate upon. 17. A nethod as clainmed in any one of
clainms 14 to 16, wherein said sté&p of 5 popul ating said first data pool
with a pl Brogessipd Glergentds aflewed o ﬁﬁ?rageegp@rr am fata i W@S that i ig et ! emedm. ch
meet a figShpBaedgpes.m ned criterion relating to input information from
a -second data pool to said first data pool. 18. A net hod as
claimed in claim17, including a step of transferring data 10 itens which
nmeet a seg nd Py er [ p 5
from sai d | rst d% té“"p‘%%?%f‘i’"gé%? da'lsl gg%%@’% 'g'g ‘E"SF% Wher%éosama;ﬂ'&&mt hod
as cl aigregopulating saidefiret dateaponi viligh hcplar%htw\bwedﬂaritmcompn@arframsfen@gst ep
conpri ses Qi nﬁé&eratl on on two %tsm)re sel ected data itens

20
A et hod ggtgcqtgﬁn hich mgRt & HEst fare nyged grifegiongelajing g; uﬁpztuthglformatxon
per f or m Ngropd SQeﬁ&ﬁ@Bbt%%‘oc@t@%@iﬁ'ﬁerﬁta g} on a sel ected data item

21. A nethod as clained in any one of clains 14 to 20, wherein said 20
predeterm ned function defines the rate of selection of said at |east one
data i temg, A method as claimed in claim 17, including a step of transferring data

10 items which meet a second predetermined criterion relating to output information

from said first data pool to said second data pool.”” -

19. A method as claimed in any one of claims 14 to 18, ‘wherein the
- performing step comprises a join operation on two or more selected data items.
15 |
20. A method as claimed in any ohe of claims 14 to 18, wherein the

performing step comprises a break operation on a selected data item.

21. - A method as claimed in any one of claims 14 to 20, wherein said

20 predetermined function defines the rate of éelection of said at least one data item.



