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that use dataflow control for information processing especially for use in high

performance digital computing systems.
BACKGROUND OF THE INVENTION
There is a known computer system, which contains a processor and a group of
10 processor devices, the inputs and outputs of which are connected with the
corresponding inputs and outputs of a switching net. This system uses data flow
control for the organization of the computation process. Effective loading of the
processor devices is responsible for the level of performance. This is achieved by use
of parallel instruction processing on all parts of the routine and is supported by a
15  programmed organization of computations wherein the initial routine is mapped as a
graph in which each node represents the functional dependence of one instruction on
the performance of another instruction and the arcs define the directions of result
transmission. Each of a set of processor devices, connected among themselves by a
switching net, process the fixed local part of a routine. The processor devices work in
20  parallel and the necessary synchronization between the parts of the processed routine is
performed by means of data transmitted between the devices through the switching
net. The absence of access of each of the processor devices to the entire routine and
the necessity of mutual synchronization of its locally processed parts leads to inefficient
losses of working time of the processor devices and hence to a reduction in
25  performance of the system. (US Patent No. 4,814,978)

The known computer system that is closest to the invention disclosed in this
application contains N processors, first and second switches, N modules of associative
memory, a buffering block, first to third information inputs, control input and first and
second information outputs. The first control outputs and address outputs of the i-th

30 processor are conmected correspondingly with the i-th input of the first group of
control inputs and with the i-th inpu.t of the first group of address inputs of the first
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switch are connected correspondingly with the fifth control, third information, sixth
control and fourth information inputs of the i-th processor. The first group of control
outputs of the second switch is connected with the first group of control inputs of the
buffering block. The second group of control outputs of the second switch is
15  connected with the second group of control inputs of the buffering block. The control
inputs of the second switch and of the buffering block and the first control input of
each module of associative memory are connected with the control input of the system.
The i-th inputs of the first and second groups of control inputs of the second switch are
connected correspondingly with the second and third control outputs of the i-th
20 processor. The seventh and eighth control inputs of the i-th processor are connected
correspondingly with the i-th outputs of the first and second groups of control outputs
of the buffering block. The third group of control outputs and the first group of
information outputs of the buffering block are connected correspondingly with the
third group of control inputs and the first group of information inputs of the second
25  switch. The second group of information outputs of the buffering block is connected
with the second information output of the system. The fourth group of control inputs
of the second switch is connected with the fourth group of control outpﬁts of the
buffering block. The i-th input of the first group of information inputs of the buffering
block is connected with the fourth and fifth information outputs of the i-th processor.
30 The fourth control output of i-th processor is connected with the i-th input of the third
group of control inputs of the buffering block. The third group of information outputs
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hence, decreasing the time for program processing. Furthermore, this system allows

the failure of one or more of the processors without interrupting the work of the

15  system on the whole. A high level of performance is achieved due to the increased
loading of the processors which results in a decrease in the time required for running
routines. A high degree of parallelism is achieved automatically and the need to
distribute groups of parallel processes from each routine among the processors is
obviated.

20 However, this system fails to provide high performance in running routines, or
parts of routines, which have a low level of inner parallelism. For example, the
sequential performance of routine instructions is not executed as efficiently with this
system as it is with a system that utilizes the traditional von Neumann principle of data
processing.

25 Moreover, this device uses dataflow for control of the computation process and
associative memory hardware for storage of data and results. The associative memory
simultaneously performs the function of control means hardware. Accordingly, since
there is no loss of time on the processes of memory distribution, performance
increases.

30 However, the performance of the system depends directly on the associative

memory and is defined by the rate of data output from associative memory in a unit of
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PCTJUS99/ 03633 Thus, the device fails to achieve a high level of performance when large volumes of
runmng routines with low levels of inner parallelism are processed.

10 SUMMARY OF THE INVENTION

It is an object of the invention to increase performance by decreasing the volume of
associative memory while at the same time introducing the local use of data processing
according to von Neumann principals of computation without violating the common
idea of dataflow control of computation.

15 The problem is solved this way. The computer system contains N processor units, a
first switch, an second switch, N modules of associative memory, a buffering block,
first to third information inputs, control input and first and second information outputs.
The first control output and address output of the i-th processor unit (i=1...N) are
connected correspondingly with the i-th input of the first group of control inputs and

20  with the i-th input of the group of address inputs of the first switch. The first and
second information outputs of the i-th processor unit are connected with the
corresponding i-th input of the first group of information inputs of the first switch. The
first information, address, and control inputs and the second information, address, and
control inputs of the i-th processor unit are connected with the first and second

25  information inputs of the system. The first control input of the system is connected
with the control input of the first switch and with the third control input of the i-th
processor unit. The control output of the first switch is connected with the fourth
control input of the i-th processor unit. The third information output of the i-th
processor unit is connected with the first information output of the system.

30 The first control, first information, second control and second information outputs

of the i-th group of exchange outputs of the second switch are connected
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information outputs of the buffering block are commected correspondingly with the
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third group of control inputs and the first group of information inputs of the second
15  switch. The second group of information outputs of the buffering block is connected
with the second information output of the system. The fourth group of control inputs
of the second switch is connected with the fourth group of control outputs of the
buffering block. The i-th input of the first group of information inputs of the buffering
block is connected with the fourth and fifth information outputs of the i-th processor
20 unit. The fourth control output of i-th processor unit is connected with the i-th input of
the third group of control inputs of the buffering block. The third group of information
outputs of the buffering block is connected with the second group of information
inputs of the second switch. The first control output of the i-th module of associative
memory is connected with the i-th input of the second group of control inputs of the
25  first switch. The i-th output of the group of information outputs of the first switch is
connected with the information input of the i-th module of associative memory. The
information and the second control outputs of the i-th module of associative memory
are connected with the i-th inputs of the second group of information inputs and the
fourth group of control inputs of the buffering block. The third group of information
30 inputs of the buffering block is connected with the third information input of the



parts of routines, which have a |low | evel of inner parallelism For

exanpl e, the sequential performance of routine instructions is not
executed as efficiently with this systemas it is with a systemthat
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a unit of second additional switch, and an additional buffering block. A control usdt of the first VO
g?;/T? 6%5; / 0863 3witch is connected with the first control input of the i-th fragment routine processing
unit. The first information input of the i-th fragment routine processing unit is
connected with the first information input of the system.

The control input of the system is connected with control inputs of the first and

second additional switches, of the additional buffering block, and of the second control
10  unit of the i-th fragment routine processing unit.

The third control input of i-th fragment routine processing unit is connected with
the i-th output of the group of control outputs of the second additional switch. The i-th
output of the group of information outputs of the second additional switch is
connected with the second information input of the i-th fragment routine processing

15  unit. The third information input of the i-th fragment routine processing unit is
connected with the information output of the i-th group of exchange outputs of the
first additional switch. The control input of the i-th group of exchange outputs of the
first additional switch is connected with the fourth control input of the i-th fragment
routine processing unit. The first control output of the i-th fragment routine processing

20  unit is connected with the i-th input of the first group of control inputs of the second
additional switch and with the i-th input of the first group of control inputs of the first
additional switch. The second group of control inputs of the first additional switch is
connected with the first group of control outputs of the additional buffering block. The
first group of information outputs of the additional buffering block is connected with

25 the group of information inputs of the first additional switch. The group of control
outputs of the first additional switch is connected with the first group of control inputs
of the additional buffering unit. The second group of control outputs of the additional
buffering unit is connected with the second group of control inputs of the second
additional switch. The group of address inputs and the group of information inputs of

30 the second additional switch are connected with the second group of information
outputs of the additional buffering block. The second group of control inputs of the




time. The nynber of operands output and ready for processing in a unit of
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and 20 with the i-th input of the group of address inputs of I rst
switch. The firiformpagon output of exemytive writols rrammested ovthpthe snferfnatidreinputt ¢f the

processor unit Qﬁtﬁutcrggl&%ﬁ% e c&h}?ol input of the output register unit is connected with

the first control input of the fragment routine processing unit. The second control input

of the fragment routine processing unit is connected with the first control input of
15  executive unit, the second control input of output register urit, the first control input
of the control unit, the first control input of loading register unit and with the first
control input of input register unit. The first control output of the input register unit is
connected with the second control input of the control unit and with the first control
output of the fragment routine processing unit. The first information input of the
20  fragment routine processing unit is connected with the information input of the loading
register unit. The information output of the loading register unit and the information
output of the input register unit are connected with the information input of the
executive unit. The second control input of the executive unit is connected with the
first control output of the output register unit, the first control output of loading
25  register unit and the second control output of the input register unit. The third control
output of the input register unit, the second control output of the loading register unit,
and the second control output of output register unit are connected with the third
control input of the executive unit. The first control output of the executive unit is
connected with the second control input of the loading register unit, the second control
30 input of the input register unit and the third control input of the output register unit.
The third control output of the output register unit is connected with the second
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thé btpl: fegislef it &8 @ofnetted With the second control output of the executive
unit. The third control output of the executive unit is connected with the fourth control
input of input register unit, with the fourth control input of the loading register unit
and the fifth control input of the output register-unit. The address and information
outputs of the output register unit are connected correspondingly with the address and
information outputs of the fragment routine processing unit. The third Tontrol input of
the fragment routine processing unit is connected with the third control input of the
control unit. The fourth control input of the control unit is connected with the fourth
control input of the fragment routine processing unit. The third information input of
the fragment routine processor is connected with the second information input ‘of the
first switch. The first and second control inputs of the first switch are connected
correspondingly with the first and second control outputs of the control-unit. The third
control output of the control unit is connected with fifth control input of the input
register unit. The sixth control input of the input register unit, the fifth control input of
the loading register unit, and the sixth control input of the output register unit are
connected with the fourth control output of the executive unit. The fifth control output
of the executive unit is connected with the seventh- control input of the output
registers. |

The essence of the invention is that the inclusion of the fragment routine processing
unit, the first and second additional switches, and the additional buffering block and the
organization of the corresponding connections provide an increased performance of

the computer in processing main routines by means of increasing the-speed of

exchange of associative memory through a decrease in its working volume and in

processing fragment routines (routines with a low level of inner parallelism) by means
of the von Neumann principle of computation and resuits in a significant improvement

in the number of efficiently processed routines.
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the buffering bl ock. The third group o ?%P%%h{é’ﬁ“%%&‘%“%?ﬁ%%’t Joro 88 e
buf feri ng bl ock distritsinmeftagd. wi t h t he second group of information

nputs of the second sw teh. Thgrli3icsipfteobriiHodtlss e - th module o

associ ative
15 The invention is illustrated by an example of its application and the attached

figures, where:
Fig.1 is a diagram of a system of the invention.
Fig.2 is a diagram of a data flow processor unit of the system in figure 1.
Fig.3 is a diagram of the first switch control unit of the processor unit in figure 2;
20 Fig.4 is a diagram of the second switch control unit of the processor unit in figure
2;
Fig.5 is a diagram of the executive device for instruction processing of the
processor unit in figure 2.
Fig.6 is a diagram of the control unit of the device in figure 5.
25 Fig.7 is a diagram of the switching block of the device in figure 5.
Fig.8 is a diagram of the control unit of the switching block in figure 7.
Fig.9 is a diagram of the input register unit of the device in figure 5.
Fig.10 is a diagram of the instruction register unit of the device in figure 5.
Fig.11 is a diagram of the executive device for operand processing of the processor
30  unit in figure 2.
Fig.12 is a diagram of the control unit of the device in figure 11.



menory is connected with the i-th input of the second group of control

I nputs of the 25 first swtch. The i-th output of the group of

i nformati on outputs of the first switch is connected with the

i nf or mat i onWOMBM292Bf the i-th nodul e of associative nmenor JCTAPRE/03633

I nformati on and the second control outputs of the i-th nodul e of

associ ati ve nenory are connected with the i-th inputs of the second

Phe buff ering. DRakr prer 8te b egiter ut SFll arRbci ot 0TS oF the
buf f eri ng bl ock Fig14¢isadiagramiofithe eutpwigegisterruaitofithe devigs infigwragdt of the
IiCT/ us99/ O\é\lGDSgg/ﬁg'?;% 2 dé?g[me?rﬁa s,&‘r:%l,d s)[”ﬁgh ?ﬁt%%sygtﬁrtngﬁ?gué? 1't he group of control
out puts of the fHig.36 isswdidgrdm ofa control unig ofitheswisch ifigbretlhe second contr ol
| nputof t E ei- tﬁg.@%l'!al faglc')afm 3f ass%écﬁikig it 0P witch in figure 15,
Fig.18 is a diagram of the readiness set control unit of the unit in figure 16.
Fig.19 is a diagram of the switching control block of the unit in figure 16.
Fig.20 is a diagram of the priority control unit of the block in figure 19.
Fig.21 is a diagram of the input query receiving unit of the block in figure 19.
10 Fig.22 is a diagram of the transformer-receiver of the switching unit in figure 17.
Fig.23 is a diagram of the transformer-transmitter of the switching unit in figure 17.
Fig.24 is a diagram of a buffering block of the system in figure 1.
Fig.25 is a diagram of a buffering unit of the buffering block in figure 24.
Fig.26 is a diagram of a buffer of the buffering unit in figure 25.
15 Fig 27 is a diagram of a control unit of the buffer in figure 26.
Fig.28 is a diagram of an associative memory module of the system in figure 1.
Fig.29 is a diagram of a first switch of the system in figure 1.
Fig.30 is a diagram of a control unit of the switch in figure 29.
Fig.31 is a diagram of a transmission control unit of the control unit in figure 30.
20 Fig.32 is a diagram of a receiving control unit of the control unit in figure 30.
Fig.33 is a diagram of a switching control unit of the control unit in figure 30.
Fig. 34 is a diagram of a fragment routine processing unit of the system in figure 1.
Fig. 35 is a diagram of an executive unit of the processing unit in figure 34.
Fig. 36 is a diagram of an output register unit of the processing unit in figure 34.
25 Fig. 37 is a diagram of an input register unit of the processing unit in figure 34.
Fig. 38 is a diagram of a control unit of the processing unit in figure 34.
Fig. 39 is a diagram of a first additiona! switch of the system in figure 1.
Fig. 40 is a diagram of a second additional switch of the system in figure 1.
Fig. 41 is a diagram of an additional buffering block of the system in figure 1.
30 Fig. 42 is a diagram of the buffer unit of the additional buffering block in figure 41.
Fig. 43 represents the general appearance of a computation graph.
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There_are N fragment routine processing units, a first additional swtch
and a second additional swtch, and an additional buffering block. A
control unit \959%]@?2';' r st switch is connected with th$ﬁ§.,iu$§9;03%9nt r ol

i nput of the I-¥ ragnent rout| ne processing unit. e rirs

i nformation input of the i-th fragnent routine processing unit is
connected with the first information i nput of the system The
control input of {Fig44yeprasents an ipformation patkegetsbructanet r ol i nputs of the first

and second di tional ,swi.tc e _additional buffering ock,
and of the secondei:ml orig)2 C(S‘Cmat{‘fnr}tetigfdattahti"w PRGSO R °¥|3Lﬁyftﬁlﬂ ‘ﬁ%ﬁessi ng
unit. nﬂ;&mohhl rd control I nput of i-th fragnent routine processing
unit is connected with he i-th output_ of the group of control

out puts of -the se@%&séﬁ%ﬂf@%ﬁﬁd&ﬁﬁwmﬁfﬁgm Professing unit pogtignof asyeme group
of informatign gempinventeh the second additional switch is connect ed
with the second information mgu‘t of the i-th fra;ment routine processing

15 unit. The third infor RETAREDDESCRIPTION OF THE INVENEON r out i ne
processi ng unit t|o he i-th
group of exchange%g’ﬁtaﬁﬁlfcaﬁwgﬁﬁéu%gs %M?&ﬁ%?mtgé%r mr?aFn éJ\kﬁlst chha(2 Ilt(i,\ze?:ont r ol

i nput of the i-tih goige of d&txdhezngec@siﬁg:)lthpaﬁfculhh&he system futilizs daddﬂdw Onal
switch is connected with the fourth control g‘ﬂ{ of the i-th frag

routine processFHEOLRATEessinh e qrptfegs[esg)gm%putgm pragrapheing exequied )

routine proggssihgNanam Hﬁﬁdiplé &&ﬁ%@&ﬁsﬁ@t&%&&s& Rfgrhent RuliRut  of the f' rst

group of control inputs of the secon additional swtch and with the

i -th input of the Fherdntaflgwoenytrel P’éfé’wh of compputation 3F usedefof jrpnsing the overall

addrtonal S ¢ GRS B o LBk OB S BBkt g

out puts of the &deticontoraberbif doarpuragotbprocdss. Fidgeent routmef, |w‘mdh Igvmmmudﬁvel

i nformati on out %%ut s of e addit] ona&l buff? | ng b bl 19¢ S C(_)nPeCt ed with
inper parallelism, are extracted. Fragmenfs having a loca charactex ol compufation

15  and low parallelism, such as fragments in the form of trigonometric or other functions

not directly connected with analogous fragments are processed using the von Neumann
principles of computation. Processing of the fragment routines is performed without
participation of associative memory.
The program scheme of a dataflow system is described as a graph consisting of
20  nodes and arcs connecting the nodes, The nodes represent operations and the arcs
represent the path of tokens through the system. The information represented by a
node is assembled into packets.
Tokens of information are words that are subdivided into a number of fields. Fields
may include an opcode field to represent the operation to be performed on the data,
25 one data field to represent the information to be processed, one or two destination
fields to represent one or more destinations or nodes to which the results of processing
are directed, and other fields to represent the context of program execution, tags or
keys to be used for identification during processing, etc. Keys or tags are used to
identify the iteration being performed, the individual tokens of a pair destined for the
30 same node, etc.

11



25 the group of information inputs of the first additional swtch., The |
group of control outputs of the first additional switch is connected
with the first group of control inputs of the additional buffering
unit. The s¥@MH2PToup of control outputs of the additi ondBCIUSINZ6Ruf f eri ng
unit is connected with the second group of control inputs of the second
additional switch. The group of address inputs and the group of information

inputs of 30 thg a&&%ﬂﬁ%&%@&e%rﬁﬁﬂﬂgﬁé@s&ﬁ%ﬁgﬁgf%% é@%eﬁgcoThe

group of information outputs of t Itro ering
second group oA packet may containone arftwp [data fields.
6 WD 99/, %2927

PCTI US99/ 03633  program written pecprding to # dasaflqw graph will indicate the dirgatippin, 1,
control out put which tieedsesaraistadet turingaprocessing. Eadhi ﬁoﬂe pra'&tese's fiteOinpitdatan
out put and second é ntrol out put of, the, i-th nod associ ative
memory are TonfCYIEEs 05 OTLOE QFIW‘R % pystem ?‘ﬁpqtr?ﬁﬁ?§“61°rf"r?é° Befup of
informati on i ngaffes and of the third group of control inputs of the
addi tional buffering

Referring to figures 1 and 45, the data flow portion of the system disclosed

comprises N processor units 1-i where N is a positive integer (i = 1, ... N), first switch
2, second switch 3, buffering block 5, and M associative memory modules 4-i where M
10  is a positive integer (i= 1, ... M).

Buffering block S is used to smooth peaks of the input queries on the inputs of the
second switch 3. The use of buffering block 5 in the starting process is its additional
function.

In general, the data flow portion of the system comprises at least one processor

15 unit, at least one associative memory module at least one first switch and at least one
second switch. The functions of the buffering block may be carried out by separate
buffering means, such as, for example, buffering block (5), or by buffering means
incorporated in other units of the system, such as, for example, a second switch.

In a system with more than one processor unit, the design and configuration of

20  each processor unit is preferably the same as the design and configuration of every
other processor unit. This affords certain advantages. For example, if one or several
processors in a system fail, the system will still operate without need for adjustment by
the user or programmer. Each processor unit comprises local or command instruction
memory units, which may be subdivided into smaller subunits, which in turn may be

25  dedicated to a particular executive device. A processor unit may comprise any number
of executive devices. Preferably, in a given processor unit, each executive device is
best suited to processing a particular type of information. For example, each processor
unit may comprise two executive devices and local command instruction memory
subunits dedicated to each executive device, wherein one executive device is best

30 suited to processing control instructions and the other executive unit is best suited to

processing operands.

12
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5 bl.ock. And, the second control, address and information outputs of the

I -th fragnent routine processing unit are connected correspondi ngly
with the i-thy of the third group of control, second qgroup of
address and s&%%&g}r’oup of information inputs of thePﬂ’P??’g%ﬁé\?tch.

More over, the fragment routine processing unit contains executive unit,
~out put 10 register unit, loading register unit, input register unit,
control unit and f Theentisscanghand Tiseruction set oftheopropraintieing Licpdutedds load&XCisiol Ve
unit is connected with the i.nforymtian i nput of the out put register
unit. The first e%‘c:)hn TOSTSSTnp PEHETPRIG 18 3 PROPCSios gind (vath mAre; thag oBg, sHesativsd wi t h
the first contr aevicopnd with & loeal fnich@ie Bibuhi® dédidated o O%aBlP SxedBtiveNdevice, [AGseS €CONd

control input of th 8{1{ ment routine processing unit is connected
with the first JBHUFYM ‘?Sﬁg YJY 2 given exegtive dgvice 3P doaded, enly dnte the memonyol
i nput of out But siRgiitdeibatstMolthat eRRuiivedsticesONt r ol i nput of the control

unit, the first control input of |loading register unit and with the first
control input of iPsketsdestined for nuedessingTihghe progessaomits ate dirdefed tthiofigh e i nput

Control unt angUieing NREE Eondbiby 1 RBRETIGR Mo e on e
routine processibags ofithe typ&lofddta contained frothephdkon Idenfist padketshiee @Rcted fté MENT
routi ne processin nit i sconnec .eq with the information_i nput of the

| oadi ng ¢ SEel Bl Fi TROS D A OHOBER BUR Pkr DA IR gi St o1
unit and t hetoi nfRaF BRAmEM) the bufferis! bR mRf dlshbulsh Rutkef:e '

connected wth the i nflgfmat I on i%put inlt ﬁeﬁgus ® g&e%ﬁn\%{g %ftdéﬁtﬁxg
second control PARKSES containing optel instietiapsi In anetherorxample,ctie hirffdring fkock may

first control oybRuk LBl e 1. Lthe first control output
of |oading 25 r%glltlsse%fég&ﬁﬁ?ﬁg%gg%tﬁeﬁggggoo{la crtl%?l?eé n%c?ﬁ‘fkpcﬁst anéfat ﬁeﬁ‘@t Miput
regi ster unit. bhEertdedicatedctonteeding control irstraquiots. of t he i nput register unit,

the second control Tl%ugégzgrtld %&'itéhhes'\eqlugr%gﬁyn%is{r}%gtless teggh 32: 'tet’ received to the next

1

w

available processor unit. Preferably, each packet is directed not only to the next
available processor unit but also is directed specifically to the executive device best
adapted for the processing of the packet on the basis of packet type. Transmission
from the second switch to a processor unit is determined by a "free address" switching
regime. That is, control signals direct transmission of information from the second
20  switch to a free processor unit. That is, the system comprises free address switching
means to transmit information from a second switch to a free processor unit. For
example, the transmission may be directed by the presence of a free register.
Packets received in an executive device are processed and the results of processing
are obtained. If a result is a final result, that is, it is not destined for another node, the
25 result is directed to an output of the system. If the result is a single input result, that s,
it is destined to be the only input in a subsequent node, the result is sent directly to the
buffering block for further processing. If the result is a double input result, that is, it is
destined to be one of two inputs in a subsequent node, the result is sent indirectly to
the buffering block, through the first switch and the associative memory, for further
30 processing,
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and the second control output of output register unit are connected with
the third control input of the executive unit. The first control
out put of the executive unit is connected with the second control

i nput of th&QWHAN2Ag regi ster unit, the second control 30PCTUSIHMB633f t he
I nput register unit and the third control input of the output register
unit. The third control output of the output register unit is

con nect e\(l/'\o"""gtgy 4t2 ge;zst%ﬁé}mceived by the first switch must be matched with its pair for further

PCr 1US99/ 0363 Jrocessing. The first owitauutiiaes keyt drceach sakr nceverlita deterpinedfiiei ng

unit. The secqnd_infaor | ' t e Nl I ' cessi ng
unit is- conne(?cf) g%‘ s\%a?ﬁ%&#drrs ia?ﬁogl?'t'n‘{ae?{' eg%o '%{)%’?9%?%0““8’%%@% ﬁ‘%{s

swi tch. The i nirepairdd topethertiftota packdthPackets ate directed o tie mferigr bleck, withdr t he’
information input .of .the input register,ynit. The third control ipnput of
the input regi’ iately, of Afer sioppge; iafsiPc@BYﬁ msmory, il Jeger ?Wa‘idg’gdmg’e
register unit RpgveliBkdn@Ualrils G6t Yo, theokén Rfdirected 16 MR QUfRUA adsBGAtRleer UNI t

are connected with the second control output of the executive
memory to await the arrival of its pair. The transmission of a token from a processor
unit to an associative memory module is determined by a "fixed address" switching
regime. That is, the system comprises fixed address switching means to transmit
10  information from a processor unit to an associative memory module.

For example, an associative memory unit may comprise more than one module of
associative memory. In this instance, a token is directed to a specific module or
location of associative memory on the basis of a key encoded in the token. Each token
of a pair is encoded with the same key in order to facilitate the pairing of tokens.

15  Preferably, the number of the module is determined from the key encoded on the token
utilizing a hashing function. Also, preferably, the hashing function is implemented in
hardware and applied in the processor unit.

Preferably, the second switch and/or the first switch utilize an optical system, such
as a dimensional or spatial optical system, to facilitate switching. That is, preferably,

20 the system comprises at least one optical system to facilitate switching. For example,
each first switch comprises a dimensional optical system. The dimensional optical
system comprises a transformer-transmitter, a laser emitter, a photo-receiver, and a
transformer-receiver. The optical system may also comprise a controlled deflector, a
first group of lens rasters, a controlled optical transparency, and a second group of

25  optical lens rasters. A packet or token is transmitted to an input register. Parallel code
from the input register is transmitted to a transformer-transmitter in which the parallel
code is transformed to serial code that is transmitted to the laser emitter. A laser signal
corresponding to the serial code is transmitted through an optical system to a photo-
receiver, and from the photo-receiver to a transformer-receiver in which the serial code

30 is transformed to a parallel code corresponding to the packet or token received at the

input register.
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unit. The third control output of the executive unit is connected with the
fourth control I nput of input register unit, with the fourth control

i nput of the ' regi ster unit and the fifth control in t of the
out put regi Stg&%gh?ﬁ-/ The address and i nformation 10 out pﬂ#é”%?’

out put register unit are connected correspondingly with the address and

I nformati on outputs of the fragnment routine processing unit. The third
control input of Refemng toeﬁguragnmdtztsr o tfiagerd QLIRS Prodessitg uhit portieABNBEt ed

with the third contr ut of. control .unit. The fourth control
i nput of the cofd} gﬁﬂf’ﬁe °§“‘B’6§?ﬁéo§‘%‘ﬂ’ & frepmeRrouiing prgeessor unitg Snk.r-6iN,i nput

of the fragnent fr@uddiftHal¥Rers Seattd u&:ﬁoans%cﬁblaﬁ@adﬁfﬁmfmkbﬂ@ iRyl of 15

the fragnent routi ne processor is connected with the second i1 nfornmation
i nput of the In geperal; thefragatent rpytioes proggssingunis pationcPlctbn syseim disgloted of
the first swhtcRoAh&EMRES LR fra &%& nd
second control Eu‘?%ufsggf%tghe co ent r&&{]nléﬁﬁ Hﬁé X wagthm}e%“% ﬁlIJtom(f)fut put

of the control gwitth, iatleash rone stcond uddltlonall swiithh 8 parkirab lleastngaetadditiondh duffering t
register unit. § e, sixth control input of the input register unit, the
fifth control u’f of 20 the | oading register unit, and the sixth

control input of tWEemwtpptktet e@ustien dshdciatidd Gemory is aﬁ@cé\ﬂﬁ%t}ﬂd(a\g& tér fhbe
fourth control output of e executive unit, .The fifth control out put

of the executi v&QFRIHE{E ak wouting the bithef the funstinnal dighds 2t trpnsmiitedde t he
out put f’ll)r eghfiraint- 9. In all other reshBfs ﬁt%sfﬁlqﬁe‘? rk top?rahs'ﬁ}fﬁﬁh'@bé Stalifpgt the
i nclusion of the fragnent routine processing unit rst an

second addi ti onghckegd foc fragmenafids t:m;emmacqood@ tolzbd tewe mgnthjmd kragsmiksioh e
organi zati on of the corr ondi ng co Q. rov eas
per f or mance of ot pacg@ﬁ? bAhOFEPt °ﬂgu§f%‘5’g§l ﬁ’“ﬁkh?‘ﬁ“ ?’ﬁ‘ §WB§‘ fé8ns of

i ncreasing the fragmeseouvhe pr oc:,ssmgﬁxmﬁnge of associative nenory through a

decrease in its warking volu n? and
The first additional switch 7 functlons to select the first free unit 6-k from the

15  group of fragment routine processing units (6-1...6-N).

In contrast to the processor units 1-1... 1-N, where each package processed is
addressed to thé associative memory modules 4-1...4-N, in each fragment routine
processing unit definite parts (fragments) of the main routine are completely processed
and only final results are transmitted to the associative memory modules 4-1...4-N.

20 Loading of routines (corresponding to the von Neumann principles of processing)
is performed at the time of initial loading of the computer system. Instructions and data
of fragments of running routines are loaded in memory 495,

The result of processing of the fragment F is transmitted from unit 6-k to first

switch 2 and then back to the associative memory module 4-j where the starting
25  instruction for the processing of fragment F originated. .

The format of the output of unit 6-k is the same as that of a half-package resulting
from the processing of instructions in processor device 1-i. This permits the combining
of the data resulting from the processing of fragment F with the common fields of the
running routine.

30 The Best Way to Implement the Invention,

15



processing fragment routines (routines with a low |evel of inner | _
paral lelisnm) by neans 30 of the von Neumann principle of conmputation and

results in a significant inprovenment in the nunber of efficiently
processed r Wigx99/42927 . PCT/US99/03633 g

WD 99/ 42927 .

PCT/ US99/ 03633 The datafl ow control principle of conputation is

used [ or T UNNI NOrdMiSnRE Ié*,}giéamt Eis) coRtsiR0h BB B RrbcEG S -1, TR, MR

routi nes are processe rrncip ow contr ol
over the conpuswitth 2napiseoed switéh 3gaegnoupr ofliasseciaive odnpiny eodales 4-bud-Nevel

of inner parallglis re extract Fragnments having a.l ocal ar.act er of
conput ati on %“ge"ﬁ’ﬁgi’lf"gﬁfv%pgr gll'qu&c?fgﬁ?gn% gﬁo@'efqrg%eﬁsggtlgms n&? ﬁ’eﬁg’orﬁ 1r"?‘l(f\of

tri ?onorret ][ iC aadiﬁ?iah@ﬁtdlﬂﬂﬁdcbmi’ﬁgiﬁona_l switehi 8, aind #iditional bofferingbiodk % t h

anal ogous fragnents are processed usi,ng.the von u n, . .principl f
conput atioﬁ. Pr o'Elys%qug‘teéfysf%alﬁ? é'@'ﬁ%‘?ﬁg"hregﬂ’t‘a ’f‘f&%“u}a@gﬁgﬁﬂ B\quﬁ‘&u&l {“H‘E}:ﬁ? =0
partici pation qf ; A3P$3 Aohi¥S NRATBY the Wit Ghd SQBAd {nfiHnBort Suthints 1498r8@se in

the size of

memory zeroizing input 16.
Referring to Figure 45, each processor unit 1-i contains the first, second, third and
fourth information inputs 17, 18, 19 and 20, the first and second address inputs 21-1
10  and 21-2, the first to the eighth control inputs 22-1...22-8 respectively, the first to the
fourth control outputs 23-1...23-4, an address output 24 and the first to the fifth
information outputs 25-1...25-5.
Second switch 3 contains control input 26, the first to the fourth groups of control
inputs 27-1...27-N, 28-1...28-N, 29-1...29-N, 30-1...30-N, the first and second groups
15 of information inputs 31-1-1...31-1-N and 31-2-1...31-2-N, the first and the second
groups of control outputs 32-1...32-N and 33-1...33-N; N groups of exchange outputs,
each of which includes the first control, first information, the second control and the
second information outputs 34-1-i, 34-2-i, 34-3-i, and 34-4- respectively.
Buffering block 5 contains control input 35, the first and the second groups of
20 control inputs 36-1...36-N and 37-1...37-N, the first group of information inputs 38-
1...38-N, the third group of control inputs 39-1.39-N, the second group of information
inputs 40-1...40-N, the fourth group of control inputs 41-1...41-N, and the third group
of information inputs 42-1...42-N. Buffering block 5 also contains the first to the third
groups of control outputs 43-1...43-N, 44-1..44-N, 45-1...45-N, the first and the
25 second groups of information outputs 46-1...46-N and 47-1...47-N, the fourth group
of control outputs 48-1...48-N and the third group of information outputs 49-1...49-N.
Each associative memory module 4-i contains first control input 50, zeroizing input
51, information input 52, second control input 53, first control output 54, information
output 55 and second control output S6. .
30 First switch 2 contains control input 57, the first group of control inputs 58-1...58-
N and the first group of address inputs 59-1...59-N. First switch 2 also contains the

16



the associative nenory. The expenditure of working time for task (or
fragnent 10 routine) distribution anong the processor units is mnimzed.

In contrast t |.tional mul ti processor systens th Ly the
von Neumann p&f&ngcs?ag#ztés of conputation, the di scl osedaféysé e?r/?%oes not
‘require a correspondi ng operational systemfor the di stribution of
-t asks. BRI EF DESCRI PTI ON OF THE FI GURES 15

The invention i ssecdodugrbumbe dornol anpusx60hl.60-Nf first groap pifi infatmaion anphts Ak

attached fjgures,.where: . I . is a diagra a.system of
the i nvention.  1--el-N it gieypot conmol ity 2l f 2N, Serbod pioHOh PRrER SBER
of the system ingsti. 0¢8N, econd group of infdninfliod ihghts6441.294-Ncoritrd] REtphi 655 thesWi t Ch
control unit of the processor unit in figure 2; 20 Fig.4 is a diagram
of the second svérewmofinfermasion @uipbts §6-1.166-I anskcthe group ghrqutrohoytpyys fE1..67- 2.
Fig. 5is a djaggamof the executive device for instruction processing of
t he processor unit in figure 2. Fig.6 is a diagram of the
control unit of thBefdgingae Higuré #Gueach Frag@dnt routine pragesging I &i captanm fxkt t he
swi tching bl ock of the ice i,n fiqure . . Fi.g9.8 i.s a.diagram of
the control uni t°°8?'°1tlﬂlﬁggén' steS?ﬂdrfﬁntB‘ﬁth ggn third goprolnput 8 Bl °°rﬁ°z13 Uis a
di agram of the i7p@kst MEGnsk@inpi e, seéonll Rord@NCiamit 13 thigd in€ormation input 74, Fi g.
10 is a diagramof the instruction register unit of the device_in figure 5.

Fig.11 is a di agfiraingostrolawepus IS saeand sopten) outputs 1 adsess SHEUHT b3S dformatn ¢ he
processor 30y, u(gjtéuti.,g. figure 2.

First additional switch 7 includes control input 79, first group of control inputs 80-
1...80-N, second group of control inputs 81-1...81-N, group of information inputs 82-
1...82-N, group of control outputs 83-1...83-N, and N groups of output exchange.
Each group i (i=1...N) of output exchange contains control output 84-1-i and

15  information output 84-2-i.

Second additional switch 8 contains control input 85, first group of control inputs
86-1...86-N, group of address inputs 87-1...87-N, second group of control inputs 88-
1...88-N, group of information inputs 89-1...89-N, control output 90, group of
information outputs 91-1...91-N, and group of control outputs 92-1...92-N,

20 Additional buffering block 9, includes control input 93, first group of control inputs
94-1...94-N, second group of control inputs 95-1...95-N, group of information inputs
96-1...96-N, and third group of control inputs 97-1...97-N. Moreover, additional
buffering block 9, includes first group of control outputs 98-1...98-N, first group of
information outputs 99-1...99-N, second group of control outputs 100-1...100-N,

25 second group of information outputs 101-1..,101-N. Synchronization and energy
supply circuits are not shown.

Each processor unit 1-i (Fig.2) includes the first and the second switches 102 and
103, the first and the second switch control units 104 and 105 for the first and the
second switches respectively, executive device for instruction processing 106 and

30 executive device for operand processing 107.
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Fig. 12 is a diagramof the control unit of the device in figure 11.
9 WD 99/ 42927

PCT/ US99/ 03633 Fig. 13 is a diagramof the input register unit
of the deviWes9/4927% gure 11. Fig. 14 is a di agr ReHSME3Hut put

register unit of the device in figure 11, Fig. 15 is a diagram of
a second switch of the systemin figure 1. Fig. 16 is a diagram

of a control unigdggh ltoh%oﬁt‘ﬂfn§ £ flrkt aixh?i@'ﬁcc;nﬁ cgnéol inputs 10854 Emlfodg e I agr am

of asvmtchln% unit of the swtch in ur e
di agr am of t hérst ¢athedeurth informationinputs l?ﬁ-rlt 198-2,t 118-1,1410-2; andfthgﬁnsteaxmahe

ro0 1% % SRR Rl Gl "CHefe B s e Pl Bord, A RS o Yohe bl o

a dia e prio Pee bl ock
in figure 19. processorumt Fig.21 is a diagramof the input query receiving

I
unit of t hg b Océ(thch lolli%ontams %e first and the second control inputs 111-1 and 111-2, the

first to the sixth information inputs 112-1, 112-2, 112-3, 113-1, 113-2, 113-3, and the
first to the third information outputs, connected with the outputs 24, 25-1, 25-2 of the
processor unit respectively.
First switch control unit 104 contains the first and the second control inputs 114,
10 115, the first to the fourth control outputs 116-1, 116-2, 117-1, 117-2, the third and
the fourth control inputs which are connected with inputs 22-7 and 22-8 of the
processor unit, and the fifth control output which is connected with output 23-4 of the
processor unit.
Second switch control unit 105 contains the first and the second control inputs 118
15  and 119, the first to the fourth control outputs 120-1, 120-2 and 121-1, 121-2, the
third control input which is connected with input 22-4 of the processor unit, and the
fifth control output which is connected with output 23-1 of the processor unit.
Executive device for instruction processing 106 includes the first and the second
control inputs 122 and 123, the first and the second control outputs 124 and 125, the
20  third control output 126, address output 127, the first and the second information
outputs 128 and 129, the third information output which is connected with the output
25-3 of the processor unit, the first and the second information inputs which are
connected with inputs 17 and 19 of the processor unit respectively, the third to the fifth
control inputs which are connected with inputs 22-1, 22-3, and 22-5 of the processor
25  unit respectively, and an address input connected with input 21-1 of the processor unit.
Executive device for operand processing 107 contains the first and the second
control inputs 130 and 131, the first to the third control outputs 132, 133, 134, address
output 135, the first and the second information outputs 136 and 137, the third
information output which is connected with the output 25-3 of the processor unit, the
30 first and the second information inputs which are connected with inputs 18 and 20 of

the processor unit respectively, the third to the fifth control inputs which are connected

18



10 X Fig. 22 is a diagramof the transforner-receiver of the switching
unit in figure 17. Fig.23 is a diagramof the
transforner-t LWiter of the switching unit in figure 17.
Fig.24 is a di ag?gggrznzof a buffering block of the systemin fT‘gj{fP%""P“”
Fig. 25 is a diagramof a buffering unit of the buffering block in figure
24. . Fig.26 is a diagramof a buffer of the buffering unit in
figure 25. 15  with inp#ts $227 228, andi22x rofimheOfroces ihit @éspetivély, odndtaneadBreks er in
figure 26. . Fiegt.gB S 3 i? ram of an_ associ ative nmenory nodul e of
the systemin fifRHtgonpected to input 21-2 e 8’.35?5’°F§°‘d‘“&i agramof a first switch of
the systemin fi guEgchkwitch control unit 104 @iég)lina 105 @gg@}&ﬂ@aﬂﬁ “RNDO Blefmbilts 153 t Of

[ I a

the switch in figure 29. Fig.31is a gram of a transm ssion
control unit of #0Ad3%0RR’ slemgrtiid0 angd priogity eodgrid120 Fig.32 is a

di agram of a g ecei #0650 ' . Lt Ln figure.

Fig.33 is a diagr air%%gn‘ge Jé&{c?tﬁﬁ%ﬁ:%t%%tpﬁ%%ss&%mok g#lg‘# ﬂ%°]'é5ﬁ§tr ﬁ&tﬂﬁ'ftﬁq?’n
figure 30. cutput swiicly 143 4swikchiag hilaxlir B#d) dristractibi @egeIt urito WAS, NstREHSHES S| NQ
unit of the systemin_fjigure 1. . ) Fi 5 1is di agram of _an
executive unit ﬁ#gﬁ‘e%?ﬁﬁ’glﬁﬂi‘l’“ti(ﬁl‘m b‘t]?]gaglag switch 148 and inpyt;rggisters j s g
di agram of an oyjppuiuoregi ster unit of the processing unit in figure 34. 25
Fig. 37 is a diagramof an input register unit of the processing unit in

figure 34. Contratugjt 149gcontaing inppiakfidainfoo tereiziog he ikt andithe sstondhgputs
processi ng |t 4<0.of 1. QWA 1 0. 39 .1 S a diagra a.first
addi ti onal s%v& t cthBo% A‘@Hgﬁss %hf %Or%t rf)anffrFsélgrnéag%x.gssw%’ star?mg canty P‘&P‘Q}g"]“s mgut

di agram of a secks0e fadthstraatiomkyps its, dipue 1 50-b EorsyGidRyrdatinéss Gigh®, hput 150-7
Fig. 41 is a di ggram an addlégi ona] hufferi ng bl ock_of the systemin
figure 1. 30 T the ALY res yignificanse sigpalingpt 1548 foyithe ARU gpadinesysignple nput

addi tional buff efsonofbkiRGKstiubtidn GME&héHrst and the second olfthls 1431 6P EEER,S the
general appearance of a conputation graph.
the data readiness signal, output 151-3 for the control of field switching, control

15 outputs 152-1...152-3, output 152-4 for the control of data reception, ALU starting
control output 152-5 and output 152-6 for the control of instruction access.

Output switch 143 contains the first and the second control inputs 153-1 and 153-
2, the first and the second information inputs 153-3 and 153-4 and an information
output connected with the outputs 127 and 129 of the executive device 106.

20 Switching block 144 contains control inputs 154-1...154-12, information inputs
155-1...155-10 and 156-1...156-4, and information outputs connected with the output
128 of executive device 106 and with inputs 153-3 and 153-4 of switch 143.

Instruction register unit 145 contains information input 157-1, control input 157-2,
and information outputs connected with the inputs 156-1...156-4 of block 144.

25 The instruction memory 146 contains loading control input 158-1, information
input 158-2, address input 158-3, reading control input 158-4, and information and
control outputs connected with the corresponding inputs 157-1 and 157-2 of the
instruction register unit 145 and with the corresponding inputs 150-5 and 150-6 of the
control unit 142.

30 Arithmetic-logical unit (ALU) 147 (made analogously to the device disclosed in
USSR Patent No. 1367012) contains instruction control input 159-1, first and second
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_ Fig. 45 is a schematic of the data flow processor
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with address input 158-3 of instruction memory 146.

Input register unit 149 contains control input 162-1, information input 162-2,
information outputs 163-1...163-11.

Control unit 142 (Fig.6) contains “AND” elements 164 and 165, priority coder
166, “AND” elements 167...174, “OR” elements 175...177, decoder 178, “AND”
elements 179...181, “OR” elements 182 and 183, “AND” elements 184...186, control
triggers 187...192, “AND” elements 193...198, “OR” element 199, and “AND”
elements 200 and 201.

Switching block 144 (Fig.7) contains registers 202...212, control unit 213, and
switches 214...219.

Control unit 213 (Fig.8) contains “OR” elements 220...231, control inputs
232...243, and control outputs 244...263.

Input register unit 149 (Fig.9) contains status word register 264, first data word
register 265 and second data word register 266.

Instruction register unit 145 (Fig.10) contains first and second operation code
registers 267 and 268, and first and second instruction number registers 269 and 270.

Executive device 107 (Fig.11) contains control unit 271, output switch 272, output
register unit 273, instruction memory 274, ALU 275, loading switch 276 and input
register unit 277.

Control unit 271 contains zeroizing input 278-1, first and second inputs for result
transmission 278-2 and 278-3, starting control input 278-4, input for instruction type
bits 278-5, input for the memory readiness signal 278-6, input 278-7 for the data
significance signal, input 278-8 for the ALU readiness signal, first and second outputs
for the contro!l of output switching 279-1 and 279-2, output for transmission control
279-3, output for reception control 279-4, output for starting control 279-5, and the
first to the third control outputs connected with the outputs 132...134 of the executive
device 107.

20

pl e of
cont_rol



program bei ng executed. The main routines are processed using the
principles of data fl ow control over the conputation process.

Fragnent routines, which have a | ow | evel of inner parallelism are
extracted. Fr € having a | ocal character of conputati ofFHES9036Y | ow
parallelism such as fragnents in the formof trigononetric or other
functions not directly connected wth anal ogous fragnents are
processed using t heuipen rhigue it 273 conkisNEdnRbE tplls SRIPULA-HOMd BERSESSI ng
of the fragnment routines |szperforrred W t hout _participation of

associ ati ve mendpiprmation inputs 2864462803 and280$¢ prskinformation gutputs 281v1s383t2andi s
described as a gjggh consisting of 20 nodes and arcs connecting the
nodes. The nodes represent operations and the arcs represent the path
of tokens through 8witchs372tcontainT ireinforhmion@tiponconmted thtoathutsy138 and 137 ofode
Is assenbl ed nto cket s. Tokens qf. i nformati.on _are words that
are subdi vi dgld ieﬁ‘F%%Xe ﬁﬁvﬁ%elrmbﬁrs? ngh %Tg‘.’nlél’—‘i"@ﬁr@smpms connged With pp@wts 279dpcode
field to representl 2092 oppsf 211, 2 fire e sq6hid BfoMRAiR MphCofitbRd vath outgRe data
field to represent the information to be processed, one or two destination
fields to repres“'@hz@ﬁasb‘?oﬁﬁ?t@td%ﬁfﬁaﬁﬂghs or nodes to which the results
of processing ' I e sent the context
of program executi %‘ﬁﬂ(iﬁggg{ e§§w4’ gﬂgezgg gfdgo{)dé%sglztﬁﬁ ? '(7)drr’ aﬁ%%ﬁiricg Ilmc?%folnﬁn
during processi rg amtogousdeyls wrrespagdinpdevicessid, 147 and 148 inl stedutivé JevicBa o6,

ggeratsiagg l;g@gg v@?%lfa%iﬁggfatetdngiégrg'SY' dual tokens of a pair destined for the

Input register unit 277 contains control and information inputs 282-1 and 282-2,
and information outputs 283-1.,.283-5,

Control umit 271 (Fig.12) contains “OR” clements 284-1 and 284-2, “AND”
elements 285-1...285-4, “AND” elements 286-1 and 286-2, “OR” clement 287,
15  “AND” elements 288-1 and 288-2, “OR” element 289, priority coder 290, “AND”
elements 291-1 and 291-2, “AND” element 292, triggers 293-1...293-3 and 294-
1...294-3, “AND” elements 295-1...295-6, “OR” element 296, and “AND” element
297.
Input register unit 277 (Fig.13) contains registers 298, 299-1 and 299-2 for the
20  status word bits of the first and the second operands.

Output register umit 273 (Fig.14) contains result register 300, first and second
registers of instruction number and operation code 301-1 and 301-2, and status
attribute register 302,

Second switch 3 (Fig.15) contains first and second control units 303-1 and 303-2,

25  and first and second switching units 304-1 and 304-2.

Each control unit 303-1 and 303-2 contains control input 305; the first to the third
groups of control inputs 306-1...306-N, 307-1...307-N, 308-1.,.308-N respectively;
and the first to the fourth groups of control outputs 309-1...309-N, 310-1...310-N,
311-1-1...311-N-N and 312-1.,.312-N.

30 Each switching unit 304-1 and 304-2 contains the first and the second groups of
control inputs 313-1-1...313-N-N and 314-1...314-N, a group of information inputs
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PCT/ US99/ 03633 Packets of information also are words that are
subdi vided into a nunber of fields. A packet may contain one or two

data fi el dswo 99/42027 Thus, a programwitten accordi ng tRETARYEAIY ow gr aph
will indicate the direction in which the data is transferred during
processi ng. Each node processes the input data 5 and yields one or nore

results destinpe S stem t.put .or to {oge th des.
Referring to #1glr g’sﬁf gﬁﬂ’“ﬁg N 8‘“5%&%“‘?‘1‘“ |on 0 SRy ?ontlJaP

di scl osed outp{;@gm.rlssm.N processor ‘units 1 [ V\/nere N |s a posrtrve
I nteger (i =1,

, first sw second sw tch buf fering
block 5 and M eﬁ?é]%é?’&fql\‘/‘@tﬁ%ra?‘i ﬁ&iﬁl@g Lé wWﬂ@Fégm“f@f Teqayicss tive
integer (I = Bornafiln triggers 318-1. ﬁu‘-ﬁ%msb&e@%&l bifit $eghd!sHitthiB dhtippaks of

t he i nput queries on e I nputs of second switch 3. The use of
buf fering Bl oblock32h the starting process Is its additional function.

I n general, the a flow | e ne
processor 15 L}g"la?mesétseﬁc gg?l c‘)’%%lgé%nto;c}’r%alté?ﬁg%s #eﬁ?r%rm 4 k&g&q %Iné+€?ﬁ%§$ one
first switch apfliat addesaat2-one 321-1-N and82R2-N; zetokdng fﬂne Fonthei foststoahe t he

buffering bl ogK [Ty e of Somiof Tipore 3234, 380K %% 1. 324-N, and 325-1.325-N, N
groups of outputs 326-1-1...326-1-N to 326-N-1...326-N-N of switch channel number
10  bits, and N groups of inputs 327-1-1..327-1-N to 327-N-1..327-N-N of switch

channel number bits.

Switching control block 320 contains N groups of outputs 328-1-1...328-1-N to
328-N-1...328-N-N of switch channel number setting, the first and the second groups
of control outputs 329-1...329-N and 330-1...330-N, zeroizing input 331, N pairs of

15  first and second control inputs 332-1-1 and 332-2-1 to 332-1-N and 332-2-N, a group
of control inputs 333-1...333-N, N groups of switching element control inputs 334-1-
1...334-1-N to 334-N-1...334-N-N, N groups of inputs 335-1-1...335-1-N to 335-N-
1...335-N-N of switch channel setting, and the third group of control outputs 336-
1...336-N.

20 Each switching unit 304-1 (304-2) (Fig. 17) contains high frequency impulse
generator 337, a group of output registers 338-1...338-N, a group of transformer-
receivers 339-1...339-N, a group of “OR” elements 340-1...340-N, a group of photo-
receivers 341-1...341-N, the first group of the optical lens rasters 342-1..342-N,
controlled optical transparency 343, the second group of optical lens rasters 344-

25  1..344-N, a group of deflectors 345-1...345-N, a group of laser oscillators 346-
1...346-N, a group of transformer-transmitters 347-1...347-N, and a group of input
' registers 348-1...348-N.

Readiness set control unit 319 (Fig. 18) contains first group of “OR” elements 354-
1...354-N, group of “AND” elements 355-1...355-N, second group of “OR” elements

30  356-1...356-N, a group of registers 357-1...357-N, and third group of “OR” elements
358-1...358-N.



buf fer.i ng neans, such as, for exanple, buffering block (5), or by buffering

nmeans incorporat ed in other units of the system such as, for

exanpl e, a segmish.Sy,t ch. In a systemw th nore t one
processor unit, t(1e ée3| gn and configuration of 20 each 3’8?63{m|t S
preferably the sane as the design and configuration of every ot her
processor unit. This affords certain advantages. For exanple, if one or
sever al pr ocSwitdﬁrxg gontral tigckt32m(Figi 19) coitains Wiraups \of doubld-inpkt ‘Op&E at e

Uni 1 conpr 1 ses. 155 pE ot N g AEER b0 B bl S i IRy

be subdivi ded i rdl@neatsRBERI1-1 sskmlun $o 360IN:D. B6V-NIN, wngﬁuﬁeo?%ggeﬁedsﬁ fed to
a part i cul ar executi ve devi ce. ?I’ ocessor unit may r-se any nu er

of executive de\A <361-1-Bi2 f1-Np). 36 NTNaP’@QWJéPPfﬁPbMQWD pet quem/oriRceisimEC Ut | ve
device is Sgzsuited to processing a particular type of information.
For: exanpl e, eac processor unit may conprise two executive devices
and | ocal command Refetringde Fiznrer%npmtmty control snit362i dbﬂtalﬂedemﬁmg(hmosmctﬁb

ot ocessi ng. cont PP Prief At SREFITGorHE Sy SekBtutert st s $arNoy t eq
to pr oces 364Q-DN¥64RNSand 364-4-1...364-4-N, N groups of inputs 365-1-1...365-1-N to
12 365-N-1...365-N-N of output channel access control, and the first to the third groups
10 of control inputs 366-1-1...366-1-N, 366-2-1...366-2-N, 366-3-1...366-3-N.
Priority control unit 362 (Fig. 20) contains the first and the second priority coders
367 and 368, “OR” element 369, the first and the second groups of status triggers 370-
1...370-N and 371-1...371-N, the first group of “OR” elements 372-1...372-N, a group
of query triggers 373-1...373-N, the first group of “AND” elements 374-1...374-N, the
15  second and the third groups of “OR” elements 375-1...375-N and 376-1...376-N, and
the second group of “AND” elements 377-1...377-N.
The unit 363 (Fig. 21) contains a group of switches 378-1...378-N and a group of
decoders 379-1...379-N.
Input query receiving unit 363 (Fig. 21) contains a group of control inputs
20  connected with inputs 332-2-1...332-2-N of the switching control block 320, N groups
of inputs of output channel number bits connected with inputs 335-1-1...335-N-N of
the switching control block 320, and a group of control outputs connected with inputs
366-1-1...366-1-N of priority control unit 362.
Each transformer-receiver 339-i (Fig. 22) contains decoder 380, counter 381,
25 “OR” element 382 and amplifier-former 383,
Each transformer-receiver 339-i (Fig, 22) contains control output 349, information
outputs 349-1...349-N of paralle] code, first and second control inputs 350-1 and 350-
2, and information input of serial code 350-3.
Each of the transformer-transmitters 347-i (Fig. 23) contains “OR” element 384,
30  amplifier-former 385, coder 386, counter 387 and “AND” element 388.
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Ad f1LPEARRIGES $he £ 16 Me Bird information inputs connected with the
corresponding inputs of the first, the second and the third groups of information inputs
38-1...38-N, 40-1..40-N and 42-1...42-N.

Each buffering unit 389-i contains the first and the second buffers 391-1 and 391-
2. Buffer 391-1 is used for temporary storage and transmission of instruction words,
and buffer 391-2 is used for temporary storage and transmission of operand packets.
Both buffers have the same structure and configuration, being different only in internal
logic of means of identification of input packet type.

Each buffer 391-1 and 391-2 (Fig. 26) contains the first and the second control
inputs 392-1 and 392-2, the first and the second information inputs 392-3 and 392-4,
the third and the fourth control inputs 392-5 and 392-6, external exchange input 392-7,
the first and the second transmission control outputs 393-1 and 393-2, information
output 393-3, and external exchange output 393-4.

Each buffer 391-1 and 391-2 contains output switch 394, group of “OR” element
394-1...394-5, group of “AND” elements 395-1...395-4, the register memorizing unit
(RMU) 396 and the corresponding control unit 397-1 (397-2), input switch 398, and
the first and the second input registers 399-1 and 399-2.

Each control unit 397-1 and 397-2 contains control outputs 400-1...400-12,
zeroizing input 401-1, the first input of packet code 401-2, the first control input of
receiving 401-3, the second input of packet code 401-4, the second and the third
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regime. That is, control signals direct transm ssion of information from
the second 20 swtch to a free processor unit. That is, the system
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result, that isSoynter 403-1 and 403:2,; logigal; AN’ slements 404d..i4Add: drigaersad0s-
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processi ng. 1...406-1-3 (or 406-2-1...406-2-3). The mentioned groups of decoders carmyi dut the

function of identification of input packet type and they are different only in the

functioning of the internal logic: the group of decoders 406-1-1...406-1-3 is used for
identification of instruction words packets, and the group of decoders 406-2-1...406-2-

10 3 is used for identification of operand packets.

Each associative memory module 4-i (Fig.28) contains buffer register 407 and
associative memorizing unit (AMU) 408, built in analogy with the device disclosed in
Russian Federation Patent No. 2035069.

AMU 408 contains the first and the second information outputs 409-1 and 409-2,

15  the first and the second control outputs 410 and 411, the first to the third control
inputs 412-1...412-3, and the first and the second information inputs 413-1 and 413-2.

First switch 2 (Fig.29) contains control unit 414 and switching unit 415, built in
analogy with switching unit 304-1 (304-2) included in second switch 3.

Control unit 414 contains exchange control output 416, a group of control outputs

20  416-1...416-N, 2N groups of N control outputs 417-1-1...417-1-N to 417-2N-1...417-
2N-N of channel switching, receiving control output 418, zeroizing input 419, first and
second groups of control inputs 420-1...420-N and 421-1...421-N and 2N pairs of
inputs. Bach of the 2N pairs of inputs contains control input 419-1-i and address input
419-2-i.

25 Switching unit 415 contains a group of information outputs 422-1.,.422-N, a group
of information inputs 423-1...423-2N, 2N groups of N inputs 424-1-1...424-1-N to
424-2N-1...424-2N-N of switching control, a group of control outputs 425-1...425-N
and a group of inputs 426-1...426-N of receiving control.

Control unit 414 (Fig.30) contains a group of output query forming triggers 427-

30  1..427-N, transmission control unit 428, receiving control unit 429, switching control

unit 430, a group of query receiving triggers 431-1...431-2N, a group of decoders 432-
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WO 99/ 42927 . ,
PCT/ US99/ 03633 Each token received by the first switch nust be
matched with its pair for further processing. The first switch
utilizes a lw@mrozyach token received to determne if the PCT/US936RKen’ s
pair is already stored in associative nmenory. If the pair is found, the two
t okens are paired together into a packet. Packets are directed to the
buffering bl ock, ,&i ihe J e (o] P S N lative
rerory ontil 1 S etk ethAR s el Sl S BIREC B RBRELT
found, the tok434-1.5432Ncted to and stored in associative menory to

await the arrival,k of its pair, T 1 ssi.on of t oken. frQm.a processor
unit to an associ &tTVE Mk _‘H'Bﬂgﬁste&?gsnﬁg‘éf"&?m ﬂ}g&ir%ygr%up&l é&l ﬂﬂﬁ‘g‘é‘%s

swi tchi ng 449 EGA4YEN, d gisupicF “ANDE efeyifehte MSO-AMAE0-D5 and theadcaddirsSof
swi tching nmeans to transmt_ 10 information froma.processor unit to an
associ at i ved ne.r%yele%@l‘l---“SI'N- For exanple, an associative nmenmory
ni tmay cOmpr i SRt sibh Bohufd i BB 9] contains N BARAF cdthol Buf B Yal of N LN S
i nstance, a token 1s directed to a specitic nodufe or ocat 1 on of
associ ati ve newbicl comainsthe Gest ansl the segoridapeny setombtpuiits 4835: 1k ta 436ehN dad dBS+ oken

of a pair is epgode | t he. same i.n_order, facilitat.e th i ring
of tokens. 15 E'(iljroe%es\ri%g’]f?mizﬁlé 13@%‘5@{ %Ifgr?lmg %D%\gﬁgery scoﬁfé(ﬁé?ﬁﬁa%g%ﬁ?'r omthe
key encoded onyth®7-1-0Kefd 437-N-1.. 487-NLaN, ngd she@stdndahé seeehd SdupsbBebntrol

preferably, the hashing function is inplenmented in har dwar e and
appl i ed i n1Q heinprts d3&doA3%rN and 439-1..439-N. preferaply, the second switch

and/or the first guiibah dahichil 6 a8 QBLERIcomYRl Hpeef UBR a group &F DR”

di mensi onal or spati alﬁgopt | ca systgm% tg faci%i t %e sw tc%i n%. That is,

preferably, elements 452-1...452-2N, the first and the second “OR” elements 453-1 and 453-2, 2N
groups of N “AND” elements 454-1-1..454-1-N to 454-2N-1...454-2N-N, and

“AND” elements 455, 456-1 and 456-2.

15 Receiving control unit 429 contains first control output 440, a group of receiving
control outputs 440-1..440-2N, second control output 441, 2N pairs of inputs
containing the first and the second inputs of status transmission 442-1-1 and 442-2-1
to 442-1-2N and 442-2-2N, a group of control inputs 443-1...443-N, zeroizing input
444, and N groups of 2N clearing control inputs 445-1-1...445-1-2N to 445-N-1...445-

20 N-2N.

Switching control unit 430 (Fig.33) contains a group of priority coders 457-
1...457-N and N groups of 2N “OR” elements 458-1-1...458-1-2N to 458-N-1...458-
N-2N.

Switching control unit 430 contains N groups of 2N control outputs 446-1-1...446-

25  1-2N to 446-N-1...446-N-2N, 2N groups of N priority control inputs 447-1-1...447-1-
N to 447-2N-1...447-2N-N, and a group of control inputs 448-1...448-2N.

Each fragment routine processing unit 6-i (fig. 34) contains executive unit 459,
output register unit 460, loading register unit 461, input register unit 462, control unit
463, and switch 464.
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20 the system conprises at |east one optical systemto facilitate

swi tching. For exanpl e, each first switch conprises a dinensional
optical system _The di mensional opti cal syst em conpr |
t r ansf or mer - tTAMEHTt er, a laser emtter, a photo-recei ver!’é@ﬁ?f%'zg%ss

transforner-receiver. The optical systemmay al so conprise a controlled
defl ector, a first group of lens rasters, a controlled optical

transparency, andLgadugCrepitef)ift!P610éonthins theOfisl wafiftH m&olrxaﬁitem-lmwsket or
token is transmitted to, an a?g) %sregl ster, Parallel co m { he

i nput regi st er POMP3tionsinpwl ta 20, a%"g%rcmolt%m%ﬁ? éraqdnqﬁ'ﬁ’cﬁndc he
paral | el lﬁﬁ%aﬂogog,{papﬁprned to serial code that is transmtted to
the laser emtter. A |l aser signal corresponding to the serial code is
transmitted thr ouwuhmmllmﬁlﬁéy@n’@mm firshtrosigth control inputs 478 br.4786d from

<t Fanst or roa Pgabartud 305, ST abf ST anlees ot A5 B Wi,

received at theoutput481. i nput register.

14 WD 99/ 42927 . . .
PCT/ US99/ 03633 Switch 464 contains first control input 489, second control input 490, first

information input 491, second information input 492, and information output 493,

Executive unit 459 (fig. 35) contains microprocessor 494, memory 495 and

10  exchange bus 496. In place of these units a standard microprocessor set, such as one
based on elements of the type Intel 80386, can be used.

Executive unit 459 contains the first to third control inputs 465-1..465-3,
information input 466, information output 467, and the first to fifth control outputs
468-1...468-5.

15 Output register unit 460 (fig. 36) contains first and second registers 497 and 498,
“AND” elements 499-1...499-3, trigger 500, first decoder 501-1, second decoder S01-
2, “OR” element 502 and third register 503.

Output register unit 460 contains the first to seventh control inputs 469-1...469-7,

information input 470, the first to third control outputs 471-1...471-3, address output
20 472, and information output 473.

Input register unit 462 (fig. 37) contains registers 504 and 505, “AND” element
506, decoder 507, register S08, trigger 509 and “OR” element 510.

Loading register unit 461 has an analogous structure.

Control unit 463 (fg. 38) contains “OR” element 511, priority coder 512, triggers

25 513 and 514, “AND” elements 515 and 516, and “OR” elements 517 and 518.

Control unit 463 contains first to fourth control inputs 482...485 and first to third
control outputs 486...488.

First additional switch 7 (fig. 39) contains control unit 519 and switching unit 520.

Control unit 519 contains control input 521, first group of control inputs 522-

30 1...522-N, second group of control inputs 523-1...523-N, third group of control
inputs 524-1...524-N, first group of control outputs 5§25-1...525-N, second group of
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Referring to figures 1 and 46, the fragnent routine processing unit. portion
of the system di scl osed conprises a group of fragnment routine
processor units 6-1...6-N, first additional switch 7, second

addi ti onal S¥PP¥#98, and additional buffering block 9. PCT/US9/03633
general, the fragnment routine processing unit potion of the system

di sclosed 5 conprises at |east one fragnent routine processor unit, at
| east one fi rs&nﬁ?ﬂé&fg&@ﬁi&l..sz&l\?w th& grdbs b@@oihop&ﬁplﬁfsmmﬁ%v:ﬂ.ﬁna'
swtch 8, and at [east one additional buffering bl ock.

a packet out puto S27d¥rl aS2EN-Ni anddfourthgseyp ofroptrodoutputsids3aci28® for t he

processing of a r nt .- oldt i ne. i f ional, flal ds are
transmtted to 1SW%91E;F§ '%nel{ﬁl?nélo?&g.g ﬁfﬁnﬁaér ﬁupgtoﬁé&%oiegxggtétsgpg h%"#ﬁrfﬁetlp wor k
of transm ssi 0529aN-1 2529sN-N,t setond group pAcdoawe inputst S30310E:580-N, i sroapréfl ed out
according to the above ntione nsm Ssi. . of ck from an
out put of buf fB{OTHAIn ‘gpn‘l%ﬁ%@G&ﬂg#'glgr%adﬂ%ﬂ&g%mgwtﬂﬁ%ﬂt AN, and ogment
routine procesgbiifottddntrolfoutputs 533-1...533-N.The first additional switch 7
functions to select the first free unit 6-k fromthe 15 group of fragnent

routine processi fgneli unit 19 and svétchipg unit 520 have intesnal stuetuses similag peo the
processor unit - S ge.4h. - dressed
to the associ a?oleleéﬂn #g%gsgwﬁ% u?’ggoﬁ?o?ﬁﬁ%?qi %deé@&ﬁﬁ é g)g]rtresﬁ? lr(())fu"{elmglﬂceJi
processi ng uni swithhf3i (seetfizs.0a®r233. (fragnents) of the main routine are

conpl etel y_processed " nd. qn fipal results .ar ransmfted to the
associ at i v%. rrerro%&"/c‘??ﬂcﬁf}fhé‘gmi-s‘ﬂt&. ély s 4 lconta‘ns conT?i:Mﬁr%f' S‘Pg Is?fﬁ‘fhimrge'gm
(correspondi NYs3Pwhide hiR IntEkN BRSS! sifilaP k& SheQorB§pREARS ktAttures of contrdl

performed at the tine of initial |oading of the conputer system
| nstructi ons awit ¢f4and switching unit 415 of first switch 2 (see figs. 29-33).

en

Control unit 534 contains control output 536, group of control outputs 537-
1...537-N, N groups of channel switching control outputs 538-1-1...538-1-N to 538-
15  N-1...538-N-N, receiving control output 539, zero setting input 540, N pairs of inputs
containing a control input 541-1-i and an address input 541-2-i (i=1...N), first group
of control inputs 542-1...542-N, and second group of control inputs 543-1...543-N.
Switching unit 535 contains group of information outputs 544-1...544-N, group of
information inputs 545-1...545-N, N groups of switching control inputs 546-1-
20 1...546-1-N to 546-N-1...546-N-N, group of control outputs 547-1...547-N, and
group of receiving control inputs 548-1...548-N.
Additional buffering block 9 (fig. 41) contains group of buffer units 549-1...549-
N.
Each buffer unit 549-i (fig.42) contains first contro! output 550-1, second control
25 output 550-2, first information output 550-3, second information output 550-4, a first
control input connected with the corresponding input of the first group of control
inputs 94-1...94-N, a second control input connected with the corresponding input of
the second group of control inputs 95-1...95-N, a third control input connected with
control input 93, a fourth control input connected with the corresponding input of the
30  third group of control inputs 97-1...97-N, and an information input connected with the
corresponding input of the group of information inputs 96-1...96-N.
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of fragments of

running routines are |oaded in nenory 495. _ The
result of processing of the fragnent Fis transmtted fromunit 6-Kk to

first and then back to the associative nmenory nodul e 4-]j
where the startoltg(rélg 9%%, instruction for the processing of f}y é‘l’%?f?“ﬁ

ori gi nat ed. The format of the output of unit 6-k is the same as
that of a hal f-package resulting fromthe processing of instructions
in processor devi (Eaclibuﬁfen'ﬂghmtise’-ﬂhdrﬁmﬁshﬁe f0dHd the bcond bufferd’ssi1@nd 85

resul ting fromtth&ro%?ssl f fragnent F with the conmon fields of the
runni ng routine er 551-1isu ortemporarystoragemﬁtfp@srgégqn Wr;gpagl@ggqum t he

| nventi on.
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fragment processing, and buffer 551-2 is used for temporary storage and :h%nsnﬁssion
of packages of additional addresses to fragments of routines. Both buffers have the
same structure and configuration, similar to the structure and configuration of buffers
391-1 and 391-2 of the corresponding buffer unit 389-i, and differ only in the internal
operational logic means of identification of input packet type (see fig. 26-28).

The principles of computational organization under data flow control assume that
the algorithm for solving a task is represented as a graph of the computation process.
The graph consists of operations (instructions) on data (operands) and links
(directions) by which the data (results) are transmitted from one instruction to another
(Fig.43).

Data processing according to the order defined by the graph is carried out as the
data prepared for processing appear at the instruction inputs. The completion of pairs
of data related to a particular instruction is performed in memory, which seeks for
them by a key. Generally, a key is 2 code consisting of instruction number bits, an
index, an iteration and so on. The best operational realization of such memory,
considering volume and speed, would be based on the utilization of optical elements,
and considering an increase in performance, it would be optimal to break its whole
volume into separate modules.

Each instruction has a number K-i which can be used for allocation in command
(instruction) memory, a code of operation (COP-i), and a “destination address” K-j to
which the result of processing is related.

Furthermore, an instruction has attributes (signs), determining the conditions of its
processing or its type. An instruction can be double-input or single-input, depending
on how many operands (one or two) it processes, which is determined by the operation
code. An instruction can be double-address or single-address, depending on the
number of destinations (to the input of how many instructions) to which its result is
transmitted. For example, in Figure 43, the instruction X1 is a single-input, double-
address instruction; the instructions K2 and K-4 are double-input, single-address

instructions; and instructions K3 is a single-address, single-input instruction.
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The conputer system (Fig. 1) contains a group of procéssor units 1-1...1-N,

a first swtch 2, an second switch 3, a group of associative nenory
nodul es 4-1...4-N, buffering block 5, a group of fragnent routine
processor wobsd2éesl. .. 6-N, first addi tional switch FCTASEYRE3
additional switch 8, and additional buffering block 9. 5 The conput er

system al so contains the first, second and third information inputs

10, 11 and 12, contr.ol i t. ' . | | Qut put s
1415 and " ORgii S@REfned by e Cop bf EbvaNuRRAGH dah B0 GIAE o] P 5
each pr ocessOfuméfit idath-(bpetamds)odnd svithisepflémentary €z semise) dakd @irdtraetibn words). f ourt h

i nformation inputs 17, 18, 19 and .2 the fi.rst d second. address jnputs
21-1 10  andTher fisst fgtiopsl grpug 6’gt‘PFg"“8‘i‘°d‘ﬁt‘ﬁ‘JhE?§n?‘?t °n88?‘%‘°2‘§f{2"‘?’j‘“. 2-8
respectively, pdob&sihé lopbratiéhs), @id the secoh®idup Grilizés Mistrauion Uvetd Jdockssing 23- 4,
an address oult,put.24 and the first to the fifth i nformation outputs
25-1...25-%. operations. Second switch 3 contains control input 26, the first
to the fourth g B B) graph procdsiilitradiohs andPdrddre ydsente N 29- 1
...29-N, 30-1.. I@BR%&I%{% [ rtg% graaﬂdprggéoﬁ% gr oupss%nS g of eiﬁ’froﬁrgt I on

i nputs 31- 1- linformafidn dbjédtswonsiSing2of multi-bit $ords, where ithe dormespondingl stoyps e&cond

groups of conjrol oyt 32-1. .. 32- ol X groups of exchange
out put s, E’ltse‘lﬁgﬁgﬁ%@%i‘”é t?en%ﬁﬁ%a&%ﬂg:naﬁf%%n@gﬁg%@-“ rst information,
t he second cont nafordtidntphecessing is cadeabod byrekeutivd deviven of tvert diffeéatltypes, 34- 2- 1 ,
34-3-i, and 34-4-i respectively. |, Buf fering bl ock, 5 contai.ns
control iAPut Whish rF‘}?é’eftg‘? wfo é‘m( b oo i °@Fr8f5‘g§a°5?ts 2"58 InsrRedor YO hput s
36-1 ... 36- Npaikehs3Gererally-a phékdlincludes £ ktataé wafdand 1o dand WordBLwiteh éithetit s 38-

1...38-N, the'third gr oup of control inputs 39-1.39-N, the second . group of
i nformati on are operands or contain supplementary data. A packet of a single-input instruction

contains a status word and only one data word.
A status word (CC) contains the following basic groups of functional bits (fields):
15 COP - code of operation (or instruction),
K - number of instruction;
G - number of generation;
T- number of iteration;
I - index.
20 F — field of fragment
NB — number of processing block of fragment
NF — number of fragment
The functional fields of a status word can de used in different ways. In particular,
the key group of bits for data seeking (searching) in the associative memory modules is
25  determined by the fields K, G, T, I. When searching for input data of a fragment, the
field F is added. The field COP also may contain bits indicating the instruction type
(single- or double-address, single- or double-input) and the packet type (packet of
instruction words or packet of operands).
If an instruction has two outputs, then its processing result will be accompanied by

30 two status words, corresponding to two destinations for transmission of the outputs.
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i nputs 40-1...40- N the fourth group of control inputs 41-1...41-N, and the
third group I nformation inputs 42-1...42-N. Buffering block 5 al so
contains the the third groups of control

43-1...43-N, ‘&95%5295724 N, 45-1...45-N, the first and the ZEE&I sge?lc"(s)nd groups
of information outputs 46-1 ... 46-N and 47-1 ... 47-N, the fourth group

of control outputs 48-1...48-N and the third group of information outputs
49-1...49-N. Bit groupEafittribeteg dleteimivieg therippeyof Mestinhtondnstructim avestoréd r st

control input 50, zerojzin ut 52, second
control input ng‘f’?’?‘g %Y%qouﬁiﬁrbevfd‘gﬁ}”%%w rﬁga%‘#&"perg Tout put 55 and
second control oulrgithctiofts and3fita that are paris 'S inasded ﬁegn&tsqgﬁ(mgm afePRbre@in | Nput

57, the first group of cgntrol inputs 58-1 .. N and the first
group of addr es@em?ﬂb (#P3 of gxoputivegit 4SO jof they cogaﬁmoeﬂn& PLOCessing m anthdo ppte

16 WO 9QUeliiySpdce in the tive mem

PCTf US99/ 03633 T 8 ot rol i nputs 60-1...60-N, first

group of i nfor mat Tbt compaersygam (Figs. 1, 45, 46) executes both main running routines and
marked fragment routines of the program, which is loaded through the first and the
second information inputs 10 and 11, and returns the result of processing through the
second information output 15, The system executes main running routines by means of

10  data flow control of the computation process and marked fragment routines by means
of the von Neumann principle of data processing.

The system realizes its own parallelism of the computational process, represented
by the graph, by simultaneously processing all the prepared instructions. All the
instructions for the main running routines of the program being executed are stored in

15 command (instruction) memory 146 and 274 for the executive devices 106 and 107 of
each of the processor units 1-i. Memory 146 contains all the instructions for
instruction word processing, and memory 274 contains all the instructions for operand
processing. Instructions and data for the fragment routines are stored in memory 495
of executive unit 459. (Fig. 5, 11, 35).

20 Instruction loading (Fig. 5 and 11) is carried out through the first and the second
information inputs 17 and 18 and through the loading switches 148 and 276, for the
executive devices 106 and 107, respectively; and (Fig.35) through information input
466 and bus 496 for the executive unit 459.

The system is started by transmitting starting packets of instruction words and

25 operands from an external (not shown on Fig. 1) system through input 12.

The starting packets with the corresponding control signals are transmitted to the
inputs of the third group of information inputs 42-1...42-N of buffering block 5. The
total number of inputs used will be determined by the starting conditions of a particular

program,
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1..61-N, third group of control inputs 62-1 ...62-N, second group of _
address inputs 63-1...63-N, second group of information inputs 64-1
...64-N, control output 65, the group of information outputs
66- 1. ..66- NW@%43%% group of control outputs 67-1...67- BCT/U$Q903633
Referring to Figure 46, each fragnent routine processing unit 6-i contains

first control input 68, second control input 69, third control input
70, fourth contn I /s 7

i nformation i nptﬁ?}ﬁ%@u cI:kr%quﬁ J&r‘%ﬁ% ?ldrs]%Eﬁ{e’@?u't aﬁ'eﬂeglgit’]hlres“t?pu(t:ont rol
output 75, seessantl switdhrd[The wsqof bufiBringzhlotkes i theistouting Procesnis its additiorat i on 10
out put 78. First additional switch 7 includes control input 79,
first group ofu Etor'tjtrol i nputs 80- 1 .. 80-N, second group of control
i nputs 81-1.. . Gtarlihg gidk&lpbntsfare ﬂ‘ﬁmmmﬂito ithel infohatictiZinput of the HufferifPudit gr oup

of control out uts 8 83-N, an roups 0 ut put e change. Each
group i (|5I 39" hlgh* (S 255 xEOR E&M&té‘“@&ﬂ?g éh”lhf)ru n go, the and 1
5 informati oneguhRixciithze nbut 392-7 ofbuffers§9f-q Rld @dtiut(l:@n@ég. wtﬁb b&e@p ntains
control input 85, first group of control inputs

address i nput 3987 .and 39157 the sterting)paskels e Efa@ﬂmfé@rtpﬁhﬂ fourﬁpmfcsmgwn mPUt o

1...88-N, group.0 t Q { group

of i nf o?ﬁﬂl{ %uﬁ?cgolfﬂéﬁéﬁsg gfb e %%Rgl i th 'N%up g‘%ﬂ %(%‘r'ttl‘éf% nl'J'mutg’;put S

92 1.. .92-N. thBugh its founﬂdobntmbmplt tmuﬂﬁmthmgortdspmidu@ signaids tralemitedfiohol | nput
flrst roup of con | i nputs econd group, of

cont rol rlraut gomgeol ?“tpubé’%l\p ‘8% 1 gpit ?%-t'iz"f?éﬁ)o}i’fqlﬂ‘p@? ANDY ot ?g 96- N,

and thir d gr oyprrf céel §1%:L’:1 isToreded (ﬁg 27 at 3¢ nmpud\tfrtﬁ@&&Bderadelis @oe-h-
buffering block 9, includes first group of control outputs 98-1 98-
first group of), to the input of which the coded bit group determining the type of the starttng

packet is transmitted. Depending on the type of starting packet, the switch 394 control
signal will be formed either in buffer 391-1 (for instruction word receiving) or in buffer
15  391-2 (for operand receiving).
If the starting packet contains operands, then the bits of the packet from output
393-3 of buffer 391-2 are transmitted (through the second information output of unit
389-i and the i-th output of the third group of information outputs 49-1...49-N of
buffering block 5) to the i-th input of the second group of information inputs 31-2-
20 1...31-2-N of second switch 3.
The information on the i-th output of the third group of information outputs 49-
1...49-N of buffering block § is accompanied by the strobe of transmission (signal of
“significance”), which is a control signal of an exchange query, and is transmitted from
the i~th output of the fourth group of the control outputs 48-1...48-N of buffering
25  block S to the i-th input of the fourth group of control inputs 30-1...30-N of second
switch 3.
The main function of the second switch is to distribute all received packets over its
free outputs.
Transmission strobe and the bits of the operand packets, transmitted respectively to
30 the i-th inputs of the fourth group of control inputs 30-1...30-N and to the i-th inputs
of the second group of the information inputs 31-2-1...31-2-N of the second switch,
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information outputs 99-1...99-N, second group of control outputs 100-1...
100-N, 25 ~ second group of information outputs 101-1...101-N.

- Synchroni zati on _and ener gy supply circuits are not s el
Each processofPdit*?71-i (Fig.2) includes the first and thepseC(s)gr?l 3% t ches
102 and 103, the first and the second switch control units 104 and
105 for the first and the second switches respectively, executive

devi ce for i nstgrd&iah@itted AgRRveRgtolinfut B06-i 36 contX AR B3R @ \pue 315§ opper and
%088/52'2827107' switching unit 304-2 (Fig. 15, 16, 17). o
coni rol i nputs 10SPFRhPSRELE gResh U AP ST I HACHEE Rk e AL on
i nputs 109-1, 1@Peifed bylifput registed 328-i. sirecrecdivdngf dontrol signel is formed at output 312-i
5 of control unit 303-2.

Switching, including the transmission of packet bits from input 315-i of switching
unit 304-2 to its information output 316-f, corresponding to the first “free” output
register from the group 338-1...338-N; is carried out with the help of a spatial optical
system,

10 From the output of register 348-i, the parallel code of the packet bits is transmitted
to inputs 353-1...353-N of transformer-transmitter 347-i. Serial code, formed on
output 351, is transmitted to the laser emitter 346-i. The laser signal corresponding to
the serial code (through the optical system, which includes the controlled deflector
345-i, a group of optical lens rasters 344-1...344-N, controlled optical transparency

15 343, and a group of optical lens rasters 342-1...342-N) is transmitted to the input of
photo-receiver 341-f. From the output of photo-receiver 341-j, the serial code of the
input packet is transmitted to the information input 350-3 of the transformer-receiver
339-j. A parallel code corresponding to the bit groups of the packet input at 315-i of
switching unit 304-2 is formed on the outputs of register 338-j. And, a signal which

20  determines the end of the formation of the output parallel code is formed on the output
349 of the unit 339-j.

Switching unit 304-2 (Fig. 17) provides information transmission from any input
315-1...315-N to any output 316-1...316-N. The transmission is determined by a free
register from the register group 338-1...338-N, which means “free address” switching

25 regime. Signals controlling the corresponding information transformation and
switching of the spatial optical system are transmitted to inputs 313-1-1...313-N-N of
switching unit 304-2 from outputs 311-1-1...311-N-N of control unit 303-2 (Fig. 15).

The formation of the signals mentioned (Fig. 16, 19, 20) is carried out in switching
control block 320 when the strobe of transmission is transmitted to input 333-i from

30 input 308-i of control unit 303-2. The strobe of packet transmission, which is formed
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second information outputs, connected with the outputs 254 and 25-5 of the
processor unit. 5 Switch 103 contains the first and the second
control inputs 111-1 and 111-2, the first to the sixth information

i nputs 112-woeam2?, 112-3, 113-1, 113-2, 113-3, and the PCT/US90363t to t he
third informati on outputs, connected with the outputs 24, 25-1, 25-2 of the
processor unit respectively. First switch control unit 104

com a s L1e, 1 Kb P004{ BPuB SQBLEAISAR shOl ik pnd) Sl (11

the fourth countpmiSmﬂmft:entndhilnihi'»@%(hgm&)act ed W|th i nputs 22-7 and 22 8 of

e ot pul” 25 Jo8cfbons Baka DT B f e VLG 2, GREE "
control unit ﬂ&ﬁmpmhaidﬁa strlictudes bfthe BufftrihdBloceS aiadhe @Bndwitchput s 118 15
and 119, the first to the fourth control ou*tghts 120-1, 120-2 and 121-1,
121-2, thed Theystrohe O trapgmissionARd the bits, 0 ecmr?eemgekmatwrmmedzz 4 of
the processor éé?écfu I?Qﬂro{lﬁ’t?outputs 34-‘3%%&1&'3&-@9%’1‘9&09&'&\%& 3 ifir d&fz. ect ed
with output 23 7e rocessor unit Execut i1 ve devic or

i nstruction pRO®Eshs mgceﬁsm unit i 1 46 46) rand tauthe comesposdiog ihputs ofthe::ont r ol
| nputs 122 and 123 &h% Ew@t ?gd the second control outputs 124 and 125,
t he 20 t hi r FEEREGEES p & 156, address out put 127, the first and the

second i nformatiTh strobe ofommtssmt:fﬁtmdmﬂea%hrduga théticbﬁledpaxtdmtgmtphoaf out put
which is connect ed with the out E)rocessor unit,

first andlfhecssubyrdevise JPhin WBW %7ﬁrﬁ|?fs°%?]d}‘\“t%7é (Flg 1) a0 theebitserf the ¢ h
i nputs 17 and E, afciea aFUt%ﬁ'tﬁﬁt@&td&Hfoﬁthﬁﬁﬂ%ﬁtim é(ﬁmﬁug?eigﬁsmrﬁgt 3! he fifth

control |nputs are connected wth inputs 2 2-5 of the
processor Functtonal fields of the operand packet (Fig. 13) are rece1ved by the status word

register 298 and the operand registers 299-1 and 299-2 after the receiving control
signal is received at input 282-1 of input register unit 277. The bits of the instruction
15 number are transmitted from output 283-1 of input register unit 277 through the first
information input of loading switch 276 to the address input of command (instruction)
memory 274. The starting control signal is transmitted from output 279-5 of control
unit 271 to the retrieval (reading) control input of command memory 274.
The operation code bits and the operand bits, accompanied by the starting control
20  signal, are transmitted from outputs 283-2, 283-3 and 283-4 of input register unit 277
to the corresponding inputs of the ALU 275. The bits of the functional fields of G, T, I
are transmitted to input 280-6 of output register unit 273. The bits of functional fields
containing the operation code and the instruction number for which the result of
computations is destined are transmitted from the information output of command
25 memory 274 to input 280-5 of output register unit 273. This result is transmitted to the
input 280-4 of the unit 273.

Inputs 280-1, 280-2 and 280-3 of output register unit 273 receive the
corresponding signals that control the reception of the ALU result to the register 300.
Registers 301-1 and 301-2 receive the bit fields K and COP of the subsequent

30 instruction. And, register 302 receives bit fields G, T, and K and functional fields

resulting from processing the current instruction (half-package).
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25 unit respectively, and an address input connected wth input 21-1 of

t he processor unit. Executive device for operand processing 107
contains the fj d the second control inputs 130 t he
first to the t (IS% %’gntrol outputs 132, 133, 134, address WU&%%BM 135,

the first and the second information outputs 136 and 137, the third
I nformati on output which is connected with the output 25-3 of the processor
unit, the 30 fi rme famiondhﬁelésamfolrdeémtfo@th’ea:hirm 1ﬂsﬁﬁ¢li‘oﬁ pideessing Gub-packet)ect ed

with inputs 18 and o] sor, uni_t spect ively, the third
to the 1? ifth codf§fm 'F‘ﬁ?)’hf}%e L zg‘g% t2§H'3 of the utput register urit 273,

18 WO 99hdstOfelds reflect the principles of comzputatxon reg)resented b¥ the computation
PCT/ US99/ 03633 with inputs 22- 3, and 22-6 ot the processor

unit respectivelsgEphangd afzfrifaéélﬂlﬁe% sespectlvely torthe first infosmatiandinpus lﬁﬁpﬁmgquvz of

(Fi o) cont 31 naehes 197 ot ERANEH b GEARRS sublh 272 Honh thifuyfll 1O

priority coder 242 transmits, the fields received by the output register are transmitted to address

output 135 and second information output 137 of executive unit 107.

Output 135 receives an information field, corresponding to a group of lower bits of

the instruction number, which is placed on the register 301-1 (301-2). This group of

10  bits identifies the number of the associative memory module, from the group of
modules 4-1..4-N, allowing the sub-packets to be distributed evenly over the
associative memory modules.

The functions of the output switch 272 are determined by the presence of double-
address instructions, i.e. the instructions, the processing result of which is the input

15  operand for two following instructions having different number and operation codes.
This condition is realized by having two output registers 301-1 and 301-2 for
instruction numbers. The content of the output registers is sequentially transmitted
through switch 272 to outputs 135 and 137 accompanying the result which is
transmitted to the output 136.

20 Control signals are transmitted from outputs 279-1 and 279-2 of control unit 271
to the control inputs of output switch 272,

Output switch 272 control signals are formed after the finctional fields of the type
of instruction and of the strobe of transmission are transmitted from the information
and control outputs of command memory 274 to inputs 278-5 and 278-6 of control

25  unit 271 respectively and after the signal of significance of the result is transmitted
from the information output of the ALU to the input 278-7.

The functional fields of the instruction type include the following attributes: 1A
(single-address instruction), 2A (double-address instruction), 1I (single-input
instruction), 2I (double-input instruction), which are transmitted (Fig. 12) to the

30 triggers 295-2...295-S, The status of the triggers influences the formation of the
control signals on outputs 279-1 and 279-2 of control unit 271. The transmission

35



5 Executive device for instruction processing 106 (Fig.5) contains.

control unit 142, out put switch 143, switching block 144, instruction
register unit 145, instruction menory 146, arithnetic-1ogical unit
(ALU) 147, Mmexwrdeg7swi tch 148 and input register uniPCT/US%9/03633

Control unit 142 contains input 150-1 for zeroizing, the first and the
second inputs 10 150-2 and 150-3 for control of result transm ssion,
starting contr 0 | | eblts

i nput 150-6 fgt(rP ébr‘r’vga ?r%?&p é’ﬁl&ﬁﬁ&%‘ms ?fthe gi%%f"&f Jr oﬁﬁg “Hﬁi in&n{che&ALU
result signif amahmdsmglmﬁrst andpeuond&ﬁnﬁl 6xmputsmaﬁﬂl1133 eﬁcﬂhematn&ldgwaé I nput

150-9 for the e firs nd t he econ out ts 1-1 and

151-2 for lh??#i%*ﬁ%\ E‘“‘ a‘feldac?ﬁfrﬁ?f’n‘ﬁ F&Fm ‘lfléﬁ?rol of

field swtchiggp fﬁ:ﬁéttai'@forrii&i onmuﬁﬁuixﬂtﬁés%c&ldmfonﬂaﬁanButpautlwandlﬁa 4 for the
control of data receptlon ALU starting contraol output 152-5 and

out put 15256 f orRefefEng ¢ Figure Hrin; "PFSE‘FSJEWBW%% bits of the sub-packgtaze swit ch
143 contains 4l trofBubliS BECARCIIAOR' 1 ot oR 4 2 118 thedan

2, the first an esecon I nformation I nputs
i nformati on  processounnit thronginswitchd@2,wihtich i¢ bmltmlle:ﬁwtthe mﬁiutallliﬁ-lmd 1‘16-2 he

executive devige 1 0 Swi t ching,.bl ock 14 t on | i nputs
154-1. 15415 “P’ﬁag?-nﬁ'ﬁhSﬁi°}‘WﬁH’t"B“ O gitges, the s %Jdg%\ﬁ@’ st are

. 156- 4, and tiapnaftEbtda theOstitiitd B36000N8Tic0te Bithits bhE25WaRAIRS-2 of the j3R8 Of
executlve device 106 and with jnputs 153-3 and 153-4 of switch 14§

| nstructi df r @§IcEEser “‘Hﬁfﬁfouih@”%rwésl which ip pestioied byrthe Apaets 1291 #0d B3t r ol

i nput 157-2, e unffiflsi NfOrmation outputs connected with the inputs
156-1...156-4 o% uInock 144. 25 The instruction nmenory 146 contains
| oadi ng control T}rqmtitrtﬂ&&nalﬁ aferfpryredauhemimput 115 of thepoit 106:dnpadd8 efthe i nput

158-3, readi n%mt?ﬂ% recelve AR s{tobleg%f t4ransr%psglon respec{lr\‘lie y 2o ?he outputs 132 and 133
of the executive device 107. Information regarding the number of the associative
15 memory module is transmitted from output 135 of the executive device 107 to the
address output 24 of the processor unit only in the double-input instruction regime,
since running a single-input instruction does not require searching for a second
operand.
When the result (operand) output from the corresponding executive device is one
20 for a double-input instruction, the search for the pair operand is conducted in an
associative memory module. The number of the particular module (further on referred
to as "address") is determined by the bit group on the output 24 of the processor unit.
Access to the group of associative memory modules 4-1...4-N is realized by means of
the first switch 2 (Fig. 29).
25 Here, the j-th inputs of the first group of control inputs 58-1...58-N, the second
group of address inputs 59-1...59-N, and the second group of control inputs 61-1...61-
N of the first switch 2 receive bits (control signals) from outputs 23-1 and 24 of the j-
th processor unit indicating the number of the associative memory module and from
outputs 25-1 and 25-2 of the j-th processor unit indicating the functional fields of the
30  sub-packet.
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control outputs connected wth the corresponding inputs 157-1 and 157-2 of

t he I nstruction register unit 145 and with the correspondi ng i nputs
150-5 and 1505 e control unit 142. 30
unit (ALU) 14‘9’%(9%2(%?%& ogously to the device disclosed i

Ar :{,th_%gél&égogl cal

SR

Patent No. 1367012) contains instruction control input 159-1, first and

second

WO 99/ 42927

PCTI USO9/ 03633 First swik 2andlich ieliides adi&ol&uﬁxndﬂdias&itcmwimﬁﬁ 415, pruvides|
i nput 159-4, first and, secon in n ggh}pﬁg;s 160-1 and, 160-2, and
8™

econd , formatjo
control output 9aptransmission output, ynlike F%@“éﬁ)ﬁ‘tﬁl&ﬁ tq

neddress as ‘?‘?teé{"i"ﬁ‘ghy second

i nf or MAt i on_ i NDikk SssAdd Auniteflofifid asdociative medbry Soc@id Second control i nputs

161-3 and 1614, and an informati on out put connected 5

wi t h address input

158-3 of i nst ruct iThe switehingicondigons are realized in the control unit 414 (Fig. 30). Inputs 419-

Q

10

15

20

30

1-j and 419-2-j of control unit 414 receive the corresponding contro! information from
inputs 58-j and 59-j of first switch 2. Then, the following operations are carried out:
the address is received in register 433-j, query trigger 431-j is set, a position code
corresponding to the k-th associative memory module is formed at the k-th output of
the decoder 432-j and these signals are transmitted to the inputs 448-1...448-N and
447-1-1...447-N-N of switching control unit 430. Switching control signals are formed
at outputs 446-1-1...446-N-N of switching control unit 430 and are transmitted to
outputs 417-1-1...417-N-N of control unit 414,

The mentioned signals arc¢ formed at the outputs of priority coders 457-1...457-N
(Fig. 33), which play the part of priority schemes, realizing the queuing of queries to
each of the associative memory modules.

The control signals from the outputs 417-1-1...417-N-N of the control unit 414 are
transmitted to a group of switching control inputs 424-1-1...424-N-N of the switching
unit 415 The structure and functioning of switching unit 415 are totally analogous to
those of the switching units 304-1 and 304-2 of second switch 3. Input 424-j-k of
switching unit 415 receives a signal controlling the k-th input of the j-th deflector from
the group 345-1...345-N (Fig.17), and the output 66-k of first switch 2 receives bit
fields corresponding to those received at information input 61-j of first switch 2. The
corresponding transmission strobe is formed at trigger 427-k (Fig. 30) and is
transmitted through output 416-k of control unit 414 to output 67-k of first switch 2.

Bits of the functional fields of the sub-packet and the transmission strobe are
transmitted from the outputs 66-k and 67-k of the first switch 2 to the inputs 52 and
53 of associative memory module 4-k. The bit field of the status word (as a key for
associative seeking) and the bit fields of the operand and the transmission strobe are
transmitted respectively to inputs 413-1, 413-2 and 412-3 of the associative
memorizing unit (AMU) 408. The bit field of the status word is also transmitted to the
information input of the buffering register 407. The control input of the buffering
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| nput register unit 149 contains control input 162-1, information input .
162- 2, I nformati on outputs 163-1...163-11. Control unit 142
(Fig. 6) contains "AND' el enents 164 and 165, pr| ority coder 166,
"AND' el enewoeY@8%. .. 174, "OR' el enents 175...177, decodGTUSIHIBEBAND" 10
el emrents 179..181, "OR' el ements 182 and 183, "AND' el ements 184 . .. 186,
control triggers 187...192, "AND' elenents 193 ..198, "OR' el enent

199, and " AND" ister 407. x%{:e%gg %%&Q%%g&jst%ﬁé from the secon% %ﬂtfog ;‘igﬂgﬂp bk 144

(F|g 7) cont B regi sters contr uni t Swi tches
214. .. 219. lassocxatxveﬁembwmioduhxt 213 (Fig.8) contains "OR elenents

220...231, control S 244...263.
Input regi ster ﬁ‘n‘f’? 1 té‘ﬁfﬁ%ﬁ)gg‘ﬁpgf’%é‘%ts avfugfﬁpn&%gregﬂk%ﬁ 264, first
data word WS it ANt dhsaernsbndiag pairopetandethie bitcfields G6 the first '
Instructlonr Ister unit 145 (Eig.10) contains fjrst d.s d eration
code 20 the secongtopsradoys formed, a %?‘FE‘FS g‘#\"df g‘éjc‘b'ﬁdz ftﬁ'%&}?(?ﬁaﬁu nber
registers 2691‘}:3{‘ d%h€ second operands, Erg@tﬁ St Jine trid it fiekd M)‘&le(satﬁb worl) (af €t ai ns
control unit 1, output swtch out put register unit 273,

i nstruction nmtputyofa'igstemﬂvmm tranmpd]go &he infognation iBpw qfﬂ;bg,tassoclatwe
register unit 277 t put
2751 firot Ay 4 Toe S5Rhd Conuidl e S STRRL Bldthg Lhngy b h

278-3, starti g reciles te tranmhsxaﬂs&one whitipistfofied at thetfirscbitool cutpped10 of  bits

278-5, ingut for the nenory readiness signal 278-6, input 278-7 for the
dat a sthgMYdbce signal, input 278-8 for the ALU readi ness signal,

first and seconqyQiibPLeS formed at the information output 51 of the associative memory
module k, the ensuing packet is transmitted to input 40-k of buffering block S and then
to the corresponding input of the buffering unit 389-k. Input 41-k of the buffering unit
389-k receives the transmission strobe from the second control input 56 of the
15  associative memory module 4-k through the corresponding input of buffering block S.
If the received packet is an operand packet, its functional fields bits are received by
the register 399-2 of the buffer 391-2, and the corresponding receiving control signal is
formed at output 400-9 of control unit 397-2.
Bit fields of the packet output from register 399-2 are transmitted to the second

20 information input of switch 394. The corresponding control input of switch 394
receives the switching control signal from the output of “AND” element 395-1. The
switching control signal and the bit fields of the packet are transmitted to the first input
of the switch 394 and function as a strobe of transmission which is completed at the
output of the “OR” element 394-1.

25 If the corresponding input register 348-k in switching unit 304-2 of switch 3 is
free, then input 31-2-k of switch 3 receives a packet of operands from the first output
of switch 394 through output 393-3 of buffer 391-2, through output 390-6 of the
buffering unit 389-k and through output 49-k of block 5. Correspondingly, the
transmission strobe is transmitted to input 30-k of switch 3 from the output 48-k of

30 buffering block 5 and the next processing cycle is run.
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for the control of output swtching 279-1 and 279-2, output for

transm ssi on control 279-3, output for reception con';]rol h273-4, I
out put for stgj ontrol 279-5, and the 30 first to the third contro
out puts connect ean&z?h the outputs 132... 134 of the executfiGfEs99/03633

devi ce 107. 20 WO
99/ 42927

PCT/ US99/ 03633  When reception @Jmmh aleglo?éde is #the cadd &hfrpfb’%@teﬂ sm-gg% ik g

i nputs 280-1, 2 and 28 jnformatjon inputs , an
288 6, and inf o?‘%&%l $orPeSHM uf’§‘g?§1bl%l“néé?“9!“§’ﬁ& 1s “a“s’m@élﬁ%ﬂ the SW“Cth

Switch 272 cont akifieo f8 kgt GBS 86 RN bIRR BN gnmbldelgfig %Hégﬁ ssibR3s 2Nd

137 of 5 executive device 107, first and secon contr S connected
with outputs 27Yensmitted throughthe qaTespesfing iriput of The uritd894ki uosnpuam -5 of toufr

i nformation §npsdssy GRNAES 1S thpWY d03-P 8¢ BkkeSI unit 397-2 and the input of “OR” element
394-5. At the output of the “OR” element the control signal is formed. The control
signal is transmitted to the fifth control input of switch 394. Information received from
the second input of switch 394 is transmitted through the second output of switch 394
and then is accompanied by the loading signal from the output 400-11 of the control

10 unit 397-2 and transmitted to an input of the RMU 396. Information loading to RMU
396 will be carried out until the blocking signal is cleared from input 37-k of buffering
block 5. When the signal is cleared and if there is no information at the registers 399-1
and 399-2 and at the fourth information input of the switch 394, the bits of the packet
are transmitted from RMU 396 through the third information input of switch 394 to
15  output 393-3 of the buffer 391-2 and to the corresponding input 49-k of buffering
block 5, and through the corresponding inputs and outputs of switch 3 to the fourth
information input 20 of the k-th processor unit.
If the result, obtained in executive device 107, does not require a search for the
cotresponding pair, which is determined by the single-inputness of the instruction, then
20  the result of processing and the corresponding strobe of transmission are transmitted
from the corresponding outputs of the switch 102 and the control unit 104 (Fig. 2) to
outputs 25-4, 25-5 and 23-4 of the k-th processor unit respectively. The bit fields of
the result and the corresponding control signals are formed analogously to the result of
the double-input instruction. The sub-packet bits and the strobe of transmission are
25  transmitted to the inputs 38-k and 39-k of buffering block 5.
If the transmitted sub-packet is an instruction word, it is received by the register
399-1 of the buffer 391-1. The corresponding control signal is formed at output 410-8
of control unit 397-1. The bits of the sub-packet are transmitted from the output of
register 399-1 to the information input of switch 398. From the first information
30  output of switch 398, the bits of the sub-packet are transmitted to the first information
input of switch 394. The corresponding signal of switching control is formed at the
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281-2 and 281-3 of output register unit 273, I nstruction nmenory
274, ALU 275 and | oading switch 276, and their connections, are

anal ogous to the correspondi ng devices 146, 147 and 148 in executive device

106, 10 wwep4E i|lustrated in Figure 5. | nREAT/YSEY3EBer  uni t

277 contains control and information inputs 282-1 and 282-2, and

I nformati on outputs 283-1...283-5. Control unit 271 (Fig. 12)
2854,

b 1% o, SHGBEE B ke he2f i SO e ra LR piiden 2050,

and 288-2, " (O394.cA eongrol 5ig8djs tpmsxmtted fromaaitput 48054 of thilControl unit 38T-¢neas s 291- 1

and 291-2, " AND" 2 S .293-3 and 294-

1...294-3, "ANHY t%% ﬁe@? g‘@'ge 359%3@‘%2595& el ement 296, and " AND'

el enment 298 2313‘9"' second xngznghﬁm?butpmﬁbﬁ kz‘gtchmz;t is2kéd (fﬁ*'dg'aﬂsﬂissﬁ? rtifﬁthélfs
reglsters 1 an or the st at us wor Its o t.he i rst
and the seéon&°’65‘§?“&r’fﬂ§’ﬂ t the extertal CORtRiing sy Bie GeReIponding centrol sigog)
contains resulid ghE00 aifﬂferﬁr&%t ut bf the d@eeéersm@ﬂnﬂhe he igput of of BEBUST 4063 RLeives

i nstruction nunber and operatlon code 301-1 and 2, and status
attribute regith bits 80the code detemunlﬁgd@d'pswf ttheh sub-paFkag.. Infyrmationt fibmsthé i r st
and second control ni t

swi t chi ng uni tgogglf& ﬁ
cont ai ns cont roatput nqm,l'a oBﬂﬁ).troI et Samsis ttfaﬂsnhtlﬂa'l ﬁamutpﬂut 393-4 ofgiiiﬁdﬂBSl-QfanGOI’lt rol
I nputs 306-1. 306-

the first Yo thoughpitpy %P&Lﬁfég ‘ﬁm'c%ﬁ?rlf md tB%P‘ﬁa‘t‘ts“"?,'E)QF Block é@gt *é@mé)- 1.,

310-N, information output 15 of the system.

Processing of bit fields of the package in executive device 106, including the
determination by the instruction system operations of the functional fields of the status
word, are realized in the switching block 144 (Fig. 5,7). The corresponding control

15  signals, which are formed at an output of decoder 178 are transmitted through output
152-3 of control unit 142 to inputs 154-1...154-12 of switching block 144. In block
144, the control signals of the switching group 214..219 are formed at outputs
244...263 of control unit 213 (Fig. 7). The information inputs of switching block 144
receive the bits of the functional fields of the status word, transmitted from the outputs

20  163-2...163-11 of the input register unit 149. The modified fields of the status and data
words, formed on the registers 202...212, are transmitted through the information
outputs of block 144 to the inputs 153-3 and 153-4 of the output switch 143, and from
the output of switch 143 to the address and the second information outputs 127 and
129 of the executive device 106.

25 In addition to the operations of modification of functional fields, executive device
106 also carries out the operations of relations determination (for example, between
the data values of two inputs of an instruction or between the values of separate
functional bit groups). Such operations are run in ALU 147.

As for the rest, the working of the functional units of the executive device 106 is

30 similar to the working of the corresponding units of the executive device 107. The

transmission strobes and the bits of the result packet functional fields for the beginning
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311-1-1 ...311-N-N and 312-1...312-N. 30 Each switching unit 304-1

and 304-2 contains the first and the second groups of control inputs
313-1-1...313-N-N and 314-1...314-N, a group of information inputs

21 WO o9 aYeez7 PCT/US99/03633
PCT1US99103633 315-1...315-N, a group of information outputs
316-1...316-N, and a group of control outputs 317-1...317-N.

Each control unids 180 3enbuifi) Comphi eﬁlagarelﬁ}msmha«ahgsc&feg{oamﬁg Qontrgaghigness
si gnal formation triggers 318- 318-N, readiness set control unit

319 and swi t chi rigforaaion suipgts 234, 3§14 @9(25-5 23-1, 25-1 apd 38i2refithe kb ptqmswol
unit 319 contai tNTQﬁ'ﬁré%éaiorfMt FroRiAes &QQ&E}GC&RPWH@W%% hroniz 1-1-1

and 321-2-1 to 3 321-2 zerol zing 1 nput 0 the
with any of the other (N-1) processor unis. '
5 If the next package formed on information output 55 of the k-th block of
associative memory is a starting package for the processing of the local part of a
routine defined by fragment F, (a fragment routine), then bits of the functional fields
are transmitted to buffer 551-1 in additional buffer unit 9 (see Figs. 1; 41, 42, 45, and
46). In all other respects the further work of transmission of the starting package for
10 fragment F is carried out according to the above mentioned transmission of a package
from an output of buffer unit 5 through first additional switch 7 to the third and fourth
information inputs 19 and 20 of processor device 1-i to third information input 74 of
fragment routine processing unit &-i.
The first additional switch 7 functions to select the first free unit 6-k from the
15  group of fragment routine processing units (6-1...6-N).

The third information input 74 and fourth control input 71 of fragment routine
processing unit 6-k correspondingly receive bits of the functional fields of the
information package and the accompanying strobe of transmission from the
information and control outputs 84-2-k and 84-1-k of the k-th group of exchange

20  outputs of first additional switch 7.

Under the direction of output control signals received on outputs 486 and 487 of
the control unit, information from input 74 of unit 6-k is transmitted through output
493 of switch 464 to input 479 of input register unit 462. Input 478-5 of input register
unit 462, receives a strobe of transmission from output 488 of control unit 463. In

25  contrast to the processor units 1-1.., 1-N, where each package processed is addressed
to the associative memory modules 4-1...4-N, in each fragment routine processing unit
definite parts (fragments) of the main routine are completely processed and only final
results are transmitted to the associative memory modules 4-1...4-N.

Loading of routines (corresponding to the vor Neumann principles of processing)

30 is performed at the time of initial loading of the computer system. Both instructions
and data are transmitted through the first information input 10 of the system and the
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third groups of control inputs 323-1...323-N, 324-1...324-N, and
325-1...325-N, N groups of outputs 326-1-1...326-1-Nto
326-N-1...326-N-N of switch channel nunber 10 bits, and N groups of

i nputs 327-we49a227 327-1-N to 327-N-1 ... 327-N-N of swi trdr/WwS99/03633channel
nunber bits. Swi tching control bl ock 320 contains N groups of
outputs 328-1-1 ..328-1-Nto 328-N-1.. .328-N-N of switch channel

nunber settin first. an second S . .. af. contro put s
329-1.. .329- a!ﬁ%“ﬁ%‘t?“ 93, ‘;\}lef' ﬁ’éf PriBessing ygit O 9 b s

first and S €Qg4thgCreFiktetit 4511 Then) Bils df-fﬁnoﬁﬁﬁhl 3aas aflﬁsttuatl&&Zedﬁd!bcmddlgBBZ 2-N,
a group of control |nputs 333- 1. ou s of %_ W t chi ng

el ement cont rtglwﬂﬁp@fﬁlsmm&i° executive unit 3%93 agd ﬂPtF sqitted Irogoutpyty
groups of inpyhse ga&% l?kgh}oﬁallﬂx puP 46530F it 459 and arl-aco ﬁ%ﬁm&b\& @gnakW t ch

channel settlng, group of control out uts
1...336-N5 200fmterruptﬁamnswtpmh41ﬁgl and 47630t inputa4sf- 9nd(4ﬁSg3 respgetieint ai ns

hi gh frequenﬁ‘yf g% generator 337, a group of output registers
338-1...338 “Q{Tg up of transforner- receivers 339-1.. .339-N, a

group of "COR' eh’ﬁf&?ﬁ Sthé 4ékcHange b3§019|51, u&dejrthapcdnfroplmﬁtnﬁcroprocessmr d94¢i vers
341-1...341-N, the

i rst group of t "I'i-g‘tlc Ienﬁ) sters 3@ .. 342-N,
control | ed opinstestionsrand dpia obfagmentsof nyngine cutiges pre oaded MmemsH 9% | ens
rasters 344- 23 ﬂrﬁput %‘bf'ﬁlmt %ﬂfe@&%sqfstaﬁeﬁal:&%E OF & fraghrent and inpR 47818, a
group of laser oscillators - 6-N, a group of
t ransf or nid - t reatisesi ﬁmbeaosreSMﬁdlng str%?oNtramsangrmﬁrs)ﬁw #pditS0S receive

Cont ai n-f 1 oPPigiR R Pesitss S8 EegPonnagus wo S8R T gl | ik 6F O 16)
"AND' el ement gaaRsibn is pradedt dinphe 1838 teiggen S0Ts setGiNd aclignnaipoftisterruption is
formed on output 480-2. The signal of interruption is received by input 465-2 of unit
459 together with a bit field which is received by information input 466 of unit 459
15 from output of register S08 under the control of a "reading" signal from the output of
trigger 509 through output 481 of unit 462.

Microprocessor 494 “identifies" bit fields transmitted from output 466 of unit 459
through exchange bus 496 and transmits a group of control signals through outputs
468-1...468-4 to inputs 478-2...478-3 of unit 462. In unit 462 the corresponding

20 signals of sequential reading and transmission of data are transmitted from registers
504 and 505 through output 481 to information input 466 of unit 459. Microprocessor
494, in accordance with the number and parameters of fragment F, starts the
- corresponding routing of processing which is terminated by interruption of
microprocessor 494. By this interruption, microprocessor 494 forms the "vector of
25  output” which corresponds to the current number assigned to register 503 of unit 460.
The "vector of output” (accompanied by a control signal transmitted from output 468
of executive unit 459 through exchange bus 496 and output 467 of executive unit 459
to input 469-7 of unit 460) is transmitted to input 470 of unit 460 where information is
written in register 503. From register 503 it is transmitted to an input of decoder 501-
30 1. The signal of interruption is formed on an output of decoder 501-1 and is
transmitted through output 472-1 to input 465-2 of executive unit 459.
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30 356-1 .. 356-N, a group of registers 357-1 ... 357-N, and third group

of "OR' elenents 358-1 .. 358-N.

22 WD 99142927

PCTI US99/ 0363 %0 99/42927 Swi t ching control block 320 (Fi FEHEP*EERt ai ns N
groups of doubl e-input "AND" el ements 359-1-1...359-1-Nto
-359-N-1...359-N-N, N groups of N-input "AND' el enent s

360-1- 1., . 360- 1- N jgan36éipt bf thedfithal\ofNnteliufition URiSroplocdskdra®ar omadd. gloup of
1...361-1-Nto 361-N-1...361-N-N, priority control unit 362 and |nput query
receiving 5  @eftfol signpls which are transmigtedsthrqugh optgutei4§8nl.e468ct of exegytive it ot r ol
unit 362 cont ai AN | Aok ki : £ ik roups
of control out p%%‘%%ﬁﬁ%g 1. dg‘gglﬁl N, tg%ﬂg‘gesf.c??t%%gi@sN%l&hm“ sikin 07 OUP
364- 3- 1. . . 364- 3ofbitfields3Ieprestnting thed@aultof lNrochssipg of fagmeht F fipmtoytput 467 of unit '
365-1-1...365-1- 365- N..N 0 Oﬂg%&z;ﬁhannel access

control, and’t hég# fh?%hf'}gui??’glsqﬁ’ik“ﬁ%‘“g‘f’&?gg of registers

The format of data in registers 497 and 498 is the same as that of a half-package

resulting from the processing of instructions in processor device 1-i.
The strobe of transmission is transmitted from output 471-3 of unit 460 to output
76 of fragment routine processing unit 6-k. From output 76 of unit 6-k it is transmitted
10  to input 62-k of the third group of control inputs of first switch 2. The address and
functional field bits of half-packages resulting from the fragment routine processing are
transteitted from outputs 77 and 78 of unit 6-k to input 63-k of the second group of
address inputs and input 64-k of second group of information inputs of switch 2. The
address indicates the number of the associative memory module 4-j where the starting
15 instruction of the processing of fragment F was allocated. Input 52 of the associative
memory module 4-j receives bit fields of half-package from output 66-j of the group of
information outputs. This results in a combining of the data resulting from the
processing of fragment F with the common fields of the running routine.
If processor fragment F has additional common field input of running routines Kd-
20  1..Kd-m (see fig. 42), starting unit 6-k appends an "instruction model” Kdb1...Kdbm
to enable processing. The status word field NB (see fig. 43) contains a number
corresponding to the startixig unit 6-k in which the fragment routine is being processed.
Packages of additional addressing (as the data are ready) are formed on an output
of associative memory module 4-j for processing of a locally selected fragment F.
25  These packages are transmitted from information output 55 of block 4-j of associative
memory to input 96-j of the group of information inputs of the additional buffer unit 9
and then to input 552-3 of buffer 551-2. The package of additional addressing is
received by information input 89-j.of second additional switch 8 from output 101-j of
additional buffer unit 9, and address input 87-j of second additional switch 8 receives
30 bit field NB of package corresponding to number of the starting fragment routine

processing unit 6-k. As a result, output 91 of the second additional switch receives
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10 of control inputs 366-1-1 ... 366-1-N, 366-2-1 ... 366-2-N, 366-3-1

... 366-3-N Priority control unit 362 (Fig. 20) contains the
first and the second priority coders 367 and 368, "OR' el enent 369,
the first awdobdpe2second groups of status triggers 370- pPcT/US990363370- N and
371-1...371-N, the first group of"OR' elenents 372-1...372-N, a group

of query triggers 373-1 ...373-N, the first group of "AND' el enents

374-1...374-N,_the 15 secand d the third.groups,of."OR'. el ements 375-1
... 375-N and“fSWt‘fP.ﬁey%qefl\},"tsa _cltr}le packagg H’é ’3@@8’??3 3 ¢8i?ﬂ‘g(c)]¥ﬁ“°ﬁﬁf5 Penent s
377-1. ... 377- Nransmitted to second ﬁafétﬂiaﬁoxﬂﬁa?\it(ﬁ 6F fraiinenC iR Procébsigf QP 6aL
switches 378-1...378-N and a r;_;‘o o] ecqders 379-1...379-N

| nput query rEvetheswatk igrperfo ogouslytp the tragsmpssion apdRrpcesting Shed i nput s

20  connect ok B friMihenPF332-2-1 ... 332-2-N of the swi tching control
bl ock 320, Nq%f:%uﬁ%s of i nputs of output channel nunmber bits connected

with inputss 335Thus] the dBeited qomputer system; previdesi 2 bigh pegrferamsneeoby BreaBlof320, and
a group of cantrol i thyi e P 6- 1- N of
priority con tlpgleasﬁxﬁﬁt{é g%é%f &%%&%&s@fjuﬁfgc d P&Qﬂlngr in this wa33§ Qecreate gg Q!

ansftor nmer-recei ver -i (Fig.
22) contai ns wekingeprog@ms roming tme.3Blen, 25high p@kllelish cofethe B&@swn dinits’
anplifier-fornmer, 383., . Fach transforner-receiver .339-1 (Fi.q. 22)
contai ns cont VRHking s BW“%%@‘,‘“?WF%EWB@ thsre is no "eedotﬂt‘%g?bél?%%-gf‘{p.p%lfggN of
paral | el -codeprobdstestbefitdn S@RARconPLatiORal siRjttires @R&utiverdeticaHnside every 2, and
i nformation input of serial code 350-3. Each of  the

t ransf or nkl - t TANSSPIOBENTS og hetween prpgrams, Which s, psyalljscanegg -oug Py ARRRsOB A0 30
ampl i 11 er -1 or fery 385 cosler 386wk M HrBbled SheR il rdbE ot PhAB o fihe

structures increases.
Thus the inclusion in the computer system structure of fragment routinc processing
units, first and second additional switches and an additional buffer unit reduces the
15 volume needed of the associative memory modules, performs processing by von
Neumann principles of computation of locally separated parts of routines (or entire
routines) which have low inner parallelism, and uses flow control for processing of the
main running routines. This results in an increased performance of the system and an
improved efficiency in processing routines with practically no loss of time for

20 distribution of tasks between units for fragment processing.
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PCTI US99/ 03633 Each transforner-transmtter 347-i (F| g. 23)

oroup of i nput@ Bkt 2ncPor o ng”cont - IEH] ]flﬂ‘ﬂl[!ﬁﬂlkw”t el oo o

information inputs of parallel code 35%3-f. .'35%-N Buffer| ng bl ock
5 (Fig. 24) contains group of buffering units 389 1.. .389-N. 5 Each
buffering unit 389-i (Fig. 25) cont ai ns ChAIMBrst to the fourth control

out put s 390‘)3,1r 5%9 _the first to the third information outputs
390-5...390-7, the ﬁtf second control inputs connected with the
COfreSpOﬂdl ng input SAOJorx{phﬁngc b)‘s&En a&?ﬁ%ﬁg%deast one p%c@éé&suﬁf £0R4st Pne | NPUL'S
36-1...36-N and 37-1.37-N, the thi control input connected with
control input 35530?14%@1‘%}0%“18%3 fat feag %ﬁwanﬁﬁﬁéﬁ@ angrireond switdh, s#idt he 10

30, rlespggduNng | RS cthprisihg folh M ddRR swilfing ah! 18 1RHAS: HrormRRSd Fom FPULS

processor unit to an associative memory module.

2. The system of claim 1 further comprising free address switching means to
transmit information from a second switch to a free processor unit.

3. The system of claim 2 further comprising buffering means to smooth peaks of

10  input queries on inputs of a second switch.

4. The system of claim 1 wherein each said processor unit comprises command
memory for storing instructions of a program being executed.

5. The system of claim 1 wherein each said processor unit comprises at least one
executive device.

15 6. The system of claim 5 wherein each executive device in a processor is best
suited to processing a particular type of information.

7. The system of claim 6 further comprising free address switching means to
transmit information from a second switch to an executive device best suited to
processing the particular type of information transmitted.

20 8. The system of claim 1 farther comprising at least one optical system to
facilitate switching.

9. The system of claim 8 wherein said optical system comprises a transformer-
receiver, a laser emitter, a photo receiver, and a second transformer-transmitter.

10. The system of claim 9 wherein said optical system further comprises a

25  controlled deflector, a first group of lens rasters, a controlled optical transparency, and
a second group of lens rasters.

11. The system of calim 1 further comprising at least one fragment routine
processing unit.

12. The system of claim 11 further comprising at least one first additional switch, at

30 least one second additional switch, and at least one additional buffering block.



and 41-1...41-N, and the first-—to—the—thirdi+ntermtion i nputs connected

with the corresponding inputs of the first, the second and the third
groups of information inputs illm ﬂﬂ&l“"ﬂﬂ”ﬂ"40 1...40-N and
42-1...42-NWO99/42927  Egch buff cont ai ns PEEUSIYESE3and t he
second buffers 391-1 and 391- 15 Buffer® 391-1 is used for t enporary
storage and transm ssion of instruction words, and buffer 391-2 is

used for tenporagya stamRessy ﬁaﬂcsﬂtamﬁgmce&opaw&@eﬁmﬂd Qébsk@.t;vatches N Both

buffers have the sanme structure and configuration, bein fferent only in
i nt er nal devicgyiof agfocigivenmenery; bl unitc atf¢mt1@f inpps Ofpetb‘ﬂeﬂo thirde

Each buffer 3 and( ond
control 20 |%Jna%lsﬂ@gt2?§&an %g(gmfaﬁ%?ﬂ%%pl r %Fe EeS{ gé%t@g) I'n o%rgrlcat i on

i nputs 392-3 aadddes@@ﬁtpﬂts of the i-tht]irecdssmhddviwﬁvheha—l oNDhi'e coondcta withptht s 392-5
and 392-6,_ extern exchange Lnput.392-7 the f nd th econd
transm ssidn OB ‘??tjcﬂ‘ gﬁ?ﬁ@ﬁg g L mots 38 with i; f“éﬂ’ tFthr?grou ‘%ﬁeput
393-3, and eXi&liéﬁ@inpﬁﬁSQﬂﬂﬁi%@st@ﬂitMor@%ﬁngly first and seconBiaforiatidnutphtsl - 1 and

391-2 cont ai ns out put switch 394 group o OR" el enent, 25 394-1...394-5,
group of "ANDP @Peﬁ%ﬁfogess@ram& dules ares%meptedtw the gogresppnding il put of sk ¢

(RMJ) 396 andﬁltspﬁroﬁ? lof RERMRAIBPAODE the Kirst Witch3 Akt thidmdto .%derega PilintrgiM t Ch
398, and e Tirst and the second input registers and 399- 2.
Each control and secaglyinformafipng address @apd contred inputst of ghe btht prigeessarodpvive are 400- 12,
zer0|2|ng np t r e 1- st
control i n?)ut E'érwél%%d %tPefiggc J\?h nsg&oﬂlg ?@ﬁna?:%g@% (ltis O%%&?%%u?@e &E)Ig%: EngJ c%de
401- 4, the seochieH innchnedied tith rcdntrol input of the first switch and with the third control

input of the i-th processor device, control output of the first switch is connected with
the fourth control input of the i-th processor device, the third information output of
which is connected with the first information output of system, first control and
15  information, second control and information outputs of the i~th group of outputs of
exchange of the second switch are connected with fifth éontrol and third information
inputs, sixth control and fourth information inputs of the i-th processor device
correspondingly, first group of control outputs of the second switch is connected with
the first group of control inputs of the buffer unit, the second group of control outputs
20  of the second switch is connected with the second group of control inputs of buffer
unit, control inputs of the second switch and buffer unit and first control input of each
blocks of associative memory are connected with control input of system, i-th inputs of
the first and second groups of control inputs of the second switch are connected with
second and third control outputs of the i-th processor device correspondingly, seventh
25 and eighth control inputs of which are connected with i-th outputs of the first and
second group of control outputs of buffer unit correspondingly, third group of control
and first group of information outputs of which are connected with the third group of
control inputs and first group of information inputs of the second switch
correspondingly, second group of information outputs of buffer unit is connected with
30 the second information output of system, fourth group of control inputs of the second
switch is connected with fourth group of control outputs of buffer unit, i-th input of
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PCTI US99/ 03633 cont—r—0|—~'r-ﬁpﬂ{——s——ef———|=—eee1' ving 401-5 and 401-6, and the
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counters 403-1 and 403- 2, Iogﬂ cal nts 404-1...404-4, triggers
405- 5 1 405-3, logical "OR' elenent 406, and the correspondi ng group of

decoders 406- 1- the first g'i:oup éﬂﬁ;f&maudxornp&%f&ﬂﬁch. is 4ddfinedred ) withl FsurtiBaidi sped
groups of decode 1{.4%? carry 9 i on, of identification of input

packet type and (= ”&?‘1“? é’P it P59ﬂ3§;30$ ﬁe‘f“l"?e fourth controh quinyh o gwhish ise
internal |ogic: mc&a%ﬂl iah ishoe epme M%o&réfmﬁ&%phs?bﬂtﬁe uﬁ%ﬁuﬁpmm

identification of instruction words packets, and of decdders
406-2- 1. . 406- 2- group of infermpdian oufputs a%mchuleaomteéf éheamopé@mpsof

Each associ aty VenfiRHRI% HRALbE - decdrid Sriteh) HEP BN Suldlf b the’ S8 Hb& of 07

and
associative memory is connected with i-th input of the second group of control inputs

of the first switch, i-th output of group of information outputs of which is connected
with information input of i-th associative memory block, information and second
control outputs of which are connected with /-th inputs of the second group of
10  information and fourth group of control inputs of buffer unit, third group of
information inputs of which is connected with the third information input of system and
i-th output of group of control outputs of the first switch is connected with the second
control input of i-th associative memory, different in that it contains units for
processing of fragments of routines, first and second additional switches and additional
15  buffer units, here the control unit of the first switch is connected with the first control
input of the i-th unit for routine fragments processing, first information input of which
is connected with first information input of system whose conttol input is connected
with control inputs of first and second additional switches, additional buffer unit and
second control unit of the i-th unit of routine fragment processing, third control input
20  of which is connected with i-th output of group of control outputs of the second
additional switch, i-th output of group of information outputs of which is connected
with second information input of i-th unit of routine fragments processing, third
information input of which is connected with information output of the i-th group of
outputs of exchange of the first additional switch, control input of the i-th group of
25 outputs of exchange of which is connected with fourth control input of i-th unit of
routine fragments processing, first control output of which is connected with i-th input
of the first group of control inputs of the second additional switch and i-th input of the
first group of control inputs of the first additional switch, second group of control
inputs of which is connected with the first group of control outputs of additional buffer
30  unit, first group of information outputs of which is connected with the group of
information inputs of the first additional switch, group of control outputs of which is
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associ ative nenorizing unit (AMJ)—408, built in anal ogy wt h the deV| ce

di sclosed in Russi an Feder t|on Pat ent No. 20350609. "AMU 408
contains the first and the secon m,tm, muﬂmputs 409-1 and 409-2, 15
the first an¥®M¥2%2cond control 411, the PCTASIstoR3s he
third control i nputs 412-1. 4 -3, dndSthé first and the second

I nformation inputs 413-1 and 413- 2 First switch 2 (Fig.29)

contai ns cont r@méb?é&wﬁﬂ-ﬁ\eeﬁ?ﬁﬁ&pt &*’Uoﬁﬁlolli hits dihe aliditidral b\ﬂ’fer umt, se8dial 09y

with switching unit 304 i ncluded in second swtch

Control unit 4group efcantrl %‘mﬁﬁa whigh i posmeciest pith the second ng@B;?fcﬁon@@lnt rol

TEAEaEY 204174'%31%}&“2?#%‘“’7‘“2%%’? Bl of Qrts? an® Lrdl' G infor iicH

recei vi ng continmits axfityghich 41‘98g:onzxenteni with thé rspxsmd 44@p bf infermatich outputs sfecond

groups of ntr 420- N s of

Tputs. Each otdRionAoReRs, 68 spond et of S Hirtue,of FhieR if Boreate Ml 01
addr ess Input control outghit-of the. secdnd addmona&w;tohhnfmgnatmhtouebhsm&m&mar&nﬁolgr oup
of information outputs, 422-1, 422- N information | nputs

423-1. .. 423- 2N\PUIPK ﬁrlﬁh BESOSiRLVY FPRIY ?10&;49 ch‘neméﬁzwﬂl l-ﬂl joguts of group of

424-2N-1. . . 4245 2N N: of P
a1 e oottt ana\“"hf%}gﬁ% i n%lg{'ps“t%fg? 1B ot B eér”écg&@fhrt%

control . and seggmi icontraln pddress snd Anfgrgagion contpuas of the gﬂbupltcﬁf routineu t
f |
Query 101 M0 biuRGR Boddlis A0comued 421 bl UPHATAR SIS e 428

recei vi ng contr I Ng con

guery receivi ngrohpi@gedckesé%lndlseco%gf(ﬁm ofi iformapom finpher oflethe Y2 switch

25 .
correspondingly.

Computer system different in that the unit of routine fragments processing

contains executive unit, unit of output registers, unit of registers of loading, unit of

15  input registers, unit of control and switch, here the information output of executive
unit is connected with information input of unit of output registers, first control input

of which is connected with first control input of unit, second control input of which is
connected with first control input of executive unit, second control input of unit of
output registers, first contro! input of control unit, first control input of unit of

20 registers of loading and with first control input of unit of input registers, first control
output of which is connected with second control input of control unit and first control
output of unit, first information input of which is connected with information input of

unit of registers of loading, information output of which and information output of unit

of input registers are connected with information input of executive unit, second

25  control input of which is connected with first control output of unit of output registers,
first control output of unit of registers of loading and second control output of unit of

input registers, third control output of which, second control output of unit of registers

of loading and second control output of unit of output registers are connected with

third control input of executive unit, first control output of which is connected with the

30 second control input of unit of registers of loading, second control input of unit of

input registers and third control input of unit of output registers, third control output
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PCT/ US99103633 .432-2N, a group of Tnput registers 433-1...433-2N

and a group of, " eI ement s Transmi ssi on
control unit ?Efgj(}g?g 3 1) contai ”mﬂmf"mgﬂm Mp of " ORPCEIESHURES

449-1 ...449-N, a group of "AND' eferfentts 450&1* . 450- N, and t he second

group of 5 "OR' elenents 451-1 ... 451-N. Transm ssi on control
unit 428 (Fig. 3d)wisenis aéﬂh%ctéﬂwhh l&&oﬂf confroll sueput 6fin I sondiafoimation input ofVhi ch
contains the first, and the se uery set otpus43511to45 -N and
435- 2-1 tWwhighis con m@é‘? %‘Eﬁ “&f’&f?ﬁ'gatlﬂ“)?m“& Whickont r ol

i nputs 437-1- s conected 4ath éfo%&hﬂda ifiptaé o%ﬂm of'fxiﬁt N}%{& In f—h&k}ﬁml‘ bﬁl%fand
the second groups of control 10 inputs 438-1 SN 439-1. 39-N

Recei vi ng cont rwhichthird copgolimpugofamit of egistersnf 1‘13?11059@”014512001%{%!“@1![9%& " OR"
| ts 4521 1 d
LTS5 ot e S S e B

. 454- 2N- N, antlhrd control output of which is connected with fourth control input of unit of input

registers, with fourth control input of unit of registers of loading and fifth control input
of unit of output registers, address and information output of which are connected
correspondingly with address and information outputs of unit, third control input of
10  which is connected with third control input of control unit, fourth control input of
which is connected with the fourth control input of unit, third information input of
which is connected with second information input of switch, first and second control
input of which are connected correspondingly with first and second control outputs of
control unit, third control output of which is connected with fifth control input of unit
15  of registers of loading, sixth control input of unit of output registers are fourth control
output of executive unit, fifth control output of which is connected with seventh

control input of unit of output registers,
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"AND' el ements 455, 456-1 and 456-2. 15 Receiving control unit 429
contains first control output 440, a group of receiving control
outputs 440-1.. .440-2N, second control output 441, 2N pairs of inputs
cont ai ni ng th@d‘gmfgz., and the ‘second inputs of status transmssion 442-1-1
and 442-2-1 to 442-1-2N and 442-2-2N, a group of cont ICH'(US?SHWS
443-1...443-N, zeroizing input 444, and N groups of 2N clearing
control inputs 445-1-1...445-1-2N to 445-N-1. ..445- 20 N- 2N
Swi tching control unit 430 (Fig.33) contains a group of priority coders
457- 1...457-N and N groups of 2N "OR' el enents 458-1-1...458-1-2N to
458-N-1...458- N- 2N. Switching control unit 430 contains N
gr oups of 2N control out puts 446-14Y¥4@ 446- 25 1-2N to 446-N-1

. 446-N- 2N, 2N groups of N prlorlty control inputs 447-1-1... 447-1-

N to 447-2N-1x..447-2N-N, &R/gd a group of control |nputs 448 1.. .448-2N. -
Each fragnent “routi ne prog F—r g ] 34) g\qr'r?sal ns executlve uni t
459, outipyt__fegrs gnit 46, difng rgigten [upft 461, input

(5] on
register unit [462, |cont Lol _JUTt 4b3| and s,vmth 464
26 z ]
[{=3
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WO 99142927

PCT/ US99/ 03633 Loading register unit 461 contains the first to
fifth control J 474-1...474-5, i nformation input Wi and
second controﬁhgﬁyég?s 476-1 and 476-2, and infornatioﬁggﬂ?%tt 477.

| nput register unit 462 contains the first to sixth control inputs
478-1...478-6, 5 information input 479, first to third control outputs
480-1...480-3 and information out put 481. Switch 464
contains first control input 489, second control input 490, first

I nformation input 491, second information input 492, and information out put

493, Executive unit 459 (fig. 35) contains mcroprocessor 494,
memory 495 and 10  exchange bus 496. |Q/4ace of these units a standard
m croprocessor set, such as one based on el enents ofthe type Intel
80386, can be used. 1 2 Executive unit 459 contains the first to third
control inputs 465-1.;;]§8§- . i nf 8¢ it o i Mputt 468, inforjation
output 467, and the filrsf flolfifth control] qutphts 468-1 468- 5.
I
108-1 1111 —
102 1112 103
1082 Jl112.
>1109-1 1092 110-1 1102 "23' 2’,3 “3'1’,2'3
: il
1161 1162 11712 120-12 121-1,2 e
104 105 —
114 115 118 19
LA AKX x A +
228
27
1 /
124 125 126 127 128 129 132133134 135136 137
106 107
122123 130 131
_TT\A N A A AAA A N A

N N N 4 g L A 3 3

17 18 19 20 211 212 221 222 3 4 5 6

Figure 2



15 Qut put register unit 460 (fig. 36) contains first and second

regi sters 497 and 498, "AND' el enents 499-1.. .499-3, trigger 500,
first decoder 501-1, second decoder 501- 2, "OR' elenent 502 and
third regi SV@pIE83. Qut put register unit 460 corRCATURMBHB first to
seventh control inputs 469-1.. .469-7, information input 470, the
first to third control outputs 471-1...471-3, address output 20 472, and
i nformation output 473. | nput register unit 462 (fig. 37) contains
regi sters 504 and 505, "AND' el enent 506, decoder 507, register 508,
trigger 509 and "OR' el enent 510. Loadi ng register unit 461 has an
anal ogous structure. Cbntrcﬂ3446t 463 (fig. 38) contains "OR'

el enent 511, priority coder 512, triggers 25 513 and 514, "AND' el enents
515 and 516, and "OR' el enents 517 and 518. Control unit 463
contains first to fourth control inputs 482...485 and first to third
control outputs 486...488. First additional switch 7 (fig. 39)
contains control unit 519 and switching unit 520. Control unit 519

contains control input 521, first group of control inputs 522- 30 1.
522-N, second group of control inputs 523-1 ..523-N, third group of control
i nputs 524-1...524-N, first group of control outputs 525-1...525-N, second
group of 27

A A
116-1 1162 1741 1172 1 234

l 104

138 139 140 /

141

114 115 227 22-8

Figure 3
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PCT/ 1US99103633 control outputs 526-1...526-N, N third groups of
control outpu -1-1...527-1-N to 527-N-1...527-N rth
group of cont&%?g%%?guts 528-1...528-N. SMtcﬁnngH%ﬂﬁﬁgg%%%
contains N first groups of control inputs 529-1-1...529-1-Nto S
529-N-1...529-N-N, second group of control inputs 530-1...530-N, group of 5
information inputs 531-1 ... 531-N, group of information outputs 532-1 ..
532-N, and group of control outputs 533-1...533-N Contr ol
unit 519 and switching unit 520 have internal structures simlar to the
correspondi ng structures of control unit 303-1 and switching unit 304-1 of
second switch 3 (see figs. 16-23) Second additional swtch
8 (fig. 40) contains control unit 534 aﬂ wi tching unit 535 whi ch
have internal structures simlar to the corresponding structures of control
unit 414 and switching unit 415 of first switch 2 (see figs. 29-33).

Control unit 534 contains control output 536, group of control outputs 537-
1...537-N, N groups of channel sw tching control outputs 538-1-1...538-1-N
to 538- 15 N1 ...538-NN, receiving control output 539, zero setting

i nput 540, N pairs of inputs

105
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A p A A A N

141
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A N 4
118 119 224

Figure 4



containing a control input 541-1-i and an address input 541-2-i (i=1

N), first group of control inputs 542-1...542-N, and second groub of
control inputs 543-1...543-N. SMAtchlng unit 535 contains group
of i nfor matweny4atput s 544-1...544-N, group of i nf AGFAPUWSIEnput s
545-1...545-N, N groups of switching control inputs 546-1- 20 1..546-1-N
to 546-N-1 ... 546-N-N, group of control outputs 547-1 ... 547-N, and
group of receiving control inputs 548-1.. .548-N. Addi ti onal
buffering block 9 (fig. 41) contains group of buffer units 549-1...549-
N. Each buffer unit 549-i (fig.42) contains first control output
550-1, second control 25 output 550.i%4é|rst I nformati on out put 550-3,
second i nformation output 550-4, a fir control input connected with
t he correspondi ng inpu% of jhe first groupyof cqntrol | Nput spoé
94-1...94-N, a d&ond2gontl®pl input connd€fed Rt h tH@ cor r espAdj/ng i nput
of t d—graoup o] contror npurs—gs —a thrrarcpntro
i nput conngct edsivit H5t2| 1S13¢ontrol input 93, a fourth ontrol |nbut
connected with fhe correspondijisgt i nput of the EO153 ' up of gontro
I nput s 97-1...9i-N, and an i nfloegation 1 nput coriect edsM th |t he
correspondilng i pput ofthe group2ef | nfornmation |ﬁﬁ%fs 96 1..].96-N
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PCTI US99/ 03633 Each buffering unit 549-i contains the first and
t he second buw(%y%n;l;l- 1 and 551- 2. Buffer 551-1 i SPé‘ﬁﬁéhli)#Ss
tenporary storage and transm ssion of starting packages of ragnment

processing, and buffer 551-2 is used for tenporary storage and transm ssion
of packages of additional addresses to fragnents of routines. Both buffers
have the 5 same structure and configuration, simlar to the structure
and configuration of buffers 391-1 and 391-2 of the correspondi ng
buffer unit 389-i and differ only in the internal operational |ogic
nmeans of identification of input packet type (see fig. 26-28).

The principles of conputational organi zg/g¢ under data flow control assume

t hat t he algorithn1tor solying a task is represented as a §rapl of
the conputation process. LH" Thelf2aph consi sts—of op rationg,, Mﬁ
(instructions) on datacfeperandsy apd |inks di rjectiops) b I ch the
data (results) are tfagsnitted fromone instrugtifon rognot her
(Fig.43). processilng _agcor di ng tjo t hd%or der Hefi ned g¥_the
graph is carrfied o S d r epar ed—f-ofptocessl ng appal¥! at
the instructijon i npiffd.| Phe conp®elt ijof of pairg L |[afz Hatp rel atgd to a
particular instructf s fper f of npd Fnfrenory, JEFKs for 154 hem
by a key. Cenerally, B Key |[s aJcpdejconsisting ar_{ngrfuctrom numger>bits,
an
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I ndex, an iteration and so on. The best operational realization of. such.

menory, consi dering volune and speed, would be based on the
utilization of optical elenents, and considering an increase in

per f or mancewoi99428ul d be optinmal to break its whole 20  REH/UHI0I6H o
separ at e nodul es. Each instruction has a nunber K-i which can be
used for allocation in conmand (instruction) nenory, a code of
operation (COP-i), and a "destination address” K-j to whi ch t he
result of processing is related. Furthernore, an instruction has

attributes (signs), determning the conditions of its 25 processi ng or
Its type. An instruction can be doubl e-input or single-input, depending
on how many operands (one or two) it processes, which is determ ned by phe

operati on code. An instruction can be doubl e-address or single
address, depending on the nunber of destinations (to the input of how
many instructions) to which its result is transmtted. For exanpl e,
in Figure 43, the instruction K1 is 'ﬁple-input, doubl e- 30 addr ess
instruction; the instructions K2 and K-4 are doubl e-input, single-address
I nstructions; and instructions K3 is a single-address, single-input
I nstruction. 29
153-3
128 4 b 4\153_4
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. PCT1 US99/ 03633 Qperations, determ ned by the COP of a given
-instruction, arried out with nuneri c data (opetg%&ﬁ d wth
supplenentary%?g%ﬁé%ﬁvice) data (instruction words). T% %’%gk
functional group of instructions utilizes arithmetic operations (operand
‘processing operations), and the second group utilizes instruction word
processing 5 oper ati ons. In order to organi ze the graph
processing, instructions and data are represented as i nformation
objects consisting of nulti-bit words, where the correspondi ng groups of
bits formthe fields with the necessary functional assignnment (Fig. 44).

I nformati on processing is carried out bsﬁdﬁécutive devices of two different
types, 10 which receive the information in the form of operand packets

and instruction words ———packets—Generallya packet_includes a status
word and two data words| which either afe operangg|or tonkain
suppl ementary data. A pack¥ of a single-inpufpi tipn contains a
status word and only ong data word. \ status_word [CC) contains
the follow ng basic groups of functional biftfS TTerasyl,, 15 |, s COP - code
of operation (or instrugtion); K[ nher o |1stru6€|0n;
G - nunber of generatiop; ,
22 s )
> 222 > 246
233 > r_>
234 > 223 - 247
235 > N
224 > 248
236 >
> 225 > 249
237 —> >
238 —3 - > 250
> 226 > 251
239 —> >
> 252
240 > > 227 3 253
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. — > 254
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>255
242 228 > 256
243 3 3 257
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> 260
— 7 261
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T- nunber of iteration; | - index. 20 F - field of.fragnent
NB - nunber of processing bl ock of fragnent NF - nunber of

f ragnent The functional fields of a status word can de used in

di fferent \WQ$942027 particul ar, the key group of bi tFETSPPaBa seeki ng
(searching) in the associative nenory nodules is 25 determ ned by the
fields K, G T, |I. Wen searching for input data of a fragnent, the

field F is added. The field COP also may contain bits indicating the
instruction type (single- or doubl e-address, single- or

doubl e-input) and the packet type (packet of i nstruction words or
packet of operands). If an instruction has two outputs, then its
processing result will be acconpaniqupﬁg 30 two status words,
corresponding to two destinations for transm ssion of the outputs.

30

1622

Figure 9
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PCT1US99103633 Bit groups of attributes, determning the type of
destination i@gldMsehs ON, are stored in command nenoryyéqﬁsaﬁgﬁﬂ
retrieved with its nunber and code of operation. . 'nstrictions and

data that are parts of marked fragnents (F) (Fig.43) are stored in

menory 495 of executive unit 459 of the correspondi ng processing unit and
do not 5 occupy space in the associative nenory. . The conput er
system (Figs. 1, 45, 46) executes both main running routines and

mar ked fragnent routines of the program which is | oaded through the first

and t he second information inputs 10 and 11, and returns the result of
processi ng through the second infg&gﬁkion out put 15. The system
executes mai n running routines by nean 0 data flow control of the
conput ati on process and marked fragnment routines by neans of the von
Neumann principle of data processing. The systemrealizes its own
paral l elism of the conputational process, represented by the graph,

by sinultaneously processing all the prepared instructions. Al the
instructions for the main running routines of the program bei ng executed
are stored in 15 command (instruction) nenory 146 and 274 for the
executive devices 106 and 107 of each of the processor units 1-i.
Menory 146 contains all the instructions for i nstruction word
processi ng, and nenory 274 contains all the instructions for operand
processing. Instructions and data for the fragnent routines are stored in
menory 495

145
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—> 267 29 ¢ > 268 370 e
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of executive unit 459. (Fig. 5 11, 35). 20 I nstruction | oading (Fig.
5 and 11) is carried out through the first and the second i nformation
inputs 17 and 18 and through the | oading switches 148 and 276, for the
executive oew»MR7106 and 107, respectively; and (Fig. 35)Pctfﬂ%589éﬂjﬁ53

i nformation i nput 466 and bus 496 for the executive unit 459.

The systemis started by transmtting starting packets of instruction words
and 25 operands from an external (not shown on Fig. 1) systemthrough

i nput 12. The starting packets with the correspondi ng control
signals are transmtted to the inputs of the third group of
information inputs 42-1...42-N of buffering block 5. The total nunber
of inputs used will be determ ned by mﬁt arting conditions of a
parti cul ar program 927 '
PCT/ US99/ 03633 Buf fering bI ock 5 is used to srmothzst_geaks of the
i nput queries on tha LNPALs af,t he seco $ he y } of
buf feri ng bl gpek—5—i+ J‘?”he St ot Rg—pFroeess—+s {] o4 iil;
N
279-1 R
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function. Starting packet bits are transmtted to the information
i nput of the buffering unit 5 389-i, which, in this case, conducts the
starting funct) nd further on to the external e LAput
3057 of buf (ReSEelC et o (Fig. 25). From the buffe?g%%ﬁ”b 91- 1
and 391-2, the starting packets are transmtted to the fourth information
i nput of output switch 394 (Fig. 26). The switching in the out put
switch 394 is controlled through its fourth control input, to which
the corresponding signal is transmtted from 10 control output 400-12 of
control unit 397-1 (397-2) through the "AND' el enment 395- 4. This
control signal is fornmed (Fig. 27) at the output of the decoder 406-1-3
(406- 2- 3), to the input of whi d2/46 coded bit group determnining the
type of the starting packet is transmtted. Dependi ng on theygfype of

starting packet, the switch 3p4_control signal wll jorned either
in buffer 391ft—tfFor—mstruct j%ﬁ_mu:.j%ﬁzﬂ_..g) ot ilnbuf?% 457 391-2

(for operand feceiving). H—tHe stanting packet contaips
operands, theh the bits oﬁ t he packet from oufput 393- 3| of { buffer

391-2 are trapsnmtted (EB&@ gh the second i hbgeneti on out put of unit

389-i and theli-th outp the third grou —1 nformation oyt ppts
49-1...49-N of _ bufff efi ng bl ock 5) to theji-th input of {he|second
group of infofmation [RPQt[Ses31-2- 20 1. "lﬂﬁ-}_ Jyjof second spiteh 3.
The informati¢gn on the—+oth—gutput of the Yhirtdgioup of infofmation
out puts 49- 1...l49- N|of—bufferirg—blpck—S5rHs—acconpani ed by the
strobe of tramsm ssion (Signal o "stoghitjcancel' ), [which i$ a control
signal of an ¢xchange—geery—ahd{i-stranrsmttedt from the i1ty out put
of the fourthjgrouglaf g1contro—puiput s 48-1|..48-N of bufiering
2792
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25 block 5 to the i-th input of the fourth group of control inputs 30-1
30-N of second switch 3. The main function of the
second switch is to distribute all received packets over its free
outputs.  WO99/42927 Transmi ssion strobe and the bits of tRETHRYERY packets,
transmtted respectively to 30 the i-th inputs of the fourth group of
control inputs 30-1 ... 30-Nand to the i-th inputs of the second
group of the information inputs 31-2-1...31-2-N of the second sw tch,
32 WD 99i 42927

PCT/ US99103633 are transmtted respectively to input 306-i of
control unit 303-2 and input 315-i of switching unit 304-2 (Fig. 15,
16, 17). Qper and packet - b|ti3ﬂ4@nsmtted to input 315-i of

switching unit 304-2, are

\ A
2831 1 2832 28331 a4t 2w /

(((

> 299-1 299-2
T — [ ]

282-1

/"')g

2822

Figure 13



received by input register 348-i the receiving control signal is formed at
out put 312-i 5 of control unit 303-2. Switching, including the
transm ssion of packet bits frominput 315-i of sw tching uni t 304-2
to its infornaVPEH4¥ put 316-j, corresponding to the first PEPUERO3GY put
register fromthe group 338-1...338-N, is carried out with the help of a
spatial optical system 10 From the out put of register 348-i,
the parallel code of the packet bits is transmtted to inputs
353-1...353-N of transfornmer-transmtter 347-i. Serial code, forned on
output 351, is transmtted to the |aser emtter 346-i. The |aser signal
corresponding to the serial code (through the optical system which

i ncl udes the controlled defl ector 345-i, a group of optical |ens
rasters 344-1... 344-N, controlled optip%ﬁgSransparency 15 343, and a
group of optical lens rasters 342-1 ... 342-N) is transmtted to the input
of phot o-recei ver 341-j. Fromthe output of photo-receiver 341-j, the
serial code of the i nput packet is transmitted to the infornmation

i nput 350-3 of the transforner-receiver 339-j. A parallel code
corresponding to the bit groups of the packet input at 315-i of

swtching unit 304-2 is fornmed on the outputs of register 338-j. And, a
signal which 20 determ nes the end of the formation of the out put
paral l el code is fornmed on the out put 349 of the unit 339-j.
Switching unit 304-2 (Fig. 17) provides information transm ssion from any

i nput 315-1 ...315-Nto any output 316-1..316-N. The transm ssion is
determ ned by a free regi ster fromthe register group 338-1 ...338-N,
whi ch neans "free address” switching 25 regime. Signals controlling the
correspondi ng information transformati on and

27
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switching of the spatial optical systemare transmtted to i nputs .
313-1-1...313-N-N of swtching unit 304-2 from out puts
311-1-1...311-N-N of control unit 303-2 (Fig. 15). The formation
of the signasy4sreatti oned (Fig. 16, 19, 20) is carried outPOrUs8am3sshi ng
control block 320 when the strobe of transm ssion is transmtted to input
333-i from 30 I nput 308-1 of control unit 303-2. The strobe of packet
transm ssion, which is forned

33 WD 99142927 _

PCT/ US99/ 03633 at trigger 318-j of the group of readiness signal
formng triggers, is transmtted to out put 310-j of control unit 303-2
(Fig. 16). I nstruction word packet transmi ssion is carried out in
the sane way with the use of i dentical functional structures of the
buffering block 5 and the second switch 3.

15/46
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5 . The strobe of transm ssion and the bits of the operand packet are

transmtted, respectively, through outputs 34-3-j and 344-j of second
switch 3 to | 2-6 and 20 of the processor unit, 1] o 1, 45,
46) and to th&elpgg%‘ﬁ? spondi ng i nputs of the execut i VePCé‘él'\J/SPé/@ﬁ%O? (Fig.
2). The strobe of transmission is transmtted through the .
correspondi ng i nput of 10 executive device 107 to input 278-4 of control
unit 271 (Fig. 1 1) and the bits of the operand packet are

transmtted to information input 282-2 of input register unit 277.
Functional fields of the operand packet (Fig. 13) are received by the
status word regi ster 298 and the operand registers 299-1 and 299-2
after the receiving control sig 46 received at i nput 282-1 of

i nput register unit 277. The bits of the instruction 15 nunber are

transmtted from output 283-1 gLJEnput registgx31 it 277 th gh the first
information input of |oading swtich 276°f6 thg address iapu f command
(i nstruction) menory 274—Hre—start+ng—gent+otqsignallis transnitted
from out put 279-5 ¢f control unit 271 td the fetrieval (reading)
control input of command nenory 274. e %peration code bits and
the operand bits, &cconpani ed py {the starting jcontindll 20 Signal, are
transmtted from odit puts 283-23 %83-3 and %§ -4 off [i{pput repister unit 277
to the correspondi pg i nputs of el ALU 275%. bilti$ {of the| functi onal
fields of G T, | are tkansH tted tofnput 44046 of output register
unit 273. The bits|of functional f}ields cont{ai{ni ng the operation code
and the instructio nunberﬁLgH whitgh, jt he, h gsulld.Lf cofrput ations is
destined are transg tted fromthetnrorfrattorpeiy of commed 25  nmenory
274 to input 28Qeg{of output register unit 2724NTfhgr-est-i4s transntted
to the inpurizsti ¥e unit 273. éﬁ; ¢
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| nputs 280-1, 280-2 and 280-3 of output

correspondi ng signals that contro

register
COP of the ¥WMd¥W&aRent 30
fields G T, and K and functi onal
the current’

34

300.

WO 99/ 42927
PCT/ US99/ 03633

The functi onal

i nstruction.
fields
I nstruction (half package) .

regi ster

unit 273 receive the

the reception of the ALU result to the

Regi sters 301-1 and 301-2 receive the bit fields K and

regi ster 302 PEBHEINEES3 b t
resulting from processing

And,

fields of the result of the
current instruction processing (sub-packet) are formed on the outputs
281-1, 281-2 and 281-3 of the output register unit 273. These fields
reflect the principles of conputatio 7&@6esented by the conputation

graph and are transmtted gnspectlveﬁb the first infornath&_lnput 136
of executive 5 deV|cé“105 and-to the tnfornatron|rﬂﬁﬁs,zfamuiput swi tch

272. Fron1outpuf —Sw t ch 272 transmts, the fieljds received Qy the
out put register Tt qnsmittediyt o address
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out put. 135 and second i nformation output 137 of executive unit 107.
Qut put 135 receives an information field, corresponding to a group of | ower

bits of bdast ruction nunber, which is placed on t i r 301-1
W0 Riahdds p Bﬁgﬁ&%@%&ﬁ

(301-2). This group of 10 bits identifies the nunber of ative
menory nodule, fromthe group of nodules 4-1...4-N, allow ng the -
sub- packets to be distributed evenly over the associ ati ve nenory

nodul es. The functions of the output switch 272 are determ ned by

t he presence of doubl e- address instructions, i.e. the instructions,
the processing result of which is the input 15 operand for two foll ow ng

i nstructions having different nunber and operation codes. - Thi s

condition is realized by having two output registers 301-1 and 301-2 for
instruction nunbers. The content of thp8J4Gput registers is sequentially
transmtted t hrough switch 272 to outputs 135 and 137 acconpanyi ng
the result which is transmtted to the output 136. 20 Contr ol
signals are transmtted fromoutputs 279-1 and 279-2 of control unit 271
to the control inputs of output switch 272. Qut put switch 272
control signals are formed after the functional fields of the type of
instruction and of the strobe of transm ssion are transmtted fromthe
i nformation and control outputs of conmand nenory 274 t gl nputs 278-5
and 278-6 of control 5 unit 2A21respecti vBHNand af sgpat he /si gnal of
significance of the rdsult is trnspitted 4 from thd i nf of mati on out put
of the ALU to the—inpyt 278-7 The fuynctional fliel of the
instruction type finclyde the fol lowing attribygtes: 1A (9i ngl e- addr ess
instruction), 2A|(douldl e-address]instruction), 11 (singlle-inpuyt
354-1 355 |......, 354-N 355N
1 ] 4 4 i X 73
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I nstruction), 21 (double-input instruction), which are transmtted (Fig.
12) to the 30 triggers 295-2 ... 295-5. The status of the triggers

i nfluences the formation of the control signals on outputs 279-1 and
279-2 of coWW@&¥429iit 271. The transm ssion PCT/US99/03633

35 WD 99/ 42927

PCT1US99103633 strobes corresponding to the attributes of the

si ngl e-i nput or doubl e-input instructions, are formed on the first and
second control outputs 132 and 133 of the executive device 107 (Fig.
11). And, bits of the functional fields corresponding to the attributes of
t he sub- packet are fornmed on the first and the second information
outputs 136 and 137. 5 Referﬂsz}o Figure 2, in the single input
reginme, the bits of the sub-packet ar transmtted from out puts 136"

and 137 to the ouEputs 21- 4 aggl,. 1241 5@{_}_,1; hgazs,;mt\h.__ 4 asRlOCESSOr uni t
t hrough swi t3ch 102 —whichr—s —omtotted by —thetoutputs—++6=—t—and 116-2
of unit 104. —t-he—deuble—i-hput [ nsiruction rdginep, the-bjtssmfiathe
sub- packet ar@ 361-1-1 .
329N > r N ¥ .
[_) i 36014 S
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L . i |360-1-N : .
| s
359-1-N
: 361-N-1 :
A .
. | . :
' * | 360-N-1 ’
—> 1 >
359-N-1 pReNN
N g 361-N-N
g - - 320
: 3
. : : |360-N-N
>
359N-N
330-1 .
)
330-N Heel e | 33514
. 3@ < - - 3 | | 335N
7 |, 3351
331, o TS
TN

332-11 P332:2.11 ... 9932-1N 3322.N7 33347 1 333N

Figure 19



transmtted, fromthe outputs 136 and 137 to the outputs and 25-1 and 25-2
of the j-th 10 processor unit through switch 103, which is controlled by
the outputs 1 120-2 of the unit 105. o]
signals are fga) Jﬁ%gen i nput 115 of the unit 104 and |nput 9%€£%ie

unit 105 receive the strobes of transm ssion respectively fromthe outputs
132 and 133 of the executive device 107. Information regarding the
nunber of the associative 15 menory nodule is transmitted from output 135
of the executive device 107 to the address output 24 of the processor
unit only in the double-input instruction regine, since running a
single-input instruction does not require searching for a second

oper and. When the result (opgiézgé out put fromthe correspondi ng
executive device is one 20 for a dou put instruction, the search for
the pair operand is conducted in an associ ative nenory nodul e. The
nunber of the particul ar nodul e (fur her on referred t o asséaddress")
is deternmined by thé bfft grou dn th out put 24 off the frocessor/unit.
Access to the grifblos 36N 3000 \ra - o 3WBN ppd d0BBIA - DIASN | o /v eal i zed by
means of the dirgt swtch|2 (F|g. 29) 25 Hgre, the jpth inputs
of the first group} g—Tontrol inputs}58-1 ... 58-N, the|second group
of address input$ p9-1.f. .59-N, second grqup of |control ilhputs
61-1...61- N gf e-firstl switghl2 receivedits: {dantrol si@ﬁ%ﬂs)
fromoutputs 23-1 pnd|24 of,the |- ¢ | N progessog unit|indicati:ng the
nunber of the assogilatii ve nenory| nodu| e and from out put § P5[ #

25-2 of the j-thf{pfqgcegsor unit4indi ¢cd1Adg the fonctionarsfielids [o
sub-packet.  { || 1 ..-c--
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36 WD 99/ 42927 . )
PCT/ US99/ 03633 First switch 2, which includes control unit 414
and switching unit 415, provides data transm ssion output, unlike
second swi tWR9¥42920 a "fixed" address as determined by FPCT/USNB6IRss| gned
nunber of the associative nenory nodul e. The swi tching conditions
are realized in the control unit 414 (Fig. 30). Inputs 419- 5 1-j and
419-2-j of control unit 414 receive the corresponding control information

from inputs 58-j and 59-j of first switch 2. Then, the follow ng
operations are carried out: the address is received in register
433-j, query trigger 431-j is set, a position code corresponding to

the k-th associative nenory nodul e igrlféaﬁnsd at the k-th out put of
t he decoder 432-j and these signals ansmitted to the inputs 448-1..
. 448- N and

/363
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L ]
378-1 - 378N
N A o A
379-1 ] s e v e 0 e e . 379N
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10 447-1-1 ... 447-N-N of switching control unit 430. Switching control
signals are forned at outputs 446-1-1 ...446-N-N of sw tching control
unit 430 and are transmtted to out put s 417-1-1...41@@% 9Q&Eﬁontro
unit 414. WO99%42% e nentioned signals are formed at the ‘outputs of
priority coders 457-1...457-N (Fig. 33), which play the part of
priority schenes, realizing the queuing of queries to 15 each of the
associ ati ve nenory nodul es. The control signals fromthe outputs
417-1-1...417-N-N of the control unit 414 are transmtted to a group
of switching control inputs 424-1-1...424-N-N of the sw tching uni t
415 The structure and functioning of switching unit 415 are totally

anal ogous to those of the switching units 304-1 and 304-2 of second
switch 3. Input 424-j-k of 20 sw tchy4g@it 415 receives a signal
controlling the k-th input of the j-th deflector from the group
345-1...345-N (Fig. 17), and the output 66-k of first swtch 2 receives bit
fields corresponding to those received at information input 61-j of first
switch 2. The correspondi ng transm ssion strobe is fornmed at trigger
427-k (Fig. 30) and is transmtted through output 416-k of control
unit 414 to output 67-k of first swtch 2. 25 Bits of the functional
fields of the sub-packet and the transm ssion strobe are transmtted
fromthe outputs 66-k and 67-k of the first switch 2 to the inputs 52 and
53 of associative nmenory nodule 4-k. The bit field of the status word (as a

key for associ ative seeking) and the bit fields of the operand and
the transm ssion strobe ar g ., trangnmitted respectively £8%inputs 413-1,
413-2 and 412-3 of the ¥8spcdative 30 408. The bit

field of the status—word is alsd mat i on i nput

of the buffering rlegi ster A07. nput of the buffering
"""" 3502
380 ¢ 381 e s |
N
38
h
350-1
A
350-3
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PCT/ US99/ 03633 regi ster 407 receives the transm ssion strobe from

t he second control input 53 of the associ ative menory nodul e.

A sub- packeWoen#92” packet) whi ch does not have a pair "stREIUSINBIIenory.
When the AMJ contains the corresponding pair operand, the bit fields of the
first 5 and the second operands are formed at outputs 409-1 and 409- 2.
The bit fields of the first and the second operands, together with the
bit field of the status word (at the out put of register 407), are
transmtted to the information input of the associative menory nodul e
4-k. The second control output 56 of the associative nenory nodul e 4-k
receives the transm ssion strobe which is forned at the first contro

out put 410 of 10 the AMJ 408. 23/46avi ng been formed at the

i nformation output 51 of the associative nenory
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nodul e k, the ensuing packet is transmtted to input 40-k of buffering

bl ock 5 and then to the correspondi ng i nput of the buffering unit
389-k. I nput %ﬁi&%& the buffering unit 389-k receives_the "
transm ssion strobé fromthe second control input 56 of t hePGHUSI9/03633

associ ative nmenory nodul e 4-k through the correspondi ng i nput of buffering

bl ock 5. If the received packet is an operand packet, its
functional fields bits are received by the register 399-2 of the
buffer 391-2, and the corresponding receiving control signal is

formed at output 400-9 of control unit 397-2. Bit fields of the

packet output fromregister 399-2 are transmtted to the second 20
information input of switch 394. The CQ?L@Rponding control input of swtch
394 receives the switching control 'signal fromthe output of "AND'

el ement 395-1. The swi tching control signal and the bit fields of the
packet are transmtted to the first input of the switch 394 and
function as a strobe of transm ssion which is conpleted at the out put
of the "OR' elenent 394-1. 25 I f the correspondi ng input register
348-k in switching unit 304-2 of switch 3 is free, then input 31-2-k
of swwtch 3 receives a packet of operands fromthe first output of
switch 394 through output 393-3 of buffer 391-2, through output 390-6 of

t he buffering unit 389-k and through output 49-k of block 5.
Correspondi ngly, the transm ssion strobe is transmtted to input
30-k of switch 3 fromthe output 48-k of 30 buffering block 5 and the

next processing cycle hﬁ run.
38 431N T\ 451N 461N 47-1.. N 48-1.-N 49-1 . N s
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PCT/ US99/ 03633 When reception by switch 3 is closed, as in the
case when register 348-k in unit 304-2 is occupied, a signa

bl ocking t r¥@PMB3T on is transmitted fromthe switching PCT/USIMIRE (o the
i nput 37-k of the buffering block 5. The signal blocking transmssion is
transmtted through the corresponding i nput of the unit 389-k to input
392-1 of buffer 5 391-2 and then to input 402-2 of control unit 397-2

and the input of "OR' el enent 394-5. At the output of the "OR'

el ement the control signal is fornmed. The control signal is
transmtted to the fifth control input of swtch 394. Information received
from the second input of switch 394 is transmtted through the second
out put of switch 394 and then 28/86conpani ed by the | oading signal’
fromthe output 400-11 of the control 10 unit 397-2 and transmtted to an
i nput of the RMU 396. Information |oading to RVU 396 will be carried

out until the blocking signal is cleared frominput 37-k of buffering

bl ock 5. Wen the signal is cleared and if there is no.information at the
registers 399-1 and 399-2 and at the fourth information input of the
swtch 394, the bits of the packet

3894
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1\ A 4; A
I B—
393-1 3932 3933 3934
391-1 3912
3922 3924 392-6
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r N h h
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are transmitted from RMJ 396 through the third information input of swtch
out put 393-3 of the buffer 391-2 and to the correspondi ng i nput
bl ock 5, and through the correspondpigydobipigss and

394 to 15

49-k of buf f eRydshur027

outputs of switch 3 to the fourth

information input 20 of the k-th

processor unit. If the result, obtained in executive device 107,
does not require a search for the corresponding pair, which is
determ ned by the single-inputness of the instruction, then 20 the result

of processing and the corresponding strobe of transm ssion are transmtted
fromthe correspondi ng outputs of the switch 102 and the control unit 104
(Fig. 2) to out puts 25-4, 25-5 and 23-4 of the k-th processor unit
respectively. The bit fields of sult and the correspondi ng
control signals are forned anal ogously to the result of t he

doubl e-i nput instrug:tion. The sub-packet bits_and the stro®iof 554

transm ssi onfﬁi‘e 2552 transnitted to the inpdtg 38-k and/36" of buffering
bl ock 5. [ the transmited sub-packet s an insfrucfion fyord, it
I's received|b —5tef F3——of—t-heThuiFar—394+—3—hhe
correspondi ng or-freql at out pyt 41(;.8_ o't conjr ol
unit 397-1. {Th hCke re trapsmtt r omrthe—out put  of
regi ster 399-11 i nprat |of _swirteh—398.| From|t¥#he i [ §t
i nformati on |3pD 3P8—+hghidis eh t he-sub-gackat afle
transmttedi{tp 'om [ t _of < '1»—eh—8!34. ThﬁE
correspondi rjg| si confrol]|lils fdrted fat] t he
39
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PCT/ ] US99/ 03633 out put of "AND' el enent 395-2 and is received by the
first control input of switch 394. A control signal is transmtted
from out putwee®429227f the control unit 397-1 to an i MEIYUS3Y03633e " AND'
el ement 395-2 (Fig. 26, 27). The second information out put of
swtch 398 is used for transm ssion of the 5 conputing result to the
external controlling system The correspondi ng control signal is
formed at the first output of the decoder 406-1. The input of decoder 406-1
receives the bits of the code determ ning the type of the sub-packet.
I nformation fromthe second i nformati on output of switch 398 together

with the strobe of transm ssion froma / out put 400-7 of control unit
397-1 is transmtted to output 393-4 %7 %ﬁffer 391-1 and 10 through output
390-6 of the unit 389-k and the output 47-k of block 5 to the second
informati on output 15 of the system Processing of bit fields of

t he package in executive device 106, including the depgr m nati on by

the instruction system ogey at kg@hSsoff tae fabddCtdomdnadod | €l ds gofz)t he st at us

word, are realized in the4sw t&hing bl obk 444 (#ig.$5,7). Ahe corresponding
control 15 signals, whidh arp fojned gt aph out put| of de€oder 178 are
transmtted t hrdugh out put
400-10
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152-3 of control unit 142 to inputs 154-1...154-12 of swtching bl ock 144.
I n bl ock 144, the control signals of the switching group 214...219
are formed at_outputs 244...263 of control wunit 213 ' The
i nf or mati on iWBﬁ?’%S’%ff swi t chi ng bl ock 144 recei ve thg&f%ggz% 3t he
functional fields of the status word, transmtted fromthe outputs 20

163-2 ... 163-11 of the input register unit 149. The nodified fields of the
status and data words, formed on the registers 202...212, are
transmtted through the information out puts of block 144 to the

i nputs 153-3 and 153-4 of the output switch 143, and from t he out put
of swwtch 143 to the address and the second information outputs 127 and

129 of the executive device 106. 25 In addition to the operations of
nodi fication of functional fields, eXﬁgg&§6e devi ce 106 al so carries
out the operations of relations deter on (for exanple, between

the data val ues of two inputs of an instruction or between the val ues of
separate functional bit groups). Such operations are run in ALU 147.
As for the rest, the working of the functional units of the executive
device 106 is 30 simlar to the working of the corresponding units of the

executi ve device 107. The transm ssion strobes and the bits of the
result packet functional fields for the beginning &
40 54 55 56
A T A /
- . 409-1 410 4092 w
4 > 412-1 408
M 4122
4131 4123 4132
A A A
r/ J
A ~ T A
50 st 52 53
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PCT/ JUS99103633 of the ensuing conputing cycle are forned on the
correspondi ng control and . i nformation outputs 23-4, 25-4 and 25-5,
23-1, 25-1 aveiyeB92Z of the k-th processor unit. EacRCEUSWOISr unit
processes the instructions w thout nmutual synchronization w th any of
the other (N-1) processor units. 5 I f the next package formed on

i nformation output 55 of the k-th bl ock of associative nenory is a
starting package for the processing of the |ocal part of a routine
defined by fragnent F, (a fragnent routine), then bits of the functional
fields are transmtted to buffer 551-1 in additional buffer unit 9
(see Figs. 1; 41, 42, 45, and 46). In all other respects the further
wor k of transm ssion of the starting package for 10 fragnent F is carried
out according to the above nentioned tﬂHﬂ@aﬁssion of a package from
an output of buffer unit 5 through first additional switch 7 to the third
and fourth information inputs 19 and 20 of processor device 1l-i to
third information input 74 of fragment routine processing unit 6-i
The first additional switch 7 functions to select the first free unit 6-k
fromthe 15 group of fragnent routine processing units (6-1...6-N).

The third information input 74 and fourth control input 71 of fragnent
routine processing unit 6-k correspondingly receive bits of the
functional fields of the

65 66-1 67-1 66-N 67-N
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I nformati on, package and t he acconpanyi ng strobe of transm ssion fromthe
I nformati on and control outputs 84-2-k and 84-1-k of the k-th group of
exchange 20 outputs of first .additional switch 7. Under_t he
di rection of ff?ﬁ”zgontrol signal s received on outputs 486PGHEE¥833%¢
the control unit, information frominput 74 of unit 6-k is transmtted

t hr ough out put 493 of switch 464 to input 479 of input register unit
462. lnput 478-5 of input register unit 462, receives a strobe of
transm ssion from output 488 of control unit 463. In 25 contrast to the
processor units 1-1... 1-N, where each package processed is addressed
to the associative nenory nodules 4-1...4-N, in each fragnment routine
processi ng unit definite parts (fB{gquts) of the main routine are
conpl etely processed andjyonly final &4 results are transmittelf to the
associ ative nmenory no#deéd es 4-1.....4- N| 416N Loadi ng of routjhes
(corresponding to tL:TVUI Netmemm—py i nci pl es of processing) 30 il s
performed at the ti of j.ni.tial. . lpadtrng of the conputer system Bgih
i nstructions napgal a are trimawi fted through thefirst—nf ?ﬂation
i nput 10 of the}sydgtiem angd the -
41 7y s 3 421-N
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PCT1US99103633 first informational input 72 of fragnment routine
processing unit 6-i to input 475 of | oadi ng register unit 461. Then,
bits of furwetbmad? fiel ds of instructions (correspondi ng PCT/USIY/G6IBy st em of
instructions of executive unit 459) and data are transmtted from out put
477 of unit 461 to informational input 466 of unit 459 and are acconpani ed
by signals 5 of interruption fromoutputs 476-1 and 476-2 to inputs 465-2
and 465-3, respectively, of unit 459. Through t he exchange
bus 496, under the control of m croprocessor 494, i nstructions and
data of fragnents of running routines are |loaded in nmenory 495.

After input 479 of unit 462 receives a start package of a fragnment and

i nput 478-5 10 receives the corrquTmQSng strobe of transm ssion,

regi sters 504 and 505 receive operands and register 508 receives the
status word field of F. When a strobe of transm ssion is present at

i nput 478-5, trigger 509 is set and a signal of interruption is

formed on out put 480-2. The signal of interruption is received by input
465-2 of wunit 459 together with a bit field which is received by
information i nput 466 of unit 459 15 from output of register 508 under the
control of a "reading" signal fromthe output of triggerﬂ§09 t hr ough
out put 481 of unit 462. M croprocessor 494 "identifigs" bit
fields transmitted #soi out put 48%of unit 488N t hr qﬁ% change bus
496 and transmts a dToup of contfol..signals %hrough out puf s

449-1 450-1 449N 450N
» 3 3 u F Y . X
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439-1
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451-1 451N
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468-1...468-4 to inputs 478-2...478-3 of unit 462. In unit 462 the
correspondi ng 20 signal s of sequential reading and transm ssion of data
are transmtt regi sters 504 and 505 t hrough o to
i nformation iﬁgﬁ%k%%% of unit 459. M croprocessor 494, ﬁ%még%%rdance
W th the nunber and paraneters of fragnent F, starts the

correspondi ng routing of processing which is termnated by interruption of
m croprocessor 494. By this interruption, mcroprocessor 494 forns the
"vector of 25 out put” which corresponds to the current nunber assigned to
regi ster 503 of unit 460. The "vector of output" (acconpanied by a
control signal transmtted from out put 468 of executive unit 459

t hrough exchange bus 496 and out put 4632?%6pxecutive unit 459 to

i nput 469-7 of unit 460) is transmtte I nput 470 of unit 460 whgge
information is witten in register 503. Fromregister 503 it |s
transnmitted to an input of“ﬂecoder 501- 3W' 1. The signat®Bf ifter/ruption
is formed on an output of dpcoder 501-1 andlis.. . ... t.ransniftt edp through

out put 472-1 to ijnput 465-2| of executive unjt 459.
42 WO 99/(42927
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Upon recei pt of the signal of interruption mcroprocessor 494 forns a grqup
of control signals which are transmtted through outputs 468-L..468-4
of executive unit 459 to outputs 469-3...469-6 of unit 460. These
control sigWl%¥4aR2fect the transmn ssion of bit fiel dBCTAUBIP@ZBAHtI ng t he
result of processing of fragnent F from output 467 of unit 5 459 t hrough
i nput 470 of unit 460 to inputs of registers 497 and 498. The
format of data in registers 497 and 498 is the sanme as that of a

hal f - package resulting fromthe processing of instructions in
processor device 1-i. The strobe of transmission is transmtted
fromoutput 471-3 of unit 460 to out put 76 of fragnment routine.
processing unit 6-k Fromoutput 76 of unit 6-k it is transmtted 10 to
input 62-k of the third group of cont3®ggnputs of first switch 2. The

address and functional field bits of half-packages resulting fromthe
fragnment routine processing are transmtted fromoutputs 77 and 78 of
unit 6-k to input 63-k of the second group of address inputs and

i nput 64-k of second group of information inputs of switch 2. The
address indicates the nunber of the associati vgsapnory,.mmdul e #-j wher e the
starting 15 ins??@ttion he processing of fragnent was af ocat ed.

i

| nput 52 of the adsoci at-i ve . --nenury-nodule“4-}-necé1ves t fields of
hal f - package fromjoutput 66-§ of the group of infQrmatibn outputs.
This results|in alconbining of the data resulting from tjhe processi ng
of fragnment F with thecommon fields of the runming-reutli ne. | f

processor fragnment F Ras addifional comon field i ppyt of jrunni ng routines
Kd- 20 1.. |Kdim(see fig 4Py, - starting uni{_6-k appends| an "instruction
nodel " Kdbl . |. Kdbrh i

458-1-1 aSBLANG L L. L. 458N-1 |, , [4S8NIN
p Py A 1\ » 1
. 448-1
448-2N
4 N L ~
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to enabl e processing. The status word field NB (see fig. 43) contains a
nunber corresponding to the starting unit 6-k in which the fragnent

routine is bei rocessed. Packages of additional | ng (as
the data are r‘gga%z re formed on an out put of associ gf’vﬁlgg;@i%ry
nodul e 4-j for processing of a locally selected fragnment F. 25 These
packages are transmtted frominformation output 55 of block 4-) of

associ ative menory to input 96-j of the group of information inputs
of the additional buffer unit 9 and then to input 552-3 of buffer
551-2. The package of additional addressing is recei ved by

I nformation i nput 89-] of second additional switch 8 from output 101-j of
addi tional buffer unit 9, and address iQR@y4g87-j of second additional

switch 8 receives 30 bit field NB of package correspondj n% t o nunber of
the starting fragnent routine procegs| ng unit 6-kﬁ’&§ dtesult,

out put 91 of tyre—SECTUTd audrtTomal SW T CIT T/eCel VES & A

43 WD 09147927
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information fields of bits of the package of additional addressing which,
are then transmtted to second information input 73 of fragnent

routi ne processing unit 6-Kk. Further work is perforned anal ogously to
t he transmweisgresznd processi ng of start package of WOTARWN6IF. 5
Thus, the described conputer system provides a high performance by nmeans of
increasing the |l oad of the processor units and obtaining in this way a

decrease of the wor ki ng prograns running tinme. Then, a high
parall elismof the processor units’ wor ki ng is obtained automatically
and there is no need to distribute the group parall el processes

bet ween separate conputational structures (executive devices) inside every
10 runni ng program or between progranms, which is usually carried out by
a person, who _ may become unabl quope with this problem when the

nunber of parallel computing S ctures increases. Thus the
inclusion in the conputer system structure of fragnment routine processing
units, first and second additional switches and an additional buffer unit

reduces the 15 volune needed of the associative nenory nodul es, perforns

processi ng by von Neurmann princi pl es of conputation of |ocally
separated parts of routines (or entire routi nes) which have | ow inner
parallelism and uses flow control for processing of the mai n runni ng

routines. This results in an increased perfornance af the system and an

i nproved efficiency in processing routines with practically ho | oss of tine
for 20 distributfjon of tasks between units for fragrget prpcessing.
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CLAI V5 VWhat is clained is: 1. A conputing system
conprising at | east one processor unit, at |east one associ ative
menory noduMO 9%R@9%7east one switch and at | east one secon®@CTASWMAGE3said 5
system conprising fixed address switching nmeans to transmt information
froma processor unit to an associative nmenory nodul e. 2. The
systemof claim1l further conprising free address switching nmeans to
transmt information froma second switch to a free processor unit.

3. The systemof claim2 further conprising buffering neans to snooth peaks

of 10 i nput queries on inputs of a second swtch. 4. The system
of claim 1 wherein each said processol7ddét conprises conmand menory
for storing instructions of a program bei ng execut ed. 5. The
system of claim 1l wherein each said processor unit conprises at |east one
executive device. 15 6. The system of claim5 wherein each executive
device in a processor is best . suited to processing a particular type
of information.480-% 7. The system of 48012a M85 Tr AR conprising free
address swi tchin§ 4eans to A p \
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I 4
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transmt information froma second switch to an executi ve devi ce best

suited to processing the particular type of information transmtted.
20 8. The systemof claim 1 further conprising at | pti cal
systemto G’Q%éﬁz?t ate swi tching. 9. The syst e%acﬁ'?usgg‘gf”% 8
wherein said optical system conprises a transforner- receiver, a |laser

emtter, a photo receiver, and a second transforner-transmtter.

10. The systemof claim9 wherein said optical systemfurther conprises a
25 controlled deflector, a first group of lens rasters, a controlled
optical transparency, and a second group of lens rasters. 11.
The systemof calim1 further conprising at |east one fragnent routine
processing unit. 12. The systggsg& claim 11 further conprising at
| east one first additional swtch, at ﬁeast one second additi onal
Zgﬁtch, and at |eggt onge additigpal buffering bl ock g4
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WD 99/ 42927 PCr/ US99/ 03633 13, A
conputer system containing N processor device, first and second switches, N
devi ces of associative nenory, buffer unit, information inputs fromfirst
to third, WO%4Mrol input, first and second i nformati oRCEHSINIBE3 her e
first control outputs and address outputs of the i-th processor device
(where i=1...N are connected with i-th 5 i nput of the first group of
control inputs and with i-th input of the first group of the addr ess
inputs of the first switch correspondingly, first-and second information
out put s of the i-th processor nodul es are connected with the
corresponding i-th input of the first group of information inputs of
the first switch, first information, address, control and second

i nformati on, address and control inpu;g 2& the i-th processor device are 10
connected with first and second infor 9’ 3 i nputs of system the control

i nput of which is connected with control input of the first switch
and with the third control i nput of the i-th processor device,

control output of thq first switch is connecapd W t tje fourth
control input of t#e h«ﬂﬁ*ﬁrocessor devi c@41-tjhe 3441 | Cheei ¥n out put of

whi ch is conne -he—fi—+-st—-h-orrai-+on st
control and 15 i nf 1t i on—secoRd—cont+otJdand i nformati on od?pu.s of the
i-th group of putputg off exchanrge—of—the—seeopd—swi t ch| are cpnnected
with fifth confrol  and tlhied| i mior mat i on iapufs, sixth gq@tral and
h . . X oo [N 531 . 532°]
fourth informa}i on—HAputis—e++Hhey i -th processor e
correspondi ngly, flirst group of Ranf2al outputs |of the second |[switgh is
connected with :
522-N
527-1-1 - 529-1-1
527-1-N —>| 529-1
21 1519 527-N-1 : 529-N-1 520
2 527-N-N > 529-N-N
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the first group of control inputs of the buffer unit, the second group of
control outputs 20 of the second switch is connected with the second
group of control inputs of buffer unit, control inputwsy%}%ssecond
switch and bufY®P&Mit and first control i nput of each 0CKs ™ of
associ ative nenory are connected with control input of system i-th inputs
of the first and second groups of control inputs of the second switch
are connected with second and third control outputs of the i-th
processor device correspondi ngly, seventh 25 and eighth control inputs of
whi ch are connected with i-th outputs of the first and second group.
of control outputs of buffer unit correspondingly, third group of contr.ol
and first group of information outputs of which are connected with the

third group of control inputs and4fj46t group of information inputs
of the second swtch correspondi ngly, second group of information
out puts of buffer unit is connected with 30 t he second i nformati on out put
of system fourth group of control inputs of the second swtch is
connected with fourth g%oup of control outputs of hLyften Aintdedsth i nput
of 90 46 T?%. 99/ 42927
PCUS99/ 03633 —
8
536
537-1 [aee | N 544-1 544-N
543-1
I 5w
538-1-1 | 546-1-1
538.1-N 546-1-N
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the first group of information inputs of which is connected with fourth and

fifth information outputs of i-th processor device, fourth control
out put of which is connected with i-th input of the third group of
control inpu@8Y4P2% he buffer unit, third group of [RETHSAYHBN out put s
of which is connected with the second group of 5 i nformation inputs of

the second switch, first control output of the i-th bl ock of
associ ative nenory is connected with i-th input of the second group of

control inputs of the first switch, i-th output of group of
i nformation outputs of which is connected wi th information input of
i-th associative nenory bl ock, information and second control outputs

of which are connected with /-th inputs of the second group of 10
information and fourth group of cont yql/4@pruts of buffer unit, third group

of information inputs of which i's connected with the third
i nformation i nput of system and i -th output of group of control
out puts of the f4yfst. . sHissgh ils corhected witdr | he [3eeor]d control
i nput of i-th ; i ati ry: NN erent inith 10141 lconsaj d@-Ninits for
processi ng of utines, first and|second gdditi ¢gnal $w tches
and addi ti onal units, jhere the control} unit] of the fijfgst switch
is connected W i ont r o inpu{ off theli-th gnig for
routine fragme firsg information input of whigh is
connected withi{first informatjon ipput of systém whose [contrgl input is
connect ed with cgntrol | nputs—ef—ft++rst—afe—secon ddi t}i onal
swi tches, addi{iongl buffer unit and se‘cond contriol unijt of [the i-th
unit of routing fragment processing, third confrolfinput|20 | of wWhich is
connected withfi-th oytput off gro pui—sjm thg sec¢nd
550-1f -2 -3 -4 -3 4
5491 549-N
r A A A A p
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yy X 3 A %X '[~
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additional switch, i-th output of group of information outputs of which is

connect ed with second information input of i-th unit of routine
fragments procggabif, third i nformation input of whichJ cted
with information output of the i-th group of out put s gF*§§%ﬁ§§ge of

the first additional switch, control input of the i-th group of 25
out puts of exchange of which is connected with fourth control input of i-th

unit of routi ne fragnments processing, first control output of which
is connected with i-th input of the first group of control inputs of
t he second additional switch and i-th input of the first group of

control inputs of the first additional switch, second group of control

i nputs of which is connected with the first group of control outputs of

addi tional buffer 30 unit, first grOUﬁg?h i nformati on outputs of which is
[

connected wth the group of i nfor i nputs of the first
additional switch, grpup Qf control outputs of which is 4 A
47 WO 99/&23%7 ism& PCTI #3899/ 0363|3550-4
549-i
553-1 553-2
551-1 e 551-2
~ X A h
551 2 -3 4
~ A A n P,y
e 954 3 | 96il oni
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connected with the first group of control inputs of the additional _buffer

unit, second group of control outputs of which is connected with the
second group of control - i nputs of the second additional switch, group
of address woa/4e27up of information i nputs of whi ch POTAIS8WIIMBCt ed Wi th
t he second group of information outputs of 5 additional buffer unit,
second group of control inputs of which is connected with contr ol

out put of the second additional switch, infornmation output and second
control out put of i-th associative nenory bl ock are connected with
i-th inputs of group of information and third group of control inputs
of additional buffer unit correspondingly and second control, address

and information outputs of the i-th unit of routine 10 fragnents.
processing are connected with i-th inputs of third group of control, second
group of address and second group of '3Z§ mation inputs of the first switch
correspondi ngly. Conmput ésten1different in that the unit
of routine fragments processing contai ns executive unit, unit of

out put registers, unit of registers of |oading, unit of 15 i nput
registers, unit of control and switch, here the information output of
executive unit is connected with information input of unit of output
registers, first control input of which is connected with first
control input of unit, second control input of which is connect ed
with first control input of executive unit, second control input of unit of
out put registers, first control.i-aput—of-eontrel-unit, first control input

of unit of 20 registers™of loading andfaith first c¢ontral_input of unit

of input registers; first coptraol

Figure 43



out put of which is connected with second control input of control unit and
first control output of unit, first information input of which is
connected with information input of unit of registers_of |oading,

i nformati on oNYPW2Y which and i nformation output of unit PETUSSER3 byt
regi sters are connected with information input of executive unit, second 25
control input of which is connected with first control output of unit of
out put registers, first control output of unit of registers of

| oadi ng and second control output of unit of i nput registers, third
control output of which, second control output of unit of registers

of | oading and second control output of unit of output registers are

connected with third control input of executive unit, first control
out put of which is connected with the 30 second control input of unit of
regi sters of | oading, second control in a} f unit of i nput registers
and third control input of unit of outp& 4 gisters, third control output

48 W09/ 42927 Pcr/ US99/ 03633 of
which is connected with second control output of unit, second information
i nput of
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which is connected with first information input of switch, information

out put of which is connected with information input of unit of i nput’
registers, third control unit of which, third control input of unit of
registers of"?Y4B%g and fourth control input of unit 5 PCEUSENVIBEAt

regi sters are connected with the second control output of executive unit,
third control output of which is connected with fourth control input of
unit of input registers, with fourth control input of unit of

regi sters of loading and fifth control input of unit of output

regi sters, address and information output of which are connected
correspondingly with address and i nformation outputs of unit, third control
input of 10 which is connected mjtb£5h%§d control input of control unit,
fourth control input of whi ch i 5% cbrinected with the fourth control -

input of unit, third information input of which is connected with
second i nfor | ; d control I nput of
whi ch are conl[FEEe=—Carrespaath R 51 and]| $econd control outputs
of cont|tplfFrt—aat-d—eantiph—ot b —wHi-Ehts—-condacted with
fifth control it [FOot 5 egi STET$ 01 [l padi silqiith _cont r ol
I nput of unit 1f Ut DEEE t-gr-srprpr- ot aont|r ol qutiput of
executive uni f It e dutppt ot I $ [conndct ed Vil _seventh
control i nputillpf Jn OlPPuzhu PG B¢, |
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(57) Abstract
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