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There is however a nunber of data processing problens wherein the data and
signal structures conprise repeated sequences and/ or nested patterns;ghitghi);
30 are such that a processing device of the kind that is disclosed in US

Pat ent No. 4860201 does not provide the d§3|red flexibility or may not at
all be suited for handling the problem A“binary tree structure as

di scl osed therein presupposes in prlnC|pIe that the problem can be binary
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subtrees i n Afdnarepallelproeessonnd thisilindmpy fet instancsghe medl swtad fUns

whi ch takes ji iy SHARE AApROIHTE drhatiBRAEEA adih SR oBLINIEL UFGIHC Ropi0t 5 only
AR RGR OApBIL rbeFBERgD B roigHs fo

has an arbit o) ar trary degree e nodes
in subtrees metan@ue@e@mlyngondergeennfwmhtlohe/%@mém nméltl@mabIﬁesw@ in

question, bllﬁ io‘[P m'db%t@é‘ﬁﬁg%bi a@%e@%%rl‘&ﬁt\‘?ﬂeleo Eb@tﬂ 4 Igefelaﬁéﬁ%e%een

under | yi ng I‘ével s in nel ghbour An | ncrea (gree connectivity
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processor etc. and are repeated in parallel on each level.

There is however a number of data processing problems wherein the data and

signal structures comprise repeated sequences and/or nested patterns which

30 are such that a processing device of the kind that is disclosed in US Patent
No. 4860201 does not provide the desired flexibility or may not at all be
suited for handling the problem. A binary tree structure as disclosed therein
presupposes in principle that the problem can be binary partitioned and that
operations take places in parallel on the same level. However, there may be

35 problems which demand another degree of decomposition and where

processing must be able to take place in parallel, but on different levels in the



i~ ;" ~~~Of 4 1lc circuits P'_~, that a defined zeroth level S'".~ = So in
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provi ded nested in a nunber of 1 to k in €ach of 5 the Ic"-" cir cuits P ~
on the level S 1, that each of the circuits P~ , P2 .. . P" on respective
| evel s S~, S

... S i | Qqi i i Ly j. ted

wth those oopesimryse” THE 8Bt S fshe pma i) SEIF IR w0 o e
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Finally a s c%ng’?é%??ﬂ%‘[gm%?g?lt of the processing device according to the
i nvention is_adv a ly. .characterized in t.h r e ctively from1 to k
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becones an adsyetetra cahtipl netiuoddtree sumbtirarisédriheée, and that generally a
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the respectiyge @bj&iiith the preseM GRYENtIH ICtHURRO!JTEOTHE APr&E& sk B8Vice
processor Po Edvant a%gﬁ%él y coa})fr i ses 35 at Ieagt one conbjnatorjal unit C
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be confi gur ediffexeanlerels hnéiprefelralgycunder tdefdrithindd wandégensishoh tdonpr i ses 5
according tao_t 11NV .on..the | oqi ni t. | £ > _conbi patorial unit C
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the at | eastcanfegwativinnen enivaldedlying Bvel ePatblarlpét isgha ohject thlaexles . 1t is
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connected with the Pogi ¢ unrt E 1™ a corresponding circui on the sane
| evel as S" MIMDiprogessngddsyine, thads a processing sleadeanhagte siaks veith t he

| ogi c unit Ly b G L A PR a5l to be connected with the | ogic
unit Ein cﬁg&lﬁs&gﬁﬁghﬁOﬁqu’“aig_@uﬁﬂﬁphg~ ‘on respective underlying |levels
S'" q1, S _~ ei ghbour

- "ﬁ%é abbi/e-?ﬁellqtrilox?e and other obtj[egt%'are obtained according to the
invention with a digital processing device which is characterized in that the

30 processing device P is provided in the form of a circuit P, on the level S, and
forms the root node of the tree, that the nearest level S, is provided nested
in the circuit P,, and comprises k circuits P,.; which form the child nodes of
the root node, that generally an underlying level S, in the circuit P,, where q
e{1,2..n-1}, comprises k? circuits P,_q provided nested in the k%! circuits

35 Pn.g+1 0n the overlying level S,_q.1, each circuit P,_g4; on this level comprising



Finally ii is also advantageous that the logic unit Ein a circuit P~ qis
adapted 15 to be connected with one or nore kernel pr ocessor s Po i &} 00
nei ghbour tree, either directly or via the logic unit Ein the circuit P ~,
where tile | cernel processor Po or the kernel processors Pp 111 question
are nested. The invention shall now be explained in nore detail in
connection with exenplary enbodi nents and with reference to the

acconpanyi ng draw n 0 when ein fi S irst enbodj of_the

pr ocreTES| %g ‘?/lll'E‘élté%mmv Hhaf 86&1% ZF?R}QE]FV g\fqﬁl g§ 3 1ﬁe015%i)gﬁﬁ%hﬂ TR fig.
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the inventi qera@NpiEHEsSOr B? beth@ppovietd nesdedyinr£dugler ofeeto kiig.cadh odn
exanpl e_of a, syhijree wt re structur

odes_in the resents
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exanpl e of &e%@t[@l%eﬂ@S' esf . ngqetsonh ifdrea logie milfﬂcwnfc&l g\\m&bllyepresents
t he processing device, ﬁb ordln # E i nvention J3 G
pX

fig. 5 scherf@PealadW t‘&SF‘r‘Fd ge thFﬁBeﬂﬁ%’eﬁFW@&eﬂ?ﬁ deV| ce

accordi ng thﬁlddﬂ%&ﬁgll@{lelaso&neﬂl qn@lvrdw fiedayd ﬁl@fthlé $¢S{féct’iﬁ§mlf@llt5fl g. 6 an
enbodi nent he p oce Si ngréjew ce accordlﬁggto t he |n¥ on as a

recursive cirledizt - Eﬁn RCERT 8GO LIONGF BRIyt BRI G5 P EtvEo! hf: o Breher
enbodi rent  @firduies mﬂmeﬁ@pagudemmmta@pr’gl ), aadtthet eamheof tlenciasuids Py,
recursive ci cw&,\rﬁn agr I.e]xejts aglg simlarly degree four, fig. 8

possi bl e corrlec¢ti® ?SBQF 8?} P IRGEes in a tree corresponding to the
circuit in flg , Fossi bl e connections between the nodes in a tree
cor r espondi iy Y@lt@aéoqsiyca isst embadiment of theipyocessingdeyigecagaordimg fqythes or
fig 8 Conn%ﬁbéﬁtléﬁ ig cﬂﬁﬁddﬂéﬁ?é@h&’ﬂ%t tHE 3RPothileYel &, %o%g?f%*é@ﬂ(ﬁtlde‘fﬁéll y an

enbodi nent of ker nel ﬁrocessor In the processing device according to the
i nventi on, ﬂqrgce&sms Soheiha lesinel perressdiols Meawrsiyehamapsausircwit th e thsgi ¢

unit apgd a Jo'ie‘ﬂ%ﬁﬂ@'lepépﬁ/‘?t%sé’fadtar?hﬂcfﬁfd}‘i‘ @lat T & BERAS %tlﬁfreéﬁééd bpr use in
a search processor ‘devi ce rocesslﬁé devi ce, acggr ing to the,
g-a

i nventi on, qu&’pfﬁ%trteﬁeaEBﬁE%tr%Wﬁra 8 CIf 1 qn' fhe lepefdn-g sipPsiRecireuit

connection &, Goruathaboerlging Riveas, 10 febersinelyl withithe faearirn=&r der to
conpare a pattern of for instance 3 characters, and

Further a second embodiment of the processing device according to the
invention is advantageously characterized in that the zeroth level S,

20 comprises k™' kernel processors Py 1<r<k, that a kernel processor Py maps a
circuit Py on the overlying level S; with the same factor r, such that the tree is
a symmetrically reduced or balanced tree, and that generally a circuit P,,.q on
all levels from the level S; maps a circuit P+ on the overlying level S;.4+1
recursively with the factorr =k,

25 Finally a second embodiment of the processing device according to the
invention is advantageously characterized in that respectively from 1 to k
kernel processors are provided nested in each circuit P; on the level S;, that
at least one of the circuits Py comprises at least 2 and at most k-1 kernel
processors Py, such that the total number of kernel processors Py on the level

30 So is at least k™' +1 and at the most k"1 and the tree becomes an
asymmetrically reduced or unbalanced tree, and that generally a circuit P,

on the level §,.4 is mapped by the circuits P,.q.; nested in the respective

circuit P

According to the invention the kernel processor Py advantageously comprises
35 at least one combinatorial unit C and a memory unit M connected with at



20 fig. 12c a balanced binary tree realized with circuits corresponding to
the one in fig. 11 b, Fig. 1 shows symetrically the |layout of a pardl kgl i3
processi ng device according to the present invention. Formally the schene
infig. 1 can be descr ibed as follows: Gven a circuit Po with an
interface 1Po and a further 25 circuit E Sthere can be created a r epeat ed
sequence of circuits P~, P2, P3, with respective interfaces |P~ |P2

| P~~, each Q011lprlslllg respectively lc circuits Po, PZ, . P" ~ and a
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Po, P~ ... efela'B ﬁ{ dﬁ’% e'ac&s a b gﬁsterllﬁg-tR In ?né Ritter-casB @@ch case
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kernel 1pr ocegsphgighbotd tAe. the circuit P4 as shown in fig. 2 is structured
as a ternary tree, this inplies that the level So conprises a total of 34 =

81 ker nel ve Lna.level o Ci: [ nd
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P3. Each of anlectercbW1tlstl1%ologﬁe~p11FPE iP8irconsthatut &5.qthe. . Mdesréspecheet r ee
infig. 2. ssores Pa caps; f nodes of the tree
and the ci rcu&}&&fﬂghlg%lgo n qﬁ‘d(?sé “9gf ’[F]gg] 1§1r§HE%§%Ir8§£ttlﬁe%ed inthis way the
tree infig pears. as recursiv 15 tree, as a ¢ircuit on an
o brtrary D dugRTR oo atiatons (Gal thsd ORMBLE P bRy Pouds PIRRS
| evel nécur siovsd yoihédied vmlp@he@lflﬁ@t@kexfne%mmssm stIhd ﬁ] @@%thlﬁou’ir tré&gch of

the circuits Pa, ,addi tion rls ch

that the 1 ogitsrfitect pp Vi iHiciReid ARE Toin BREBIeS ol wiide T RelndTe gar doo
constitute tprecosstesPpdr theckdrmebprddess@ar, iof qudseionogiemegted. E can 20 each
node of the tree generally be connected with its parent node or its child

nodes. Throuphe {erdtRg §hdl[‘i15w50@@£'pl%|u§éﬁ ﬁaﬁ%refdemmbbhﬁ%&}ﬁqﬁ%wa{ the

node be nutually connecte Each of .t he kernel processors constitutes
the | eaf nod@<SIaR ae:ﬁémb@élnéng%alwhgwﬂwpfé&nC@éOéhﬁ@@ppmp@nyasg BErBHE. nodes
and canovi a whesgnbe connected nutually. As per se known is the problem

whi ch the 25 processing device according to invention shall process,
partitioned d rogessi I by the
kernel pr oce@go% tgﬂgwl% #ﬁgﬁrégggﬁ)@xﬁ}“ Eg) éggsﬁéa él glr:"\c/)l?gsdscgro g{ﬁ tloeghe

conbi ned andnyenitonj cated further by the respecti ve parent node P ~ . This
process is repeated until the final result is present on the circuit P4. 30

Both the kerfigl 2 phoeassalimRat anfigt Necdrfyrednista fepahad tredetdlcagessed a
sonmewhat great er detail in the follow ng. However, the circuit P4 does not

need to be rgal ées‘!zc%ﬁdaen?%@h?etn% o?rtH ]glgl'c%sn ey ces%ycfchﬁfn%e?o §d Inay

wel | be generate uce ree an |es t hat
t he nudBer dﬂvleéﬁfmr?mégucb@dIaS@Itmfestluttuk@,r nel pr ocessors P~ 35 connect ed
with the nodes P1, is reduced such that each circuit P~ conprises 2 or nore
| eaf ?odes Offi g k&4 aetlnrmr@ﬁbsémnautl?sfthbqirocesse@g:hevmeadcgs@mtgh@nthle ker nel

invention conflgured as an asymmetrically reduced tree,

fig. 4b an example of a subtree with leaf nodes in the tree structure which
represents the processing device according to the invention,

30 fig. 4c another example of a subtree with leaf nodes in the tree structure
which represents the processing device according 1o the invention,



8 processors Po. As the circuits infig. 1 has Ic =3, this inplies Lgft“'”
the symmetrically reduced tree as shown in fig. 3, conprises two ker il <A F103
processors Po for each circuit P~. The symmetrically reduced tree on fig. 3
is in other wor ds not r egularly recursive, the r ecursion first from

|l evel S ~ taking 5 place with a mappi ng fActor 3. Generated as in fig. 1,
each circuit P~ inthe tree in fig. 3 will in addition to the logic unit E

conpri se onlfy two kernel processors Po, The recur sive nmapping of circuits
on an under f18ihgchemalicaldy dhe priacinlerdgr izsneralingthecrrassstentdsyi¢hat t hese

circuits w lplcBRIiRGSthednt Bnof las GUhdsted cﬁﬂ&%?t}?%ﬁédﬂr@ﬁe' B¥ppirNd the whol e

circuit P~ appears-as nested circuit. 1 the circuit’ is an

a 0
asynmetri cal educed circyit, . it may appear.as sho i ig. 4a,. Here
sore ot t he TibdbEnsTTpadneitiof vt SRE RBYIadit g flicinvEBlieb %
only two | eaécimetes cRevanditiiahred herelnagésleBrecofdur, a singl e | eaf node Po.
In the latter case the mappi ng of the parent node becones an identity

mappi ng<t herepf v | . l.ogl can be
ot 195 out 1 1 AE0H b SFpp Bl PrOPLtBE dedR BRI 1 I gl e
ker nel proceBenlien astarecurssewiicsit yetefandsvelseaand sipularlpdegrda faspear as
conpletely reduced, as P ~ = Po and the circuit P4 i s transforned into ar
egul ar r ecyisi§@ossible dbhnddionst bethven thevaldesdn @ée keregpopdingessibies Po
on the level .So.. Is_thys the nunber of levels n+l, a circuit P" nust have
at |east |cCFUit W& Q| processors 20 on the level So in order not to
appear as a conpletely reduced tree. A subtree in a nmaxinmally asymetri cal
reduced tredig.s) phesiblé aonnections betwesnstiistragkesdorfpiree icagreap andiagro kiet h
child des P=.; .t Rat only one of nodes P~ has two kernel processors or
| eaf nggl)es ﬁ?fcu\kﬁﬁf@gtapr of the remaining nodes P1 in the tree only has a
single | eaf node, Po, such.that P~ in these cases 25 is reduced o Po. Wth
Five Tevels B 10 B 6RtRRdndae cher (b LSRG IFS g5 00 GIBRPRGIOPa birart:
configured as in fig. 4b, that is with two | eaf nodes in a circuit P~ and
ot herwi se odig bhesthematicaldy an cazhodisfentiod & kemichiphocasedesn the prangssing
appear as a JRXédBbéyrias 3?57?1{1)6 idhtigduced tree and the nunber of nodes on
S

the level So in other wo ecomes 33+1=28. Correspondingly a subtree for

30 th de P2 j i ni nal |l rical red is.sh in fig.

30 the rode 72 | 1 Sl AMIELN SRS SR LB IR IR ) O o,
while 411 thernehpiotesgomodige fermldfl atcdoenparetoramibébonse apapeash t hree | eaf
nodes Po. 4t BrBpBlseRAHAAE: AR B, hRks@n QTR hic ARHTTRS BE Blychgdiced (T ee

correspondi O the cifcu on f s 8% rise a total
of 80 35 kernel é)rcicessors Po. A cirguit which is generated as the tree
shown in fid1241244h9 compamipsunktipy lgaLb‘éar as nested on all underlying
|l evels S,, SZ, S3, but the ", ~~~1" 9 mapping will no | onger be
recursive, dsg.al2h thaconrestidrof PompRdatons bimider o thepace by figl 12eiincuides

whi ch I . 14 i | | So, S ~, S2, S3. Th
oh ore | SRR § B POP MRS b M e

advant ages o rically or

asymmet i cal L duced tree shall be dj.scussed in nore detail.in the 5

fol l'owtho” g, T8 Eialandriibmere tof delocd MiThappritg COPSSRaRTINg gelhecinep:
accordi ng tantfiig. lyention is genes ated. The circuit P" is r ealized as a
tree with ntl |evels and of degree |c = 4. Each of the circuits Po, P~,

.. P~ s t j ' ' [ ~ a1 d ‘he near est
over 171 ng 1 AuB Tgdhg, WinhRIAERNY Ve ByChitIh Biralle procesSing Betile, poNT
course n andcchedigigrtouihe mresetdnyentionhBormally the scheme in fig. 1 can be

described as follows: Given a circuit Py with an interface Ip, and a further

25 circuit E, there can be created a repeated sequence of circuits Py, P,, P3, with
respective interfaces Ip],1p2, Ipn, each comprising respectively k circuits Py,
P, ... Py.y and a single furter circuit E, the interfaces I being identical for all
circuits Pg, Py, ... P,,, in other words Ipo =Ip = Ip2 o =p In each case the

circuit P, is configured as a tree network with n+1 levels S and of degree k.
30 Specifically fig. 1 shows a digital processing device in the form of the circuit
P, which forms a tree with five levels S and of degree 3. This implies as



zeroth level So defined by the kernel processors Po conprise a total of kn
kernel processors of this kind. CGenerally shall the nunber of circut bs Pﬂu&
on a level S'" ~ where g =0,1,2,...n, be equal tolcqg . Fig. 6 shows a
nested circuit PZ generated as a recurS|ve tree according to the 15
principle in fig. 5. The circuit PZ conprises the logic unit E and nested
on the underlying level S ~ four cir cuits P ~ which each in turn conps

ises the logic unit E st ed on under, | r CII’CUItS or
kernel proced¥3¥s ipde: 'allh’g @b‘? ETGM Y ‘@BWII% 1édp83/t[eﬂgolbﬁ}e %VFPSZ’ gy the

quat er nary tlflﬁﬁ:lWlhE léhélecﬁ)lhprligé§th$ee cﬁ'cu1t§l’3 Badh aftthe &h1c®ﬁts§f3xéxed’m ker nel
processors eaf no

P
shows a sequlgﬁ §1‘ I‘%/gﬁle‘ﬂéf%ﬁ }ééithc‘ﬂf‘&‘ﬂ?st ij%'\f”t" kg 88?9%{}%3 O%? a’ﬁ: CChl()¥The
circuit in fthe. clﬁcxﬁtsrr]b{ tlfeelevehS@ﬁéwgrmmtdiswathquhaéecrrauus Gbm‘n gw ed free

with a tota processor s . Po nthe e re the
i nterfaces |u1b46rg/deg? %llch{% yFﬁaChljﬁf&'ﬁflhcrlﬂ }\ffl 8%55%&“% cal . 25
Fig. 8 shomsgdrfwamdrwuhtthi:% mmcﬂ'llltgPo GnghaéewdllSy. (T(bmfalgwlij@:Eomm ghat er nary

t but furthe t. th t ~, h

the- hodes orPon PRyt B e d SR e PS8R bGP b U el b A or
Po in th]e ?qm@hbmmstafPQeAsnht kérch@vie) asSghovaemefad. |/isvdthicttibel hogiternanyt E
in one o

I d d
mons, S N5eBREate Bt ey 1 SPRRHELL RV L SPRZY gt o
connectlilon tproceskess Py, the ghdrdyingtlegelsS W2 ¥ kircuotsel ;aamt tlteefcﬂh]minge}mfbl 6t a

t t | b

Cree. For g chefiGe" PRIl IRADRES, A5 STiHURR L g e cifbui Iy, o

connect ed t &1, i constigutes em npdereirpthe tiee he figeilgAbsdternebpranessors Py ~ ~ n-~
=0 = 'bco]nsﬁute\}\tﬁecl:@@ﬁé@@sngfﬂﬂé ¥ed bfld R SNRWR Iﬁoﬁﬂe%%%%g%?t%l the

CII’CUIt in orns a quat ernarytreevm 4h f our eves and a
total of 64 tk%¢ T uGieed ik B Wakthe te@ih 118, AGHWEAS AS §irew STy E8NaBh be

connectjed tqléé‘eas”apéﬁchﬁ otnhﬁn Bﬁé]%?%l}'évélrseﬂaﬁﬁtlﬁ@@u%@it%ﬁh fiRvgdared to the
near est adj acent nodes Qur tree on an ga:? itrary underly| ng

| evel . This Widg WA yleaée n'f@FHISlY‘T’ @ewghmetanpw&: toyer WoHeh Joilig vi a
the | ogic el@ent 3i MWa@hnil tBeird@SP ¢ P§>§F’49radﬁh$ona‘}\ly emmlses lagoghown in

fig. 10, where the r uit PZ in red ch that
o o real't oyt B gech S S bel el bigE 8.8 B bfirsiiss &1t B B Bndtiy kel pr
ocessor s Pqegaedeld)c@lmnatdﬂﬁlmsecrﬁuhaltiee Bistrgdahy otfhherbogma&at Egcatevi ce

t t tio i di.c
devi cePor ol VEH B8 ehprg?B, HEPMEHTRD IRt BRI < 1
t he general nades. Shroecghithalagie umlmtn]E|cguralsxgemdyofalk@cbiléwdes of the node
task-speci fiygaly a@&%Bﬁﬁ%ﬁgﬁrBE&H %Whé’fwﬂ@]’%{xﬁ@éésg s {th éﬁ“éoﬁ&ﬂfu:t@s"{ g 15
t akes place opera cuit is eln {ace supplie th
confi guri ng lgaf aﬁé@epétlwmtr@n alsahay eesphetivp pirepits é)ueasneetrmt rodes amdwean
processing. Jaeth%knf)é QHﬁhE‘&eWuﬁu}&ﬁ A%r}yer"!‘zé' lh]d\ﬂ]?'lé’tﬁé"ﬁf;oﬁlgﬁl ﬁ/‘h‘f&PtHe s

config 3red W th kernel processors hose act ual are pr
ovi ded4Pn tHEOGFfFSdGEtdeTH@ %C%é%ﬁ%@"&@vpééhaHtR}PCﬂSH@)aiBtlﬁ’h%d ﬁﬁdéh@| on

may 20 then BpReiin@execeiednsi fliecl%lvk:YSB%@'Eﬁ%ilélﬂﬁebhesl&ﬁhet ﬁfo'i:e's§or§fl%"m in
fig. 3, or trically reduced tree, such .S |s hown in, g

asyme
For sone conch®ef Uéetéoer%eelgenﬁ P’E‘%fseﬁ%m?tpoc?éﬁcﬁ ngd ga rceefuﬂwebcaé reater

number of Kkeffupger mmeae@pectwb paYenoho8e 0 TR IocesSid fepeatRY uhil ihecr ease
t he capacity,.of, the processi nﬁgt ev ce. fPr a specific task. 25 As nentioned,

t he pr ocessﬁﬁ%ald@\wgésé’éﬁﬁft’]& ESTHRR Fiventi on can al so appear as a

physically reduced tree, whether it is Sé mretrically or asymretrically
reducedd ThiBoihibei learneharocesgorphy end dhe igic unit Eshatlitmdiseussad a i s r

ealized wth@,S0Rk Elreaﬂé%’%%ﬂ% ikerhBbwitpcessors that ~hicll is given by
S

t he nunber of levels e tree and t degree Ic. This may be 30
appropriate forl rovidin incuit tec A ut 1011 Wal.ch Opt1lllally
ol ort ¢ he HEEVEShE ehtsiufs EH hoh ERLR:RF YoaTized fiod Sl iegid
processors imecarsieetieat Hanpy e de I‘yndme@as atcs;@mﬁilletlgcat by tdtudedvieed aod i s
reduced physical ly,. this {nmpli goee Lon i.n the physg cal
S e or bho RTmEbes lid abEBubiiiir oftig BN R BERp b nt b S il B .
depend8ft orconnected with the nodes Py, is reduced such that each circuit P; comprises 2

or more leaf nodes or kernel processors Py, but in each case less then k kernel



35 the actual architectural solution which is selected. The condition is of
cour se 1 .:ii~lt e~.ii;. 11 that under every cir cunstance the task{iwhi ¢hj3
is assigned to the processing device, is executed. The circuit Po defines a
zeroth unnested level in the processing device P and constitutes a kernel
processor in P. 5 The kernel processor Po®% s generally shown in fig. | la
and conprises a conbinatorial unit C connected with a nenory unit M The

interface PO in the kernel pr. ocessofr Po.which js,of. course ig.identical
with the i ntRIOCESSOIP For AsHbE CFI ngléi ?él?istl‘s'éjh?s.lmﬁlﬂje% @‘%ﬁuh?he si de of
Po sch;a_mat: C&@in'fl}ﬂle:trﬁ\@ﬁlﬁ:)at'e_igjc\wttge?ﬁﬁ @liiéwﬂeij[iloﬁitgdx'%@'lhp_i?_iﬁds 't\@atl{'erﬁf)l _ .
respectively the in i de and the out put si.de,,  The conbi nat ogi al, .uni
C receives dﬁ%ﬁ@qlgy@tf%gieaﬁﬁﬁé‘tcéﬂlﬁ Rrs By E‘Fﬁ{lV\}Sngﬁ £ HBuhi'th
6 SUgpl | e e L e ol o et o Saranst ot o far the Eornel”
processar Pd’.sla?ﬁé’%léh AJREPRIGE %?%éf'a%{l%%eﬁ§%&g}‘%ﬂﬁstea{ih Ci”ffs”t‘?ﬁbfl? i)lh as
weldl ﬁs set tireg ipdigadetvel $nfﬁddét$®lbed> mﬁm{}ugciqmlitt];aecolﬁpldwbhgatwoil@knejnit C
and the nmenory unit t he data _whi ¢h shal. e processed ar i

form of ot r dubresis o, b eBEufRYE ollnie 20 utrulS, a8 FRRELREe Frdlahd® e
processi ng oc(ﬁjvetrh}??ngaeli i;lg]ﬁlmm:'eﬁd]tceallbfythdt tlms;e_eﬂrcfmwiawd_é b@gﬁ@mﬂ ned circuit
sequences and patterns w use a,comparat.iye [ S s

et ruct  ond PRVEERPE e Bk 0Te. o BB L v rans TS G Bl 20
configured as a register unit R as each_ r egister unit nmay conprise a plu
aIitygéf) rgglif§h§r0$19%ifti$ aeaPEBmeErylly redire W@@wtaﬁd{lw@p%wg@ﬁéﬁ@@hf og
of the'i nt et Boa darIanng TIHE IR iepuldify BL0S Thenaal J00eOPL et T
not shown eﬂ%f%aﬁgx PHp dito leﬁt?waé ofed Xq{é)tleﬂﬁb%g%? c &8y ﬁgi%keﬁ% podey
gel i ve[s ':EGP(_Zﬁnl’t?S_Uh{Etér &%e%@aﬁaﬁprx@%f ?feggﬁ‘@gt ﬂ@deeE@ﬂ%@ aitnﬂideheityai rcuits
~ or to the_ I nput jnter.faces ipn cifcui e 0 e qverlying
level s S2, s@apping theesof, andcforyhle Sake ghithahedpiit glegnens fhen sanis Tefle T
a sear ¢ promgsisaheddmiuies Ps 1€ hdveirswinehabngeisenaitlycakingle RatnalMprbeedsbor

mai N conponept nfig..11 b. The interfa i.S;;shown respect, vely

"put 1 nter ean freeafhichedhialit b Fodr Pyl PR SRRA A ke ie
1", is connexstBd=llgtandatheditdyit By es tidoxfomtdd oo putegul @speatrsivelojraust Phe
out put inter \ { on i | r he

| cer nel proc‘&;ﬂglgfroluggévggfa ﬁggﬁ Eg]fr}%llpplll p F%%ggr\ﬁéx\'ghggaﬁg\ﬁ%l? gﬁ?ﬁ%ﬁt fhue;it SC.
The conpar atwimbei of Bonls s+lsediiquitPsourst havpet dedsek't or 1 kernsdmiragessors

characbgrs i f i f [ t s. In this
manner 207 caon e IRAGT Sfin ShacoibCEPalftdi b PLEMPIEN, sEufiRaEeas. [0 1112

12 retrieved,i formof one,or nore elepents in a set,created o .

i trorent . pateopliee b Masa e e £l GO bErd s 3¢ NaCH BT Hen s on
to tile outpubtiest @rhpdeingoanodad tWwethrcheklhodes P henchaiimaaioniys one tod nades

| at ency unitp L i f i Wt | | v.val ue for
2 gven nuntorigy MO KSrFAbrREIRES o MbafiFaded PR PnaE R oL I il
flip-flop Dhadascirethediretoaly bas putingle leabnade Piophectethandy iarbiese sases
delive t her, t : nari I ] S q tr,ol unit
SC whi 2§ [ sqé gg?{é&dﬂ ?6 g, ggvé?‘? \iﬁgl% yl_et§ gl%r(;elt]llue}s_lrJ Sféél?%aéohtﬁﬁe&wﬂglﬁ f{%?gééssor
connect ed befisgpiaParcoafigared ne ipdis et thaleisrupbrivey keajmodes pafaopiscyihE:

present kerngld BiiReRIEOHniy 5¢ feaFHb AN GRU & theRIEdIniEndltLW, Avould
conpari son of patterns in Cﬁse certain a}é‘is of the pa{tern arefms I ng and

addi t onal | y 3PREGRPAR BaxIBrllp asyeypeirigabFeduced tieh apd the nombareoinRdss ¢ nay
be repeat ed.thENeysLgyaN6th S aRbFd! bdtdesSE 5=73 G&@eémﬂmgiﬂ@ sGpireeghed
o 08 % e B R e eou Bt el st Ut 1 shown i g Fe. 2 1"
nunmber 28f f 1%8-19 2 Wed AYnimaHy asymmpelt f 6¢ g

Here a single node P, comprises two leal nodes or kernel processors Py,

while all the remaining nodes P; in the tree as before comprise three leaf

nodes Py. This of course implies that a minimally asymmetrical reduced tree

corresponding to the circuit on {ig. 1 in this case shall comprise a total of 80

35 kernel processors Py. A circuit which is generated as the tree shown in fig. 4,

will of course still appear as nested on all underlying levels Sy, S, S3, but the



15 character s which ar a conpar ed with the conperator unit COM The
sequence control unit SC nust be able to receive results froma conpari sah:i
operation in preceedi ng or succeedi ng processor units and is hence

connected with the input interface I;" ang the multiplexes MJX and itself
reports the results of the conparison operation further via output
interface lo~,t. Finally the circuit 20 P~ in this enbodi ment al so
conprises a t I tQ doif t ul t
val ues from%?ﬁé s \valnzl% ’ég‘gls’é@b&nélr‘ﬁeogﬁg‘r“rﬁglﬁﬁ %fl e’é?)d Al 'Ilﬁg resul t
sel ector RS 1113pp¢d1by@dhnﬂcmwwh1clm areypated oeltbeuh@acm@tundﬂléﬂﬂgd@vql n and
the output iqiterface t sul t
val uss. o cofbare oS el RL SR FEC, oLTurg BB RRR P ACRS At iE Nt
equal to ovem aysmnenichboxreh@edgxeel shaél bpdmcmuss:ecbnbnmmrmalélmﬂg@tal

pr ocessi g can be adapted to different types of numeric

conput a |on | n OTaeSi ve paral lelismand the conbinatorial unit C and a
register unit. Rwll then be confi TfEd as.arit_hnet.icn%q ic unit U, Each
kernel procdd€oP PR O‘é(o%}@cqu(‘)ﬁé(ﬁg%‘? 3B APBNPF PEXCAS RS @Cﬁﬁlﬂtacﬁ/? R&itgur ed

as RAM and hﬂﬂﬁﬁvélﬁ@bl@@gén@ﬁtdmﬂﬂid tigent PRAM ¢d1BA) assalefeetviah dHet Rvels
probl ens are red of, t.his.,kind. On

or, el ted.in .a dat ocessin
each nest ed angy f’ggxeegz 4 rg%e% ‘Pﬁ‘shreemf Cs‘“g%gi” i lonal by gPS\S/TIeGe‘H Hef urt her
circuit in trbepécnr\m oﬂ‘lc@ti 9] B,,uniPt, dn el gdurest mtaghﬁgr‘ravelb&,@zpr oB8gssor

ogi ¢ U T 2 PG oS TRLRTE Bt Thet Urepte B R @t Y shalTongliE

exanpl e, in zehetlcieveliSy defined by ﬂ1e~kern\er processor’s, By d@nptise ladgia ofitt E

niertace | ehnel S ERRIR Bl Rindd BarthPt shad O BT Palls BT e

tree the cireuveltSPs; whefd g= (Lllh win) be oﬁua:lotlmrls“e have two | cernel processor
s, that is two connected conparator units COM Advantageously the 5 cir

cuit E on eem@ Bes\h@kwssa hested.circuit P, Senéifaesd EyBQIeb@I%$v@‘§re@ a@b@ﬁﬁﬁgltaqwmt
vmthtltl1 rposeff:g nflglﬂ;},ﬁélgthe net wor K 0@ Ige respe ive Iev Bd
possi b ndgH§P ‘gelss RUHB2 ePMPEISes s Logiglaie qnﬁl ’é%?éﬁ 8deci n

t he netmrku1ﬂﬁr@u@@|l&wa§5]tﬁwl @irontistP Eviiiicdauint abhe:onqini\wSkthefjlnglc?ur i Eg
par aneters, ured o na or the
par ameter . BEUR] e R S SYEhe S0 By cOnLl a0Ted Rl bR Lor 1T
be connect e®wilthe lngdreunnsn cohéigeaerthacirowmiddl; | asi nguatevedry tree meilptibeer trees
a7, can 1 heic, 10,8, 8901 Ml DESRELYSENIA ERPaber B bR A1 110r e
data vaf uméllaAWda£@ Garr wonﬁimglwr&g ahskows apsre@blleattallme@m ated maotculiend
themsel ves tg4@ 1Ba} Wfi Er—thtTHE"Cﬂ%mtTBeﬁ%OﬁQg% ﬁ'ot B! tvors hhe
kernel processor Po rea |ze as a conparator u use in a search
processor déWaEINREY §ABHBUTed iree gwtllzéota& of it kewmel pr @@ﬁﬁsalsngo enéhedevBhor d
whi ch nomentgr AISYbéf%ré ﬂ?@lrﬁ@rﬁaé&sIB@eﬁé’lﬁﬂéﬁfcﬂitho,lF] p quhr%“@'f therskegi ster a
conpri ses th dat d which x 20 shall be conpared It is fromfig. 12a
easily seen! wéttlcq; our conpari sons can be per f or ned, VIZ X =a X >a, X ~
a or x <a, and the result is delivered to tile output of the nultiplexes
MUX. V2Eh aiignBeshowisridetdionmivP, i &1 gc Gngrareaia By confngsxlec.taslacqmtelmafrygreelza

Si | e patter r T
o1 1ok ol o PB Tufopfibug fhch Bla FBERATIRC. Bl (PSP AL RTHA Botes oA ©
i nter connectﬂé@i eniltS, pr@mmgaﬁﬁlcenn@ct@dnrpﬁh@ltm@ebprtiquS@szo inH is an a
directly folye lﬂytlﬁe Bn tdb 186 g, f(‘r'grfe?w“ﬂ?’] t‘?wQO {duhfie H{gﬁg%?'tﬂg
devi ce accordl to t he present invention shall ﬁ Pemen te sear ch
processor dé@d @é P1aR2.unriddiueieen arnilqmaamwctjpnarmmﬂé@nﬁ daynperdssy. For
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U~~~ ~~~.,~,.,;~1~, 14 Fig. 12c shows a search processor devi (;F[‘) U
real i zed as a binary tree with 8 Icernel processors, here shown as &i rdli 8%
0O, 1, ... 7. In this connection it shall be remarked that when the results
are fetched fromtwo circuits or two kernled processors, these will be
conbined with the use of logic operations.” This 5 takes place in the result
selector RS. The logic unit E in each circuit corrprises as shown in fig.
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communil@at ecFameE et sepIcamR 1% the nei ghbour el enents which conpare the
same characters or character strings. This is also realized in the search
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pur poses, ngérre(#QﬁFaaﬂ‘élcs utl%@te?fn%% ! z'faadétF%¢%du f‘&Sf%Sthmcee%bggs t hr ough
t he nunber qirO‘pesqmngl Bfigh basistio t ¢<g\¢nd@ldrefsup@¢tymchlee poaﬁgurlslgfm@yhtake
conpar i sons @Bglgél%ﬁce dificM f@iltlllél“’\éﬂ@aﬁb@ f&t ﬁﬁyﬁcﬁl ﬂet'hécéo?{ﬁ Eﬁ gs.

The results erent ’ker nel “processors’ can ver be co d by
usi ng a3I ookalkps Pbﬁ@leeollﬁiﬁtlvﬂ%fﬁ]ﬂ%mlc@éllﬁ v ko htsttose supplisdivithe subtrees

a_nd the out I%btnﬂguﬁ ﬁ?ﬁﬁéﬂél@W‘Pl‘f(%§@Jlliéeﬁﬂeczﬁap1$f5€ia{é)%tw'cﬂktﬁﬁ't‘heumt 30
will then rce}{)rl ace the esul t, sel ectors, RS sho 12c. The.nested and
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processi ng d@ncgete data propedsingltasks it can namely be required a greater number of
kernel processors in one or more subtrees in order to increase the capacity of

the processing device for a specific task.

25 As mentioned, the processing device according to the invention can also
appear as a physically reduced tree, whether it is symmetrically or
asymmetrically reduced. This implies that the physical circuit solution
actually is realized with a smaller number of kernel processors that which is
given by the number of levels S in the tree and the degree k. This may be

30 appropriate for providing a circuit technology solution which optimally
exploit the real estate conditions on the chip. If the number of kernel
processors in a dedicated processing device according to the invention is
reduced physically, this implies for instance a reduction in the physical size
of the chip or a better exploitation of the real estate of the chip, dependent on

35 the actual architectural solution which is selected. The condition is of course



according to the invention can for instance be configured for image,
processi ng, encryption and decryption as well as processing based onaamngui
recur sive pr ocedur es general ly. Applied as purely numer i cal pr
ocessor, the processing device according to the invention could be adapted
for 5 factorisation. The kernel processor% Po can as nentioned be based on
standard m croel ectronic conponents and these may for |nstance be
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t he
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of conventi cirguit topo 0gl es pOSSI r reali Ing a circuit
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i zont a& conduct i ng % ulct ur.es for,
5 results To other Kernel processing units Py in the circuits P; or to the input

interfaces in circuit P,, Ps, ... P, on the overlying levels S,, S;....S,

A specific embodiment of the circuit P; for use in a search processor device
1s shown somewhat schematically, but with all main components in fig. 11b.
The interface is shown respectively as an input interface I, and an output

30 interface I,,. The input interface 1,, is connected with a multiplexer MUX
with outputs respectively to the output interface I, a comperator unit COM
which corresponds to the kernel processor P, a first D flip-flop and a
sequence control unit SC. The comparator unit COM is used in a search
operation for comparing characters or strings of characters which form given

35 patterns. In this manner it can be determined whether a given pattern can be



generating connections between the separate nodes or circuits, such that a
10 three-di mensional network topology is obtained which will allow ajdesy ;i
hi gh degree of connectivity. Such technol ogies are disclosed in NO patent
application 199825l 8 (CGudesen, Leistad & Nor dal) which is directed towards
an integrated scal abl e data processing device with M MD architecture and

realized as a volunetrlcally structured unit, i.a. with optimal network 15
topologles and .hi ee o connecti vit for massi ve cessi ng.
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In a specific embodiment a digital processing device P can be adapted to
different types of numeric computation in massive parallelism and the
combinatorial unit C and a register unit R will then be configured as
arithmetic logic unit ALU. Each kernel processor P, can additionally

30 comprise a memory unit M configured as RAM and hence implement an
intelligent RAM (IRAM) such that latency problems are reduced or
eliminated in a data processing of this kind.

On each nested level Sy, S,, ...S, there is additionally provided a further

circuit in the form of a logic unit E which in itself may be a processor unit
35 consisting of a combinatorial unit C and a register unit R. The logic unit E is

generally identical for all circuits Py, Py,... P,. For example, in the circuit P



4. A digital processing device P according to claim1l1, characterized in
that respectively from1 to Ic kernel processors are provided nestedgin, »
each circuit P~ on the level S,, that at |east one of the circuits P~"
conprises at least 2 and at nost k-1 ker nc1=,l13 processors Po, such that the
total nunber of kernel 5 processors Po on“the level So is at least Ic"-~ +1
and at the nost Ic-1 and the tree becones an asymetrically reduced or
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nei ghbqgr tr tltﬁgllll}% A digital processing device P according to claim 11,
characterized in that the logic unit Ein a circuit P'_n is adapted to be
connect ed e i rtr ei t her
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20 shall be compared to. It is from fig. 12a easily seen that four comparisons can
be performed, viz. x =a, X > a, X # a or X < a, and the result is delivered to
the output of the multiplexer MUX. With an interconnection of the
comparator units as shown in fig. 12a, simple patterns in the form of
character strings can be compared. The principle is shown in {ig. 12b where

25 the illustrated and interconnected units may be able to compare the string
abe, that is an a directly followed by a b, directly followed by a c.

If the processing device according to the present invention shall be
implemented as a search processor device, an unreduced and balanced binary
tree may be used. For each inner node in the tree, that is all nodes with

30 exception of the root node and the leaf nodes, a multiplexer is used for
deciding whether two subtrees shall receive the same data elements in
parallel and whether they shall receive data sequentially. This corresponds to
connecting nodes on two different levels in neighbour trees, as already
mentioned.
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15 choosing the results either to the right or to the left for any of the elements

which compare different characters or character strings. When a plurality of
comparator units additionally compares the same characters or character
strings, will their preceding and succeeding results be the same. These results
may be found by the same multiplexer MUX which controls the data stream
20 being used, such that a comparison result is communicated further to any of
the neighbour elements which compare the same characters or character
strings. This is also realized in the search processor device as shown in fig.
12¢. In this connection it shall be remarked that the same multiplexer set now
is used for three separate purposes, namely for distributing data, for routing
25 memory bits through the number of flip-flops and to provide or supply the
results from comparisons of proceeding or following characters or character
strings. The results from different kernel processors can however be
combined by using a look-up table unit which can be connected between the
subtrees and the output of the search processor device. The look-up table unit
30 will then replace the result selectors RS shown in fig. 12c.

The nested and possibly recursively generated processing device P according
to the invention can be used for realizing task-specific processing devices for
processing large data volumes in massive parallelism. Examples of such tasks
may be searching in large data volumes structured in the form of documents,
35 where the search takes place in simultaneous parallel in all or a large number
of documents and can for instance be directed towards retrieval,
identification and comparison of patterns. Further the processing device
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10 As the processing device according to the invention can be scaled in several
dimensions, for instance with regard to processing capacity or connectivity,
the realization is however not bound to a determined technology or a
determined technological level, but may in practice be implemented based on
the at any time available technological level, such that the performance of the
15 processing device can be improved in step with the technological
development.

In principle the processing device P according to the present invention could
be realized with arbitrary degree k and an arbitrary number n+1 in levels S.
In each case the number of kernel processors will be given by k". In reality

20 both k and n will be limited by the microelectronic technology which is
available for realizing processing device P and particularly then the available
integration scale. Dependent of both technology and the specific processing
tasks which processing devices P shall be realized for, the chosen values for
k an n can be made the object of a balanced judgement, for instance

25 dependent on the need for parallelism and degree of partitioning. In a
practical realized implementation the processing device P, for instance is
realized with k = 8 and n = 3, that is 512 kernel processors Py on the level S,.

By using standard microelectronics based on a conventional inorganic

semiconductor technology, for instance silicon technology, the connectivity,
30 that is the interconnection of the circuits in a network may offer problems in

the form of complexity and long signal paths if the processing device P is

realized integrated in a substantial planar technology on a substrate. In

principle the network however is reconfigurable, that is that a network

configured for one task may be configured in to another network, for instance
35 with the use of suitable configuring parameters via the logic unit E. For
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configuration and using both vertical and horizontal conducting structures for
generating connections between the separate nodes or circuits, such that a
10 three-dimensional network topology is obtained which will allow a very high
degree of connectivity. Such technologies are disclosed in NO patent
application 19982518 (Gudesen, Leistad & Nordal) which is directed towards
an integrated scalable data processing device with MIMD architecture and
realized as a volumetrically structured unit, i.a. with optimal network
15 topologies and high degree of connectivity for massive parallel processing.
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zXQSH: S gepsate@ saqugnggm}wi@w)estedlgme]@s and wherein the processing device
1 @$10%22& 1 bonbr @63 1008 i ured @6 P14 (e VR TS levels S, Sy,...S, and of

degree k, characterized in that the processing device P is provided in the
form of a circuit P, on the level S, and forms the root node of the tree, that
the nearest level S| is provided nested in the circuit P, and comprises k
circuits P,.; which form the child nodes of the root node, that generally an

10 underlying level S,.q in the circuit P, where q €{1,2..n-1}, comprises k*
circuits P, provided nested in the k! circuits P,.q+1 on the overlying level
Sy—g+1, €ach circuit P,_g4) on this level comprising k circuits P,.o, that a
defined zeroth level S,., = S, in the circuit P, for ¢ = n comprises from k™!
+1 to k" circuits Po which constitute kernel processors in the processing

15 device P and on this level Sy form leaf nodes in the tree, the kernel processor
P, being provided nested in a number of 1 to k in each of the k™ circuits P,
on the level S;, that each of the circuits Py, P, ...P, on respective levels Sj, S;

.. S, comprises a logic unit E which generally is connected with those

circuits Py Py ... P,.; on the respective nearest underlying level Sy S;... Sy

20 provided nested in the respective circuits Py, P,, ...P, and according to choice
configures a network of the former circuits in the respective circuits Py,
P,...P,, and that each of the circuits Py, P, ... P, has identical interfaces I.

2. A digital processing device according to claim 1, characterized in that
the zeroth level S comprises k" kernel processors P, that a kernel processor

25 Py recursively maps a circuit P, on the overlying level with a mapping factor
r =k, such that the tree is a unreduced or complete tree, and that generally a
circuit Py, on the level S,., maps recursively a circuit P,.q+1 on the overlying
level S,.q+1 with the factor r = k.

3. A digital processing device P according to claim 1, characterized in
30 that the zeroth level Sq comprises rk™' kernel processors Py 1<r<k, that a

kernel processor Py maps a circuit Py on the overlying level S, with the

mapping factor 1<r<k, such that the tree is a symmetrically reduced or

balanced tree, and that generally a circuit P, on all levels from the level S,

maps a circuitl Py.q+; on the overlying level S, . recursively with the factor r
35 = k.
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tree becomes an asymmetrically reduced or unbalanced tree, and that

generally a circuit P4 on the level S,.; is mapped by the circuits P,_q.; nested
in the respective circuit Py.,.

5. A digital processing device P according to claim 1, characterized in
10 that the kernel processor Py at least comprises one combinatorial unit C and a
memory unit M connected with at least one combinatorial unit C.

6. A digital processing device P according to claim 5, characterized in
that at least a part of the memory unit M is configured as a register unit R.

7. A digital processing device P according to claim 6, characterized in
15 that at least one combinatorial unit C and a register unit R are configured as
an arithmetic logic unit ALU.

8. A digital processing device P according to claim 1, characterized in
that the logic unit E comprises at least one combinatorial unit C and a
register unit R connected with the at least one combinatorial unit C.

20 9. A digital processing device P according to claim 8, characterized in
that at least one combinatorial unit C is a multiplexer.

10. A digital processing device P according to claim 9, characterized in

that the logic unit E in a circuit P,_4 is adapted to be connected with the logic

unit E in a corresponding circuit P, on the same level S, in a neighbour
25 tree.

11. A digital processing device P according to claim 9, characterized in
that the logic unit E in a circuit P,.q, is adapted to be connected with the logic
unit E in circuits Pp_q.1, Py.q.2, ... Py on respective underlying levels S,,_q.,
Sp-g-2, ... S1in a neighbour tree.

30 12. A digital processing device P according to claim 11, characterized in
that the logic unit E in a circuit P,_q is adapted to be connected with one or
more kernel processors Py in a neighbour tree, either directly or via the logic
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