WO 03/ 023583 PCT/ GB02/04104 - 1 COWPUTING DEVICES This invention rel ates
to conputing devices. Although the technol ogy of conputing devices has
advanced worsioasssably in recent years, there are still nmay/Gpeetos to be
i nproved. 5 For exanple, assenbly of a conputing device will still
typically require considerable tinme, effort and expense. The construction
of large and powerful conputing devices can still be extrenely expensive.
Attenpts to build conputing devices in three dinensions have not nmet with
great success. The present invention pgrovides an entirely new approach to
the 10 construction of conputing devices. Preferred enbodi nents of the

present invention nmay readit%g@FRYfﬁﬁfffﬂ¥Wﬁh@g devi ces of small conputing

power, as well as conputing ces of Imrense conputing power, wth a
relatively cheap and sinple nethod of construction. Moreover, conputing
devi ces having three- dinmensional properties may readily be provided. 15
According to onelldsHuention reales 9@ N2 468HES on, there is provided a

conputing device conprising a cluster of conputing el enents, wherein: a.
each of the conputing el enents conprises . a respe%%i%grhou in ﬁﬁqg)a dat a
processi ng el enehitheught the teshnologn PhCYRBURRLIT S bBS 2 é&ﬁecﬁ‘forg 614 hput i ng
el enents is arranged 0 carry out %%&%é<§§eﬁ%&n99 nication with one or
nore of tH8IBIMEF LoMPUE R eI eent8 " and°" - 'each of the conputing

el enents is powered by wireless transfer of power from outside the

comput] 5n g el emanltgc')r example, assembly of a computing device will still typically require

considerable time, effort and expense. The construction of large and powerful
computing devices can still be extremely expensive. Attempts to build computing

devices in three dimensions have not met with great success.

The present invention provides an entitely new approach to the

10 construction of computing devices. Prefetted embodiments of the present
invention may readily provide computing devices of small computing power, as

well as computing devices of immense computing power, with a relatively cheap

and simple method of construction. Moteover, computing devices having three-

dimensional propetties may readily be provided.

15 According to one aspect of the present invention, there is provided a

computing device comptising a cluster of computing elements, whetein:

a. each of the computing elements comptises a respective housing and a

data processing element contained within the housing;

b. each of the computing elements is atranged to catry out wireless

20 communication with one or more of the othet computing elements; and

c. each of the computing elements is powered by wireless transfer of

powet from outside the computing element.



WO 03/ 023583 PCT/ GB02/ 04104 - 2 Preferably, none of said housings is
fixed to any others of said housings, either directly or indirectly. In
such an awpangesssht, sai d conputing el ements can be adde@CraGRG410¢MOVed
fromthe cluster at will. Preferably, each said data processing elenent is
encapsul ated within its 5 respective housing. Preferably, each said
housing is of substantially spherical shape. Preferably, said cluster is
t hree-di nensional. Preferably, said conmputing elenments are placed | oosely
in a container to formsaid cluster- 210- Said conputing el ements may be

j uxt aposed at randomin said container. Said conputing elenents may be

stacked upon Onﬁl?r%gq% g,irr}lognseagfd sal%ohng)u%. 09 ﬁk@d?d‘&rgy 4 YrsWF Abd s n

hol ders, each h arfange 0 'Tecelve urality of said

conputi ng gheFERESI Hr Ridadele T el an atiXh LRIt Salhconifutihgeademets ngn devi ce
as above may further conprise a |light guide or wavegui de extendi ng through
sai d cl ustlgradded tbaod lremhatrel tomthaickater ehwilet ween sai d conputing el enents.
A conputing device as above nmay further conprise cooling nmeans for cooling
said cluster of conmputing elements. WO 03/023583 PCT/ GB02/ 04104 - 3 Said
conmputi ng el emenp&ferablybeachrsid dead pabtdssial eidniadds eacnpsilaredrsigdin its

5 respective housing.
Preferably, each said housing is of substantially spherical shape.
Preferably, said cluster is three-dimensional.

Preferably, said computing elements ate placed loosely in a containert to

form said cluster.
10 Said computing elements may be juxtaposed at random in said containet.
Said computing elements may be stacked upon one another.

Said computing elements may be atranged in holders, each holder being
arranged to teceive a plurality of said computing elements in predetermined

juxtaposition.

15 A computing device as above may further comprise a light guide ot
waveguide extending through said clustet, to facilitate communication between

said computing elements.

A computing device as above may further comprise cooling means for

cooling said cluster of computing elements.



in an electrolyte with which said el ectrodes nmake contact to power said
conputing elenents. According to another aspect of the present invention,
there i s womsiogse83 a 5 net hod of constructing a conputi ng PAEXGBIR/04104
conprising the steps of assenbling together a plurality of computing

el enments, wherein: a. each of the conputing el enents conprises a respective
housing and a data processing el enent contained within the housing; b.
each of the conputing elenents is arranged to carry out wireless 10
conmmuni cation with one or nore of the ®ther conputing elenents; and c.
each of the conputing elenents is powered by wireless transfer of power

from out i de. e SOTRULLAG, S| STBN! e PLELLARLY oy 15 GOMRYAL G leige 19 10

accordance with spects o € 1 nvention.

Accor di ng Oa@aeémgtg%ﬁﬁ?%&fsaidfaed&_ro%é@maké BYEALH Bpovkdielia cosaputiayi ded a
conputing device conprising a plurality of conputing elenents arranged in a

hol der, wheegients. a. each of the conputing el ements conprises a respective
housi ng and a 20 data processing el enment contained within the housing; b.
the conputing el enents are arranged to conmuni cate with one another; and

WO 03/ 023583 PCT/AcBSAE0fhother Bpeck BE thop fedntlifgention] thead istpyovifled ast ener s,
each of which engages wth the ) ‘ o .
5 method of constructing 2 computing device, comptising the steps of assembling

together a plurality of computing elements, wherein:

a. each of the computing elements comptises a tespective housing and a

data processing element contained within the housing;

b. each of the computing elements is arranged to carry out wireless
10 communication with one or mote of the other computing elements;

and

c. each of the computing elements is poweted by wireless transfer of

power from outside the computing element.

Preferably, the computing device is in accordance with any of the

15 preceding aspects of the invention.

According to another aspect of the present invention, there is provided a
computing device comprising a plutality of computing elements arranged in a

holder, whetein:

a. each of the computing elements comprises a respective housing and 2

20 data processing element contained within the housing;

b. the computing elements are arranged to communicate with one

another; and



housi ng of a respective one of the conputing elenents to hold that
conputing elenent in place. Said holder nmay be provided with a pair of
power comaio@Boexssand said 5 conputing el enents arranged tPoTraoe/o¢loect ri cal
contact with said power conductors. Preferably, said computing el enents
are arranged to carry out wireless conmunication with one another.
Preferably, said holder is provided with a conmuni cation bus and said 10
conputing elenments are arranged to intercomunicate via said comrunication
bus. A conputing device as above may-farther conprise a |light guide or
wavegui de extendi ng through said holder, to facilitate conmmunication

b id ' I . A5 f bl '
compr i Ses a rocgss o PAgELRpch Hpetignal prooreth 5T L AR TR o ng

A conputing devi ce a55abQNe, eé&{fet&ﬁromg%hﬁﬁdﬁg@lén@&tmﬁadftﬁhﬁt cool i ng
said conmputing el ements? Said hol der and sai d housings nmay be arranged to

i nterengage by resicbirpating 2@nwket or pladel on of at | east part of said hol der
and/ or said housings, such that said conputing elenments may be pushed into
and pull ed out of engagenent with said holder by hand. WD 03/ 023583

PCT/ GB02/ 04104  $,id $@ildbrhahfBe proyided wixhi £ paid oflparsad idoyidadtotsr aydssaidach
having a plurality of ) . .
5 computing elements arranged to make electrical contact with said power

conductors.

Preferably, said computing elements ate arranged to catry out witeless

communication with one another.

Preferably, said holder is provided with a communication bus and said
10 computing elements are atranged to intetcommunicate via said communication

bus.

A computing device as above may further comprise a light guide or
waveguide extending through said holdet, to facilitate communication between

said computing elements.

15 Prefetably, each said fastener comprises a recess to receive at least patt of

a respective said housing.

A computing device as above may further compzise cooling means for

cooling said computing elements.

Said holder and said housings may be arranged to interengage by tesilient
20 deformation of at least part of said holder and/or said housings, such that said
computing elements may be pushed into and pulled out of engagement with said

holdet by hand.



said fasteners, and adapted to stack upon one another. Preferably, all of
sai d housings are of the sanme shape. Preferably, all of said housings are
of the sawp03/02383 5 Preferably, at |east sonme of said dat CprGRIe®siong

el enents are arranged to performdifferent functions. According to another
aspect of the present invention, there is provided a nethod of
constructing a conputing device, conprising the steps of assenbling
together a plurality of conputing el enents, wherein: 10 a. each of the
conputing el ements conprises a respects ve housing and a data processing

el ement contained within the housing; b. the conputing el enents are

arranged to co nj cate w th one. anot.her.: d c, g f
plurality of fgrsg-l@%in}éﬁ?lg?r %’&Xﬁ?ﬁ’ﬁ’rﬁﬁiacﬂ'}u E;Va%‘g@% %Ctht aevtﬁ%lg%ﬁgggt?ncg of a
respective %qgtgﬁxkpﬁgggggﬂghpgagﬁg€§€5§¢&gnmg!d that conputing elenent in

pl ace. Preferably, nputing d e is in accordance with any of the
precedi ng aspects of the invention. For a better understanding of the

i nvention, and t h hew, 2 i £ me may be carried into
effect, referené%ﬁé?%'%ﬁ@ﬁf%%QggggﬁghggBag§%%?kgxgﬁgle, to the accompanyi ng
di agrammati c drawi ngs, in which: WO 03/023583 PCT/ (GB02/04104 - 6 Figure 1

(1] ustrates a comppitog glenent Comprlsipe, A dateprocessing el ement

5 Preferably, at least some of said data processing elements are arranged to

perform different functions.

According to another aspect of the present invention, there is provided a
method of constructing a computing device, comptising the steps of assembling

together a plurality of computing elements, whetein:

10 a. each of the computing elements comptises a respective housing and a

data processing element contained within the housing;

b. the computing elements are arranged to communicate with one another;

and

c. the holder has a plurality of fasteners, each of which engages with the
15 housing of a respective one of the computing elements to hold that

computing element in place.

Preferably, the computing device is in accordance with any of the

preceding aspects of the invention.

Fot a better understanding of the invention, and to show how
20 embodiments of the same may be carried into effect, reference will now be made,

by way of example, to the accompanying diagrammatic drawings, in which:



Figure 2 is a diagramof a ball containing a data processor with optical
comuni cation; 5 Figure 3 illustrates a conputing elenent with exanpl es of
battery pweatoa®2ise3 di npl es on the surface of a ball, connecTiGry20e10a dat a
processing chip; Figure 4 illustrates an exanple of a cluster of conputing
el ement balls; Figure 5 illustrates an alternative ball cluster
arrangenent; Figure 6 illustrates an exanple of wireless conmunication in a
ball cluster 10 arrangenent, to nearest nei ghbours of a central ball;
Figure 7 illustrates an exanpl e of powerding data processing elenents in a
ball cluster arrangenent using light; Figure 8 iIIustrates forced

wat er-cooling of_a ball. cluster arran e 9 iy r a bal
conmput er syst emF%%‘??t iHSHAtes anﬁ%@‘r‘m% n%ﬁfelﬂt Cfgl%ﬂ(%lr%uat gt auﬁlro %t pl ay,
mass storage g?: ]Qgggagyggﬁp devices, all with wireless

a

I nt er conmuni cation igure 10 shows a rack for holding conputing balls;
Figure 11 is a cross- sectlonal view of part of the rack of Figure 10, mnth

Frgure 13 i o ot ABf Ak SRR it e IRBhER GO A T

conmput i ng hahdSnichdbnot her conflguratlon and Figure 13 shoms a stack of
racks as shown in Flgure 10, with conmputing balls in position. 5 In the
figures, like reference nunerals denote |ike or correspondi ng parts.

5 Figure 3 illustrates a computing element with examples of battery plates in
dimples on the sutface of a ball, connecting to a data processing chip;
Figure 4 illustrates an example of a cluster of computing element balls;

Figure 5 illustrates an alternative ball cluster arrangement;

Figure 6 illustrates an example of wireless communication in a ball cluster

10 atrangement, to nearest neighbouts of a central ball;

Figure 7 illustrates an example of poweting data processing elements in a

ball cluster arrangement, using light;
Figure 8 illustrates forced water-cooling of a ball cluster arrangement;

Figure 9 illustrates a ball computer system, containing a number of ball
15 computers, and display, mass storage and input-output devices, all with wireless

intercommmunication;
Figute 10 shows a rack for holding computing balls;

Figure 11 is a ctoss-sectional view of part of the rack of Figure 10, with

computing balls, in one configuration;



Figure 1 illustrates a basic conputing elenent 1 conprising a data
processi ng el enent 2 enbedded in a spherical housing 3, such that the
conmput i ngwoeBemss: 1 takes the formof a ball. A conmputi ngCamBoe®4i0s built
up by producing a nunber of such 10 "conputing balls" 1, and pouring the
balls into a container, where they are provided with power and conmuni cate
with one anot her. Power and conmmunication facilities may be provided in a
nunber of ways. Sonme exanples are given below Figure 2 illustrates a
conputing ball 1 having a data processing elenent 15 (typically a

m crochip) that is provided with a light-receiving elenent 21 and a

light-transmtti el nt 22. A nunper of- s I.Ag: - ray

comuni cate wt hlg%H c igg? ﬁecrroﬁ_ssf%ud) 5 ‘c’llﬁ}ya(ffepc#flggﬁf%%?%hg%g?g% lil)(?f‘%lg}glmway of

the |ight gecelyerlsandnblirnedhdd@londad 22. Figure 3 shows a conputing
a

ball 1 having ocessing chip that receives 2 0 its power from
cat hodes 41 and anodes 42 to which it is electrically connected by

O OLs fo antlighte 1ANRoERUNAR DA ARAER 1 ridGe Doy BRI LN 1

dimples 31 formed&dn erw se spherical surfate 3. The
WO 03/02355@38§5@§B@3{04104 8 conputing ball 1, in use, is imersed in
electrolyte, with which the cathodes and anodes 41, 42 react to generate
an electric current to power the processing chip 2. Figure 4 illustrates

one exampl e of apLiHifRkeOfikCRMRM RN dedote WhE 6Nc@@pandiapgets.i n a
suitabl e contai ner (not shown) so as to mnimse overall volune. 5 Figure 5

shows an alternative ball cluster arrangenent, in which the
Figure 1 illustrates a basic computing element 1 comprising a data

processing element 2 embedded in a spherical housing 3, such that the computing

element 1 takes the form of a ball.

A computing device is built up by producing a number of such
10 “computing balls” 1, and pouting the balls into a container, whete they are

provided with power and communicate with one anothet.

Power and communication facilifies may be provided in a number of

ways. Some examples are given below.

Figure 2 illustrates a computing ball 1 having a data processing element

15 (typically a microchip) that is provided with a light-receiving element 21 and a
light-transmitting element 22. A number of such computing balls 1 may
communicate with one anothet using modulated light transmission, by way of the

light receivers and transmitters 21, 22.

Figute 3 shows a computing ball 1 having a processing chip 2 that receives
20 its power from cathodes 41 and anodes 42 to which it is electrically connected by
conductors 43 and 44. The cathodes and anodes 41, 42 ate recessed within

dimples 31 formed in the otherwise spherical sutface of the housing 3. The



conputing balls 1 are arranged in orthogonal rows and columms. Figure 6
illustrates how a central conputing ball 1 of an array nmay carry out

wi rel ess wormedseat i on with its nearest nei ghbours. As ineczaiBdoatweve, the
wi rel ess communication may utilise light. Alternatively, it may use radio
or any 10 other suitable electromagnetic radiation technique. It wll be
appreci ated that, since each conputing ball 1 can communicate wth at

| east some of its neighbours, or possibly all balls in a cluster,
dependi ng upon the nature and strengthgsof the radiation technique, all of
the conputing balls 1 may comuni cate with one another, either directly or

Fospect i veCHHPYERE BUD Bt BB AT SE O 38 e g ueen he
il lustrate n@deﬁ lét‘.t'%ffea@to%@ﬁ%ﬁé d?lgd&%.lld cﬁlrgentt tﬂ@fgo@éﬁttﬁ%&c@ﬁnﬁ egip2a | i ght

source 5. I'nthis’ case h conputing bal ontains within its housing 3
a photosen3|t|ve device 51 for rece|V|ng Ilght fromthe light source 5 and

T nd a1 Rt Pl S SEAmbO DY AR LR Sl Rag balin, 3L o0 1O

the overhead lig source Thown 1 N one ‘or nore

further [i Qﬁtaréﬁgé&& IR raBR comg@e{drc\l@& shbh) &b ihe rﬁirﬁlﬁisebv@ﬁall beluh®. 1, that
are shown Iin Figure 7 as constrained mﬁthln a container 6. Figure 8 again

shows a cluster of conputing balls 1 in a container 6. In this exanple,

the cormputing bag [gﬁl.rel 5aEﬁ0\99%691t42Maéx@f19d11n91u§€& | redowater ihroRtia the 5
coollng system 7 rough the cluster of balls. A supply flow 71 of chilled

wat er is VEbﬁ@ﬁﬂ@@BﬂB]RGI&GBﬁgkﬂﬁlﬁﬁmngﬂpowvambdbkwmmhe bottom of the
container 6, and a return flow 72 is taken fromthe top of container 6 and
returned to the cooling system?7.

Figure 6 illustrates how a central computing ball 1 of an atray may carry
out wireless communication with its nearest neighbours. As indicated above, the
witeless communication may utilise light. Alternatively, it may use radio or any

10 other suitable electromagnetic radiation technique. It will be appreciated that,
since each computing ball 1 can communicate with at least some of its neighbours,
or possibly all balls in a clustet, depending upon the nature and strength of the
radiation technique, all of the computing balls 1 may communicate with one
another, either ditectly or indirectly, thus allowing organised processing to take

15 place between the respective balls, some examples of which will be given below.

Figute 7 illustrates a clustet of computing balls 1 that are powered from a

light source 5 In this case, each computing ball 1 contains within its housing 3 2
photosensitive device 51 for receiving light from the light source 5 and converting

it into enetrgy to powet the processing chip 2. In addition to the overhead light

20 soutce 5 that is shown in Hgure 7, one or mote further light source may be
provided within the cluster of balls 1, that are shown in Figure 7 as constrained

within a container 6.

Figure 8 again shows a cluster of computing balls 1 in a container 6. In
this example, the computing balls 1 are cooled by forcing chilled water from a

25 cooling system 7 through the cluster of balls. A supply flow 71 of chilled water is



Any suitable fluid may used as an alternative to water, as the cool ant

medi um Where the power for the conputing balls 1 is provided by 5

el ectr ochwpios@b3ssxti on - as, for exanple, in the enbodi nrerCTgBRMM410m Fi gure
3 the coolant fluid could also serve as an electrolyte. Air or other gas

may be used as an alternative to liquid. Figure 9 illustrates a ball
conputer system conprising three conputing devices 101, 102 and 103, each
made up of a cluster of conputing balls 1. The ball 10 conputing devices

101, 102 and 103 communicate with one anether by a w rel ess conmmunication
link and |i kewi se conmuni cate with an input-output device 104, a display

devi ce 105 and S stora deV|ce |sk be
appr eci at eHrOP’FQ?%a{tTI?II%e 1&‘?)%% H4E @B | n@ndd%f/%(%erlsﬂ G/%%%a&en fEOde&%m red
conput i ng Cfoﬁﬁagh mq%mgggp{g,l ﬂgeagghr%cgg@mpal ly, in both two- 15

di mensi ona rren5| onal form t hough the data processing
el ements 2 may be sophisticated and conplicated if desired, or for a

special apn) 1€l hgn kil TS5 680 10! ALAIBRSS Yoo LUGRERBY oc0si g

exanpl e, manufactured

in large ”H{E*aﬁfﬁ aswgbﬂgpltge giorfdpc&@r c@ﬂﬂﬁﬁﬁng higdlls My 1stpr361de&bb¢ded
directly wwthin the spherical housings 3. T the conmputing balls 1 nmay

readily 5beelpctmt1h(canica\l/e¢qort:heia,pf0} qxnrrnplar g)éhq&mhodlm@fg shawe inHBSHEWeT of t he

The. - computtapand Fedcots fraret apeeraenan o gl ALSEAURR " ©
Phe aata proceeerne SrBIRh, *5° by be Wb 03/ 029583 PCTI B03I 04104
Figure 9 illustrates a ball computet system, comprising three computing
devices 101, 102 and 103, each made up of a cluster of computing balls 1. The ball
10 computing devices 101, 102 and 103 communicate with one another by a wireless
communication link and likewise communicate with an input-output device 104, a

display device 105 and a mass storage device (disk, tape, etc) 106.

It will be appreciated from the above that computing devices of almost
any desired computing powet can be made cheaply and economically, in both two-

15 dimensional and three-dimensional form.

Although the data processing elements 2 may be sophisticated and
complicated if desired, or fot a special application, it is preferred that, in general,
the data processing elements 2 ate vety simple and cheap devices — for example,
manufactured in large numbers as simple semiconductor chips that may be

20 embedded ditectly within the sphetical housings 3. Thus, the computing balls 1
may readily be produced vety cheaply in large quantities, and the power of the
overall computing device comes from the intetaction of a large number of the

computing balls 1.

Diffetent computing balls 1 could have data processing elements 2 that

25 perform different functions. For example, the data processing elements 2 may be



- 10 selected fromdevices including mcroprocessors, nmenories,

i nput - out put devi ces, reconfigurable conputing el enents, or general

el ectroniwomenpssent s. A data processing el enent 2 may cecpréme/oef4only a
part of, say, a m croprocessor or a nenory device, the overall processor
or nmenory device being constituted by a 5 plurality of conmputing balls 1.
Reconfigurable | ogic could be used to nake a plurality of balls into one
processor. The housing 3 may preferably be of a plastics material and,
particularly if intercomunication-bydight mediumis enployed, the
material of the housing 3 nmamy be at |east translucent and preferably
transparent. 10 Al thqugh it i referred that the.housings, 3 are:

spheri cal &Hefted fofe e‘g‘i?éﬁﬂlcau‘ipg gpﬁ‘éiplr?/%:ﬁprfjén%fm%ﬁym(?tuﬁ'g}ltpdlet?le%ecgg’s hape -
for exanpl . . inh L@6ic (oaflonehts. TAUSta it Wil
be appreci g%cggﬁgl%%tﬁlf %?neqﬂgr%hgleﬁgégéﬁ?egégg%gf?pti on refers to "balls",

ot her shappsodgsgingdelesiahis? intayt @dnpviver & @ilpatpactadd, eay, htmicsopiroposeant 2t o not e
that, in a preferred arrangenent, there is no 15 necessity. for, the
conput i ng elearRFtdevIEe: B QTEEH] PYICCHOL 9t SREMATTITEC, DoAng Repgiiute 2coul d be

| uxtaposed. | 1L eqel B Ied A PR 8RS, 00 1B881 L8NS (RRSGTALIY, I

flat-si ed}), referr of "asse S our ing balls 1

| oosel y iphﬂa @)@B{l@iiﬂ@roﬂdb@cé@dsg or | ess random manner, and |let the
bal | s communi cate w th one another in a self-organising manner. The balls

are poured loosely into the 20 container in the sense that they are not

hel d or constrai fgd Hoﬁsitﬁ%grrﬁ?}y?e@ér@@lz Hehﬁ"hypl@éﬁcg bi@itd %ﬁ(ﬂ‘%ﬁrﬂ\@ﬂdrﬁr #f the

container and by each o hat i they are "l oose- filled" Within the
cont ai ner . irdktchongimigatioh éyyr laghtenddidinne rehgplofeds e mateent oOtheclorpiigs?
conputin

w J may be at least translucent and preferably transparent.

10 Although it is preferred that the housings 3 ate of spherical shape, they
could alternatively be of any other desired shape — for example cuboids, in which
case they may stack together. Thus, it will be appreciated that, where the present

desctiption refers to “balls”, other shapes may be substituted where practicable.

It is important to note that, in a preferred arrangement, there is no

15 necessity for the computing elements 1 to intetlock with one another. Although
they could be juxtaposed in predetermined orientations and positions (especially if
flat-sided), a preferred method of assembly is to pour computing balls 1 loosely

into a container in 2 more ot less random manner, and let the balls communicate

with one another in a self-organising mannet. The balls are poured loosely into the

20 container in the sense that they are not held or constrained in any way, other than
by the internal walls of the container and by each other — that is, they are “loose-

filled” within the container.

Although preferred embodiments of the invention comptise computing
balls 1 in a 3-D array or cluster, they may be arranged in any other desired

25 disposition. Thus, for example, they may be organised singly, in 2 one-dimensional



balls 1 in a 3-D array or cluster, they nmay be arranged in any ot her
desired 2 5 disposition. Thus, for exanple, they may be organi sed singly,
in a one-wpmansisehal WO 03/ 023583 PCT/ GB02/ 04104 - 11 arCcayGEoa/0kiome), a
t wo- di nensi onal array, a three-dinensional array or any m xture of these
arrangenents. The above-described conputing elenents are arranged to carry
out wreless comunication. That is, in general terns, they

i nter-communi cate through 5 a vacuumor fluid (liquid or gas) medium

wi t hout the use of external nmechaniealhl conductors in nechanical contact
with the conputing el enents. The above-descri bed conputing el enents are

arranged for the wreles transfer of power. That.is, in e erns,
power is t@éﬁ%@gFé%&”F@' ngg d??%ga“§F§ﬁEﬂ?§“¥¥ﬁ%ﬁ?rP&£“3§@§5ﬁ$8% fluid
(liquid 0rﬂ§9§%¢%ﬁ@ﬁgﬂk wi t hout the use of 10 external nechanica

conductors I n nechani cal contact with the conputing el ement These features
enabl e the conputing elenents to be arranged in any nutual juxtaposition.

Thus, f | i . : b
poured of of nerui s BrIEerTRED SXBTid MEARRTPdl WanbtE B LELIN

random or i ghtRtd Mnmubidon SFhaR iss B cRienE terfRthBRint@Senthithitad touph t he
conputing 15 elenents in random juxtapositions. The conputing el enments 1

may be pl agedcium olfldet diqiid eegdsy egdivBarwiteowrpt vse ehextemalymsehgsticted i n
suitable receptacles - for exanple, having the form of an egg tray or egg
box, from GPf “FﬁgvnﬁﬁVnﬁé‘Fﬁg%?V@hr ﬁﬁ@gﬂuﬁﬂﬁd?ﬁﬁvﬁced, either with or
W t hout any positive retaining feature (such as, for exanple, resilient 20
engagenment of a conputing bal]l 1 in a flfxible hol der) . .
he above-described computing elements ate arranged for the wireless
transfer of power. That is, in general terms, powet is transferred to the computing
elements through 2 vacuum or fluid (liquid ot gas) medium, without the use of

10 external mechanical conductors in mechanical contact with the computing element

These features enable the computing elements to be arranged in any
mutual juxtaposition. Thus, for example, as mentioned above, the computing
elements can be poured or otherwise placed into a container, where they can adopt
any random otientation — that is, a container can be loose-filled with the computing

15 elements in random juxtapositions.

The computing elements 1 may be placed in holders if desired. For
example, they may be placed in suitable receptacles — for example, having the form
of an egg tray or egg box, from which they may be readily removed and replaced,
either with or without any positive retaining feature (such as, for example, resilient

20 engagement of a computing ball 1 in a flexible holder).

In an example, computing balls 1 engage resilient sockets in two-
dimensional trays, such that the resilience of the sockets retains the computing balls
positively in place, whilst allowing the computing balls to be readily withdrawn
from the sockets, by sufficient pulling fotce, and replaced by other computing

25 balls. Such trays can be stacked above one another. I this way, predetermined



I n an exanple, conputing balls 1 engage resilient sockets in two-

di nensi onal trays, such that the resilience of the sockets retains the
conput i ngwbaBlogsssposi tively in place, whilst allow ng thePcorgRoRionmg4bal | s
to be readily withdrawn fromthe sockets, by sufficient pulling force, and
repl aced by other conputing 25 balls. Such trays can be stacked above one
another. In this way, predeterm ned WO 03/023583 PCT/ GB02/ 04104 - 12

j uxtapositions of conputing balls may be achi eved, and the conputing balls
may, if desired, be in predeterm nediari-entations. Each two-di nensional
tray may be provided with two power conductors extending through the tray,
and optionally arranged to make electrical contagt with .5 .si,m]| ar..power
conduct or sS'UFHPRHISHF ggmp‘f?fgﬁ?ﬂﬂﬁ-ﬁgl}’ § ﬁﬁ@ﬁ"ﬁg aﬂglﬁ?escoinff% %]ell 2% er nal
(possibly 3gﬁgaqﬁﬁklﬁg&&ggﬁéﬁ&Qﬂgﬁgﬁn%[ectrical connections with the power
conductors, 1n order to receive their power. The power conductors can al so
be used as a conmunication bus between the conputing balls. Alternatively,

th b i;ded M : pcati
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buses, to 10 whi €A g are connec

connectio NSxtefd@ihg ﬂ%ﬁghl Ah<ahy, 9hd BEEYRAR akhA8geDiPMbkddediaitd]l Sontadt with i ght
medium |ight gurdes (e.g. ‘of plasticS) may extend through the trays. For
comuni Bat sionlabgbwee rondlectorsoinpan adjgcepalittay. vite eomputing bedldilutheniiavegui des

may extend through t.he trays, Conputing.el enents such.as t.he,conputing
balls 1 coﬁ’ftar_“&g&lﬂ?ﬁ‘g&o‘&ﬂes%@ Cfgggtsﬁlﬂg eﬁ&&ﬁﬁfcmeﬁ%o%“?&b@e&% r
flexible of,ti@idhs, F0brdeX M Pdcive Fhdif PBSLHCENE pduRehahdk® RdiTLE O
flexibility, or a transparent, solid plastics material for rigidity.
used as a communication bus between the computing balls. Alternatively, there
may be provided one, two, three, four or mote common communication buses, to
10 which all computing balls 1 ate connected by electrical connections. For
communication between the computing balls via a light medium, light guides (e.g.
of plastics) may extend through the trays. For communication between the

computing balls via a radio medium, waveguides may extend through the trays.

Computing elements such as the computing balls 1 could be embedded in
15 a solid medium, which may be either flexible or tigid. For example, a translucent

rubber-like medium for flexibility, or a transparent, solid plastics material for

rigidity.

As indicated above, the computing balls 1 may communicate with one

another using wireless communication — and examples of this have been given as

20 modulation of light, radio waves, etc. As an alternative, the balls could be
provided with small electrical contacts that connect with similar contacts on
adjacent computing balls 1. An important feature is that the computing balls 1 are

not hatd-wired together, using either a printed circuit boatd ot othet interconnect

wiring.



As indi cated above, the conputing balls 1 may communi cate with one anot her
using W rel ess comruni cation - and exanples of this have been given as 20
nodul at i owoaB/obisght , radi o waves, etc. As an alternative, PCgGHEYal0k®4coul d
be provided with small electrical contacts that connect with simlar
contacts on adjacent conputing balls 1. An inportant feature is that the
conputing balls 1 are not hard-wired together, using either a printed
circuit board or other interconnect wring. WO 03/023583 PCT/ GB02/ 04104 -
13 VWhere light transmission is used,18he |ight transm ssion
characteristics of the material of the housing 3 may be adjusted, in order

tolimt the distance of conmunicatiaon., For exanple, the housin may be
seni - opaque. Typyeetel ight dgasmisgiop 1?r’é§f3dr§éﬁlﬁhét‘f%ﬁ%ﬁﬁ?ﬁ\fﬂﬁa@ﬁeﬁtﬁ&%}ﬁposes in
every 5 direction, i POt i aj | C L S uidgh every
ot her bal Ithgf%zﬁﬁ%ﬂ Olfttm%bolrzrlgingng ggkreogcag@gs?‘%\%qél%ﬁéﬁos may gg%ttasc

communi catiopinGRRitE®RS FdSarainphe e hdusinpisngayisd sechiedpagea ot her conput i ng
balls 1. To assist this, light guides or other radiation guides could be
t hreaded through the ball cluster. 10 Figure 10 shows a holder for a

plurality of Con?}g:ﬁ&a'ﬂ?, badH Ball mdyNradee 8¢ Fbm@hudcdiRdekpddob@riivgeri th a
predeterm ned array of part-spherical recesses or sockets 101 that, in
thi s exanpligsctianethds bpingetbld potamiady td ogonalnitaowithresegi athet ballareend Ot her
arrangenments of the recesses 101 are possible. As shown in the
cross-sectional view of Figure 11, the housings of the 15 conputing balls
1 are nechanically engaged within the recesses 101, to retain the

Some data processing elements may act as communication centres
(switches), routing data between other computing balls 1. To assist this, light

guides or other radiation guides could be threaded through the ball cluster.

10 Figure 10 shows a holder for a plurality of computing balls 1, in the form
of a rack 10 formed with a predetermined array of part-sphetical recesses or
sockets 101 that, in this example, are disposed in an otthogonal two-dimensional

array. Other atrangements of the recesses 101 are possible.

As shown in the cross-sectional view of Figutre 11, the housings of the

15 computing balls 1 are mechanically engaged within the recesses 101, to retain the
computing balls 1 in place in the rack 10. To this end, the rack 10 has a body 102
which is formed of a material having a degree of resilience, such that the walls of

the recesses 101may be resiliently deformed to allow the computing balls 1 to be
pushed into and pulled out of the recesses 101 by hand. The recesses 101 ate

20 somewhat larger than hemispherical, subtending an angle of greater than 180°, in

otder to retain the computing balls 1.

In Figure 11, an optional light guide 103 is shown extending through the
body 102, to facilitate communication between the balls 1 via a light medium.
Another optional light guide 104 is shown opening into the recesses 101, to

25 provide more direct optical communication with the computing balls 1. Light



conputing balls 1 in place in the rack 10. To this end, the rack 10 has a
body 102 which is forned of a material having a degree of resilience, such
t hat the welB®23583 the recesses 101lmay be resiliently def ecraBoRo4tall ow t he
conputing balls 1 to be pushed into and pulled out of the recesses 101 by
hand. The recesses 101 are 20 sonmewhat | arger than hem spherical

subtendi ng an angle of greater than 180, in order to retain the conputing
balls 1. In Figure 11, an optional |ight guide 103 is shown extendi ng
through the body 102, to facilitate omruni cati on between the balls 1 via
a light nedium Another optional |ight guide 104 is shown opening into the

recesses 101, to_ 25 provide nore_ direct .aptical conmuni I | t he
conput i ng gosles gucb.aSLﬁ%rﬁnd\/@Wb%@%ﬂ@éfﬁé@o’ﬁy6%%&}* pg%klgghu:%el such as

103 and 104 ney he,arranged, 0 a3ludh oYadideaYall S5&heReicsgsitoimit ual Iy
orthogonaF”@Pgé%ﬁggﬁg?%@bﬁﬁgggtt%F ug mﬁéead?acent all of the recesses 101.
As has been indicated above, wavegui des may be used to facilitate radio
comuni cati on between the conputing bhalls - Eh 2 ek Sdne |1 ght
guides 5 103, 1g41as ‘ﬁﬂﬁggfgggﬁkﬁggﬁ%ﬁfé?%%ﬂ%i%gﬁég contacts may be

provi ded t ﬁﬁﬁg' ﬁﬁ%DH&%@&1€@4£&n utird PAk 1, @ apavefior of due tightsguddds, 106

ext end thrc§ug r%lf'ue ody 102 of t%e r1r%ack 10, termnating in external
contacts 1QZ #nd internal contacts 51, 52 which establish electrical
contact with corresponding contacts 61, 62 on the 10 conputing balls 1.
The contacts 51 and 52 may be annul ar contacts at different depths in the

body 102, such thairet {2 skend aotissifible fawen cotiacivahby be prmyidedke BEect ri cal
cont act

computing balls 1. A pait of power conductots 105, 106 extend through the body
102 of the rack 10, terminating in external contacts 107 and internal contacts 51, 52
which establish electrical contact with corresponding contacts 61, 62 on the

10 computing balls 1.

The contacts 51 and 52 may be annular contacts at different depths in the
body 102, such that the contacts 61, 62 on the balls 1 may make electrical contact

irrespective of the angular otientation of the ball 1.

Figure 13 illustrates a plurality of racks 10 arranged one above the other,

15 with electrical conductors providing power connections between the contacts 107
that are shown in Figure 12. The arrangement is preferably such that individual
racks 10 may be pulled out of the stack or othetrwise accessed, in order to provide

ready access to the computing balls 1 for insertion ot removal.

Powet connections need not be provided directly to the computing balls

20 1. The racks 10 may simple serve to hold the computing balls 1 in predetermined
juxtapositions. It may be preferred to make the computing “balls” 1 of a different,
non-symmettical shape, or provide othet keying means, with cortespondingly
shaped recesses 101, in order to provide a unique mutual orientation of each

computing “ball” 1 and recess 101, when interengaged.



irrespective of the angular orientation of the ball 1. Figure 13
illustrates a plurality of racks 10 arranged one above the other, 15 wth
el ectri caWwoOmafensss or s provi di ng power connections bet weenPChgGRIRMNI@MEt s 107
that are shown in Figure 12. The arrangenent is preferably such that

i ndi vidual racks 10 may be pulled out of the stack or otherw se accessed,
in order to provide ready access to the conputing balls 1 for insertion or
renoval . Power connections need not be provided directly to the conputing
balls 20 1. The racks 10 may sinple 3Brve to hold the conputing balls 1 in
predeterm ned juxtapositions. It may be preferred to make the conputing
"balls" 1 of a djfferent, . non,s trical sh o] J keyi ng
means, with cor FeESBHECn S ANAYEE" r ¥ S pﬁg%fali {rglorg{reg}éﬂr)gfor%rgt\gﬁ de a

uni que mutual. opi i 1 i NForhadkanpldl thaGallet @ss H01, when
interengadé%YK@éﬁ%Q%%%bggégg%g?%%85%82%62 - 15 APternative =

pl ug- and- speked with asdtets pPhyskival plagnoestigonprodyjeben eowrdd béeieen t he
rack 10 and the balls 1. For exanplg, t he lls 1 may be formed with
socket s t cevaepdd, Wea fadds resasaile gBt s hPoVRBEY " %fhe rack 10 - for exanpl e,
in areadily releasable push-fit or snap-fit manner. 5 As indicated above,

the conputing balls 1 could self-organise into an array, or a required
processsng functAomdigaed tabonal theosppoputing balls| & cpuldoseliorgagishipiPyAtany

failed conmputing balls 1, and map.themo of. a worki 1 ¥ould
pr ocessi ng?Fhn @i HACIH H&Fﬁ“ﬂ%8@€§?Pﬂgq%ﬁ&ﬁ@ﬁ?sc %%ﬁggg%ycoﬁy}gured
manual Iy of . a%gtﬂﬁ@& %&ngﬁﬁh A8s 1) thd Blap thesPeet of 8akéM@geapayogr ans for
aut omat i cal y 10 organi sing processi ng conponents into a desired structure
or functi oproskdsingtfenswdn. The data processing elements 2 could be configured manually
ot by automated software. In this respect, software programs for automatically
10 organising processing components into a desired structure ot function will be well

known to the reader skilled in the art. The use of reconfigurable logic would be of

assistance, but not essential.

Computing balls 1 in a system could be of any size and vatying in size. It

is difficult to give precise guides as to size, since technology continues to drive

15 down physical size for a given petformance. However, at the present time, it is

envisaged that computing balls 1 may have a diameter from 5 millimetres upwards,

and typically 2 diameter in the range 10 to 50 millimetres, and pethaps up to 100
millimetres, although there is no upper limit.

One to any number of balls could be used in a system. It is envisaged that,

20 for many computing devices, 10 or mote computing balls 1 will be required. Fora
relatively high-powered computing device, a container of cube shape with 1-metre

sides (that is, one cubic metre of volume) may contain 10*computing balls 1 of 10
millimetres diameter along each axis, giving a total of 10° computing balls if in an
orthogonal atray, or mote if nested to occupy minimum volume. Thus, computing

25  devices of diffeting powers may contain computing balls 1 in numbers of the order

102, 103,104, 103, 105, 107 and higher.



known to the reader skilled in the art. The use of reconfigurable |ogic
woul d be of assistance, but not essential. Conputing balls 1 in a system
coul d be wb0ang3sss ze and varying in size. It is difficul PCTGRIZVEI0Pr eCi Se
gui des as to size, since technology continues to drive 15 down physi cal
size for a given performance. However, at the present time, it is envisaged
that conmputing balls 1 nay have a dianmeter from5 mllinmetres upwards, and
typically a dianeter in the range 10 to 50 millinmetres, and perhaps up to
100 mllimetres, although there is-ndéupper limt. One to any nunber of
balls could be used in a system is envisaged that, 20 for many

It
conputi ng devi ce 10 or .nore.cC uting balls 1 will be. Ly or a
relatively hi gh-ﬁh%\éf’%’&uf%%ﬁiﬂ‘? ﬂrgrpfﬁ&\}isgeﬁsy%hé%%i“ i%re?‘gg &E%Hem‘g‘g%ﬁg wi t h
1-metre sj bRAL udeSso MR G RIverdIBEdip@ing/@dvitEedoul@ b e AiRRE-BoWedddd
conput i ng egﬁﬁégl ofulbsonillinetrés dfg%eté% al ong eachqggfg, giving a
total of 146l gawputlimigheal |s if in an orthogonal array, or nore if nested
to occupy m ninmum vol ume. Thus, conputing 25 devices of differing powers
may contain conputing balls 1 in nunbers of the order 102, 103, 104, 105,

106, 107 and hi ghgg .an\¥ReB3/112 35831 B2 OdtdiOthe condputinphballsohputhieng bal | s
1 may use asynchronous or self-tined circuits to reduce power use, so that

t he ovebal tlectoorpegrictig radistiee covld be meed gfer-gramples dadio araregentagsther| itt 1 e

heat. As an.alternative to.using |ight p r the,conpyting balls 1,
other 5 eMétt SN gﬂi%ﬁ g%ﬂp‘g%f{ﬁ fig{fep\éﬁaé&Esorpogleeéf%crtrrpqg%’fg%re J<_§11§Ii 0 waves
- together ., Mo a%’cl'cbﬂ@ér?iﬁt@%%kx)é??&r thé d&ﬂ&%r&&:@%@ﬂg ERgheh@ld. s 1 that absorb
the el ectromagnetic

Computing devices as desctibed above may allow universal computation
that involves both setial and parallel problems to be solved. They may be utilised

10 in any field of computing.

For example, in specific applications for a massively parallel machine:

e Chemical simulaton — for example, computing how molecules and

proteins fold up.
e CFD - for example, computing the structural stress in materials.
15 e Heart simulation — for example, modelling the beating heart.

e Brain simulation — for example, modelling the operation of neurons

and groups of neurons.

o Weather forecasting — for example, modelling weather patterns, each

ball representing a region of the atmosphere.

20 e Computer simulation — for example, building models of large

communication networks.

e Physics — for example, computation of nuclear explosions.



radi ati on and convert it to power for the data processing el enents 2.
Computi ng devi ces as descri bed above nmay all ow uni versal conputation that
i nvol ves Wotoh/ o3B3 al and parallel problens to be sol ved. TPh#GBoY4ioe
utilised 10 in any field of conmputing. For exanple, in specific
applications for a massively parallel nmachine: Chemcal sinulation - for
exanpl e, conputing how nol ecules and proteins fold up. CFD - for exanple,
conputing the structural stress in materials. 15 Heart sinulation - for
exanpl e, nodelling the beating heart. 1Brain sinulation - for exanple,
nodel I i ng the operation of neurons and groups of neurons. \Weat her

forecasting - for exa del | i t a

representing a rt‘b?&ﬁ@é ?Iﬂgpﬁil% &t & gagf VQ%E{ tgé&ﬁels?)nu 5 ??ﬁﬁgle

exanpl e, bgkkgggg:nndels of |arge connunlcatlon net wor ks. Physics - for
exanpl e, nput ati on of nucl ear expl osi ons. WO 03/023583 PCT/ GB02/ 04104 -
17 In a specific application where the balls work together to nake a
single processor: [ Fidn® i dient. If
t he whol e systen1|s eﬁtgg&¥?§¥§%§ﬂ§eg£®F§Q€ E%gk€e§§h¥§%%£{§§§%%§use of
multiple, 5 reconfdngagsahtsel,,, kengnts del ooy tadiund@heyudeo olﬁemhlltlpllet, in. In

applications as a reconfigurable parallel machine:
5 reconfigurable, elements allows redundancy to be built in.

In applications as a teconfigurable parallel machine:

e A processor that can alter its function depending on the operation
required, for example a system configures to be machine-specific to
compilation of programmes, then configures to run the progtram most

10 optimally. This is a typical existing application of reconfigurable
technology.

e As a toy for children to play with: Light output (and sound) may be
ptovided to make the balls interesting. They might act as individual
processing units ot as a group and be sensitive to the their neighbouts

15 as the balls are moved around.

e 2D/3D display technology: If electrolytic and/or cooling fluid were
ptovided with the same refractive index as see-through plastic
housings 3, a box of such computing balls in the fluid would only show
the processing elements. These elements could then be used to build a

20 2-D ot a 3-D display, if each component had a light output capability

and was sufficiently small.
Key features of preferted embodiments of the invention include:

e Mass-production capability, due to simplicity of the data processing

elements 2 and simplicity of the housings 3.



A processor that can alter its function depending on the operation
required, for exanple a system configures to be nachine-specific to

conpi | at iwp 00/02358Hgr ammes, then configures to run the pro@camcBmws$1010
optimally. This is a typical existing application of reconfigurable
technology. As a toy for children to play with: Light output (and sound)
may be provided to nmake the balls interesting. They m ght act as

i ndi vidual processing units or as a group and be sensitive to the their
nei ghbours 15 as the balls are noved gy ound. 2D/ 3D display technol ogy: If
el ectrolytic and/or cooling fluid were provided with the same refractive

i ndex as see-throu pkfgsti c. housings 3, a box .of suych CONB%:T% balls in
the fluid woul d Onlu“;}ﬂ%’ VPASEING IRICHREXSHSY cOfupEhEagion g s~coul d

then be used to bUi\%mqlEﬁo%th ¢-Dor a 3-Ddisplay, if each conponent had a
i ght output capability "and was sufficiently small. Key features of
preferred enbodi nents of the invention include: Mass-production
capability, due %o Sip dotistriictidn 6fearalid tmaphi@eesSdiide pRlcessBnhcRinasd
simplicity of the housings 3. WO 03/023583 PCT/ GB02/ 04104 - 18 Si npl e,
nassi ve inter - pr ocedEbPodoRaminEnt Poh bet ween the balls - with no wires.
Si npl e construction of parallel machines or single processor nachines.

Just poyr themint OSiﬁ‘xp?eO%(Onstrucﬁon of a 3D processor. The approach makes simple
the construction of latge atrays or large single computets, breaking

away from the inherent 2-D design of all curtent computets.

e Low cost. The mass production of the balls and the simple way to

interconnect the balls (via witeless) allows low-cost production.

10 In this specification, the vetb "comptise" has its normal dictionary
meaning, to denote non-exclusive inclusion. That is, use of the word "comptise"
(ot any of its derivatives) to include one feature or more, does not exclude the

possibility of also including further features.

The teader's attention is ditected to all and any priority documents

15 identified in connection with this application and to all and any papers and
documents which are filed concurrently with ot previous to this specification in
connection with this application and which ate open to public inspection with this
specification, and the contents of all such papers and documents ate incorporated

herein by reference.

20 All of the features disclosed in this specificaion (including any
accompanying claims, abstract and drawings), and/ot all of the steps of any
method ot process so disclosed, may be combined in any combination, except
combinations where at least some of such features and/ot steps ate mutually

exclusive.



5 Sinple construction of a 3D processor. The approach nmakes sinple the
construction of large arrays or |arge single conputers, breaking away from
t he i nherwoto3@2Bs83lesi gn of all current conputers. Low COPCI/GHIR/O0MASS
production of the balls and the sinple way to interconnect the balls (via
wireless) allows | owcost production. 10 In this specification, the verb
"conprise" has its normal dictionary neaning, to denote non-excl usive

i nclusion. That is, use of the word "conprise" (or any of its derivatives)
to include one feature or nore, does mot -exclude the possibility of also
including further features. The reader's attention is directed to all and

any priority docunents 15 identified in connection with this application
and to all and aBychpispare disrlesedyise thieiesifigation Ggrladingagy a&&%ﬂ?‘fyﬁ%ﬁw with

al | and dRgepiipes dgrgsciso h Caflecosiied EEHBT Ly with
i o ar o o 15 BsERRE bhiibh iyl B RRR Y Rl {relh RRvbp gy 20

contents 0fyn@ bqvAbnRAREhEr PR IBOCUNEE kEpREsty dtiedbEeraised Thiigneless by
ref erence. 20 A?I of the features disclosed in this specification.

(i ncl udi ngexpngsslyataodpdreyivisg atlaifensyre slisslasad is enrdexd o8 of 2288 al | of

t he steps of‘ang neHhod o%gfrgcess so di scl osed, may be conbined in any
conbi naPi offHeeREEPLVATYMY IS HAY &3 hier e at | east some of such features

and/ or steps are nmutually exclusive. WO 03/023583 PCT/ GB02/ 04104 19 Each

feature disclosed in this specification (includi any acgconpanyi.n

cl ai ns, abstractThﬁd“E?EQW%g§)POHHV$H§“ﬁdeaéEﬂ g%”@iﬂﬁ?ﬁgfrgge‘%ﬁ ures

serving thé:ambodimemt(s). The invention extends to any novel one, or any novel
combination, of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), ot to any novel one, ot any novel

10 combination, of the steps of any method or process so disclosed.



sanme, equivalent or simlar purpose, unless expressly stated otherw se.
Thus, unless expressly stated otherw se, each feature disclosed is one
exanpl e owby3wm£3583 generic 5 series of equival ent or sim Pam/GReaures. The
invention is not restricted to the details of the foregoing enbodinent(s).
The invention extends to any novel one, or any novel conbination, of the
features disclosed in this specification (including any acconpanying

cl aims, abstract and draw ngs), or to any novel one, or any novel 10

conbi nati on, of the steps of any metho#0 or process so disclosed. WO

03/ 023583 PCT/ GB02/ 04104 - 20 CLAIM5S 1. A conputing device conprising a
cluster Ofdﬁgﬂﬂﬁg ng el enents, wherein: a. each of the conputing el enents
conprises a‘respective housing and a data processing el enent contai ned

wi thin the housing; 5 b. each of the conputing elenents is arranged to
carry out wireless conmmunication with gne or. nore of the other conputing
el enent s; glnd ¢\ CURPRURE deviE C@&i?ﬁﬁfqgﬁgg‘éﬁt‘é’iﬁfrﬁoénﬁuémﬁme@g% Hgle{?ﬁn}’el ess
transfer of power fromoutside the conmputing elenment. 2. A conputing
device according to claim1, wherein none of said housings is 10 fixed to
any others of s& de#buRf hg<compuing elegignit EORMPHTEs i IgPREYE hougng a0d dnput i ng
devi ce according tqg. claiml or 2, wh i each . sajd ta processing

el enent is encapsuﬁ%ttaé%!)%s]t?ﬁer%erfl?%t Cpgéag%ec V@@“ﬁ%%%?‘hsgn%w. A conputing

devi ce according to any of the preceding clains, wherein each said housing

I's of Susbst antl %l.l Xac%pg?rrhqgaéorgpmaﬁ%g elements is arranged to carry out witeless

communication with one ot mote of the other computing elements; and

c. each of the computing elements is powered by wireless transfer of

power from outside the computing element.

2. A computing device according to claim 1, wherein none of said housings is
10 fixed to any others of said housings, either directly or indirectly.
3. A computing device according to claim 1 or 2, whetein each said data

processing element is encapsulated within its respective housing.

4. A computing device according to any of the preceding claims, wherein each

said housing is of substantially spherical shape.

15 5. A computing device according to any of the preceding claims, wherein said

cluster is three-dimensional.

6. A computing device according to any of the preceding claims, wherein said

computing elements are placed loosely in a container to form said cluster.

7. A computing device according to claim 6, wherein said computing elements

20 are juxtaposed at random in said containet.



15 5. A conmputing device according to any of the preceding clains, wherein
said cluster is three-dinensional. 6. A conputing device according to any
of the prwoediomysxl| ai ns, wherein said conputing el enentsParsGikacwd

| oosely in a container to formsaid cluster. 7. A conmputing device
according to claim6, wherein said conputing elenents 20 are juxtaposed at
random in said container. WO 03/023583 PCT/ (B02/04104 - 21 8. A conputing
devi ce according to claim®6, wherein said conmputing elenments are stacked
upon one another. 9. A conputing dew ce according to any of clains 1, 3, 4
and 5, wherein said conputing elenents are arranged in hol ders, each

hol der being arranged to ,5.receive a plurali of said conpufi | ement s
in predet efni neé © qﬁ&‘f%@vﬁe&ﬁ?or%g tﬁ%ﬂﬂ%ﬂﬁ%’@mﬁ%(&%m%%%cﬁ%}%:lﬁgm?o any of
t he preceding cl, 'g{r&keggpgg%eami sing a light guide or wavegui de

extendi ng through said clfuster, to facilitate comunication between said
conputing el ements. 10 11. A conputing device according to any of the

preceding ¢laing, furth : I Sk n“%) ans; f,0 i jyd
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el ectrodes and are imersed in an electrolyte with which said el ectrodes
nmake comtact torquoiver asapldralits eforspist | ermpitEngenelements. i pdptRigddevi ce

substantially as herei nbefore described with reference
juxtaposition.

10. A computing device according to any of the preceding claims, further
comptising a light guide or waveguide extending through said clustet, to

facilitate communication between said computing elements.

10 11. A computing device according to any of the preceding claims, further

comptising cooling means for cooling said cluster of computing elements.

12. A computing device according to any of the preceding claims, wherein said
computing elements ate provided with electrodes and are immersed in an
electrolyte with which said electrodes make contact to power said

15 computing elements.

13. A computing device substantially as hereinbefore described with reference

to the accompanying drawings.

14. A method of constructing a computing device, comprising the steps of

assembling together a plurality of computing elements, wherein:

20 a. each of the computing elements comprises a respective housing and a

data processing element contained within the housing;



to the acconpanyi ng drawi ngs. 14. A method of constructing a conputing

devi ce, conprising the steps of assenbling together a plurality of
conput i ngweloaneasss, wherein: 20 a. each of the conputing eCEmBws4WONpPrises
a respective housing and a data processing el enent contained within the
housi ng; WD 03/ 023583 PCT/ GB02/ 04104 - 22 b. each of the conputing
elenments is arranged to carry out wireless conmmunication with one or nore
of the other conputing elenents; and c¢. each of the conmputing elenments is
powered by wireless transfer of power22rom outside the conputing el enent.
5 15. A nethod according to claim 14, wherein the conputing device is in

accordance with an{g%%f O?lt%%g?%“@‘%“%glée 10 A %F @gg Q)f R St UStebIRG @

conmput i ng devi ce e met Bstant | as herelnbefore descri bed

with reference to tb@natéQPARYhtGhe cindeddshe dBeddomputitpraisdig adévi ce
conprising a plurality of conputing elenents arrange in a hol der,
wherein: a. each of the conputing el enments conprises a respective housing

and a data procesgididoe ke 8995@ QAR (i pb@;efenebg?%%mgmbmfemﬁ
conputing elenents are arranged to comruni cate with one anot her 15 and c.

the hol der has a pbuwat frbyh eftsiflagteanersitingatiment. whi ch engages with the
housi ng of a respective one of the conputing elenents to hold that

5 15. A method according to claim 14, wherein the computing device is in

accordance with any of claims 2 to 13.

16. A method of consttucting a computing device, the method being
substantially as hereinbefore desctibed with reference to the accompanying

drawings.

10 17. A computing device comprising a plurality of computing elements arranged

in a holder, whetein:

a. each of the computing elements comptises a respective housing and a

data processing element contained within the housing;

b. the computing elements are atranged to communicate with one another;

15 and

c. the holder has a plurality of fasteners, each of which engages with the
housing of a respective one of the computing elements to hold that

computing element in place.

18. A computing device accotding to claim 17, whetein said holder is provided
20 with a pair of powet conductors and said computing elements are arranged

to make electrical contact with said power conductors.



conputing elenent in place. 18. A conputing device according to claim 17,
wherein said holder is provided 20 with a pair of power conductors and

sai d conpwDing23BExents are arranged to nake el ectrical ®cmtGRoR/owiodth said
power conductors. WD 03/023583 PCT/ GB02/ 04104 - 23 19. A conputing device
according to claim17 or 18, wherein said conputing elenents are arranged
to carry out wireless comrunication with one another. 20. A conputing

devi ce according to claim 17 or 18, wherein said holder is 5 provided with
a communi cation bus and said computing2®lenments are arranged to

i nt erconmuni cate via said communi cation bus. 21. A conputing device

cccording g ¢l o 1 20y hAKkBEr SOTBEL Sh00uA 11 s e o omeay
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conputing el eneRfegrentd a?@-arﬁng&fr@&téaﬁg daY ivfitel &6 CalriinigichoraRyitofonel ai ms 17
to 21, wherein each said fastener conprises a recess to receive at | east
part of a respeahothersaid housing. 23. A conputing device according to any
of clainms 17 to 22, further conprising cooling nmeans for cooling said
conputing elenents. 15 24. A conputing device according to any of clains 17
to 23 whereign sa donlpRkidgrdeaitd saddidpowstlags Br e 48rahged sabl holtler ngage by
resilient deformation of at |east part of said hol der and/or said

housi ngss such tphavided avigh gospamuniratpe nkyst 8ndrespidoeoppaingdelPmessafE pul | ed
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out of engagene atrr_anged to intercommunicate via said communication bus.

21. A computing device accotding to claim 20, further comprising a light guide
ot waveguide extending through said holder, to facilitate communication

between said computing elements.

10 22. A computing device according to any of claims 17 to 21, wherein each said
fastener comprises a recess to receive at least part of a respective said

housing.

23. A computing device according to any of claims 17 to 22, further

comprising cooling means for cooling said computing elements.

15 24. A computing device according to any of claims 17 to 23 wherein said
holder and said housings are atranged to interengage by resilient
deformation of at least patt of said holder and/or said housings, such that

said computing elements may be pushed into and pulled out of engagement

with said holder by hand.

20 25. A computing device according to any of claims 17 to 24 wherein said
holder comprises a plurality of trays, each having a plurality of said

fasteners, and adapted to stack upon one another.



wi th said holder by hand. 20 25. A conputing device according to any of
clains 17 to 24 wherein said holder conprises a plurality of trays, each
havi ng a wbwsabisey of said fasteners, and adapted to sta®kTigBIR/0ON0E

anot her. WD 03/023583 PCT/ GB02/ 04104 - 24 26. A conputing device

according to any of the preceding clains, wherein all of said housings are
of the sane shape. 27. A conputing device according to any of the preceding
clainms, wherein all of said housings are of the same size. 5 28. A

conmput i ng devi ce according to any of "t Bé preceding clains, wherein at
| east some of said data processing elenents are arranged to perform

different fyncti " i cﬁr%{@ i | 9B,
conpri si ng %{ﬂe s‘?e%g)én of ng:%%?%%iﬁ%ggﬁﬁﬁégpgiegﬁﬁ%al I y&%%‘s’nggﬁ%g{ /iﬂﬁg
el ements, wher eidt sailhausingaate afithé sencadnpeit i ng el ements conpri ses a
respective housing and a data processing elenment contained within the
housi ng; b. the conputing el enents are arranged to communi cate with one

another; and c.Atddenhitindedevi@SacBoddintt & hiyy oPthel He¢RNRY GrinRaG AR 3hi ch

engages with the 15 housing of a respecti've one of the conputing el enents
to hold that corfpatd mapswige arenif thosaypheagee. 30. A nmet hod according to claim
29 wherein the conputing device is in accordance with any of clains 18 to
28.

5 28. A computing device according to any of the preceding claims, wherein at
least some of said data processing elements are arranged to petform

different functions.

29. A method of constructing a computing device, comprising the steps of

assembling together a plurality of computing elements, whetein:

10 a. each of the computing elements comptises a respective housing and a

data processing element contained within the housing;

b. the computing elements are arranged to communicate with one another;

and

c. the holder has a plurality of fastenets, each of which engages with the
15 housing of a respective one of the computing elements to hold that

computing element in place.

30. A method according to claim 29 wherein the computing device is in

accordance with any of claims 18 to 28.



