28 February 2005 METHOD AND APPARATUS FOR CONNECTI NG A MASSI VELY PARALLEL
PROCESSOR ARRAY TO A MEMORY ARRAY IN A BIT SERI AL MANNER BACKGROUND OF THE
INVENTION 5 1. FIELD OF THE z\' VF\TTC) N The present invention relates to
the field of conputer nenory devices and, nore particubgrl;lébrag

connection of a massively parallel processor array to a nenory-‘array in a
bit serial manner to effect a byte wide data reorganization. 10

3DESCRI PTI ON OF THE Mh&fundanent al architecture used by all
personal conputers (g%? AP RN USE @QN%’EQMG&& the von
Neumann ar chi t ect ur e MASSEEELY PARALLEI, PRQC YTOA i. In the
von \ Teunann archi t ect WEMPRRIARBAK N A BFDSERIAIg MIANNE®PU) 10 is used
to sequence its own operations using a 15 programstored in a nenory 13.
The mermory 12, referred to BRC&GRAINDOF THEMNVENTIGE contains the data
on which the CPU 10 operates. In nodern conputer systens, a hierarchy of
cache nenories is usually built into the system to reduce the anount of
traffic beJween t hgrEpt anck e et fhenory 12. The von Neumann approach
i s adequate for low to nmedium 20 performance applications, particularly '
when sone system functions can be accelerated by special purpose hardware
(e.g., 3D graphics accelerator, digital signal processor (DSP), video
encoder or decoder, alitt preo¢ntits¢ i RERESQY the field of computer memory

..J 210

devices and, more particularly to the connection of a massively paralle]

Processor array to a memory array in a bit serial manner to effect a byte wide

data reorganizarion.

10 2. DESCRIPTION OF THE RELATED ART

'I.'hc-ﬁmdamenta.l"architec;:urc used by all personal computers {PCs) and
workstations is generally known as the von Neumann architecture, llustrated in
block diagram form in Fig. 1. In the von Neumann architccturc; a main central
processing unit (CPU) 10 is used to sequence its own csperations using a

15  program stored in a memory 12. The memory 12, referred 1o herein as “main
memory”, also contains the data on which the CPU 10 operates. In modern
computer systems, a hierarchy of cache memories is usually built into the svstem

to reduce the amount of traffic between the CPU 10 and the main memory 12.

The von Neumann approach is adequate for low to medium
N X . : ,
20 performance appiications, particularly when some system functions can be
accelerated by special purpose hardware (e.g., 3D graphics accelerator, digiral

signal processor (DSP), video encoder or decoder, audio or music Drocessor,



2 28 February 2005 etc. j. However, the approach of adding accel erator
hardware is [imted by the bandwdth of the Iink fromthe CPLT/ nmenory part
of the systemto the accelerator. The approach may be further limted if
die bandwi dth is shared by nore than,one accel erator. essing
demands of | arge data sets, 5 such a?those comonl y as%éo]g%gfde%gwf@ggl arge
i mges, are not served well by the von Neunmann architecture. Simlarly, as
the processing becones nore conplex and the data |arger, the processing
demands wi || r$6¢ ) b&laweveembn appdmcHice addbipventlcanad hadeakesaleie2BRLRACH.

It should be noted, however, drat the von Neumann architecture has™ 10 sone

advant ages. Fdanexadpl & .cht Bgk i f ins a nogenous, menory
structure allow ng | arge nelﬁﬁnlﬁﬁcgg %gﬁ%gﬁ%ﬁgﬁ%%c’% f/s '%ﬁ’lnlt@rmcst andard
units. In additiQen. becguse di e.pr ocgssigg is centralized, it does not
matter where £he dAIA" (DI PPOGIGhIaY Beitaehes lmitad ifwhedrap dwidtas skyared ey
| i near execution nodel is easy to control and exploit. Today's operating

systens 15 comergithehenakt@batiarn Tifuss ssd Sices iy YerfdHHs U 18fvelBEOLC ES
using these properties. The problemis how to inprove procéssing

performanc® i Bu@ asGRRVERL AN afjng. gyst.em envi ronment er ltiple
appl i cati ons shar e anda%grti t§|/gﬁsgﬁgdg‘glstﬁg%%’gé@%?scé‘é:,n%tnsc‘fr\’ ‘b%l g]flé}&'i" ar,
the main mam)rg&_,\gne solutjon is to utilize active nenory devices, as

IJ.

illustrated in UM3nn arsplteqirg. pAnulgpyuisah e pyecassing ecomep piore caatpluwe

menory is rrermr% that can do nore dean store data; it can process it too.
To die CPU 10andtghaditavagernbe prodesding demanlis @XCaet bé Rl dvin Gk & told to
do sonething with the data contents

conventional accelerator approach.

It should be noted, however, that the von Neumann archjtcc.turc has
10 some advantages. For example, the architecture contains a homogenous
memory structure allowing large memories to be built from many smaller
- standard units. In addition, because the processing is ccntra].i_zed, it does not
rna_ftcr where the data (or prograrn) resides m r..he memory. Finally, the linear
ex;cution model is easy to control and exploit. Today’s operﬁting systems
15 control the allocation of system memory and other resources using these
properties. The problem is how to improvc_ processing performance in a
conventional operating system environment where multiple applications share

and partition the system resources, and in particular, the main memory.

One solution is to utilize active memory devices, as illustrated in Fig. 2,
20 — in the computer system. Put simply, active memory is memeory that can do
more than store data; it can process it too. To the CPU 10 the active memory

looks normal except that it can be told to do something with the data conrents



3 28 February, 2005 and wthout the data being transferred to the CPU or
anot her part of the system (via the systembus). This is achieved by
distributing processing elenments (PEs) in an array 14 through out the
menory structure, which can all operate on their own | L.ptece
menory in parallel. In addition, eacﬁ?PE 5 16 within tﬁggggbgkﬁgyéqgg
typically communicates with each other, as illustrated in Fig. 3, to

exchange data.,_Th ctiv. nory encour,age mewhat, different view of
the conputer ar g#ﬁ?‘e%&&%‘%,dgfaﬁ@?@g' %F‘ﬁdégﬁﬁ%%gﬁg opanQthespart i ithen t he dat a
rather than the processor. In a conputer system having active nenory, such
as illustrat edStemEVg. the systad btse. Whisds afhitvrel SPHistibiiting prddesihet 0 t he

operating systemtasks, such as scheduling processes and allocating system

resources andeleiiBes (INBStin Qh RS l‘pﬁlt_&%%%} ggfa.&i rﬂgﬂoﬁ Qg{l&gp , ﬂﬁ&‘ﬁ'ic%rlhgﬂln t he

menory 12. By having a very | arge connecti1 ons bet’a+teén € main

menory 12 and_the _processin resqurces, i.e., the PE array 14, the

bandwi dt h foroh%f\?utcﬁangg‘?‘é"?‘% logal kRS 6F W%ﬁ%wfﬁl@l-g%%ﬁ«ﬁyonmﬁbﬁed. A
| arge nunber of parallel processors can be connected to the nenory 12 and
can operat% oﬂlét“ﬁéhlﬂ thowd Eazreay bt typeaaily rommdeipstes end sach eBet helllukhegd t wo
features can provide very high perfornmance. There are several different

t opol ogi es fom pal 8| Lekxdr: r : e Y. 1.5 i comonl y
referred to as S%I\/D (si ndgllaggi@%g%r 31(;1% i 6§$U‘%%T%?§%Eﬁ%sq%8{%hﬁgl D

t opol ogy cont Siiﬁ%ls al | .executing, the sane stream of

i nstructions SNt éﬁéf)grg C‘?eg%ﬁ% géﬁ‘i 2pGhieF TS G- ¢4 OREIPPTYCaRteredd or vipwed

from the data rather than the processor.

In a computer system having active memory, such as illustrated in Fig. 2,

10 the work of the CPU 10 is reduced to the operating system tasks, such as
scheduling processes and allocating system resources and tirme.. Most of the
data proccssmg is performed within the memory 12. By having a véry large
number of connections between the main ﬁemﬁw 12 and the processing
resources, i.e., the PE array 14, the band“dd}:h for moving c;iata 1n and out of

15 memory is greatly increased. A large number of parallel processors can be
connected to the memory 12 and can operate on their own area of memory
independently. Together these two features can provide very high

performance.

There are several different topologies for parallel processors. One
20 example topology is commonly referred to as SIMD (single instruction,
multiple data). The SIMD topology contains many processors, all executing the

same stream of instructions simultaneously, but on their own (locally stored)



5 28 February. 2005 data. The active nenory approach is typified by SIM
massi vely parallel processor (~LIPP) architectures. In the SIMD IV1PP, a
very |l arge nunber of processors (usually a thousand or nore) of relatively

sinple PEs are closely connected to menory and or gani ach PE
has access to its own piece of rrermr@. Al'l of the PEsr%%(ggBﬁ%r%@osszne

I nstruction together, but on different data. The instruction streamis
generated by a controlling sequencer or processor. The SIMD MPP has the

advant age t hatdarheThenttial meveiieadfoadh if WBifaVRt G ,$.0. & ni mum
whi | e maxi m zi ng the processing agg rnerr[)r&'%lée a ceg(gﬁbrgﬁ%\%%téﬁrﬁ%l MD MPPs,

y
t her ef , h ' Lah.: id l.gh f
efti o ently., Nevsoear PRy i tubl” dsife TR Ml ng Pon aterymsningr a
repeating elenments. Since the PEs are quite small in conparison to a
reduced i nst r FEPFSHPTE besuabyprbensand |anore) o yelanieetysimgie P@siafa)ugga?t into a
ti

system design and their benefit with respect to optimzation is mu plied

by the 15 nunbenneftedtotesahdsy flEoRALSedlsB BHAN L PE h%ea%gé%ree PH;SSO \?I?%sdgre g

sinple, it is possible to clock themfast. and w thou

pi pelines.5ln XENpLArY i v paral | el praqcessor array, each PE 16
in the PE ar P?;gfg useé@brf?@%gﬁg‘l %?%’*%PH’ {hG SRITR ARKFRGHO™: Igeharobyt 0a.
Thus, a one hQit wi de data connection is provided. Wen this is done, data
is stored "bi ?Jé%c Atz (e I98redon ssiea s generatid sy otonerbilingraquahese ar e
stored at successive locations in the menory 12. This storage format is
referred to aser pumetsogal " storage. Thus data read fromand witten to each

PE N~i fl be read and stored, 5 28 February 2005

The SIMD MPP has the advantage that the control overheads of the
system are kept to a mib.imum, while maximizing the processing and memory
10 access bandwidths. SIMD MPPs, therefore, have the potendal to provide very
high performance very cﬁi;icndy. Moreover, the hardware consists of many
fairly simple repeating elements. Since the PEs aré quite small in compa;'ison to
a reduced instructioﬁ set computer (RISC), they are quick to implement into a
system design and their benefit with r;spcct to optimization is multiplied by the
15 number of processing elements. In addition, because the PEs are simple, it is

possible to clock them fast and without resorting to deep pipelines.

In one exemplary massively parallel précessor array, each PE 16 in the
PE array 14 uses only a single pin to connect to the memory 12. Thus, a one
bit wide data connection is provided. When this is done, data is stored “bit
20 serially” so that successive bits of a binary value are stored at successive
locations in the memory 12. This storage format is referred to as “vertical”

storage. Thus data read from and written to each PE will be read and stored,




respectively, "vertically" in successive locations in dle nenory 12 as
illustrated in Fig. 4. Thus, in Fig. 4, if each PE 16a -16n in a row 23 of
PE array 14 is an eight bit PE, i.e., it operates on eight bits of data at

atinme, the data in the nenory wll stored in eight Y tical
| ocations as illustrated. As 5 noted above, each PE is %%Enggﬁ’fderﬁe{%ﬁnemry
12 by a one bit wi de data connection 24. Thus, data from PE 16c will be

stored in a byte sized area 20 of nenory 12 ui successive |locations in area
20, i.e., it w t hti Ly.as illustrated by arrow.30. Th
storage of da\tlvgéﬂlgic?%i’r?{acﬁ?@aﬂﬁagﬁ g@rﬁ:ﬁy Vgﬁoﬁ‘mﬁl@r’@ﬁ‘? Qemory 2 as, Bsﬁﬁi‘fﬁger of
data wires per. EE 16 {I_B die r_rem)r_¥ 12 is kept to 10 a m nimum Second, it
al l ows for varPabs-e plBes-dndngahiit mastlE 16a -bSmir erendl of Bhdrref flidcs andy

i npl emented. For exanple, ten, twelve, or fourteen bit nunbers can be

stored and pr etgsdédPEf f.¢ Cirssbyated Bhle htiHi'tss&'%té?@tSaeﬁmcEﬂ?egitEfnﬁ Qace in
speed of die nenory access versus the PE cycle tinme can be matched by

serializing t . There are sone. drawbacks, .however, wth
storing the dgx?%[gé '5om&?ﬁﬁgﬁégd;’?lrcé%&lﬂmﬁ?sfwgé’FT‘!ﬁ"\{ @’.Carli%‘?s @!-QHﬁFaé?d-i MSnost
applicati ogﬂs, aﬁ%{;&? containing a SItviD ADPP array 14 and its associ ated
nenmory 12 Wil PO WEneaghoP Fnipgonsieceed o mamery d2dywhorhbilwideslazn ext er nal
device, such as for exanple CPU 10 as illustrated in Fig. 2, to access the

on- chi p menor yoddectCR\24.OThessdda e’ DESIA! Wil MO§8red €18 biteQized area 20
"horizontally" as illustrated by arrow 32 in Fig. 4, referrecf'cto as nor mal

nmode. Thus, fgr ¥t | ; LGes. b0 access data stored,vertically reguires

that the data Ee reo gq?nllnzeé‘,'&?geeﬁ?ca%ﬂ?/’é‘r?rgél,‘ﬂt b&+t He ’#&Wprc%"%gcﬁg/bruary
2005 node beforg bei na transferred fromthe nenory to the external device,

or convened pEated iy 5w $8nok e derage efisatobit sedallydmsaenusber of

Converting between the two formats, i.e., normal and vertical, can be

performed wi t henefirheFipi, ai¢ Aymbér of dwh tWiidd fR XS 66 Bl nfé%r?qztig% pgeds 5
access to the data, but it would be nore efficient to store fhe ath in a

single fuymay mikidsmave-aiag;. Daving to . re i.t. in one f.ormat and convert
it '?o anol'f{Ler{.‘m Prefera |‘§i,‘&t‘ﬁgﬂéf‘gg‘ffevaf‘%@%ﬁ"%ﬁF&“ﬁ%mF%t‘h FRP™F or mat

used by the extﬁrnal evi ges.
casily and efficiently implemented. For example, ten, twelve, or fourteen bit

- numbers can be stored and processed efficiently. Third, in some cases, the
difference in speed of the memory access versus the PE cycle time can be

matched by serializing the data access.

15 There are some drawbacks, however, with storing the data ﬁom the PE
array 14 bit serially. For-example, in most applications, a chip containing a
SIMD MPP array 14 and its associated memory 12 will have some form of off-
chip interface which allows an external device, such as for example CPU 10 as
illustrated in Fig. 2, to access the on-chip memory 12. CPU 10 sees data

20 stored word-wide, i.e., “horizontally” as illustrated by arrow 32 in Fig. 4,
referred to as normal mode. Thus, for external devices to access data stored

vertically requires that the data be reorganized, i.e., converted, to the normal



Thus, there exists a need for a connection between a PE array and main 10
menory in a MPP such that software data conversion is not required, and
data can be stored in a normal node or vertical node in the nmenop-~.

SUMVARY OF THE | NVENTI ON The present jinvention provides § gﬁbj}’ﬁg %
apparatus for connecting the processor array of an I\/PF2 |F a menory

such that data 15 conversion by software is not necessary, and the data can
be directly stored in either a normal node or vertical node in the

menor} = The abodebefde beingrirdlrHPRoM e AUABEAGCG Yl diEl dYEN 0N aze

achi eved by a connection circuit in which nmultiple PEs share therr

connections t ' bits in the. riengory array. Each PE is

associ ated w tﬁng%ﬁtdu?gﬁﬁjghgﬁl%fn%%r‘i}‘ LTt eAnskeRrEed. whi ch st ores
data read from (or to Ue witten to) 7 5 28 February: 2005 one or two
menory data bits. In horizontal (normal) node connection the tnenor}~ bits

are sel ected so th@ormletiddBediden BE r@o%x\i‘ﬁ&spﬁfé.gncgmﬁxﬁ%%% r%g%%@t%a‘lr}:bcpsane

PE, i.e., each set of buffer registers associate re E
cont ai ns one seen_hb external device. In vertical (bit serial)
node, each SEE!HS(}:@%%P, f”g’fnf%‘bg E‘taéFaé’ At WA theeexieraakdesicecthipr needs
successive, locations in the nmenory corresponding to that PEs position in
the menory® woR€ressTethe dagh duttiiowondd be hicre effididrtltb &tdte the ditat i #Mgle on the
input to the register and a pair of tri-state drivers which drive each
data |ine. format, thus avoiding having to store it in one format and convert it to another.

Preferably, the single format would be the normal format used by the external

devices.

Thus, there exists a need for a connection between a PE arfay and main
10 memory in a MPP such that software data conversion is not required, and data

can be stored in a normal mode or vertical mode in the memory.
SUMMARY QF THE INVENTION

The present invention provides a method and apparatus for
connecting the processor array of an MPP array to a memory such that data
15 conversion by software is not necessary, and the data can be directly stored in

either a normal mode or verdcal mode in the memory.

The above and other features and advantages of the invention are
achieved by a connection circuir in which muitiple PEs share their connections
to multple data bits in the memory array. Each PE is associated with a plurality

1 (™ » - . -
20  of memory buffer registers, which stores data read from (or to be written o)



These and oilier advantages and features of the invention will becone 10
nore readily apparent fromthe follow ng detail ed description of the

i nvention wuch is provided in connection with the acconpanying draw ngs.
BRI EF DESCRI PTI ON OF THE DRAW NGS FI QJRE 1 illustrat eszé'gl P{) W@l am
forma conventional conputer architecture; |15 FIGURE ||: ustrates 1n

bl ock diagramformthe architecture of an active nenory; FIGJRE 3
illustrates in block diagramforma conventional PE interconnect

ar chi t ect ur ;01 GURED drhbrysdarabis. Ve hbiicentaRibril ) oAt @bnf@iRnSher age in
a nenory; 8 28 February 2005 FIGURE ~ illustrates in schematic di agram

flor m & CONNCGHEABPBINGRTclerZFed i H¥'ofts BERIn W) AEEOLIRNSS 21 1 the

same PE, i.e., each set of buffer registers associated with a respectve PE

contains one byte as seen by an external device. In vertical (bit serial) mode,

wn

cach set of buffer registers contains the successive bits at successive locations in
-the memory corresponding to that PEs position in the memory word. The
‘selection is achieved utilizing a multiplexer on the input to the register and a2

pair of tri-state drivers which drive each data line.

These and other advantages and fearures of the invention will become
. 10  more readily apparent from the following detailed description of the invention

. which is provided in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates in block diagram form a c;onvcntional computer

architecture;

15 FIGURE 2 illustrates in block diagram form the architecture of an active

memory;

FIGURE 3 illustrates in block diagram form a conventional PE

interconnect architecrure;

FIGURE 4 illustrates vertical and horizontal data storage in a memory;



FIGURE 6 illustrates in schematic diagramforman alternative enbodinent
for the connection between the PE array and nenory of Fig. 5; 5 and FI GURE
7 illustrates ih block diagramforma processor based systemin which the

present invention nmay be enpl oyed. TAl LED DESCRI PTI
EMBODI MENTs The present invenrion WIDFq be descri bed a?tﬁeﬁgﬁ:rﬁ rn the
exenpl ary 10 enbodinents illustrated in Figs. 5-7. O her enbodi nents may be

utilized and strufFiGIURE & illuegiealn &hanggs aRFo MR A& MhE LR hE&RALL] NY
fromthe spirit or scope of the present invention. Like itens are réeferred

e
to by like repgrgpy - L0 accordance with the present invention, a
nmet hod and appar at ggntd%%@%%ﬁg@fﬁ%etw&gb%egé%ﬁn sof an MPP to
the nenory such that data conversion by software is not necessary, and [he
data can be directly stored in either a normal node or vertical node in
the menory is proVFIQUREF6Qufrdrkd MSEF | L 90 0f8, P Ocessor
array of a<i MPP to a nenory in accoP aﬁ%%gj\ﬁ?fﬁﬂ?@%#ggsmmmvention.

accordance wi 2 resent invention, eight_eighht-bit PEs PEO PE7
share theSir %@R%@%ﬁ%r@r ﬁbc EYmcguon between the PE m‘%’ and memory of Fig. 5;

In

5 and

FIGURE 7 illustrates in block diagram form a processor based system in

which the present invention may be employed.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention will be descr%bcd as s.ct forth in the exemplary _
.‘LQ crnbod.irhcrits illustrated in Fiés. 5-7. Other embodiments may be utilized and
strL?c_turai or logical changes may be made without departing from ﬁle spirit or
scope of the present invcnfion. Like items are referred to by like reference

numerals.

In accordance with the present invention, a method and apparatus for
15 connecting the processor array of an MPP to the memory such that data
conversion by software is not necessary, and the data can be direcdy stored in

either a normal mode or verrical mode in the memory is provided.

Fig. & illustrates the connection of a processor array of an MPP to a
memory in accordance with the present invention. In accordance with the

20 present invention, eight eight-bit PEs PEQ-PE7 share their connections to 64



28 February 2005 data bits in the nmenory array. A connection circuit
40a-40h is associated wth each PE, i.e., PEOto PE7, respectively. As
illustrated in Fig. 5, each address AddressO - Address? fromthe nenory,
such as for exanple nmenory 12 of Fig..2, is an eight bi ress, h

havi ng an associ ated eight bit data IYne bus 50a 5 50h.£%\%i%g5u?srﬁe28€§
description of Fig. 5is with respect to eight-bit PEs and eight bit data
buses, it shoul d be understood that the invention is not so limted and the
invention is a‘fﬁﬂ‘ E&H} @Q@Cm@a@a Wi einmecgom kirasit #0a-4dhanpiseciatah widht |,
twelve bits fourteen bits, etc. As showmn in Fig. 5 each data bit |ine of

data bus 50a- 5AbhiPE, ¢.enRE0 esIPEY, tap @ctﬁ@%% AR Qi ?Své ?Qgg%h&grgshzo

mul ti pl exer 52a-52h in each circuit 40a-40h associ ate

-PE7. Thus, for first bit of.. data e., BitO _is
connected to t]ﬁe&ggego ?ﬁf %‘hﬁ?’F’b’P@X«é‘PEh@gorﬁﬁ‘qﬂlF Fﬁg‘Qerle?u‘PfF%a
associ ated w t h PEQ, the data b| t line for the second bit of data, i.e.,

Bitl, is connect&d! £ight bt adseessdedchhavingfammskodipledsetalst 150 data 2ineibust $0-
circwt 15 406 associated with PElI, and so on up to the data bit line for

the last bbt @0hddbhileithedescBiptidn mlgts&s&vﬁmaﬁet% élghépggp‘% Rf.ibAput of

mul tipl exers 52a-52h in the CI rcuit 40h associ ated wt errrng back

to the circui c th REO i n, Fi t he out put from each
nul ti pl exer 5 @%ﬁﬁﬁ?ﬁ%bgﬁ'ﬁl { € figdggs oé’épre’é?ﬁtfe"nﬁﬁ?’?‘e‘? 1L sedimiced and
54a-54h. The out put from each buffer register 54a-54h is connected to a
respective i mSltlﬁ inyggtion @&P%ﬁabl,@lw@mgldtata wislsh, suchtas gbecamf®aenBig out put
fromeach buffer register 54a-54h is al so connected to the input of a
respective twelve bits fourteen bxts ete.

As shown in Fig. 5, each data bit line of data bus 50a-50h is connected
10‘ to a second input of a respectve multiplc;xer 52a-52h in each circuit 40a-40h
associated with each PE PEO PE7. Thus the data bit line for. the first bit of
| data, i.e. thO is connected to the sccond mput of multlplcxcrs 52a-52h in the
circuit 40a associated with PEO, the data bit line for thc sccond bit of data, ie,
Bitl, is connected to the second input of rnultiplcxc-?rs'SEa-52h in the circuit
15 40b associated with PE1, and so on up to the data bit line for the last bit of
data, i.c., Bit7, which is connected to the second input of multiplexers 522-52h

in the circuit 40h associated with PE7.

Referring back to the circuit 40a associated with PEO in Fig. 5, the
output ffom each mulriplexer 52a-52h is connected to a respective buffer
20 register 54a-54h. The output from each buffer register 54a-54h is connected
to a respective input <0> - <75 of an eight-input multiplexer 60a. The output

from each buffer register 54a-34h is also connected to the input of a respective



10 28 February 2005 pair of tri-state drivers 56a-56h. The output PEO D n

63a frommultiplexer 60 is connected to the first PE in the group of eight,

i.e., PEO by a single bit connection for passing data fromthe nenory,

i .e., AddressO-Address7, to PEO. A second data line, P 64a, ,LS- al so
2ETebrae 2%

connected to the single bit connecti df 5 to receive da i

wituZg to the nenory into addresses AddressOAddress7. The data |line PE
Dout 64a is connected to a first input of each nmultiplexer 52a-53h. The
output fromthe first and second tri-state drivers in pair 56a is connected

to a respecti peirbifttrictasta drivess 3da- ot aThe u2Pd: PEODin §0678aLUAL Ridiedet 3 10
associated with the first bit of data BitOiIn Addrelgso. f%ﬂaﬁagﬁ%lﬁ?@he

output fromt r = t Lver in i.r, 56a i s..connected, to a
third i npur of I?serr‘ﬁol%tﬁl%gfkgx%r E%& %g‘{ g‘Lﬁ%ﬁ’pr&aocdglPthécf’ P%'QP ’rais-'-%gﬁﬁbét driver
in pair 566 is connected to a respective data bit |ine of data bus 50b,
i.e., the dat &Owcqanfgr RIS datadrom the rieendry s¢., Bdtras§0-AaldeesBY 1@ PBO.
Addressl, while the output fromthe 15 second tri-state driver of pair 56b

i s connected Aoetéred serdit, 08 Bolt 544, i06ls8Tcofatachs d@ﬁn?l@%i?c&@écgiohnpm
of multiplexer 536. The outputs fromthe remaining pans of tri-state

drivers 56g-5 .00 f.arl cted, i,e.. the output fromthe first
tri-stat e@(:jri \%Fégﬁc?gc ﬁg{aﬁ ’P{Egg@\gﬁﬁ“ﬁ?&éﬁﬁ%ﬁ?@a’ PP ?4’ c%%%ﬁé%sé@' bi t
data line for tggeeé%/j,rg_i bit of data BitO of data bus 50c-50h, while 20 the
out put from tfid ond ¢ datading BE dpowtetdaois conphctpdito a Fosr-ihfht deachnnect ed
to athird input of its respective nultiplexer 53c-53h and al so connect ed
t o respecti vempidpleldrebJai 58 of data bus 50a. 11 28 February 2005

The outpur from the first and second tri-stare drivers in pair 56a is
connected to a respective bit data line of data bus 502, i.c., the (;iata bit line
10  associated with the first bir of data Bit in Address0. In addition, the output
' ﬁ‘o.m the second tri-state driver in pair 56a is connected to a thj;'d input-of
muldplexer 52a. Thc.output from the first tri-state driver in pair 56b is
connected to a respective data bit ﬁnc of data bus 50b, i.e., the data bit line
associated with the first bit of data Bit0 in Address], while the output from the
15 second tri-state driver of pair 56b is connected to the second dara bit line of
data bus 50a and a third input of multiplexer 52b. The outputs from the
remaining pairs of tri-state drivers 56¢-56h are similarly connected, i.e., the
output from the first tri-state driver of each pair 56¢-56h is connected to its
associated bit dara line for the first bit of data Bit0 of data bus 50¢-50h, while
20  the output from the second tri-state driver of each pair 56¢c-56h is connected to
a third input of its respective multiplexer 52¢-52h and also connected to

respective bit data lines of data bus 50a.



The above circuit 40a is substaritially~ duplicated for each of the
remai ning circuits 40b-40h for each of the PEs in the group, i.e., PHE
-PE7, wth the follow ng exception. For the circuit 40b associated with

PEI, the output fromthe first and cond tri-state dri [ e 56b is
i St Fepraahy S

connected to a 5 respective bit data 1ine of data bus bi t
data luie associated with the second bit of data Bitl from Addressl, while

t he renai ni ng pai ra_ of tri-state drivers, 56a and 56c¢-56h each have the
output fromthe fird¢ abpve sretie4@n isaubstapsaticduplicarad foreath of det a | i ne
associated wth the second bit of data Bitl of its associated data bus 50a

and 50c- SCh, resgiaitg cimuyts 40600 forQULIR W thd PRY Lrhamelé}oﬁgsipagpmi-— BERL €
driver is connected to respective bii data |ines of data bus SOb and t he

associ at od. wi t1BEs TORAr-EaerRo hESE e Gelitlh nd et iE Loty

tri-state drivers i.n pair 56c is connected to the bit data |ine associated
with the thi PHPBE{rosR taefist ppd secsmdiat statrudrivBerin pol 56b ishenneoaminbng pai rs
of tri-state 15 drivers 56a, 566 and 56d-56h each have the output fromthe
first triSstatespective bér dnotineet darat ust 30b dat ahbibtr ddh Bnd886haled: 'S.ght he

third bit of data Bit2 of its associated data bus 50a, 506 and 50d-

respectively, e f 1e_second tri-state driver .is connected
to g respec%/iS\t/zg&‘tijfiigjn af?%g[?lgint %flmd%‘%%eﬁasw 6 PG R ARIRg RS PP to i ts

respective rrudérti'pl gxer %%a, 526 and 52d-52h. 20 This continues to the
circuit 40h JHEEET APRAGPOR S0Recach davEhq auiphie fprothe Bfst tebght dRES, | . e.
PE7, where the output fromthe first and second tri-state drivers in pair

56h i s connectoetetmditbahdainddrh link @ cRsEPRiBRRE sWidnl Kiber aa ikl &Fpf data
Bit? u~ Address? of data bus 50h, while the remaining pairs of tri-state

drivers 12 - 5 C e the tput fromthe first
tri-state dr %\g}sedj'ﬁ'{:a%&lnﬁg%t e 0@0;‘ ?tﬁﬁ{j@%g? g’ %lﬁg&l\ﬁlvﬁlé” %ngrﬁpﬁ‘ftgﬂt %lofrhgiehe | ast
bit Bi t?lgf its associ atald data bus SQCa-50g,  respectively, and the output
from t he*SecSRtPRY H1-§135 8yt iy epnnastech hEsPeciive ditdata dspeet dare bbs 60dat
line of data bus 5 Ch and the third input to its respective '

and the third input of its respective multiplexer 52a and 52¢-52h. For the

ciln:uit assc;ciatcd with PE2 (not shown),.thc outpﬁt from the first and second
tri-statc.drivclrs in p.air 56¢ is connected to the bit data line associated vﬁth the
third bit of ciata Bit2 of data bus 50c, while the rcinainihé pairs of tri-state

15 drivers 56a, 56b and 56d-56h each have the output from the first tri-state
driver connected to the data bit line associatt;:d with the third bit of data Bit2 of;
its-associated data bus 50a, 50b and 50d-50h, respectively, and the output from
t.hg second tri-state driver is connected to a respective bit data line of data' bus -
50c and the third input to its respective muldplexer 52a, 52b and 52d-52h.

20  This continues to the circuit 40h associated with the last PE in the group of
cight PEs, i.e., PE7, where the output from the first and second tri-state drivers
in pair 56h is connected to the data bit line associated with the last bit of data

Bit7 in Address7 of data bus 50h, while the remaining pairs of tri-state drivers



5 mul tipl exer 52a-52g. The operation of the circuitry as illustrated in
Fig. 5is as follows. Suppose for exanple a read of data is desired, and
the data is stored in the nenory in a vertical node, i.e., data will be
read fromthe nenory 12 in a verticagl, fashion, as ill usgr i (. 4,
to each PE. Thus, it is desired,to i?\‘&lt 10 each bit fr%%%tb?g%@ench:q%e bi t
in AddressO to Address? -into a respective PE. For exanple, the first bit,
i.e., BitQ fromeach address AddressO to Address? will be input to PEQ
the second bit_,_i.ge., Bitl, fromeach address AddressO to Address? will be
i nput to PEl, ng}osgcm}g haye the prputdeam she first ro-srar8idriver éorommcesicto theddr ess
AddressO to Address? which will be input to PE7. As the data is output 15

on the data bulaesbibliae SSociaentwithitht ift 6% ®Bir D 381H 2RoVhatdd PRSBut bea%§ on
its second input, i.e., data fromthe respective data buses 50a-50h, To its

respective reg = Lnicircuit 40a he first bit, of data,
i e, BitO vm??drp‘%%‘g‘rd%gggﬁgpf’ﬁ%zfﬁm PRt stals driver is consgied @ 3
54a-54h, and then to .myltiplexer 60a. Miltiplexer 60a will in turn send
each bit of dé‘?sgc@?‘i‘:@lga?‘iadﬂcﬁf@@ab%ﬂ]hﬁndrﬂltdpiuimtbdtsirnmtﬁﬁz to
PEO vi a output 62a. Thus the output fromnultiplexer 60a to PEOwII| be
Bi t O f r om®acmulfipleder 85s63g Addr essOAddress? i aserial manner. 13 28
February 2005 r Simlarly, in circuit 44b, the second bit of data, i.e.,
Bitl, will be passed through multiplexers 52a-52h to registers 5la-54h,

and then to nmultiplexer 64b. Miltiplexer 64ba will in tarn send each bit
of data serially, HKRgopesationofthgtcirculiry asdllisted v Big. t5ais BEFolleiws. out put
62b. The circuits associated with each renmaining PE ~~i ||l operate

simlarly, upStspdsefotibiantdlba reltebLdaties HatledPhdd Bie @%é?qﬁﬁ}cdgn&a;h?i t?, wil

be passed through nultiplexers 52a-52h to registers _ hen.to
IR S CER R S
Accordingly, vertical fashion, as illustrated in Fig. 4, to each PE. ' Thus, it is desired to input
10  each bic from a respective bit in AddressO to Address7 into a respective PE. For
example, the first bit, i.c., Bit0, from each address AddressO to Address7 .will be
input to PEO; the second Bit;- i.e., Bitl, from each address Address0 tol
Ad;l:css? will be inpﬁ; to PE;, and so on up to the last bit, i.e., Bit7, from each
address AddressO to Address7 which will be input to PE7. As the data is output
15 oﬁ the data buses 50a-50h, each multiplexer 52a-52h will pass the data on its
second input, i.e., data from the respective data buses 50a-50h, to its respective
register 54a-54h. T_hus, in circuit 40a, the first bit of data, i.c., Bit0, will be
passed through multiplexers 52a-52h to registers 54a-54h, and then to
muldplexer 60a. Multiplexer 60a will in turn send each bit of data BitO serially,
20  ie., from input <0> to input <75, to PEQ via output 62a. Thus the output
from multiplexer 60a to PEQ will be Bit0 from each of addresses AddressO0-

Address7 i a serial manner.



the data is provided to each PE fromthe nenory addresses AddressO- Address?
10 in a vertical fashion. Now suppose for exanple, a read is desired in
which.the data is stored in a horizontal node in the nenory, i.e., data

stored in the menory in a normal no (horizontal nods il ed in
Fig. 4, will be read fromthe rrermryd@nd input to the r@?}&rﬁ‘@& . Thus,

each data bit from AddressO nmust be 15 input to PEOin a serial fashion

fromBitOto Bit?, . hj ¢t from Addressl t he input PEl ipn a
serial fashion fro%ﬁgﬁ%%q?é%ﬁﬂ%,40rgﬁ§mssgc?%$?ﬁ.é]gjc%é?’ércr’i Iﬂ‘gﬂt%ﬁ@?qﬁﬁ’ﬁ 40a,
as the data BitO tP Bit? from AddressO is provided on bus 50a, BitO on
data bit |ineltroyshpyeitpieres p2a-phitsegisters I4ved4h and thepud meltiphaset i pl exer
52a, Biti on data bit line 1 of bus 50a will be input to the Hurd 20 i nput

of mul tipl exe6062BJuliplckeoB08atvalll bh turised 3a8{ bRt fBlasenall ke FrB{%)L‘JZIhFh‘B t he

Hurd input of nultiplexer 52c, and so forth up to Bit? on data bi ne 7

f bus 50a wh . i to the third.nput of multingl 2h.
VUl i pl exer s baa2 St 7R AL IR ol 2t ThE Bt e Mgeie BB R

respective registers 54a 14 28 February 2005 54h. The data in registers
54a-54h wid | Béapag BB vwilliopepite siorilaglgaup kxkciripik é06; whegarhai lhdt binof dara, send
each bit of data serially, i.e., frominput <0> to input <7> to PEO via

output 62a. TiuusBiPEGiMbE passedehisugh hilphe:Bd 524 5om:Addsienalsfy sghnal e bi t
at atinme. 5 Similarly, in circuit 406, as the data BitOto Bit? from

‘Addressl is j ) it0.on d bi,t. I ine 0 pof S 50h will
be input to t:ﬁ%@&{c&ﬁgﬁ P%\ u?keg% rlrluFMt pgg(‘%err %?;‘a‘?méinttfmbﬁcr’(‘j‘g?a&gg?”f OP’??Fé 1 of
bus 50b will be jnput _to the third input of nultiplexer 52b, Bit2 on data
bit line 2 ofSeHgYY-3¢b fipm input <Pppatnpus <7re to MEvin opegpuad2 nuAtiqrdmgly, 52c,
and so forth-up to Bit? on data bit 10 line 7 of bus SCb which will be

i nput to the thiidach isrprovidet] towdathh PRk thenemdH) idRERXEASIR2A-AZAMNET |
pass the input on its third input to die respective registers 54a-54h. The

data in negi sherwR4atafl,yi !l be sent to multiplexer 606. DZultiplexer
60b will i.n turn send each bit of data serially, i.e., frominput <0>to

i nput <7>, to PEl -via output 626. Thus, PEl- will receive BitOto Bit? 15
from Addressl a single bit at a tine. :

Now suppose for example, a read is desired in which the data is stored in
a\horizontai mode in the memory, i.é., data stored in the memory in a normal
mode (horizontal mode) és illustrated in Fig. 4,- will be read from the memory
and input to the respective PEs. Thus, each data bit ffom AddressO must be

15 input to PEQ in a serial fashion from BitQ to Bit7, each data bit from Add:éssl
must be input to PE1 in a serial fashion from Bit0 to Bit7, and so forth.
Referring to circuit 404, as the data Bit0 to Bit7 from Address0 is provided on
bus 50a, Bit0 on data bit line 0 of bus 50a will be input to the third input of
multiplexer 52a, Bitl on data bit line 1 of bus 50a will be input to the third

20  input of multiplexer 52b, Bit2 on data bit line 2 of bus 50a will be input to the
third input of multiplexer 52c, and so forth up to Bit7 on dara bit line 7 of bus
502 which will be input to the third input of multiplexer 52h. Multiplexers

52a-52h will pass the input on its third inpur to the respective registers 54a-



The circuits associated with each remaining PE will operate simlarly, up
to circuit 40h, where as the data BitOto Bit? from Addressl is provided on
bus 50h, BitO on data bit line O of bus 50h will be input to the third

input of nmultiplexer 53a, Bitl on dgta bit line 1 of b i | i nput
to the third 20 i nput of multipl exera|§26, Bit2 on data géﬁ%ﬂﬁ%;c’g&bus
50h will be input to the third input of nultiplexer 52c, and so forth up
to Bit? on data bit line 7 of bus 50h which will be input to die third

i nput of mul t PEhexdie & in ragigteisfidexetis will be Afhrkobn ulaipjex2069a 5 ReuGphexek | |
pass the input onits third input to the respective registers 5~a5~h. The
data in regi s60s ailbianfaicl ke Bir e turd Al leh! HinBOD. | 8xer 60h
will in turn send each bit of data ser:;a Pgl,}y’il.cé’., r%ﬁ??ﬁ%ﬁ?@%@;& ?e)é’i nput
c7>, to PE7 vj but 63h. ,Th PEZ WLl recejve BitQto Bit? fromb5
Address? a si %"S]"gﬂtﬁ?’t" Py 6??@1%6%9&"1!4&%‘"%%’égdatht%é\'ﬁ%édﬁi@aﬂ)?rom t he
menory in a haorizontal node. Now suppose for exanple a wite is desired in
W uch” the dat®ngledis atctimePE wi || be stored in the menory in a vertical
node as illustrated in Fig. 4. t Thus, it is desired to enter each of the
eight bits froma PE into the sane 10 location in respective nmenory

addr esses -Addr essOz.Address?.. Referring to circuit ~Oa of Fig. 5 the data
will be s8rially oUPBYS %?H‘PEE)%‘% 3sithe dpz Byghiro Be7, fropm dddiessldennect ed to
the fast input of each multiplexer 5?a-52h. The first bit of data out put

from PEO wi | | prosided ssebudfObyBird phekes bidmet®dof Bl 508 wiB 4R inp@td theen to
the pair of tri-state drivers 56a. The first tri-state driver of pair 56a

15 will pass dhng st -l g9 Ink , Leh will wite
[he data into % i8pucol Suldlitgt 20 B oh Ha ¥t oD %E’ifg’(rasf,o‘gﬂm@%sce@%ﬁ bit
of data outpuyt . fromPEO wll| be pas by multiplexer 526 to register 54b,
and t hen topt etheir‘ﬁ‘ﬁﬁfn%‘?t ‘i’éf@“g%ﬂl xeé%%gﬁ 3¥t§t%‘éatgrhiﬁl@%3@élbﬁs $ﬁb%ﬁﬂrh§t -

tri-state driver of pair 56b w Il pass dze data to data bit Iine O of data
bus SCb, whi dAPWI td therthirel inpet dtarl@sletartict bed §o f@ﬂm.bﬁttomitiooﬂfdaé‘ﬂﬂft%s' -
Thus continues for each bit of .data from PEO, up to the last bit which is

passed bY0nullirient 6KBEs 58D WHEcH G BE MRt i 5@' it I apESythe pair
of tri-state drivers 56h. The first t%‘?—tgtﬂéggﬁé‘?l er c%)f:‘?nﬁﬂ%lél@pg‘h' .
' Multiplcgcrs 52a-52h will pass the input on its third input to the respective
registers 54a-54h. The data in registers 54a-54h will be sent to multiplexer

60b. Mulriplexer 60b will in murn send each bit of data serially, i.e., from input

<0> to input <7>, to PE1 via output 62b. Thus, PEL will receive Bit0 to Bit7

15  from Address] a single bit at a time.

The circuits assocﬁtcd with each remaining PE will operate similarly, up
© to circuit 40h, where as the data BitO to Bit7 from Address7 is provided on bus
50h, Bit0 on data bit line pf bus 50h will be input to the third input of
multiplexer 52a, Bitl on data bit line 1 of bus 50h will bé input to the third
20 input of multiplexer 52b, Bit2 on data bit line 2 of bus 50k will be input to the
third input of multiplexer 52¢, and so forth up to Bit7 on data bit line 7 of bus

50h which will be input to the third input of multiplexer 52h. Multiplexers



16 28 February 2005 pair 56h will pass the data to data bit line O of data
bus 50h, which will wite the data into the first bit BitO of Address?.
The remaining circuits 40b-40h operate simlarly to store the data into

the respective | ocation of each addr Addr essO- Addr es
with 5 respect to circuit 40b, the fie&:t bit of data ou put b?ua&i@@ Nei | |

be passed by nmultiplexer 52a to register 54a, and then to the input of the
pair or tri-state drivers 56a. The first tri-state driver of pair 56a Hill
pass the data to data bit |ine 1 of data bus 50a, wuch mlIl Wite the
data into the @il passithe inpfut ondeirtherd Lﬁpuﬂldmbbattgcpmvh&@ﬂmlﬂiablt of
data output fromPEl wll be passed by 10 nultiplexer 526 to register 54b,

and then to tBeahi Ty deh ih hegiRalss ALSLH wilbbat&r 8y BibkxaPBonThe first
tri-state driver of pair 560~wi | | pass the data to tPa b|t line i of data

bus SCb, whichy ata into..t cond of, Addressi.
This process co‘%‘k‘m}\ggbbg 1@&‘3%”6‘1 s[en fcaﬁhpﬁo'?%(ﬂ EP‘hYJﬁtcl 1 reRnPYLEdnd dat a
bit Bitl of each address Addr essO- Address7 is filled. 15 Referring now to
circuit 40h, {0 MPULiS/St toRE7ova gutputdiihp Ehds;, GB7PEL retdive B peBis? oy

mul tipl exer 52a to register 54a, and then to the input of the pair of

tri-state HrigedsesbBa sinhe bftiak atirké.i ASEER Y, iMEHaRlcaR L Il Pass the
data to data bit i ne of data bus 50a, i'ch Wla ¢ vvractetreeg?%g\?% ainto

the Last bit ddr es im.larly, the second bit of data output
from PE7 will be passeﬁ\cfflzofga‘[rﬂ}?‘?‘? pl exer 53b to register 546, and then to

the input of the pair of tri-state drivers 566. The first ui-state driver
of pair 566 will -pass the data to data bit 1line 7 of data bus 506, H-hich

will wite the dat Ndwikgppdie tbAShniiid a Rirle iPdesirdd if WnF@PORN: 838 each
PE will be stored in the memory in a vertical mode as illustrated in Fig. =
- Thus, it is desired to enter each of the eighr bits from 2 PE into the same
. 10 location in respective memory addresses Address0-Address?7. Rcfcrriﬁg to
'c1rcu1t: 40a of Fig. 5, the data will be scnally output from PEO on line PE Dout
' - 64, wina.h 1s connected to the first input of each mulnpicxcr 52a-52h. The first
bit of data output from PEO will be passed by muluPlcxcr 52a to register 54a,
and then to the pair of tri-state drivers 56a. The first tri-state driver of pair 56a
15 will pass the date to data bit line 0 of data bus 50a, which will write the data
into the first bit BitQ of Address 0. Similarly, the second bit of data output
from PEQ will be passed by multiplexer 52b to regiSter 54b, and then to the
input of the pair of tri-state drivers 56b. The first tri-state driver of pair 56b
will pass the data to data bit line 0 of data bus 50b, which will write the data
20 into the first bit Bit0 of Address1. This continues for each bit of data from
PEO, up to the last bit which is passed by multiplexer 52h to register 54h , and

then to the input the pair of tri-state drivers 56h. The first tri-state driver of



Addressl. This process continues for each bit of data fromPE7 until the
| ast data bit Bit? of each address AddressO =Address? is filled. Thus,
data can be witten fromeach PE to the nenory in a vertical npde. Now

suppose for exanple a wite is desiregd, in which the datg,f PE
will be stored in the nenory in a norfal node (hori zontgi3 F;%;H%%@?;OOSS '

illustrated in Fig. 4. Thus, it is desired to enter each of die eight bits
froma PE sequentially into the respective bits of sanme address | ocati on.

Ref erring to pairi 56iuiill 48 e ditaGo Bra bRSRaS 8 Wik IbubeoRey Pyt from
PEO on | i ne PE Dout 65@%\,4 uch is connected to theu i roglt’ ‘F?\é#uotmg}%lggch

mul tipl exer 3gay &%EJE% &#%gﬁgd&sggédg%éyt a output fromPEO W I be

passed by multr1 plexer a and then to the input ofthe
pair of tri-state drivers 56a. The second tri-state driver of pair 56a
wi Il pass the data to data bit line O of data bus 50a, which will wite

the data into the ﬁHerﬁhmggirEthe)ja,mg_%%rﬁueﬁ?gﬁc Sﬁhm“{[}g’% %/tbrct g_l%cfat%gond bit of

data output fromPEO will beé pass exer 0 Teqgis ermrg4b, and
15 then to the input.of the pair of tri- te drivers_56b. The second
tri-state dr i“@%chg?‘tBﬁi‘?“@@g Qa&qﬂFh pddeess %égﬁéﬁ%&dsirféﬁa%a For examplg, widt dat a
bus 50a, which will wite the data into the second bit Sitl of AddressO.
Thi's cont? nu&sptdrtogatshiti# b, ahe fidabic 61 duma BEQurfborh @B D&ill B&padded byhi ch is
passed by nultiplexer 52h to register 54h ,and Bien to the input of the

pai r of tri-ahatigledéd I8 & RERrer I8 915\9, ' i VEI 0L pai 1 56h
w Il pass the da?a to data gi tcrl I néﬁg&o dgc{ %h%%gaggg&cdééﬁ c%tr%msﬁal%vwi te
the data intq.the.kast Ut Bit? of Address0O._ Thus, the eight bits of data
from PE6 wi | %ée}g\xnéf‘t r'['J:glr‘? érﬁrt B ERtesliYr Tl Paro63wak Rass the dagg toglara bit
Fehruar. ~. 2005. The remaining circuits 40b-40h operate simlarly to store

t he data i nt8ne ef detrcbessia;evitic atill enize ahe danhinadtreasesordd BitaBis] ofiddr ess7.
For exanple, with respect to circuit 406, the first bit of data output

fromi’El W htdhes 0asuadadly, theWéddndl 6K 8F d2dlBul BBLSPER wiftde igkd Bgn tO
the input of the pair of tri-state |
10 muldplexer 52b to register 54b, and then to the input of the pair of tri-state -
drivers 56b. The first tri-state driver of pair 56b-will pass the dara th data bit
line 1 of data bus 50b, which will write the data into the sccond.bit Bitl of
Address]. This process continues for each bit of data from PE1 until the

second data bit Bitl of each address Address0-Address7 is filled.

15 " Referring now to circuir éOh, the first bit of data output from PE7 will
be ;passed by multiplexer 52a to register 54a, and then to the input of the pair |
of tri-state drivers 56a. The first tri-state driver of pair 56a will pass the data to
data bit line 7 of data bus 50a, which will write the data into the last bit Bit7 of
Address 0. Similarly, the second bit of data output from PE7 will be passed by

20 multiplexer 52b to register 54b, and then to the input of the pair of tri-state
drivers 56b. The first wi-state driver of pair 56b will pass the data to data bit

line 7 of data bus 50b, which will write the dara into the last bit Bit7 of



5 drivers 56a. The second tri-state driver of pair 56a will pass the data
to data bit lint 0 of data bus 506, which will wite the data into the
first bit BitO of Addressl. Simlarly, the second bit of data output from
PEl will be passed by nultiplexer 5 to register 546, { he
input of the pair of tri-state drivgzI s 56b. The secondzsgb}@e r5| ver of
pair 56b will pass the' data to data bit 10 line 1 of data bus 50b, which
will wite the data into the second bit Bitl of Addressl. Tlus process
continues for i t~of data from PEL -unt.i]. the | ast iy of. data from
o 1 e ¢ eASRERL TuBimiiid cohtRirior Ehiiy b e AL uathia B 1 1 st
bit of data output fromPE7 will be passed by nultiplexer 53a to register
54a, and t hend3s bitBity pfgactosddriess pddresdBAdtrdss7 isdlletie Thusydsa cafide The
second tri-state driver of pair 56a will pass the data to data bit line O

of data bus 5®firtewhidii cath PEWO dhe rhiiaofdid, '{r&Ei@altrHS?lé.i rst bit BitO of

Address7. Simlarly, the second bit of data output fromPE7 will be passed
by multiplexer 52b to register 54b, and then to the input of the pair of
tri-state drivers 56b. The second tri-state driver of pair 56b will pass

the data to 20 dat &dwsuppose for etardplea Joris: ddsirashinobhivh khavdhtherd ARt a
into the second bit -Bitl of Address7. Tlvs process continues for each bit

of data feoMmBEGwiNBEistar nq(ai, i 8 2.1 I to e last bit
Bit? of Address?. 'I%Etfg?m%gl?gh%g{nc m%é%@lﬂ%aﬁh@%%%%nﬁ&gaﬁori zont al
node. 19 28 iﬁeg“[ ua%xﬂ EOO Thus, _i_nélac,co dance with the present_ invention,
data can be read ¥r 1. S, fiois AeprehHiCREr ercdrofithe erhthitsdrgmfar D t he
PE via a single bit connection in either a vertical or horizontal node.
The use of a ssQveyitllydgiostherre§ctiseibits a$ séme addmiploeatditn- R2furif@to each 5
circuit 40a-40h allows only one byte to be held per PE in the nenory buffer

for either aciread 40a of Piki § SHEREEAN Ay BrmS b L, oul d
allow wite data tg.be eld in one‘ﬂaﬂff%%?%?ﬁ%t}gﬁnsﬁﬁggg%ggbéaﬁégd, or
6 il|lustrates in_schematic

o et bl e\ unte pe Sone on o dher Eog, &) Luetont g, copor
>4a-54h f(f) Fib?t' of5 daitzst output from PE0 will be passed by multiplexer 52a to régistcr 54a,
anfi then to the input of the pair of tri-s_tatc d.riv_cfs 56a. The second tri-state
driver‘,of pair 56a will pass the data to dara bit ﬁne 0 of data bus 50a, whi-ch will
' write Ehc data into the first bit Bit0 of Address 0 Similarly, the second bit of - |
data output from PEO will be passed by multiplexer 52b to register 54b, and
15  then to the input of the pair of ti-state drivers 56b. The second tri-state driver
of pair 56b will pass the data to data bit line 1 of data bus 50a, which will write
the data into the second bit Bitl of Address0. This continues for each bit of
data from PEQ, up to the last bit which is passed by muldplexer 52h to register
5-’.’;11 , and then to the input of the pair of tri-state drivers 56h. The second tri-
20 state driver of pair 56h will pass the data ro data bit line 7 of data bus 50a,

which will write the data into the last bit Bit7 of Address0. Thus, the eight bits

of data from PEQ will be written into Bit0 to Bit7 of Address0.



10 replaced by a pair of registers SCa and SOb. Accordingly, the output
froma respective nmultiplexer 52, i.e., nmultiplexers 52a-52h of circuits
40a-40h of Fig. 5, is input fo register 80a and register 80b. The output

fromeach register SCa and 80b is i t to a multipl exsg Fbrudd® put of
mul tiplexer 82 is sent to a respect ﬁ@g mul ti pl exer 60, Qlé. e. ,U%‘gl t1 plexer
60a-bCh of Fig. 5. Additionally, the 15 output fromregisters SCa and SCb

is input to a secofthemahiapiieyeircSis +0BADH op2ed R YWimilfhyCRNREERt ®€ dafa Biro
respective pair of tri-state drivers 56, i.e., tri-state drivers 56a-56h

of Fig. 5. Th - @dedv Ak ercl CU Sy b b Lust ed-in.Fig. 6 is.
i ar to thalt ARCERh BTt B AL ANy AGIER, e ppie, vieh
mul tiplexers 82 and $S4 arge,used_to determ ne fromwhich register SCa or

30b data will “HBC%OF}%%&E%%‘? firse it pfedatn putpwifram PEt wilkbelpissed bpai r 56
or multiplexer 60. Accordingly, the use of two registers SOa, SQb all ows

wite data tombutiplekat 52m toargiswdtidde, bfi¢ e tHeSinpS€6F fiepatr sf@bsta@r fOr
data pipelining to be done for =either register. 20 28 February 2005 An

O e, orEor YR S8a NN NP Q0B AL AL AL A0S A0 8l (RS fhgoent

invention may be used in a processor-base

Fig. 7. The processor-hbased system 300 conprises a processor 302 that
communi cat es Qﬁ“t @ﬁ@t%?@b,d@wa@'@m@gge daraino teirsebs®ixtefr a 5 bus
330. It nust be noted that the bus 330 may be a series of buses and

bri dges commoAHyrasgledSimilazlyprircessnd bixasiathes yetRmirdal PEIOKILCRONA8EERE €
pur poses only, the bus 320 has been illustrated as a single bus. The nenory

devi ce 312 i ngly (G APRGG! i g4I =4 revi ousl y.descri bed
with respect t%i&j\gﬁg %%g)n Q%F&'Is;%gb' r%afé‘ramtﬁgﬁé%\% c§%§€9F ﬁrgf%g%t@% MPP or
any 10 ot her pe o% Mor SRAM utilizing nultiple Ps. In addition, the
processor 30 s pPRelesEcORA PPt driver Qhmsdicathywillpase shadatiteaktpbitchi p
menory devi ces containing-the circuitry of the present invention.

. line 1 of data bus 50b, which will write the data into the second bit Bitl of

Address1. This process continues for each bit of data from PE1 unul the last

bit of data from PE1 is written to Bit7 of Address].

Refc;n'ng now to circuit 40h, the first bit of data .output from PE7 will
be passed l?y multplexer 52a to register 54a, and then to the input of the pair
15  of tri-state drivers 56a. The second tri-state driver of pair 56a will pass the data
to data bit line 0 of data bus 50h, which will write the data into the first bit
Bit0 of Address7, Sirrﬁ.larly, the second bit of data output from PE7 will be |
passed by multiplexer 52b to register 54!:, and tlicn to the input of the pair 6f
tri-state drivers 56b. The second tri-stare driver of pair 56b will pass the data to
20 data bit line 1 of data bus 50h, which will write the data into the second bit
~Bitl of Address7. This process contnues for each bit of data from PE7 until
thg last data bit Bit7 is written to the last bit Bit7 of Address?. Thus, data can

be written to the memory in a horizontal mode.




The processor-based system 300 may be a conputer system a process. control
system or any other system enpl oying a processor and associ ated 25 nenory.
The processor-based system 300 may al so i nclude read-only nmenory (ROM 310

and may include peripheral devices s as a floppy dis snd a
conpact dish (CD) ROM drive 306-t hat ul§Sso communi cat e 5{3q:retbi\é'ga-@pr€>cessor

302 over the bus 320 as is well known in the art. while the invention has
nwth the 20 preferr d enmbadi nent s

been described in cli

known at the tine, di?{ﬁ%houl'dﬁ‘g%&rece‘g Wc BHASTEPyTh 4Rt 18 hergadiosn a s
not limted to such di s%l osed enbodi nents. Rather, the invention can be
modi fied to i HBE6TESY R & Phngndhimbeen terthe aneraeiydiem tht P& b aaimle bizl 28
February 2005 substitutions or equival ent arrangenents not heretofore

descri bed, butconheafomirecicsmensteaiop hikbnidigyspi rit and scope of the
I nvention. Accordingly, the invention is not to be seen as limted by the

foregoing description, but is only limted by the scope of the appended

clains. S 10 15 )
The use of a single register 52, such as for example 52a-52h, for each

5 circuit 40a-40h al[_ows iny one byte to be held per PE in the memory buffer
for either a read or a write operation. The use of a second regiéter would allow
write data to be held in one while the other is used for a read, or for data
pipcli.ninz to be done for cithcr Fig. 6 illustrates in schematic diagram form an
alternative embodiment of Flg 5, in which each register 54a- :;4h of Fig. 5 is

10 replaced by a pair of registers 80a and 80b.. Accordmcrly, the output froma

. rcspf:cnvc muluPlcxer 52, ie. , muldplexers 52a-52h of circuits 40a-40h of Fig,.

5 is input to register 80a and register 80b. The output from each rchstcrl 80a
and 80b is input to a multplexer §2. The output of multiplcxcr‘&?. issentto a
respective multiplexer 60, i.e., multiplexer 60a-60h of Fig. 5. Additionally, the

15 ourput from registers 80a and 80b is input to a second muliplexer 84, whose
output is connected to a respective pair of tri-state drivers 56, i.e., tri-state
drivers 56a-56h of Fig. 5. The operation of the circuit as illustrated in Fig.6is
stmilar to that as described with rcspccf wo Fig. 5, except that multiplexers 82
and 84 are used to determine from which register 80a or 80b dara will be

20 passed to cither the input of tri-state driver pair 56 or multiplexer 60,
Accordingly, the use of two registers 80a, §0b allows write data to be held in
one while the other is used for a read, or for data pipelining to be done for

either register.



22 28 February 2005 What is clained is: 1. An active nenory device
conprising: amain nenory; a plurality of processing elenents, each of said
plurality of processing el enents being coupled to a respective portion of

said main nenory by a single bit con tion; and a ci rcg%ke%w%d@tv\een
said main nenory and said plurality processi ng el enents, salrd clrcuit
witing data fromsaid plurality of processing elenents to said nenory in a

hori zontal node and reading data stored in said main nenory in a horizontal

node from sai d mai nAmembvymematiddvipt Havhk e 66nid@ASTIcOds Q0STIH Sfige  The
active menory device according to claim1, wherein said circuit is further

adapted to wWig@sdhata | | ] ol oPhRcessing e nts to said
nenory in a veét?callﬁﬁgiggma@l% rgceglg%%t%ﬁ %chésgg%ﬁedzséft&ghﬁbﬁo PG n a
vertical node ro_m.s%d ﬂﬁ:ﬁé menory to said plurality of processing

el enents. 3. THEVALIFE: £\PIaessPAebased sysee P tbcarhpiises B, prahesser 802

plurality of processing elenments in a first group are coupled to a
plurality of dheacdmmesiatessail thamenioydeyice 820hndf arSBY d@u&?@dc? Yvéfa data
buses being associated with a respective one of a plurality of addresses in

sai d main geny.334. 1f i HROR, eviagg according to.claim3, wherein
said first group Inclu esﬁg%g%%%cprocééggﬁéaé Mnﬁ%?sg'?“'l‘#é”ﬁﬁsc?‘?rg nenory
devi ce accordi n&gtﬁo claim1, wherein said circuit further conprises: a
plurality of DHFgss semmonly isad W Broseweerbried systest, tewifescarmienigneesoci at ed
wWith a respective one of said plurality of processing el enents, each of
sai d plural it pueposes ooly, the Pas32Dpagibsen illustrated as a single bus. The memory

device 312 includes connecton circuits 40a-40h as previously described with

respect to Figs. 5 and 6. The memory device 312 may be a SIMD MPP or any

10 other type of DRAM or SRAM uglizing multiple PEs. In addition, the

processor 302 may itself be an integrated processor which utilizes on-chip

memory devices containing the circuitry of the present invention.

The plroccssor-basc‘d system 300 may be a computer system, a process.
control system or any other sy.r'stcrn employing a processor a1:1d associated |
15  memory. The processor-based systemn 300 may also include read-only memory
(ROM) 310 and may include peripheral devices such as a Boppy disk drive 304
and a compact disk (CD) ROM drive 306 that also communicate with the

processor 302 over the bus 320 as is well known in the art.

While the invention has been described in detail in connection with the
20  preferred embodiments known at the time, it should be readily understood that
the invention is not limited to such disclosed embodiments. Rather, the

inventon can be modified to incorporate any number of varations, alterations,




23 28 February 2005 between its associ ated respective one of said plurality
of processing elenents and said nmain nenory. 6. The active nenory device
according to claim5, wherein each of said plurality of circuits further
conprises: a plurality of logic circ '1ts, each of said ?h%e%r%é% ﬁod ogi c
circuits having a first input and anm output, said first inpu erng _
coupled to a respective one of a plurality of data buses, each of said
plurality of data buses being coupled to said main nenory; and a first

mul ti pl exer hawyi a plurality of inputs. _each of said, pluralit f. ;i nputs
ei ng coupl cgbtufioR: P fritledt BB PR e bkt yhish [ Ogi <
circuits, and an output coupled to its associated respective one of said
plurality of picotwBsicasprarewghiBe spirit apd seaneef theipveptgeyidwordingly, sheig:  a
main menory; a plurality of processing elenents, each of said plurality of
processing el giRAtidnhehsdto FOsEnad lintitdl b sikefolrédding Aetdriphiod, bEfisorRRi N
menory by a single bit connection; and a circuit coupl ed between said min
menory and sa'-rqli h rgl%t oé f %ﬁfs%i g%eﬂenents, said circuit witing
data fromsaid p urél#} gp 8 ceggﬁﬂg Féetts to said main menory in a
hori zontal node and reading data stored in said main nenory in a horizontal
node from said main nenory to said plurality of processing elenents, said
circuit camprising a plurality of circuits, each of said plurality of
circuits being associated with a respective one of said plurality of
processi ng el enents, each of said plurality of circuits passing data
between its associ ated respective one of said plurality of processing

el enents and said main nenory, each of said plurality of circuits '
conpri si ng:




24 28 February 2005 a first nmultiplexer having a plurality of inputs, each
of said plurality of inputs being coupled to an output of a respective one
of a plurality of logic circuits, and an output coupled to its associ ated

respective one of said plurality of proggssing elenents; a ,y\g TSIl ch
of said plurality of logic circuits con‘g?i ses: a first inptrgb, sapﬁygorggt

I nput being coupled to a respective one of a plurality of data buses, each
of said pI%al.iti/.of data buses being coupled to said main nenory; an
output; a YBEUA4IAREE 15H exer having a first input coupled to said

associ ated respgcti Vg, QigvdthemalyietiddicBhipti¥ingf Processing el ements and a
second input coupled to said 1nput of said Iogic circuit; a first register

havi ng an i nput coupled to an output of said second multiplexer and an

out put coupled to said output of said logic circuit; a first tri-state

devi ce havi MR PABet coupl ed to said output of said first register and an
out put coupled to said respective one of said plurality of data buses; and
a second tri-state device having an input coupled to said_out?ut of said
first regispbwalindigmocsssipatelersents.caach of paisl plurality of progessing elemendmbaingyses

and a third i t of said secon Lpl tl 3 devi ce
accordi ng (foblpgeﬁg? %rﬁe(?\hveerpé)% ons(gfi. Sg'}l dox{i}f‘ %urﬁéﬁérysbg,i ads-ﬂsgég gﬁcf oﬁﬁc@?};ﬁ devi ce
is coupled to said respective one of said plurality of data buses. 9. An
active menory device conpri si n_g: . ) ) )
a circuit coupled between said main memory and said plurality of processing elements,
said circuit writing data from said plurality of processing elements to said memory in a
horizontal mode and reading data stored in said main memory in a horizontal mode from

said main memory to said plurality of processing elements.

2. The active memory device according to claim 1, wherein said circuit is
further adapted to write data from said plurality of processing elements to said memory in
a vertical mode and read data stored in said main memory in a vertical mode from said

main memory to said plurality of processing elements.

3. The active memory device according to claim 1, wherein a plurality of
processing elements in a first group are coupled to a plurality of data buses of said main
memory, each of said plurality of data buses being associated with a respective one of a

plurality of addresses in said main memory.

4. The active memory device according to claim 3, wherein said first group

includes eight processing elements.

5. The active memory device according to claim 1, wherein said circuit

further comprises:

a plurality of circuits, each of said plurality of circuits being associated with a respective

one of said plurality of processing elements, each of said plurality of circuits passing data



25 28 February 2005 a main nenory; a plurality of processing el enments, each
of said plurality of processing elenents being coupled to a respective
portion of said nmain nmenory by a single bit connection; and a circuit

coupl ed between said main nenory and sakg plurality of pro%sf:s' nts,
said circuit witing data fromsaid pl u?gl Ity of processing elée'ﬂrr'gﬂhr??sg%

said main nenory in a horizontal node and reading data stored in said nmain

menory in_a horizontal, gde from sai d_mai,n nenory.to said urality, of

BT ocessi ndPBYeEeinR assouafed Termeeiire OBt RpARY) mgrago%ﬁﬁi’aqcm%giea@ AT o o
of said plyightdyor®f circuits being associated with a respective one of
said plurality ofrgrocessing el ements, each of said plurality of circuits
passi hg data between its associated respective one of said plurality of
processi ng el enents

nd sai d_main nmory, each of said plurality,of. .
circuits conpri%i ng:ﬂE ?‘i‘st}"& MERCEY F‘é‘%%rab?‘loégﬁnﬁgtoa‘:lﬂllnﬁ%al‘V#‘i}’elgf e%éﬁp%ft @id oach
of said plgmi@liiyiof cbuitdRehsr &phpiegoupl ed to an output of a respective one
of a pluralityof logic circuits, and an output coupled to its associ ated

respective one of said plurality of processing el ements; and wherein each

of said plurali. | ogl c..circui .each hiSes: fil ] : '
first i nptftplBJ@ilh%oﬁ?&bcl U < gﬁgggaégpﬁ}%ﬁtgﬁl%?ggﬁ% hsrllgjl | gyél (@?&gﬂﬁ%g%gses,
each of saintoushut! adid tfitstabpsldeindesipiedni Neespeutive etetof aspluchlivpion damrbusys, an
out put; a second mnultiplexer having a first input coupled to said

associ at ecagleafeaid plugality ef dta baseg beingcarpled tosaipmabuaemar; adnent s and a
second input coupled to said input of said logic circuit; 26 28 February
2005

a first multiplexer having a plurality of inputs, each of said plurality of inputs being
coupled to an output of a respective one of said plurality of logic circuits, and an output

coupled to its associated respective one of said plurality of processing elements.
7. An active memory device comprising:
a main memory;

a plurality of processing elements, each of said plurality of processing elements being

coupled to a respective portion of said main memory by a single bit connection; and

a circuit coupled between said main memory and said plurality of processing elements,
said circuit writing data from said plurality of processing elements to said main memory in
a horizontal mode and reading data stored in said main memory in a horizontal mode from

said main memory to said plurality of processing elements, said circuit comprising

a plurality of circuits, each of said plurality of circuits being associated with a
respective one of said plurality of processing elements, each of said plurality of
circuits passing data between its associated respective one of said plurality of
processing elements and said main memory, each of said plurality of circuits

comprising:



a first register having an input coupled to an output of said second
mul tipl exer and an output; a second register having an input coupled to
said output of said second multiplexer and an output; a third nultiplexer

having a first input coupled to said oupput of said first
second i nput coupled to said output of g I d second regi steérae'g‘:'l %ﬁ’gr?o%t put

coupled to said output of said logic circuit; a fourth multiplexer having a
first input coupled taq sai tpuf of said.first register . 0 i pput
coupl ed to said outpau r%fmglgpt% g"s %Vd%aéﬁﬁagiyef’f %‘gsga?ﬁc%ﬁgﬁﬁltd‘s&%”?ﬁg
tri-state device havp %@mg%ﬂﬁle&@&% 8ﬁitphpof5@ie‘§¥6bﬁkf9'éhe of a phirdlityloTU64ib

mul ti pl exer and an ou ut coupled to said respective one of said plurality

of data buses; and ecltcattan@hdt af -outmt ecotpleil de itrvssegiated tespretive ol @fdsaid
sai d out put of said fo mul ti.pl exer and out put u

said plurality of dlal’t"ﬁ‘ u égo%ﬁ*?ﬂgﬁ CEHPE: B Wperg}rpgagpggggggﬂlggﬂglotrﬁ%é{exer
10. The active nmenoryircdfytb&fpdksording to claim9, wherein said output of
said second tri-state deV|ce is coupled to said respective one of said
plurality of data buses. 11. An active nenory device conprising: amain

memory; 27 28 February 25(1) %?st input, said first input being coupled to a respective one of a

plurality of data buses, each of said plurality of data buses being

coupled to said main memory;
an output,

a second multiplexer having a first input coupled to said associated
respective one of said plurality of processing elements and a second

input coupled to said input of said logic circuit;

a first register having an input coupled to an output of said second
multiplexer and an output coupled to said output of said logic

circuit;

a first tri-state device having an input coupled to said output of said
first register and an output coupled to said respective one of said

plurality of data buses; and
a second tri-state device having an input coupled to said output of
said first register and an output coupled to one of said plurality of

data buses and a third input of said second multiplexer.

8. The active memory device according to claim 7, wherein said output of said

second tri-state device is coupled to said respective one of said plurality of data buses.

9. An active memory device comprising:



a plurality of processing elenents, each of said plurality of processing
el ements being associated with a respective portion of said main nenory,
each of said plurality of processing elenents having a single bit data

output and a single bit data input; and plurality of dat h Ci its,
each of said plurality of data circuitszgeing coupl ed betmg%ﬁﬂ%%fﬁy?gﬁ
menory and one of said plurality of processing elenents, each of said
plurality of data path circuits having a plurality of inputs, a first input
of said plurality of inputs being coupled to said single bit output of a
respectivglﬁgﬁn%%m§?id plurality of processing elenents, at |east a second
i nput of saird plurafity of inputs being coupled to a respective one of a
plurality of data buses of said main nmenory, and an output coupled to said

single bit inpuyt of a respective one of _sai.d plural ity of .progcessing.

el ements, APk ag‘it% ngéq’feé?lg%éseﬂ“% &_aﬁhf’ﬁ S@#r@&#@" Pt pé??&bst“ggje T cg‘?le%
data fr omesahidd ieFRARLNE pRRfoNT sEirHaiR inidrh by s4fndlé Bt 6fcadon!Mgent s a
single bit at atime'and wite sald data to Said nain nenory in a

hori zontal node, and to receive data stored in said main nmenory in a

hori zont al node and tput sai.d data to said re ctive .on f. '

ol ur a1 1ty o R ol bfttpan i b Sndierd sl Sof BRI Bt eeind Udhorts
menory  deshfieiRuR MritinpdatLfr6indad ﬂlﬁrali?’@ﬂﬁbébsﬁﬁg Rlefentsatb Gaidahsin pidrory in
circuits is further adapted to wite data fromsaid plurality of processing
el enent s tachasizodtahmiode pedrreagdingdate sfered i said msgemgmery Budiberigontal mpdsdramy
said main mor.y in a vert.i,cal mode fraom. saj 22\ f108 i.d plurality
of procesﬁf@%éﬂ%ﬂ?rg.m if”:‘fi P?H%“‘&c"? P\r/"e“e?rsér%)‘!flgm 0 el\b/'lns g{egaacc%/trcélﬂwal "5 claim 11,
wherein each of said plurality of data path circuits further conprises: a
plurality of logic circuits, each of said plurality of |ogic ci,rgéji t.

havi ng a fast ihpliraliy@efmircaiss.mech of i plurality jof sircuite PRGEAssNEed fithsa; ¢

at least a sec (e ' | « N f [

circuit; and 3@%@%@?‘5&%@&98’6@]“5@4’#é’%""grr{ﬂ‘fﬁ‘g e?ggrg’ %%\F/Iicﬁgsqgf g\“ﬁ@fﬁ?i"f y of
i nputs, each ofcigaits patsiig datayberfvedrn jts tassdadited) respeqiivedone ofsaiduplprality fof a
respective one of said plurality of logic circuits, and an oytput. coupl ed
to sai d output R5Pcessing danenth MR wid man .m%‘?rYAﬁa“ijP\Féldr@WB‘rHS’?&gv‘fl s
conpri ses corrpr(jo%ﬂ}ging@ mai n menory;

a first multiplexer having a plurality of inputs, each of said plurality of
inputs being coupled to an output of a respective one of a plurality of logic
circuits, and an output coupled to its associated respective one of said
plurality of processing elements; and wherein each of said plurality of logic

circuits each comprises:

a first input, said first input being coupled to a respective one of a
plurality of data buses, each of said plurality of data buses being

coupled to said main memory;
an output;
a second multiplexer having a first input coupled to said associated

respective one of said plurality of processing elements and a second

input coupled to said input of said logic circuit;



a plurality of processing elenents, each of said plurality of processing

el ements being associated with a respective portion of said main nenory,
each of said plurality of processing elenents having a single bit data
output and a single bit data input; and plurality of dat i its,
each of said plurality of data circuitszéeing coupl ed betmggﬁ%%gﬁﬁygg#%
menory and one of said plurality of processing elenents, each of said
plurality of data path circuits conprising: a plurality of inputs, a fast

i nput of said plurality of inputs being coupled to said single bit output
of a respective one of saj fpldpiddd falifyf aPiPELENIPG B! SNBRPE: oftdaid ERBR 2
second input of said plurality  of inputs being coupled to a respective one
of a plurality of data buseliptkesaiddanrmitpitnenory, and an out put coupled to
said single bit input of a respective one of said plurality of processing
el ements, a first multiplexer having a plurality of inputs, each of said
plurality of inputs being ¢dRd edgikter ARviAE taaUinpef coupl&b Re ehidVautpimeoOfaid
plurality of logic circuits, and an output coupled to said output of said
data path circuit; and weeeaidmuliiplexer ansanpuipuir al ity of logic circuits
conprises: a first input, said first input being coupled to said at |east a
second input of said plurality of inputs of said data path circuit; an
output; 29 28 February 2p@kdamstpleRé Hiving dfiexi@pahaapltd ta shidrontput oPsdid
coupled to said first input of said data path circuit and a second i nput
coupled to said input of [f5i eeeistayi & seqand nput oupledde Sﬂ\é‘g?%tplétrofrﬁ&vf srgoﬁéi

i nput coupled to an outp i i hﬁ%ﬁ@% -coupl ed
to said output of said l%g@feg,?a?ﬁé%??&ﬁ@%@%&%o% - st lfe}%gg@?é(géiﬁgi\ﬁuﬁg an

i nput coupled to said output of said first register and an out put coupl ed
to said respective one of said pluralit dat a puses; qn

f ; )
a fourth multiplexer Ka\gng a first mnput coup edd to said output of
said first register, a second input coupled to said output of said

second register, and an output;

a first tri-state device having an input coupled to said output of said
fourth multiplexer and an output coupled to said respective one of
said plurality of data buses; and

a second tri-state device having an input coupled to said output of
said fourth multiplexer and an output coupled to one of said

plurality of data buses and a third input of said second multiplexer.

10.  The active memory device according to claim 9, wherein said output of said

second tri-state device is coupled to said respective one of said plurality of data buses.
11.  An active memory device comprising:

a main memory;



a second tri-state device having an input coupled to said output of said
first register and an output coupled to one of said plurality of data buses
and a third input of said second multiplexer; and wherein each of said data

path circuits is adapted to receive datg,fromsaid respecti
plurality of processing elenents a si ng?g bit at a tine and%q: cqpﬁargfgpggdata

to said main nenory in a horizontal node, and to receive data stored in
said main nmenory in a horizoptal nod . salLd data to,sa
respectivé B‘HE“I%Y garepeﬁﬁlagngts@feaﬁr 8?@%‘3 B‘aﬁe‘%ﬁtﬁf%ceés“ég ﬁ&ﬂ?ng‘ peing o
time. 15. LORifBIWith 96k \;%%tl@@g)‘aﬁfﬁn”Gf s SidCh@inMnbthorYWN&dcRi Hf Sall dplakslibybf Of

said second h-1-state de coupled to said respective one of said

pl ural i ty poécessing clouets.havihg asmgle bit detarnutmit gndiesingls Wibdata inpltignd amai n
menory; a plurality of processing elenents, each of said plurality of
processing el enents being associated with a respective portion of said main

nmenory, eacpluedlits AIrddRd pamd bfwm@f emhogﬁgﬁuqﬂuﬁhlgmﬂtdatahaﬂwg Beibg RELledi t
data output and a single bit dat a ;ﬁ%a@f land 28 February 2005 a
P

pl ural ity bsfwetatsaidomain wemen ansl ong weslity of preegssing elgmems, gach pEeaid s
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conpri si Ngapts Peltigdddup¥edofo bAidWirkle ditf dutpit oMPubs f[ﬁémseaoﬁb oF $hidl pluyaliof of
i nputs being coupled to said single bit output of a respectiyve one of said

pl ur al i ty Rspcessing elegieants, et tepsirn second inpahef said §B’é%iﬁb1 of r#lamts B?lns &PEP lstrarity
f f
of inputs rgﬁae&‘ilve"&%é% ) a%159a11§5b5f&£§85 e\ég:fgﬁﬂn? d n&?%{) PQHQ&S 0

said nain cou to sal Ut (0]

respectiv %aﬁlrl:ﬁ!nglé bit anieht PF Weatbedtive @hie pf said phiraiiy of proeadsing aexﬁents,t
mul tipl exer having a plurality of first nultiplexer inputs, each of said
plurality of first multiplexer inputs being coupled to an output of a

respect i V%t?é?@n%cl?o?é id ﬁ&thﬁ)éthoélrcluﬁg h&a&hfgﬁ\‘ﬂiﬁ&écei@c%t@ﬁo%am@e fi&ét'll% %ﬁet 0

sai d out put sal d da clrcul ereln eac sal plurality

of | ogic aifrsaidi plarationpf peesssing elements a single bit at a time and write said data to said
main memory in a horizontal mode, and to receive data stored in said main memory in a
horizontal mode and output said data to said respective one of said plurality of processing

elements a single bit at a time.

12.  The active memory device according to claim 11, wherein each of said data
path circuits is further adapted to write data from said plurality of processing elements to
said main memory in a vertical mode and read data stored in said main memory in a

vertical mode from said main memory to said plurality of processing elements.

13.  The active memory device according to claim 11, wherein each of said

plurality of data path circuits further comprises:

a plurality of logic circuits, each of said plurality of logic circuits having a first input and
an output, said first input being coupled to said at least a second input of said plurality of

inputs of said data path circuit; and



a first input, said first input being coupled to said at | east a second

I nput of said plurality of inputs of said data path circuit; an output; a
second mul ti pl exer having a first input coupled to said first input of said
data path circuit and a second i nput coygled to said input Lf i g C
circuit; a first register having an inpgg coupled to an<mn%%ﬁé%#£!gﬁd
second multi pl exer and an output; a second register having an input coupled

to said out put of .said second | tipl exer and an output: ..31 28 y
2005 . ¢ nii BT RlipfR e RENGER it of i feef Rl B of e etk
sai d firstcohfigd 36 8h oufbut 8€ Qespebipee orf@éﬂaﬁﬂph@alﬁ?lo@ 1694¢ pittuitf afdbd oagmond
regi ster, and an output coupled to said output of said logic circuit; a

f ourt h nulcobpleé sesaidhavipngofsaid data path girewitoupl ed to sai d out put of said
first register, a second input coupled to said output of said second
register, and an output; a first tri-state device having an input coupl ed
to said output 1af saigladtierhémenyldevitk @u@prigdddosiprioimgput coupled to said
respective one of said plurality of data buses; and a second tri-state
devi ce having an input coupled to said output of said fourth nultiplexer
and an ou%gﬂgnqgg@géﬁlto one of said plurality of data buses and a third
I nput of sa second’ mul ti pl exer; and

a plurality of processing elements, each of said plurality of processing elements being
associated with a respective portion of said main memory, each of said plurality of

processing elements having a single bit data output and a single bit data input; and

a plurality of data path circuits, each of said plurality of data circuits being coupled
between said main memory and one of said plurality of processing elements, each of said

plurality of data path circuits comprising:

a plurality of inputs, a first input of said plurality of inputs being coupled to said
single bit output of a respective one of said plurality of processing elements, at
least a second input of said plurality of inputs being coupled to a respective one of
a plurality of data buses of said main memory, and an output coupled to said single

bit input of a respective one of said plurality of processing elements,

a first multiplexer having a plurality of inputs, each of said plurality of inputs being
coupled to an output of a respective one of a plurality of logic circuits, and an
output coupled to said output of said data path circuit; and wherein each of said

plurality of logic circuits comprises:

a first input, said first input being coupled to said at least a second input of

said plurality of inputs of said data path circuit;

an output;




wherein each of said data path circuits is adapted to receive data from
sai d respective one of said plurality of processing elenents a single bit
at atime and wite said data to said nain nenory in a horizontal node, and
to receive data stored in said main nengéy in a horizontal é§¥%%n%9?2955put
said data to said respective one of sail@ plurality of processing efenents a
single bit at a tine. 17. The active nenory device according to claim 16,

wherein said output of sajd second tr.i-state device, i,s coupled.to, said
espective one of s tFeprbimulRIg hetiae GHCEESt splebiRae e wptt §fude
circuit according tQaed htl Guit 4 £isBeotdl p@édtipledOo Sl AngRCMshid Nogiat e
device is coupled to a different data bus tRan said output of said first
tri-state device. 2GircAitcircuit for connecting a nenory device and a

processi ng el enent of an active nenory conprising: 32 28 February 2005 a
first nmultiplexer having a first input coupled to said processing el ement

and a second input ol Rist@ BavRd anbupupicotgled GEBRIIuLHIEVHE 8aidasdcont
regi ster having an input and an output, said input being coupled to an
output of said firsnultiglexppandearquipnt sewrleditonigid eppebalisalddogiaGirawti nput
coupled to said output of said first register and an output coupled to
said processing elenent; a first tri-state device having an input coupl ed

L 0 said output of saifirstir-Gthte’dedics hevingad irgut coupigito saidmitput of eaiddirst dat a
us; ) _ . )
register and an output coupled to said respective one of said plurality of

data buses; and

a second tri-state device having an input coupled to said output of said first
register and an output coupled to one of said plurality of data buses and a

third input of said second multiplexer; and

wherein each of said data path circuits is adapted to receive data from said respective one
of said plurality of processing elements a single bit at a time and write said data to said
main memory in a horizontal mode, and to receive data stored in said main memory in a
horizontal mode and output said data to said respective one of said plurality of processing

elements a single bit at a time.

15.  The memory device according to claim 14, wherein said output of said

second tri-state device is coupled to said respective one of said plurality of data buses.
16.  An active memory device comprising:
a main memory;
a plurality of processing elements, each of said plurality of processing elements being

associated with a respective portion of said main memory, each of said plurality of

processing elements having a single bit data output and a single bit data input; and



a second tri-state device having an input coupled to said output of said
first register and an output coupled to said data bus and a third i nput of
said first multiplexer; a second register having an input coupled to said

out put of said first multiplexer; a thi nul tipl exer having I—aetfrﬁ{rgtzob@p“t’
a second input, and an output, said fir | nput being connected an

out put of said second register, said output fromsaid first regi ster being

coupl ed to said. secopnd input, said qutput..being coup) ed to.sald input, of
o cecordPrURIty o)) Gieipat e i Garth A it R oY Rt Rt pene ibled| o
second i Ndtweed\diPaUhbiMbry £ shef dffsald piaRYEY opﬁbe&sﬁg%ﬁ&tg,ceasmbﬂs@wt put
of said first register, sallgsecond | nput bei'ng coupled to said output of
sai d secorpdunabityi oftdata patlatidcuststcponprisisgng coupl ed to said input of said first
and second tri-state devices. 21. The circuit according to claim 20,
wherein said output of said second trisate device is coupled to a different

data bus than sgpRirdity BEinpats, adirst iphSéf daid pRitdlite o @utebeing covplpd aseddi ng
system conprising: 33 28 February 2005 aqur ocessing unit; and an active
menory devi ce cougle bt Quipwatfce prspewiveiang efnseid phuliy sfiroeesripaslsmedyidte
comprising.  amefk: T%ER i input of said plurality of inputs being coupled to a respective one of

a plurality of data buses of said main memory, and an output coupled to said single

bit input of a respective one of said plurality of processing elements;

a first multiplexer having a plurality of first multiplexer inputs, each of said
plurality of first multiplexer inputs being coupled to an output of a respective one
of a plurality of logic circuits, and -an output coupled to said output of said data

path circuit; and wherein each of said plurality of logic circuits comprises:

a first input, said first input being coupled to said at least a second input of

said plurality of inputs of said data path circuit;

an output;

a second multiplexer having a first input coupled to said first input of said
data path circuit and a second input coupled to said input of said logic

circuit;

a first register having an input coupled to an output of said second

multiplexer and an output;

a second register having an input coupled to said output of said second

multiplexer and an output;




a plurality of processing elenents, each of said plurality of processing
el ements being coupled to a respective portion of said main nenory by a
single bit connection; and a circuit coupl ed between said main nmenory and

said plurality of processing elenents, erein said circuidg g ggﬁ for
witing data fromsaid plurality of progiﬁs]si ng el ements toésaa[::e}rre nggi n a

hori zontal node and reading data stored in said nain nenory in a

hori zontal node fromgaid najn nepory tq,said plurality o r OCESSi

ol eront . and i ¢ 1 o O Rt rs oyt b fidpsel] PRSI By o
said memory in a VeghistRl 4 fRERA At CORHed R B bRDRCoT i écdnBBedIstBRERAY | N
a vertical node from'said main nenory to said plurality of processing

el ements. 23. CANCELiEDMput colpled pr saidewipnipfsgisttlegicatrewit:di ng to cl ai m 22,
wherein a plurality of processing elenents in a first group are coupled to
a plurality of data buses of said main nenory, each of said plurality of

data buses being as %ﬁu%%u%kﬁeﬂhdvﬂﬁ%@ﬁiéﬂ@&@@uﬂéd @ sdidl uipli bFsaid first
addresses in said main menory. 34 28 February 2005 25. The processing

syst em accor di ng t o ebister 2seconhénmui coupdeditor said puigpbeinsaid feoond degiseyyend
processi ng el enents._26. 'I;_he processi ng system according to claim 22,
wherein said circui tanf?ﬂ't?lher conprises: a plurality of circuits, each of
said plurality of circuits being associated with a respective one of said

plurality of processing elenents, each of said plurality of circujt
passing data bet weehlist fFi-stateodqvigedmvingsebpmt ouphd tgrsaidoupy) ofsad ti’&‘n@f

processing el ements Iﬁﬁﬁ!ipf&ieldanm SutPitB8hYled to said respective one of said plurality of

data buses; and

a second tri-state device having an input coupled to said output of said
fourth multiplexer and an output coupled to one of said plurality of data

buses and a third input of said second multiplexer; and

wherein each of said data path circuits is adapted to receive data from said respective one
of said plurality of processing elements a single bit at a time and write said data to said
main memory in a horizontal mode, and to receive data stored in said main memory in a
horizontal mode and output said data to said respective one of said plurality of processing

elements a single bit at a time.

17.  The active memory device according to claim 16, wherein said output of

said second tri-state device is coupled to said respective one of said plurality of data buses.
i8. CANCELLED

19.  The circuit according to claim 20, wherein said output of said second tri-

sate device is coupled to a different data bus than said output of said first tri-state device.

20. A circuit for connecting a memory device and a processing element of an

active memory comprising:



27. The processing system according to claim26, wherein each of said
plurality of circuits further conprises: a plurality of logic circuits,
each of said plurality of logic circuits having a fast input and an
output, said first input being coupled a respective one lAhEtY
of data buses, each of said plurality g? dat a buses being:%%ﬁprgayﬁgbgaid
main menory; and a first nultiplexer having a plurality of inputs, each of
said plurality of inputs being coupled to an output of a respective one of
said plurality of logic circuits, and an output coupled to its associ ated
respective, ape nfligiekd Rhitgah ikt iBputRIcABRASH NEidehRERRIng. cléBent/unidl HE&SHHENY
system conprising: a processing unit; and an active nenory device coupl ed
to sai d priopgseuplgd tni tlatadas df sasd memomederige;devi ce  conprising: a main
menory; 35 28 February 2005 a plurality of processing elenents, each of
said plurality of processing elenents being coupled to a respective portion
of said mey firstRFN Y HAVing ol ifgkt@nBiah cafufeatid iaput Witk euplddadian cugsiplo€eaid
between said main menory and said plurality of processing elenments, said

ci rcui t wiimst myltipdexgrif rom said plurality of processing el enents to said
main nmenory in a horizontal node and reading data stored in said nmain
menory in a horizontal node fromsaid main nenory to said plurality of
processi nga sdcon@ ahftipledrchavingCan inpaoeRiplal dosaidombur af sdiy fiodt registeniahd aneach
of said plurality of circuits being associated with a respective one of

sai d pl ur SutRyt cobpled fredd progessingrRbépent; each of said plurality of circuits
passi ng data between its associated respective one of said plurality of
processi ng el enents and said nain nenory, and each of said plurality of
circuits cofipst indistage device having an input coupled to said output of said first register and an

output coupled to said data bus;

a second tri-state device having an input coupled to said output of said first register and an

output coupled to said data bus and a third input of said first multiplexer;
a second register having an input coupled to said output of said first multiplexer;

a third multiplexer having a first input, a second input, and an output, said first input being
connected to an output of said second register, said output from said first register being
coupled to said second input, said output being coupled to said input of said second

multiplexer; and

a fourth multiplexer having a first input, a second input, and an output, said first input
being coupled to said output of said first register, said second input being coupled to said
output of said second register, said output being coupled to said input of said first and

second tri-state devices.

21.  The circuit according to claim 20, wherein said output of said second tri-

sate device is coupled to a different data bus than said output of said first tri-state device.

22. A processing system comprising:



a first nmultiplexer having a plurality of inputs, each of said plurality of
i nputs being coupled to an output of a respective one of a plurality of
logic circuits, and an output coupled to its associ ated respective one of
said plurality of processing el enents; Qd wherei n each of .ébdﬂa ghk t Y
of logic circuits conprises: a first input, said first input belng’coupled
to a respective one of a plurality of data buses, each of said plurality of
data buses being coupled to said main nenory; an output; a second

mul ti pl exer having a first input coupled to said associ ated respective one
of said pliyBbdsiing@hitPaRcessing el ements and a second input coupled to said
input of said logic circuit; 36 28 February 2005 a first register having
an input coupled to an output of said second nultiplexer and an out put

coupled to said output qf .said l.ogic circuit:.a fi.rst.fri.-stat 7
navi g an A ptecBiBPl St spu 88 1 sfia pioctsil, il ek BBl eV o
coupl ed t qosdridingespective one of said plurality of data buses; and a
second tri-state device having an input coupled to said output of said
first register and an output coupled to one of said plurality of data buses
and a third input of .d.second nmultiplexer. 29. The processing system
according to claaliln%&fg;a%(\?\ﬁ’érei n said output of said second tri-state device
is coupled to said respective one of said plurality of data buses. 30. A
processi ng system accordi ng cqonprising: a _processing ,uni}; and,
a plurality of processing elements, each of said plurality of processing elements
being coupled to a respective portion of said main memory by a single bit

connection; and

a circuit coupled between said main memory and said plurality of processing

clements, wherein said circuit is adapted for:

writing data from said plurality of processing elements to said memory in a
horizontal mode and reading data stored in said main memory in a
horizontal mode from said main memory to said plurality of processing

elements, and

writing data from said plurality of processing elements to said memory in a
vertical mode and read data stored in said main memory in a vertical mode

from said main memory to said plurality of processing elements.
23. CANCELLED

24.  The processing system according to claim 22, wherein a plurality of
processing elements in a first group are coupled to a plurality of data buses of said main
memory, each of said plurality of data buses being associated with a respective one of a

plurality of addresses in said main memory.



an active nenory device coupled to said processing unit, said active nenory
device conprising: a main nenory; a plurality of processing el enents, each
of said plurality of processing el enents being coupl ed to a respective
portion of said main nenory by a single git connecti on; &gbbos
coupl ed between said main nenory and sa? plurality of proce55|ng ["fenent s
said circuit witing data fromsaid plurality of processing elements to

said nenory in hor j zontal rode and readi ng ored i.n saj i n
memory in a hor%aszo ¢ REAGESSIE BYSES ROFRY Wgn’é'nglf'lvn ts%" "gfileael& Waaﬁr%@g@f‘p
processi ngnaL,88En %}ﬁprﬁbgn Liefidhis, conprising: 37 28 February 2005 a

plurality of circ each of said plurality of circuits being associ ated
with a respective one of said plurality of proceSS| ng el errents each of

oL purel iy A bR B AR LB 23, SRR SRR TR L

of said pldd,ﬁg,lﬂsgg( of circuits conprising: a f| rst mul tipl exer haV| ng a
plurality of "inputs, each of said plurality of inputs being coupled to an
out put of a respecti ve one of said plurality of logic circuits, and an

out put coupl.ed Ssoch at ; foS

processi ng"’D %lfl% gcﬂ%'ﬂ é efe g‘lde@ﬁﬁa?% Of;‘gllmgnglbgrgl au%%&‘ﬁ%&lﬁ‘gb%%%éﬁrcé‘ﬁet
conpri ses:ong dfiskidtplinARtit of sroédisihi lefement wichoef sag plutmlt)e of tipctspaspeg tatue
one of a plurality of data buses, each of said plurality of_ data bu

bei ng coud?e&!eqnolt% assqcigtedrreppactyey ong of sardopforal léy 96 PRHESHIS teleﬁﬂeé‘kse?mﬁéf\‘}iing a

first |np pL to said associ ated respective one of said plurality of
proceSS|ng 2rdnents and a second i nput coupled to said input of said |ogic
circuit;

27.  The processing system according to ‘claim 26, wherein each of said

plurality of circuits further comprises:
a plurality of logic circuits, each of said plurality of logic circuits having a first input and
an output, said first input being coupled to a respective one of a plurality of data buses,
each of said plurality of data buses being coupled to said main memory; and
a first multiplexer having a plurality of inputs, each of said plurality of inputs being
coupled to an output of a respective one of said plurality of logic circuits, and an output
coupled to its associated respective one of said plurality of processing elements.

28. A processing system comprising:

a processing unit; and

an active memory device coupled to said processing unit, said active memory device

comprising:

a main memory;



a first register having an input coupled to an output of said second
mul tipl exer and an output; a second register having an input coupled to
sai d out put of said second nultiplexer and an output; a third nultiplexer

having a first input coupled to said ouLput of said fast regi r cond
I nput coupled to said output of said setond register, and %%%b?%awﬁgg‘ﬁpl ed

to said output of said logic circuit; 38 28 February 2005 a fourth

mul tipl exer having a first input coupled to sai, utput of said first
register, a se@ol’i]g“arhﬁ}ﬁ&’f PERFEHTIRG efe@eg raa%wéﬁﬁlg@?“f VPRSI IBY PR |
and an out put; afd it S | 56rt{dR Vo1 Gai8 Mmh AP HiernfRY Y LifgRabid
out put of sai dl%(l)l{tgr t%ﬁﬁp#{eﬂ tt?p gis??&?r?dﬁan out pu&%1 coupled to sayied re%pective
one of said pl woahédiipnpdnddat a buses; and a second tri-state device having

an input coupled to said output of said fourth nultiplexer and an out put
coupled to one of said plurality of data buses and a third input of said

second nul ti pl exgfreui touplb® LRFVALASSIA il ShEAMICHN dAilGpluiliey B rPréissing
wherein said output of said second tri-state dévice is coupled to said
respective one edmens,csajl cireilit wyiting data fropusaid plgality ifepioeessigstipgenty 4@ em
according to claim?22. wherei.n said prqcessing,unit and sai t] ry
device are on a2 aW@”l:meﬁ’.lor%él.l aA%B?%@é@sl?lﬂ © gg%tr%‘inil%ﬁq%rai %’%’%&%aé%(?élg%ggi ng
unit; and memory in a horizontal mode from said main memory to said plurality of

processing elements, said circuit comprising:

a plurality of circuits, each of said plurality of circuits being associated with
a respective one of said plurality of processing elements, each of said
plurality of circuits passing data between its associated respective one of
said plurality of processing elements and said main memory, and each of

said plurality of circuits comprising:

a first multiplexer having a plurality of inputs, each of said plurality
of inputs being coupled to an output of a respective one of a
plurality of logic circuits, and an output coupled to its associated
respective one of said plurality of processing elements; and wherein

each of said plurality of logic circuits comprises:

a first input, said first input being coupled to a respective
one of a plurality of data buses, each of said plurality of data

buses being coupled to said main memory;
an output,

a second multiplexer having a first input coupled to said
associated respective one of said plurality of processing
elements and a second input coupled to said input of said

logic circuit;




an active nenory device coupled to said processing unit, said active nenory
device conprising: a main nenory; a plurality of processing el enents, each
of said plurality of processing el enents being associated with a respective
portion of said main nmenory, each of sailhd plurality of pro i I nts
having a single bit data output and a s?ﬁgle bit data inpu??égﬁﬁgagéﬁgg
February 2005 a plurality of data path circuits, each of said plurality of

ot 1 cUL LS etng coupled SRS ELRal IEL R THIR e R gt B e
plurality of processing el enents, 0 a
circuits having a plurality ofgsdbinmitifleder aidl ahtRut @buple@itsl sl Wugutlof of

i nputs being coupled to said siagé:jl e bit output of a respective one of said
plurality of processing el emensaidlogic diwaiit a second input of said plurality

of inputs being coupled to a respective one of a plurality of data buses
of said main nenory, and an output coupled to said single bit input of a

respective one of said pluralj fiyt ed-sficodsb® Rging @nmapitscoupledrteisaidemtiut of
said data path circuits is adapted to receive data fromsalid respective one
of said plurality of processi nef s8idiishtegisterand gneoufut caupled tq said Egspeciivet e

said data to said main rn::errym{ench airagilmwtﬁ@&gqgﬁas;gﬂg to receive data

stored in said main nenory in a ortzonta output said data to
said respective one of said plurality of processing elenents a single bit
at a time; and wherein each of said data path.circuits is furthfr adaﬁaed

d p
to wite data fromsaid plural#S§ongf Thyiee ict‘fgh"é’il%_éﬂtlgp‘_ftoc%‘gedl taf
menory in a vertical nobde andnae,ﬁﬁ,%&%ﬂjﬁltsg; térnindszﬂf tHR CbuPRARD Yonk DA

vertical node fromsaid main y to sal urality o processi ng

el ements. 34. CANCELLED 35. Thsipphcaiyiofigataysisenamice thiol ingut of sdidisenodd,
wherein each of said pl uraligéeﬁf data path circuits further conprises: a
plurality of logic circuits, IPiXeEai d plurality of logic circuits
having a first input and an output, said first input being coupled to said
at | east a second input of said plurality of inputs of said data path
circuit; and 29. The processing system according to claim 28, wherein said output of said

second tri-state device is coupled to said respective one of said plurality of data buses.
30. A processing system according comprising:
a processing unit; and

an active memory device coupled to said processing unit, said active memory device

comprising:
a main memory;

a plurality of processing elements, each of said plurality of processing elements being

coupled to a respective portion of said main memory by a single bit connection; and

a circuit coupled between said main memory and said plurality of processing elements,
said circuit writing data from said plurality of processing elements to said memory in a
horizontal mode and reading data stored in said main memory in a horizontal mode from

said main memory to said plurality of processing elements, said circuit comprising:



40 28 February 2005 a first nultiplexer having a plurality of inputs, each
of said plurality of inputs being coupled to an output of a respective one
of said plurality of logic circuits, and an output coupled to said out put

of said data path circuit. 36. A pr ocesgi,ng system conpri Siinetﬁué}S{%G§Si ng
unit; and an active nenory device coupled to said processing unit, “said

active nenory device conprising: a main nenory; a plurality of processing
el enents, each of said plurality of processing el enents being associ at ed
with a respective portion of said main nmenory, each of said plurality of

processing el enepfugalig\WMarcRits! éigh Gtald 9@Irﬁit9tafmihtcuamem§sas9@diae@ ivtittdat a
input; and a plurality of data path circuits, each of sai lurality of
data circuits Desnegtivoapt e saidinhawhitsef Brogessmenelpmetsaprshpfesast Py of

plurality of pr ing.el n =h | i t "p‘?&
circuits conpr |C§’i%§§§ pggsﬁ%?gﬁi %e;%lwggéi?tﬁpa%%%c?ﬁ%cgfr gggtg Et?‘}r?pégt{e g? Sg%i ﬁl p ugr']a?lfi ty
of inputs bel NG roeisping &ldneertaint Sdidalatn Riemopyt Hdt eaoh of saidglaality ef crmitsf
said plurality of processing elenents, at |east a second input of said
plurality of i r{NREISEE:- ng coupled to a respective one of a plurality of
data buses of said main nenory; an output coupled to said single bit input
of a respective one of said plurality of processing elenents; a first
nul ti pl exer having aa firstrabitiplexef havipgitaspluesicy of finmas, ceaph wif edaid plucdlity mfut s
Peing coupled o an Gut Rl odtpled R uipuers SepdeiRle bl bf dif bl o
logic circuits, and an output coupled to its associated respective one of said
plurality of processing elements; and wherein each of said plurality of logic

circuit comprises:

a first input, said first input being coupled to a respective one of a plurality
of data buses, each of said plurality of data buses being coupled to said

main memory,

an output;

a second multiplexer having a first input coupled to said associated
respective one of said plurality of processing elements and a second input

coupled to said input of said logic circuit;

a first register having an input coupled to an output of said second

multiplexer and an output;

a second register having an input coupled to said output of said second

multiplexer and an output;

a third multiplexer having a first input coupled to said output of said first

register, a second input coupled to said output of said second register, and

an output coupled to said output of said logic circuit;




41 28 February 2005 circuits, and an output coupled to said output of said
data path circuit; and wherein each of said plurality of logic circuits
conprises: a first input, said fast input being coupled to said at |east a

second input of said plurality of inputgg,of said data path g ik
out put; a second nmultiplexer having a f??st i nput coupledté?géﬁggygg >

i nput of said data path circuit and a second i nput coupled to said input of
said logic circuit; a first register having an input coupled to an out put
of said second nultiplexer and an out put coupled to said output of said

logic circuit; a firgkuihimekiplekeRMinea it ittt RBupIBPYY s&@dpRelof s Hirdl
output of said first register and an output coupled to said respective one
of said plurality ofregmten, dbeasend inputl coupled tmenid pirtput of snidjecdond rhgistengndn

i nput coupled to said output of said first register and an output coupl ed
to one of said pl ura?q?%t}p data buses and a third input of said second
mul tipl exer; and wherein each of said data path circuits is adapted to

recei ve data fromsaid respective one of said plurality of processing

el enents a single biafisgt thstaiqdevigrhaping an aptcapled tosaibowpweafsaidefort) | n
a horizontal node, and,to recejve a I I:Q . sald. i LY L

hori zontal node and 188{"6’3 egé? SR 'Sttcg é%ﬁ??%@ﬁ%@%&@gﬁgﬁ@gﬁmy%f
plurality of processddigbgdesiandts a single bit at a tine. 37. The processing
system according to claim36, wherein said output of said second tri-state
device is coupled to said respective one of said plurality of data buses.

a second tri-state device having an input coupled to said output of said
fourth multiplexer and an output coupled to one of said plurality of data

buses and a third input of said second multiplexer.

31.  The processing system according to claim 30, wherein said output of said

second tri-state device is coupled to said respective one of said plurality of data buses.

32.  The processing system according to claim 22, wherein said processing unit

and said active memory device are on a same chip.
33. A processing system comprising:
a processing unit; and

an active memory device coupled to said processing unit, said active memory device

comprising;
a main memory;

a plurality of processing elements, each of said plurality of processing elements
being associated with a respective portion of said main memory, each of said
plurality of processing elements having a single bit data output and a single bit data

input; and



42 28 February 2005 38. A processing system conprising: a processing unit;
and an active nenory device coupled to said processing unit, said active
menory device conprising: a main nenory; a plurality of processing

el enents, each of said plurality of proggssing elenments bei [ d
Wi th a respective portion of said main %gnnry, each of saidﬂ%?%ﬁgﬁﬁg@bgf
processing el enments having a single bit data output and a single bit data
input; and a plurality of data path circuits, each of said plurality of
data circuits being coupled between said main nenory and one of said
plurality of progRsyer s PRRichcuita eichdf sl fhufality 6 datd/ cidduiddemeRdupled
circuits conprising: a plurality of 'inputs, a first input of said plurality
of inputs bei nghetwes séd pairsmienhosy ayl endof sagdipluality bf processirg elementsneachf

said plurality ocessing e] enent s, .at, | east eco L nput ~of, .sai.d
plurality of i n%J_LﬁaEJ B’E‘F“ﬂﬁyé’gﬁﬁtaﬁ irspifSchayik ¢ gl fm%‘ﬂ%%f‘gﬁ‘i‘? t&
data buses of sqidlpliBilify SERBhN bei cotiplRd to Suid! gl HithuERitdS Sireglectivel dnelofput
of a respective one of said plurality of processing elements; a first
mul ti pl exer haviaidypliralityof|pregessing elamentsyat 19aph @ segonf ipputsof wid plusality afy
plurality of fi.r | tipl r,.in -hei egl t :
respective one lgﬁﬁtg@é}nﬁr%uﬁég tgfa ‘f%%e?‘ép"g?‘rq%ﬁf? ;5 mlgﬁtg ogn&%u?%ggg %Eg%glrga to
sai d output of manerdahd apautputcspkd fo Qitisinbletdl inpaastia tdspetive oo of eaid
circuit conprises: )

plurality of processing elements,

wherein each of said data path circuits is adapted to receive data from said respective one
of said plurality of processing elements a single bit at a time and write said data to said
main memory in a horizontal mode, and to receive data stored in said main memory in a
horizontal mode and output said data to said respective one of said plurality of processing

elements a single bit at a time; and

wherein each of said data path circuits is further adapted to write data from said plurality
of processing elements to said main memory in a vertical mode and read data stored in
said main memory in a vertical mode from said main memory to said plurality of

processing elements.

34. CANCELLED

35. The processing system according to claim 33, wherein each of said

plurality of data path circuits further comprises:

a plurality of logic circuits, each of said plurality of logic circuits having a first input and
an output, said first input being coupled to said at least a second input of said plurality of

inputs of said data path circuit; and




43 28 February 2005 a first input, said first input being coupled to said
at least a second input of said plurality of inputs of said data path
circuit; an output; a second nultiplexer having a first input coupled to
said first input of said data path circupt and a second i npy eGanRl B@dakO
said input of said logic circuit; a first register having an 1 nput”coupl ed
to an out put of said second multiplexer and an output; a second register
havi ng an input coupl ed,ta sai d, oyt put..of said, secon | 1.j.pl gxer and an
out but: o & AR TR bigee iSRS ershe SC RS el o Lt PRne o

sai d firsteoufRhah oufput ¥FANEsORW o OUPSA phiRalR of 1041k Ritouidd, an8ahbugrgond
regi ster, and an output coupled to said output of said logic circuit; a

f ourt h mulaoupledsiesaifh aviputobsaid date pathircuitoupl ed to sai d output: of said
first register, a second input coupled to said output of said second
register, and an output; a first tri-state device having an input coupl ed
to said output 3¢ sah@réRihdsystdn tdthppigng.and an output coupled to said
respective one of said plurality of data buses; and a second tri-state
devi ce having an input coupled to said output of said fourth nultiplexer

and an out l.ed, one of said plurality of data buses and a third
I nput of sapl césgfégr%’%ﬂrr%rfdti pl exer;

an active memory device coupled to said processing unit, said active memory device

comprising:

a main memory;

a plurality of processing elements, each of said plurality of processing elements
being associated with a respective portion of said main memory, each of said
plurality of processing elements having a single bit data output and a single bit data

input; and

a plurality of data path circuits, each of said plurality of data circuits being coupled
between said main memory and one of said plurality of processing elements, each

of said plurality of data path circuits comprising:

a plurality of inputs, a first input of said plurality of inputs being coupled to
said single bit output of a respective one of said plurality of processing
elements, at least a second input of said plurality of inputs being coupled to

a respective one of a plurality of data buses of said main memory;

an output coupled to said single bit input of a respective one of said

plurality of processing elements;

a first multiplexer having a plurality of inputs, each of said plurality of

inputs being coupled to an output of a respective one of a plurality of logic




44 28 February 2005 wherein each of said data path circuits is adapted to
receive data fromsaid respective one of said plurality of processing
elenents a single bit at atinme and wite said data to said nmain nenory in
a horizontal node, and to receive data gtored in said main i?lf@cirﬁang@oﬁs
hori zontal node and output said data to said respective one of sail
plurality of processing elenments a single bit at a tinme. 39. The processing

system according to claim 38, wherein i, d output of said second tri-state
dovi ce 15 coupl ad « ST PoApRinGsdupBRss B4 fthy & fRGreOmeR el bad,
40. The processing Sﬁfrﬁér@ﬂi\e%@l@@fﬁid‘ﬁlul‘élit?bﬂldgl&?mu%@%xﬁpﬂsdiﬁl d processing
unit and said nenory device aze on a sane chip. 41. A nethod for witing

data froma processing elenment to a nenory device conprising the steps o

providing a plurality of DI LS i rial. [ ot @ K si ng
el enent to a data circui t?ﬁ%)sgsu?luﬁfgsmsd;ﬁ%‘t E‘ﬁ’t“g%‘ﬁ‘%ﬁg ecslfg? 8&185{[3%&% ?gﬁﬁ%ﬁa and
witing said data to sai dingBrefsuiddsiialie; ofihgitebfsaidilsta gathaiuitcui t passes
said data directly to said nenory device in a horizontal node and wherein
said step of passing said data further conprises: outputting each bit of
said plurality of data bi&‘fo"{dé&m said data circuit on a different data bus
associated with said nenory Vi ce;

a second multiplexer having a first input coupled to said first input
of said data path circuit and a second input coupled to said input of

said logic circuit;

a first register having an input coupled to an output of said second
multiplexer and an output coupled to said output of said logic

circuit;

a first tri-state device having an input coupled to said output of said
first register and an output coupled to said respective one of said

plurality of data buses; and

a second tri-state device having an input coupled to said output of
said first register and an output coupled to one of said plurality of

data buses and a third input of said second multiplexer; and

wherein each of said data path circuits is adapted to receive data from said respective one
of said plurality of processing elements a single bit at a time and write said data to said
main memory in a horizontal mode, and to receive data stored in said main memory in a
horizontal mode and output said data to said respective one of said plurality of processing

elements a single bit at a time.

37.  The processing system according to claim 36, wherein said output of said

second tri-state device is coupled to said respective one of said plurality of data buses.




45 28 February 2005 wherein said step of witing said data further
conprises witing said each bit of said plurality of data bits to a
| ocation in said nmenory device associated with a different address; and

wherein said circuit is further adapted, to pass at |east a ' aid
data to said nenory device in a verticaf&rmde. 42. CANCELLI‘:%O'Z%&B%K?O%% hod

according to claim4l, wherein said step of outputting further conprises:
passi ng each bit of said plurality of data bits through a respective
regi ster. 44. The nethod according to claim4l, wherein each different

menory address s ag @ﬁﬁ?}.}%ﬁknﬁ)b&ﬁﬁﬁgiﬁg of bits, and wherein said step
of witing each said data bit further conprises: witing said each bit into

a same bit of said associated plurality of bits in each said different
menory address._ 45. CANCELLED 46. CANCELLED 47. CANCELLED 48. A nethod for
readi ng data stbFREFTHE y device and providing said data to a
processi ng el enment, said nethod conprising the steps of:

an active memory device coupled to said processing unit, said active memory

device comprising:
a main memory;

a plurality of processing elements, each of said plurality of processing elements
being associated with a respective portion of said main memory, each of said
plurality of processing elements having a single bit data output and a single bit data

input; and

a plurality of data path circuits, each of said plurality of data circuits being coupled
between said main memory and one of said plurality of processing elements, each

of said plurality of data path circuits comprising:

a plurality of inputs, a first input of said plurality of inputs being coupled to
said single bit output of a respective one of said plurality of processing
elements, at least a second input of said plurality of inputs being coupled to

a respective one of a plurality of data buses of said main memory;

an output coupled to said single bit input of a respective one of said

plurality of processing elements;

a first multiplexer having a plurality of first multiplexer inputs, each of said
plurality of first multiplexer inputs being coupled to an output of a
respective one of a plurality of logic circuits, and an output coupled to said

output of said data path circuit; and wherein each of said logic circuit

comprises:




providing a plurality of data bits fromsaid nenory device to a data
circuit; 46 28 February 2005 passing said data through said data circuit;
and outputting said data to said processing elenent in a serial manner, and

wherein at | east a portion of said data,hs stored in said R | in
a vertical node. 49. The nethod accordi ﬂg to claim48, whervel né%ﬁgg\ﬂgﬁgp of

passi ng said data further conprises: passing each bit of data associ ated
with a single address through a respective register; and inputting said
each bit of data associated with said single Kddress to a nultipl exer,

wherein said mul tipl exer @H}s?‘i'ﬁp'iltSs%idjﬁ%@?dbupbéingfcoﬁﬁl%@té Baid ab fdakPh seERRAC!
to sai d processing el ement. 50. CANCELLED 51. The net hod according to claim

48, wherein said step of ipastsifisgidgdumdlittoflingys obsagbdata patheircyidi d dat a
further conprises: passing a respective bit of data associated with a
di fferent address through a respective register; and

an output;

a second multiplexer having a first input coupled to said first input
of said data path circuit and a second input coupled to said input of

said logic circuit;

a first register having an input coupled to an output of said second

multiplexer and an output;

a second register having an input coupled to said output of said

second multiplexer and an output;

a third multiplexer having a first input coupled to said output of said
first register, a second input coupled to said output of .said second

register, and an output coupled to said output of said logic circuit;

a fourth multiplexer having a first input coupled to said output: of
said first register, a second input coupled to said output of said

second register, and an output;

a first tri-state device having an input coupled to said output of said
fourth multiplexer and an output coupled to said respective one of

said plurality of data buses; and

a second tri-state device having an input coupled to said output of
said fourth multiplexer and an output coupled to one of said
plurality of data buses and a third input of said second multiplexer;



I nputting each said respective bit of data associated with said different
address to a nmultiplexer, wherein said nultiplexer outputs said each said
respective bit of data in a serial nmanner to said processing el enent.

44 28 February 2005
wherein each of said data path circuits is adapted to receive data from said respective one
of said plurality of processing elements a single bit at a time and write said data to said
main memory in a horizontal mode, and to receive data siored in said main memory in a
horizontal mode and output said data to said respective one of said plurality of processing

elements a single bit at a time.

39.  The processing system according to claim 38, wherein, said output of said

second tri-state device is coupled to said respective one of said plurality of data buses.

40.  The processing system according to claim 33, wherein said processing unit

and said memory device are on a same chip.

41, A method for writing data from a processing element to a memory device

comprising the steps of:

providing a plurality of data bits in a serial manner from said processing element to a data

circuit;

passing said data through said data circuit; and

writing said data to said memory device,

wherein said data circuit passes said data directly to said memory device in a horizontal

mode and

wherein said step of passing said data further comprises:

outputting each bit of said plurality of data bits from said data circuit on a different

data bus associated with said memory device;
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wherein said step of writing said data further comprises writing said each bit of
said plurality of data bits to a location in said memory device associated with a

different address; and

wherein said circuit is further adapted to pass at least a portion of said data to said

memory device in a vertical mode.

42.  CANCELLED

43.  The method according to claim 41, wherein said step of outputting further

comprises:
passing each bit of said plurality of data bits through a respective register.

44.  The method according to claim 41, wherein each different memory address
has an associated plurality of bits, and wherein said step of writing each said data bit

further comprises:

writing said each bit into a same bit of said associated plurality of bits in each said

different memory address.

45. CANCELLED

46, CANCELLED

47.  CANCELLED

48. A method for reading data stored in a memory device and providing said

data to a processing element, said method comprising the steps of:

providing a plurality of data bits from said memory device to a data circuit;



46 28 February 2005

passing said data through said data circuit; and
outputting said data to said processing element in a serial manner, and
wherein at least a portion of said data is stored in said memory device in a vertical mode.

49.  The method according to claim 48, wherein said step of passing said data

further comprises:
passing each bit of data associated with a single address through a respective register; and
inputting said each bit of data associated with said single address to a multiplexer,

wherein said multiplexer outputs said each bit of data in a serial manner to said processing

element.
50. CANCELLED

51.  The method according to claim 48, wherein said step of passing said at

least a portion of said data further comprises:

passing a respective bit of data associated with a different address through a respective

register; and

inputting each said respective bit of data associated with said different address to a

multiplexer,

wherein said multiplexer outputs said each said respective bit of data in a serial manner to

said processing element.



