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A processing circuit and a search processor circuit

The present invention concerns a processing circuit for recognition and
comparison of complex patterns in high-speed data streams, particularly for _
use in search engines for search and retrieval of data stored in structured or

~ unstructured databases, and-wherein the processing circuit forms a node in a

network of such processing circuits; and a search processor circuit
comprising a multiprocessor unit P, with tree structure for recognition and
comparison of complex patterns in high speed data streams; particularly for

'use in search engines for search and retrieval of data stored in structured or

unstructured databases, wherein the multiprocessor unit P, comprises
processing circuits Py according to claim 1, and wherein the multiprocessor
unit P, forms a circuit realized as a binary or superbinary tree with n+1 levels
So. Si....S; and degree k = 2™, wherein m is a positive integer larger or equal
to 1. and a superbinary tree defined by k > 2.

The present invention realizes a search processor circuit on the basis of a
multiprocessor unit with a plurality of processing circuits. In a seaich
operation a stream of data is carried in steps through the processing citci__xits
of the search processor circuit and for each step the data which currently a;e_'
in the chip, are cbmpared with some pattern or other which may be coded as
a bit string and beforehand input to the processing circuits.

For searching information in large data streams, something which for

instance will be topical for search engines for data communication netwo'rks.
of a type such as Internet or Intranet. for monitoring the content of data
streams and for retrieval of data in large structured and unstructured
databases, there have in recent years been developed dedicated processors.

_The reason is that recognition and retrieval of information in the

above-mentioned fields are critical operations which do not lend themselves
to an effective realization with the use of comman data processors. Basically
search and retrieval of patterns in large data volumes are suited to massively
parallel solutions, using a large number of processing elements which |
simultaneously search in the same or different data segments. By use of a
massive parallelism it will be possible to handle 2 large number of queries or
searches simultaneously. For the search it has been proposed to use special
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search languages which has sufficient power of expression to descnbe
features of the mformatlon searched

In the art there are knoWn processors which use a ccmparison of strings of
data or symbols. As an example of prior art in that connection there may be
referred to mternatxonal patent application No. PCTNO92/0017.> with the
title "Non-numeric coprocessor”. Further has the company Paracel Inc.
developed a data processing unit called Fast Data Flnder (FDF) Whlch is
particularly adapted for analysing similarities between data. FDF uses a
pattern matching technology which can detect an exact match, but may also
be able to find distant similarities. something wh1ch may- be useful in gene
research and text searching.

Further there are from US patent No. 5 553 272 (Ranganathan & al.) known a
linear systolic arrav jdrocessor for computing the edit distance between two
strings over a given alphabet. This computation is based on a coding scheme
which reduces the number of bits which are necessary to represent a state in
the computation. The systolic array processor has been given an architecture
which does not constrain the length of the strings whlch can be compared and
uses simple basic cells which only need to commqn;cate with the nearest cell
neighbour, such that it is very well suited for VLSI implementation.

A disadvantage with the known dedicated search processors is that they do
not offer a sufficiently advanced functionality to handle very compliex search
queries. Another disadvantage is that they to the greater extent is based on a
circuit architecture which onlv with difficulty can offer a functionality of this

kind without being unnecessary complicated.

An attempt to solve this problem is known from US patent No. 4860201
(Stolfo & al.) which discloses a parallel processmg device structured as a
bmary tree, where a large number of processors, each with there own I/O
unit, are used. Generally Stolfo & al. discloses a- computer with a large

" number of processors connected in a bmary tree structure such that each
_processor apart from those which form respectively the root and the leaves of

the tree, has a single parent processor and two child processors. The
processors work typically S}'nchronously with data which are transmitted to
them from a parent processor and communicate th'e. results further to the
nearest following processors. At the same time the child processors of a
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parént processor can also communicate with each other. According to Stoifo
& al. each node forms a processing element which comprises a processor in a
real sense, a read/write memory or a random access memory and an /O
means. The I/O means provides interfaces between each processing element
and its parent and child processing eléments such that a substantial
improvement is obtained in the Speed whereby data are transmitted through
the binary tree structure. As the binary tree structure has a processing
element in every node, the processing device generally will comprise 2"-1
processing elements, i.e. 1023 processing elements if the binary tree is
realized with n = 10 levels. In a preferred embodiment this prior art parallel

processing device has a clock frequency of 12 MHz which in case a tree with

1023 processors is used. each processor having an average instruction cycle
time of 1.8 ps, offers a processing performance of about 570 million
instructions per second.

A binary parallel processor of this kind can be well suited for handling
partitionable data processing problems, for instance searching in large

. information volumes. A partitionable search problem can be defined as a

problem where a query about relation between an object x and and object _sét
cotresponds to a repeated use of a commutative and associative a binary
operator b which has an identity, and a primiti_ve search query q which is
applied between a new object x and each element f in the set F. One has then
a partitionable search problem when the logic function OR is combined with
the primitive query “is x.equal to f* 'applied between the object x an each
element fin F. As stated in Stolfo & al.. a problem which consists of
answering a query about a set F, can be answered by combining the queries
applied to arbitrary subsets of F. The problem is in other words 'partitionéble
and well-suited for rapid execution by parallel processing. The set Fis
partitioned in a number of arbitrary subsets equal to the number of available
processors. The primitive query q is then applied in parallel on each
processor between the unknown x which is communicated to all processors
and the locally stored eleme'n't f in the set F. The result is then arbitrarily |
combined in parallel by log,N repetitions of the operators b, a number of
computations on N/2 adjoining pairs of processors first being performed and
then a corresponding number of computations on N/4 pairs of processors
with the results from the first computations. The operations are thus moving
during the processing to overlying levels in the binary tree, in other words
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from child processors to the parent processor etc. and are repeated in parallel
on each level. ' -

- From intemational patent ahplicat_lon PC-'l;/N'09_9/9_(__)308 which belongs to the

present applicant, there is known a digit'al'proc'ess'ing device which is suited
for processing digital data signal structures, where the data signal structures

B comprise repetitive sequences and/or nested patterns This processing device
* is generally configured as a regular tree with n+1 levels S, Sy....5; and of

degree k. This architecture provrdes a number of advantages compared with
that which is disclosed in the above-mentioned US patent No. 4860201 and

_ mav in one embodlment be used for realizing a. multiprocessor architecture
- based on a regular bmarv tree of degree 2 or a superbmary tree for degree 2™,

where m is a positive integer greater than 2, such that a superbinary tree for.
instance will have the degree 4. 8, 16...etc. A bm_ary or superbmary
architecture of this kind will similarly to the that b'roposed in US patent
4860201 be able to handle partltzonable search problems in an effectlve
manner.

" The main ObJCCt of the present mventlon is thus to provide a search processor

circuit which with basis in the general multiprocessor architecture as

_ dlsclosed in the appllcant s above-mentioned mternatronal ‘patent application

can be realized with a multiprocessor archrtecture which avoids the
above-mentioned disadvantages with dedicated search processors, but which

simultaneously also will be able to provude a far better processing and device .
.~ economy than that which is the case w ith the parallel processor as disclosed
~inUS patent No. 4860201 '

Further itis an obj'ec_t of the invention to provide a processing circuit which
can be used for realizing a multiprocessor unit in a search processor circuit
and effectively perform search by comparison of patterns.

Finally it is. also an object of the invention to prov:de a search processor
circuit whose architecture not only allows it to handle binary partitionable

- search problems with appropriate functionality, but also lends itself to

implementation with varying degre_e of lntegrat_ibn ‘by means of available
circuit solutions known in the field of microelectronics. Particularly it is in
that connection the object that it can be realized in the form of a.
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microelectronic component implemented as a so-called field programmable
gate array (FPGA) or an application-specific integrated circuit (ASIC).

The above-mentioned objects and other features and advantages are achieved
according to the present invention with a processing circuit which is
characterized in that it comprises an interface with inputs and outputs for
data which respectively are configuring and operational parameters for the
processing circuit. the configuring parameters being supplied to the
processing circuit via unspecified or dedicated inputs in the interface once
and for all for a giving processing task and the operational data which are
processed by execution of the given processing task being continuously input
to or output from the processing circuit via specified respective inputs and
outputs of the interface, at least one kernel processor in the form of a
comparator unit. the comparator unit being adapted for comparing two data
words, and a logic unit connected with the comparator unit, the logic unit
comprising a multiplexer connected with the following inputs m the
interface’ a sequential data input, a sequential document input, a sequentnal
fhp-ﬂop input, a sequential result input from a preceding processing circuit,
a sequential result input from a succeeding processing circuit, a parallel data
input, a parallel document input, a parallel flip-flop input, a parallel result
input on a preceding processing circuit and a parallel result inp_ut”on a
succeeding processing circuit; and with the following outputs in the
interface: an output for a selected data value, an output for a selected
document value, an output for a selected flip-flop value, an output fora
selected result to a preceding processing circuit and an output for selected
document value, an output for selected flip-flop value, an output for a
selected result to a preceding processing circuit, and an output for selected
result to a succeeding processing circuit; a first D flip-flop; a latency unit
which is adapted to delay a positive binary value with a given number of time
units; a second D flip-flop; a sequence control unit which is adapted to
monitor and control a comparison operation in the comparator unit, and a
result selector which is adapted to combine two result values from other
processing circuits or other result selectors; that the comparator unit is
connected with an output for a selected data value on a multiplexer and with
a data output in the interface and further has a result output connected with a
first AND gate and an equality unit connected with a second AND gate, that
the first D flip-flop is connected with an output for a selected document
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value on the multiplexer and has a reset output which via a reset line is
connected respectively with an input on the first AND gate, an input on the
second AND gate, and an input on the latency'unit as well as with'a
document input in the interface, that the second AND gate has an equality
output in the mterface, that the latency unit is connected with the output on
the first AND gate and with a result input on the" sequence control unit, that
the second D ﬂxp-ﬂop is connected with the reset output on the first D
flip-flop and respectively a flip-flop output and flip-flop input on the
sequence control unit as well as with a flip-flop output in the interface, that
the sequence control unit is connected with the output for a selected flip-flop
value and the output fora selected result from a precedmg processing circuit
on the multtplexer and with 2 result input on a precedmsz processxng circuit
and result output in the interface, and that the result selector is connected
with respectively a first result input, a first document input, a first equality
input, a second result mput a second document input, and a second equality
input in the mterface and respectively with a result output, a document output

- and an equality output in the interface.

g In an advantageous embodtment of the processmg ctrcult accordtng to the
- invention the comparator: umt COM comprises a first register which in each

case contains input data.in the form of a dara word x and respectively is

'connected with a data input and a data output. a second register which
contains a data word a which the data word x in the first register is to be

compared with, as well as one or more logic gates and a multiplexer
connected with the registers for executing a compartson operation, an output

on the multlplexer comprising the result output of the comparator unit.

. Inan advantageous embodiment of the processing circuit according to the

invention the latency unit comprises a counter which respectively via a first

input is connected with the output of the second - AND gate and via a second
input with the reset line, the counter being connected with a latency register
which contains a _conﬁgunng latency parameter, and having an output which
is the result output of the latency unit. '

In an advantageous embodiment of the processing circuit according to the
invention the sequence control unit comprises a first AND gate connected
with a result input on a preceding processing circuit and a result output on
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the latency unit, a first OR gate connected respectively with an output of the
first AND gate and an output on the second D flip-flop, a second AND gate
connected with the result output of the latency unit and the result input on a
succeeding'processing circuit, a second OR gate connected with the result
input on a succeeding processing circuit and the output on the second D
flip-flop, a third AND gate connected with the result output on the latency
unit and with an output on the OR gate, and a multiplexer connected
respectively with the result output of the latency unit, an output on each of
the AND gates and the first OR gate, the result input on a preceding '

" processing circuit and the flip-flop output on a succeeding processing circuit,

an output of the sequence control unit forming the result output of the
processing circuit.

In an advantageous embodiment of the processing circuit according to the
invention the result selector comprises a first AND gate connected with the
first equality input and the second equality input. a second AND gate -

‘connected with the first result input and the second result input, a third AND

gate connected with the first result input and the second equality input, a' -
NOT gate connected with the second equality input, a fourth AND gate -
connected with the second result input and the output on the NOT gate, a
first OR gate connected respectively with the first and the second equality
input, a second OR gate connected respectively with the first and the second
equality input, a third OR gate connected respectively with the output of the
third and the forth AND gate, 2 multiplexer connected respectively with the |
first result input, the second result iriput, the first equality input, the second
equality input, the output from respectively the first and second AND gate,
and with the output from respectively the first, the second and third OR gate,
a fifth AND gate connected respectively with the first and second document
input and with the document output in the interface, a sixth AND gate
connected respectively with the output of the fifth AND gate. a first output
on the multiplexer and the result output in the interface, and a seventh AND
gate connected with respectively the fifth AND gate and a second output on
the multiplexer as well as the equality output in the 1ntertace

The above-mentioned objects and other features and advantages are also
achieved according to the present invention with a search processor circuit
which is characterized in that the multiprocessor unit is provided on the level
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Sq and forms a root node in the tree and comprises an interface Ip and a logic
. unit E, that the nearest underlying level S,., comprises 2™ circuits P,., which
are provided nested in the multiprocessor unit P, and form the chxld nodes
' - thereof, each of the circuits P,.. having identical mterfaces Ip, T and
4 5 comprising a correspo_ndmg logxc unit E. that the mult1proces_sor unit P, on
' an underlying level S, q €{1,2,...n -1}, generally comprises 2™ circuits
Py e2ch with ihterface Io,q » and corresponding logic units and provided
nested in the 2“““'” circuits P,,.qﬂ on the overlying level S,._q+., each circuit
Py.q+1 On this level comprising 2 2™ circuits P,..q, that a zeroth level for
10 n - g = Sy defined for the r_nultxprocessor unit P, for ¢ =n = S, comprises
from 2™"") to 2™ kernel processors Py which form comparator units in the
2" processing circuits P, on the level S;. that each of processing circuits
‘P, comprises from one to 2 2" comparator units and each has interfaces Ip , and’

, correspondmar logic units. that generally all circuits Py, P,...P, on the levels
15 - S,. S,....S, have ldenncal mterfaces 1 such that Ipl = Ip, e Ip =1, and that’

each 10210 unit compnses a result selector ora look-up-table unit for
; _ ~ collecting the results of a search operatlon ora companson operation
[ o . executed bv the processmz cxrcults P. on the level Si.

. In an advantageous embodlment of the search processor circuit. accordmg to
20 the invention each processing circuit on the leve_l comprises 2™ comparator
" units, such that the multiprocessor unit P, forms an unreduced binary or
shperbinary tree, that a processing circuit P, maps a circuit P; on the
overlving level-with a factor r = 2™, and that generally a circuit P,.q on the
level S,.q for qe{1,2,...n-1}, maps a circuit P,.q+) on the overlying level S;.q.
25  recursively with the factor r = 2™, such that the binary or superbinary tree
‘which configures the circuit P, in each case comprises a from the level S; on
recursively generated-'binary or supe'rhinafy tree.

In an advantageous embodiment of the search processing circuit according to
the invention wherein the logic unit.comprises a latency unit and a sequence

30 control unit as well as a look-up-table unit, the logic unit additionally
comprises a first AND gate, a first multiplexer, a second AND gate and a
second multiplexer, that look-up-table unit is connected with a result output
on each processing circuit P,.; in the immediately underlying level, the first
AND gate with a document ohtput on each of the said circuits Py.;, the
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second AND gate with the output ofsthe first AND gate and the output of the
look-up-table, the first multiplexer with the output on the second AND gate
and a second result output on a last one of said circuits P,.;, the latency unit
with the output on the first AND gate, the sequence control unit with an
output on the latency unit, a result output and a flip-flop output on:a first one
of said circuits P,.(, a result input on the logic unit E and a flip-flop output
on the last one of said circuits P,.;, and the second multiplexer with a
flip-flop output on the sequence control unit and respectively with a first and
a second flip-flop input on the logic unit and further via respectively first and
second flip-flop outputs with the first of one said circuits P,.;. '

' A preferred embodiment of the search processor circuit according to the

invention comprises a document management unit, which via a data outputis
connected with respectively the sequential and the paralle!l data input on the
multiprocessor unit P,,, and via a document output is connected with the
sequential document input on the multiprocessor unit P,,.

Preferably the search processor circuit according to the invention also K
comprises %k = 2™ hit management units provided connected with
respective result outputs and document outputs in circuits P,.;, each hit ~
management unit via a result input being connected with respective result
outputs in the interface of the multiprocessor unit P,,.

Additional features and advantages are evident from the remaining appended
dependent claims. -

The invention shall now be explained in greater detailes in connection with
exemplary embodiments for the separate units of the processing circuits

" according to the invention, and examples of embodiments thereof and a

search processor circuit with 2 multiprocessor unit based on processing

circuits of this kind, and with reference to the drawings, wherein

fig. 1 shows the principle of the search processor circuit according to the
invention,

fig. 2 a comparator unit as used in the present invention,

fig. 3 the principle for how a character pattern is compared in the present
invention,
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fig. 4 the principle for how a second character. pattern is compared in the
present invention,

fig. 5 the principle t_‘or how a pattern of two characters is compared in the
present invention.

fig. 6 the principle for how repetitive patterns of varying lengths are
compared in the present invention, |

fig. 7 a sequence control unit as used with comparison of repetitive
occurrences of character patterns in the present invention,

fig. 8 the sequence control umt in fig. 7 connected together with the
comparator unit in ﬁe 2 '

fig. 9 the principle for how character strings where the pattern is arbitrary are

compared in the present invention,.

fig. 10 a first embodrment of a binary data drstnbutlon tree for search
processor urcult accordmg to the present mvennon, N

fig. 11 the 1mplementatron of the binary data distribution tree in ﬁg 10 and
w1th use of the connectmn shown in fig. 8 '

ﬁz 17 a second embodxment of a bmarv data dlstnbunon tree for the search
processor circuit accordmg to the present invention,

fig. 13 a third embodiment of a binary data distribntion tree for the search
processor circuit according to the present invention,

 fig. 14 the principle for the result selector as used in the present invention,

fig. 15 the principle for gathering results from the processing circuits by
using result selectors as employed in the present invention.

- fig. 16 a fourth embodiment of the binary data distribution tree for the search

processor according to the present invention,

fig. 17 a fifth embodiment of the data distribution tree in the search processor
circuit according to the present invention,
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fig. 18 the principle for how a positive resuit of a comparison is maintained
for a certain number of characters, after the comparison in the present
invention has taken place,

fig. 19 the basic operating principle for how patterns are compared according
to the present invention,

fig. 20 the principle for how different documents with the use of tags for
each document are managed in the present invention,

fig. 21 the principle for how the number of hits in a match is limited in the
present invention, '

fig. 22 schematically a data distribution tree for handling several queries o
simultaneously and wherein the leaf nodes comprise a plurality of processing
circuits, |

fig. 23 the principle for how a reduction in the number. of hits can be
implemented on a data distribution tree in the search processor circuit
according to the present invention, ' '

fig. 24 the embodiment of a comparator unit in the processing circuit
according to the present invention, '

fig. 25 the embodiment of a D flip-flop in the processing circuit according to
the present invention,

fig. 26 the embodiment of a latency unit in the processing circuit according
to the present invention, - :

fig. 27 the embodiment of a document management unit in the search
processor circuit according to the present invention,

fig. 28 schematically the embodiment of a look-up-table in the search
processor circuit according to the present invention,

~ fig. 29 the operating principle for how sequence control units are used

together with processing circuits according to the present invention,

fig. 30 the embodiment of a sequence control unit in the processing circuit
according to the present invention,
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fig. 31 the principle for how the character strings are compared with the use
of result selectors in the search processor circuit according to. the present
invention, '

fig. 32 the embodiment of a result selector in the processmg circuit according
to the present invention,

fig. 33 an embodxment of the processing circuit according to the present
invention.

" fig. 34 a block diagram with inputs and outputs for the processing circuit in

fig. 35 an embodiment of the search processor circuit according to the
present invention realized as a multlproccssor unit in the form of a data tree
with eight processmo circuits,

fig 36a h1t management umt as used in the search processor circuit

'accordmg to the present invention;

- fig. 37 the search’ processor clrcuxt in fig. ;6 reahzed w1th the use of a
“document management umt as shown m ﬁg 27 and hit management units as

shown in fig 36 and

.. ﬁg 38a kemel processor comprising a comparator unit and a sequence
~ control unit. :

For further explanation of the separate units and circuits these are disclosed
by their Verilog codes, which are given in respective tables A1-Al3 ina

.- separate appendix of the description. — As will' be known to persons skilled in
the art Verilog is deﬁned in TEEE standard 1364-1995 ("Standard

Description Language Based on the Verilog Hardware Descr:ptlon
Language™).

There shall now be given a detailed discussion of the search processor circuit
according to the invention. Operationally the search processor circuit as a
whole is rendered as shown in fig. 1. A stream of data is shifted through the

circuit and in each step the data which currently are in the circuits, are

compared with some pattern of other. This pattern is coded as a bit string
which is written to the circuit. The fundamental unit in the search processor
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circuit shall be assumed to be one byte and this byte will usually represent a
character. This is, however. not of essential importance on this level and can
easllv be changed.

A search processor circuit accordmg to the invention is built with a large
number of kernel processors in the form of comparator units. Basic
comparator units is shown in fig. 2. The register X here only contains the
byvte x which currently is shifted to the comparator and the register A
contains the byte a which x shall be compared to. As evident from fig. 2 four
comparisons can take place simultaneously, viz.x =a, x 24, x #4, x <aand
the result is obtained on the output of the comparator unit. With an
interconnection of kernel processors. i.e. comparator units as shown in fig 2,
it will be possible to compare or match simple character patterns. For
instance will units connected as shown in fig. 3 match the string “abc”, i.e
an “a", directly followed by a "b” which again is followed directly by a c”.
It will. however, also be of interest to compare a pattern consisting of an "a”
followed by a *b". directly followed by a "c”. This shall in the following be
written as the pattern “ab + ¢”. The comparator units in fig. 3 can be changed

such that this can be performed by providing a single-bit memory, the bit

. therem being assigned to the element which matches "b™ and indicates if a

"b" was found before the last shift. Furthermore it is necessary to employ
some sort of sequence control such that the comparator unit will only indicate
a match if the next or succeeding comparator unit also has a match. This
implies that a final result is obtained from the last comparator unit. In that
connection it shall be understood that the comparator unit, i.e. the kernel
processor unit is provided such that the unit whereto a character first are
shifter is denoted as “the first”, this meaning that this unit contains the last
character in the pattern. while “the last” unit contains the first character in
the pattern. o

How a matching of a repetitive pattern takes place, can be described by the
example below with reference to figs. 4a-e.

Fig. 4a — an “a" is shifted into the first comparator unit. None of the
comparators show a match. '

‘Fig. 4b — a “b” is shifted in and still there is no match.
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- Fig. 4c — another ~“b” is shifted in and the two last units have a match, while

the first unit does not. As the two last units had a match, this now requires
that the units shall remember that this match must be maintained as long as
the mxddle unit has a match even though the last umt does not have one.

Fig. 4d - several b s are shlfted in and the match is mamtamed as described
for fig. 4c. If another character besides * b".was_ shtfted into the middle unit,
the matches would both have been cleared.

- Fig. 4e—a “c™ is shifted into the first unit and all three units are now set to

indicated a match. A pattem'of the fotm “ab+c” haé‘-‘now been found.

If thls method shall be used to repeat patterns conmstmg of more than a

- smzle character, the memory must be connected with a-group of comparator
" units matching the pattern. This shall be described below.

In order that 2 method as described above shall allow the matching of

repeated occurrences of patterns which are longer than a single byte, for
instance of the length n it is necessary to keep track whether.a match is found
_ of each of the » p0551ble startm  points. This can be achieved by connecting

n fhp-ﬂops and letting the memory bits be shifted thereto as new bytes are

shifted into the units. The output. from the last flip-flop will then indicate

whether or not a match occurred n positions earlier. An example where
patterns of two characters are matched is shown in fig. 5. Here E[i]’ is the

actual result from the comparisons, E[i-/] is the resuit from the next
comparator unit used for implementing a sequence control, while E[{] is the

new result where repeated matching is allowed if the signal m; is set. The
signal sc indicates whether the sequence control should have been used at all.

“If se is not set, the matchmg of multiple patterns wnll not take place. If it

should be possible to vary the length of the patterns which shall be repeated,
a scheme like the one shown in fig. 6 can be used. Here a multiplexer is used
for selecting the output after the i'th flip-flop, where i is the length of the
pattern to match. The use of this method will, however. not be necessary,
such this will be descrlbed below.

A unit which implements the sequence control necessary to achxeve matching
of repetitive occurrences of patterns is shown in fig. 7. This unit can be
supposed to be placed together with a set of comparator units and the
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necessary number of D flip-flops. The multiplexer is used to decide whether
multiple occurrences of patterns are allowed. The inputs and the outputs can
be described as follows:

resfi] " The res/[i]’ signal is a result from the comparison with the
repeatable pattern.

sc: The sc signal specifies whether the sequence control shall be
used as described in a preceding section. If sc is set, the unit
will only give a positive result if also the next unit also has a
positive result. If it is not set, the result from this unit will be
independent from the others and repetitive matching will not be
allowed.

.res[ i-1]: The signal res[i-1] takes the result from the next unit and is
used to implement sequence control.

foudil: The signal £,,,[i] takes the output from the last flip-flop -
through which the memory bits pass. .

Jfin: . The signal ff;, is to be given as the input to the first flip-flop
through which the memory bits pass.

- resfi]: res[i] gives the new result from this unit. If the sequence
control is not used and sc is not set, then this will be equal to
res[i]’, otherwise, it will be set if resfi-1] is true, and res[i]’ is
true, or if repetitive patterns are allowed. if ff,.,[/i] is set.

Jowli+1]:  The ffou[i+1] input gives the output from the flip-flops of the
preceding element. This makes it possible to connect comparator
units for matching repetitive patterns with varying lengths.

In fig. 8 the sequence control unit is shown together with the comparator unit
in fig. 2 and allows repetition of the character matched by the comparator

~unit. Here a single D flip-flop is used to represent the memory and this D
flip-flop is hence set if the following conditions are true:

e Repetitive occurrences of patterns matched by these units shall be
allowed.

e There is a simultaneous match for this unit and the following.
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. e All bytes shifted into this unit after the previous conditions becoming

true, have been matches.

For this to work, the output from the unit which allows multiple occurrences
of the matching pattern, must be used to indicate the results for both this unit
and the preceding one. In order to generalize the ﬁinctio_n, sequence control
is always used together with multiple pattern matching, as was described
above. The unit will in other words only give a positive result if the
preceding one also does. -

1In addition to the matching or repetitive patterns as described in the

preceding sections, it can also be of interest to match strings where parts of
the pattern is optional. This would take place in an analog manner and can be
described by the following example with reference to figs. 9a-c.

Fig. 9a - An 7a” is shifted into the first unit. Non_e of the units have a
match. '
Fig. 9~ -A™¢” _isf's_hifted in and there is now a match on the first unit.

The middle unit shall now remember this.

Fig. 9%c - The characters are shifted to the right and there is now a match
" on the last unit. Since there also was-same match on the middle
“unit one character ago, the units have now matched the string

k1] 2

ac.

In order for this to take place the sequence control must function in opposite

direction than which was the case when repeated patterns were matched.

There shall now be described a tree structure for _distﬁ_buting data to the
comparator units. A$ a data distribution tree a complete balanced binary tree
as shown in fig. 10 is used. On each internal nodé_ in the tree 3 a multiplexer
decides whether two subtrees shall receive the same data elements in paraliel
or whether they shall receive the elements sequentially. A simple
implementation of the binary data distribution tree in fig. 10 is shown in fig.
11.

It is now possible to take another look at the matching of occurring repetitive
and skipped patterns, as described above. The processing circuit shown in
fig. 8 is used for generating the tree structure in fig. 11, and repeated and
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skipped patterns shall now be matched on several levels. In order to simplify
this. it will be assumed that this only will be allowed for individual
characters or for the whole tree which consists of eight processing circuits.

There are now basically six different modes of operation for this tree:

e No sequence control is employed — the results of each from eight
processing circuits are independent.

e Plain sequence control is:used — only the result from the processing circuit
0 will be used and this will be positive only if all eight comparator units .
have matches. " '

e Repetitive matches are allowed for one or several of the comparator units.
e Skipped matches are aliowed for one or several of .thé comparator units.

e Repetitive martches are allowed for the whole tree. |

e Skipped matches are allcwed for the whole &ee.

The first of the above-mentioned points are handled bv the processing circuit
as shown in fig. 8, the fourth by an analog element for skipping patterns. The
last two, however, requires that another sequence control unit, as shown in .
fig. 7, is used for the whole tree. As can be seen in this figure. the correct
number of flip-flops must be available for this unit. The number of flip-flops
which shall be used must be equal to the number of characters in the pattern
which shall be repeated, but this may vary from one to eight depending on
the configuration of the multiplexers which defines the tree. A solution
similar to the one in fig. 6 is evident, but this will make the programming of
the circuit more complicated and more error prone, as the number of
characters which is to be repeated essentially is set twice, once in the -
definition of the tree and once in the multiplexer which selects the result
from the correct flip-flop. Fortunately a more elegant solution can be
obtained by using the flip-flops which already are present in the processing
circuits in the tree. As the number of characters in the tree at any given time
is given by the data flow, the multiplexers that are used for data distribution,
can also be used for routing the memory bits through the correct number of
flip-flops. An implementation of this is shown in fig. 12, and as the same
flip-flops are used for repetitions on two possible levels, the pattern can be
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repeated on one of the levels at a time. It should-be remarked that repetitive
patterns on several levels simultaneously will not be possible by using this
method in any case, as the length of the repeatable sti'ing.will vary. Another
comphcatxon is that each processme circuit requires results from the
preceding comparator unit in order to implement the sequence control, but
this will be described below.

It is now possible to extend the tree structure. As shown in fig. 13 a total

-number of 32 kernel processors or comparator units is used-and allows
repetitions on a single processing circuit, on a group of eight processing

circuits, or on the whole tree. - The same reasoning also applies to the
skipping of pattems

. 'Basxcallv it is two pracucal ways of collectmg the results from a data

gathering tree and as described in the preceding secuon ‘The most natural is
to use another binary tree where the results are combined at each internal .
node. Thxs however, has a number of dlsadvantazes as it makes it
unpossnble to perform certain operatlons such as requiring that a definite -
number of processing circuits shall have matches. If the number of
processing circuits is relatively small, it will be possible to use a

~look-up-table LUT. This will, however. be problematic when repeated.

" matches are allowed, as mé.tehing'is not defined for a part of the tree. These
‘two methods shall be described in the sections below, followed by a |

- _discussion of their advantages and disadvantages. First shall be descnbed

B how results are gathered with the use of a bmarv tree

Given the results from two processmg circuits itis a natural way of
combining them to perform one of the logic operatlons AND and OR. It may

“also be advantageous to be able to select only one of the results and ignore

the other. A unit which performs this operation is shown in fig. 14 and shall
in the following be denoted as a selector. Such units can now be combined in
a binary tree and provide a single result from a group of processing circuits,
as shown in fig. 15. It will also be possible to use a binary tree for comparing
strings alphabetically.or numerically, something which will be described in
the following. The problem which is mentioned abeve, namely obtaining the

- result of the comparison of the character before and after the one being

processed by the current processing circuit. can now be dealt with. Firstly,
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only the preceding or the following results will be necessary at any given
time, as the matching of both repeated and skipped patterns cannot be
performed simultaneously. This implies, due to the sequence control used,
that the result-gathering tree can be configured such that it either selects the
right or left results for arbitrary processing circuits which looks at different
characters. The result for any subtree of » units can be found » levels up in
the result gathering tree. If several units look at the same character, will
secondly their preceding and following results also be the same. These results-
can be found by using the same multiplexers for controlling the data flow,
such that a result only is passed on to any neighbouring units which look at
the same character.

Fig. 16 shows how the embodiment can be completed with the use of this
method. It is important to note that the same set of multiplexers are now used
for three different purposes. viz. distributing the data, routing the memory
bits through the right number of flip-flops and for providing the results from
comparisons of the preceding and following characters.

A simple way of combining a result from the different processing circuits is
the use of a look-up table (LUT). It is then possible to specify any
requirements to the different processing circuits, including counting the .

number of matches. and as long a reasonable small tree is used. the size of

the look-up table LUT shall not be too large. With eight comparator units it

is necessary to set 28 = 256 bits and this will be manageable. A possible
implementation of the data distribution tree with LUT is given in fig. 17. The.
main disadvantage by using this method is that repetitive occurrences of
patterns cannot be matched unless this takes place on the level of a single
processing circuit or for the whole tree. This is due to the fact that with a
LUT there will not be defined any combined results for a character which is
examined by 2» units, but this is necessary in order that the sequence control
shall work. ' '

In certain situations it can be desirable to maintain hits for a longer time
period, i.e. when a match has been found, the positive result will be -
maintained for a certain number of characters after the actual match. This can
be used to perform searches where matches for several patterns shall be
found within certain distances of each other. A simple implementation of this
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is shown in fig. 18. Here some numerical value » is stored in a register and
when a match is found, this value is shifted into the counter. The final result
is thus maintained at a positive value until the counter reaches 0 and any
match will thus have a latency of n characters. This latency is called the hit
latency. s

Based on the above, 1t is evident that the use of trees and LUTs in order to

gather results both have advantages and drsadvantaees The tree method
makes matchmg of repetitive patterns easy. but allows onlv specific logic
funcnons while the LUT method allows all poss1b1e functions, but rnakes
matchme of repetmve patterns more cumbersome

The obvious solution is hence to use both methods as this gives the user the

possibility to choose the best method in each case, but this leads to additional
overhead. Another possrbrht\r is to use dlfferent methods in different parts of
the tree. For instance the tree method can be used of low levels, where
repeated patterns are most desirable, and a LUT on htcher levels. where
counting the number of hits for different patterns can be desirable, or
alternanvelv both methods at low levels and only LU’I‘s at high levels.

Textual data are often divided into a set of non-overlappmz documents and .
when searches are performed on such documents, it is usually undesirable to
retrieve matches that span several documents. It is hence necessary with
some method or oth_er to avoid this. Ignoring the data distribution tree, fig. 19

‘illustrates the basic o'peration of a search processor circuit for matching of

pattems (“Pattern Matchmc Chip™ (PMC)). Each proccssing circuit is here
supposed to work with only a single character i in the text. ‘The document

| ~separation can now be handled with use of the setup shown in fig. 20. Here a

special pattern-matching unit placed at the begmntn_g of the data path
searches for a tag which indicates the beginning of a new document and a
signal which indicates this, is passed along'together' with the data to each
processing circuit. Given this signal, the processing circuits can reset all
latencies which may be set. This signal is also passed further onto the result

 selectors and the look-up tables LUTs which gather the results, such that

positive result are accepted only when they occur within the same document.

Given the pattern matching capabilities which are described in the above,
there are still two problems that must be solved. '
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'e The number of hits shall be sufficiently limited for the receiving system to
handle. :

o It must be possible to handle different queries simultaneously in different
part of the data distribution tree.

Ll

These two issues are related and will be discussed in the following.

| Limiting the number of hits shall first be described. As facilities for returning

hits from the pattern matching chip to a host processor probably shall have a
limited capacity and the hits often arise in groups, it is necessary with some

. method or other to limit the number of hits. There are two obvious solutions

to this problem:
e Report only one hit for some number of adjacent characters.
o Report only one hit for each document.

The natural choice is to use both these methods. Fig. 21 shows how this can
be done. The flip-flop D keeps track of whether hits are reported within the
current hit range, and the first input on the multiplexer MUX is chosen if all
hits shall be reported. In addition, a counter could be used to count the
nuinber of hits, such that this number is returned instead if the actual hits.If
only one hit per document is reported, then this count will be the number of
documents with hits.

Now shall the management of multiple queries be discussed. It can be a great
advantage if the pattern matching chip (the search processor circuit) is able
to handle several simultaneous queries. As the number of processing circuits
which is necessary for single qﬁeries likely will vary greatly, it should be
possible to configure this individually. One practical way of doing this is to
let a part of the data distribution tree set up an individual query. The problem
with this is that a very large number of results, 2»-1 for » processing circuits,
must be returned to the receiving system, i.e. for 512 processing circuits the
number of possible results will be 2-512—1=1023, something which usually is
regarded as too large. The most natural way of limiting this number is to set a
lower limit for the number of processing circuits, which shall be used for a
single query. A reasonable choice is here 16 and with 512 circuits this gives
2.3 ] = 63 possible results, which is an acceptable number. Fig. 22 shows
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schematically these possible results, as the boxes on the lower level of the
tree consist of 16 processing circuits (or comparator units). When this is
combined with the method des_._cr-_;be_d in the preceding section, a hit limitation
unit could be included for each possible result. As it, however, never will be
more than % simultaneous queries, this number of circuits will be sufficient.
For this to work, it is necessary with several hit limitation units to take the
results from the _number of possible queries, as these queries must be chosen

~ such that none can be active. sim'ultarieo'uSly Fig. '73' shows how this can be

done, as the possrble query pomts in black here have their own hit limitation
unit while only the whlte query pomts distribute thelr results as shown by the
arrows. In addition it is necessary to set a bit for each of the possible queries

. in order to indicate whether the result i in question actually represents an

independent query.

Now a detailed description of a processing circuit according to the invention
shall be given. The processing circuit can be regarded as a module of the

~search processors and hence be descrxbed as search module. The detailed

description will refer to Venloz codes for the separate units, as these codes

- as mentxoned are glven in tables of an appendr( appended to the description.

The prncessmg cxrcult or the search processor circuit mcludes a clock and the
Verilog code for thlS clock i is. shown in table Al of the appendix and the
clock signal CLK is in any case given to respectlvelv the comparator unit and

_ the D flip-flops i in the processing circuit or to all comparator units and D

ﬂrp-ﬂop in the search processor circuit. Thxs is trivial and the provision of
the clock and th_e clock signal lines is hence not shown.

The kernel processor or the comparator unit is shown in fig. 25.It, of
course, corresponds to the kernel processor or comparator unit in ﬁsz . The
register 6 contalns as before the byte x whlch presently is shifted into the unit
and the register 7 contains the byte a which x shall be compared with. As it
can be seen from fig. 25, four comparisons. can be performed viz.x = aq,

x2a x#a x2a. The result is given to the output as res. In addition the
srgnal eq givesx =g, and this-can be used to0 compare strings alphabetxcally
and numerically, such this will be descnbed in more detail below. The

~ Verilog code which 1mplements the kernel processor or the comparator unit
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is shown in table A2 of the appendix and an explanation of the interface of
the comparator unit given by its inputs and outputs is evident from table 1.

Table 1

Parameter |Parameter type {[/O | Width |Definition

d Operational In (8 Data input (data word x)

do - Operational Out{8 - {Data output (data word x)

res '| Operational Out |1 Result output for comparison

[eq | Operationat Outfl - Equality ouiput
A Conﬁguring ~|In |8 Data input (data word a)
Configuring |In |2 Input for comparison operation; 0

means <, | means 2, 2 means #, 3
means =

AD ﬂip-flop is shown_ SChematically in ﬁg; 25. The Verilog code which
implements the D flip-flop is shown in table A3 of the appendix and an _
explanaiion of the interface given by its inputs and outputs is evident from _
table 2. o '

Table 2
P;mmeter Parameter type | /O | Width | Definition
in Operational In |1 Data input
out Operational | Out | 1 Data output
_reset Operational |In |1 Resets flip-flop when 0

The latency unit LAT is shown in fig. 26 and is used for delaying a positive
binary value res_ for a certain number of cycles. The register 9 contains the
latency and the counter 8 is used for counting down from the time when a
positive result is registered. res gives the modified result signal and the
signal _reset resets the counter to 0. The Verilog code which implements the
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latency unit LAT is shown in table A4 of the appendix and an explanation of
the interface given by its inputs and outputs is evident from table 3.

Table 3

Parameter | Parameter type {I/O [Width |Definition:

| res_ Operational In |1 ' Data inpu'_t (priginal)

: res . Opératiop_al Out|l '. - | Data output (modified result)

| _reset Operati,ong_l -Iq_. T Rese; inﬁm, 0-gives reset

! L Configuring In W Input fof.latency parameter; 0 means

i | o : R no latency, L=t means latency of t
' time units. L=t=2""!_ means infinite
! latency ' '

W - B -'.: |na Latencv wxdth

5  The document management unit DOC i is shown i in fig 27. It is used for
~ letting the search processor cxrcult keeplna track of various documents. The
three comparator umts ora aufﬁx thereof are set to match a tag indicating a
new document and the smnal doc is set equal 100 when this tag appears. The
figure is shghtly modified, as whgn less than three characters are used in a
10 tag, the'c':ompafator unit or units farthest to the left shall not influence the
result. The latency shall be set equal to the number of charactets in the tag,
. ~ viz 1to 3. The Venlog code which 1mplements this unit is given in table AS
' ) of the appendix and an explanatton of the mterface given by its inputs and
outputs is evident from table 4.
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Table 4
Parameter | Parameter type | /O | Width | Expianation
d Operational In 8 Data input
d_o Operational Out |8 Data output
doc Operational Out |1 0 when between documents
Parameter of the first
Al Configuring In 8 comparator unit
Parameter of the first
Ci Configuring In 8 comparator unit
Parameter of the second
A2 Configuring In 8 comparator unit
Parameter of the second
C2 Configuring In |2 comparator unit
' Parameter of the third
‘A3 Configuring In {8 comparator unit
_ Parameter of the third
C3 Configuring In 2 comparator unit
Parameter of the latency unit,
number of the tag byvtes
L Configuring In 2 minus 1
Shall be set equal to 1 if
D Configuring |In |1 DOC shall be used

The look-up table unit LUT with 8 inputs is shown in fig. 36. res gives the
result. The Verilog code for the look-up table unit is given in table A6 of the
appendix, while an explanation of the interface given by its inputs and

outputs is evident from table 5.
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Table 5

Parameter | Parameter type | 1/0 Widﬂ_l Explanation

in Operational In {8 Input values
res - | Operational | Out |1 Result
S Configuring' |In  |[256 Specifies which input values

shall be accepted, taking the
first input value as the most

| significant bit

The sequence control unit SC 1s used for reahzmg the following three

poss1bxhty

] Requmnz that the precedma ora succeedmsz processing circuit or
comparator unit reports a match before allowmc the current to report a
match o

o Allowing matchmg of pattems where certam parts of the pattern may be
mxssmz

e Allowing matching of pattems where certain parts of the pattern may be

repeated.

The sequence control unit SC is placed together with a processing circuit

which can be a single kernel processor or comparator unit or a group of
processing circuits as well as a set of flip-flops. The number of flip-flops
shall be equal the number of characters matched by the processing circuit.
This is shown in fig. 29. A sequence control unit SC can hence be
implemented as shown in fig. 30. Here three result values and values from
the present and previous fhp-ﬂops are used as inputs and a new result value
is output. It is now quite simply a matter of specifying the behaviour of the

sequence control unit SC which is purely combinatorial.

Truth tables for five cases, viz. no sequence control, forward sequence
control, backward sequence control, matching of repeated patterns and
matching of skipped patterns are respectively shown in the tables 6-10.
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Table 6 -No sequence control

res_ res_iml res_ipl ffin ‘res Jf_out

0 X X X 0 X

1 X X X 1 X
Table 7 ~ Forward sequence control

res_ res_iml  |res_ipl ff_in res | ff_out

0 X X X 0 [ X

1 X 0 X o X

1 X 1 X 1 X
Table 8 - Backward sequence control

res_ res_iml res_ipl [ in res i ff_out

0 X X X 0 X

1 0 11X X 0 i X

1 1 X X l | X
Table 9 — Matching of repeated patterns

res_ res_iml res_ipl [ in res Jf out

0 X X X 0 10

1 X 0 0 0. {0

1 X 0 1 1 i1

1 X 1 0 1 il

1 X 1 1 1 il
Table 10 - Skipping of patterns

res_ res_iml res_ipl Jf in res Jf out

X 0 X 0 0 0

X 0 X 1 1 0

0 1 X 0 0 1

0 1 1 1 1 1

1 1 X 1X 1 1
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Even if it is not shown in the tables, the output ff_ owz in the first three cases
shall be set equal to the output from the flip-flops m a previous processing

~ circuit for allowing flip-flop values to flow throﬁg_h parts of the system.
Based on the appended truth value tables, the sym:bblic forms shown in table
11 are easily derived. The resulting sequence control unit is shown in fig. 30
and the multiplexer here chooses between 5 operation modes, numbered from
right to left and from top to bottom as shown in ta';,'l:ﬁ:le_: 11.

Table 11 Symbolic expressions

res Jf_out
No sequence control res_ 1 X
Forward sequence control res_res_ipl  1X
Backward sequence control res_res_iml  |X

Matching of repeated patterns

res_(res_ipl+ff.in)

res_ (rés_ipl + ff_in).

Skipping of patterns

res_iml

res_res_iml + ff_in

The Verilog code which impleﬁ'xen'ts the sequence control unit is shown in
table A7 of the appendix and an explanation of the interface by its inputs and

outputs is evident from table 12.

Table 12

Parameter { Parameter type |I/O {Width |Definition

res_ Operational  |In Result input (original result)

res_im! Operational In Result input from preceding processor

' ' (processing unit)
res_ipl Operational In Result input from succeeding
: processor, (processing unit)

ff_in Opefational In Flip-flop input

ff_iml Operational In Flip-flop input from a preceding
processing unit

res Operational ~ {Out Result output

ff_out Operational Out {Flip-flop output
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S Configuring In {1 Parameter input for sequence control
operation; 1 if sequence control
should be used

D | Configuring In |1 Parameter input for sequence control

operation; 0 for forward sequence
control, 1 for backward sequence
control

MM Configuring In |1 Parameter input for sequence control
operation; 1 if repeated/skipped
patterns should be allowed

The result selector RS is used for combining two result values from
processing circuits or other results selectors. The following operations shall -
be supported:

o Using only the first result.
e Using only the second resuit.

¢ Performing the boolean operation AND on two results.

~ o Performing the boolean operation OR on two results.

e Performing the operation < over a set of processing circuits.
e Performing the operation > over a set of processing circuits.

The first four operations can be handled directly, the others are more
complicated. Fig. 31 shows an example of how it is possible to match all
strings alphabetically/numerically larger than 1990. To start with selector
RS2; if the character which is matched by the rigthmost processing unit and
which is the leftmost digit in the number that is being matched, is larger than
1, this means that the whole number is larger and this will be the result. In
this example they ar equal and the other processing circuits decide. Selector
RS2 thus returns equality. Selector RS1 once again follows the same
principle. Here the second selector RS2 returns equality, while the first
selector RS1 returns that the value is larger and this is the result from RS1.
Selector RS3 does the same and resturns that a number greater than 1990 has
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been found. For cases where alphabetlcal/numertcal compansons are made is
res given as res = eq2resl + eq2res2

Based on the above features, the result selector 1mplemented will look as
shown in fig. 32. The multtple*(er MUX4 selects between the five operation
modes; selects first result, selects the second r_esul; and performs the AND
operation on results, 'pe_x'forxns the OR operation on results and performs
string comparison. - N

The Verilog code which _ir__nplements this unit is shown in table A8 of the
appendix and an explanation of the interface given by its inputs and outputs
are evident from table 13. The document signals are now used together with
the document management unit to avoid acceptance of results which cross
document borders.

Table 13

Parameter Para_meter type |I/O | Width :Dfi'_i#itio'n_'-

docl Operationgl In |1 -Docement input 1 for result selector
resl . Operatienal - ilm L : Ré;'u'u_ igﬁut 1 for_l result selector
eq.l |Operational  {In {1 ' Equality.;n'put 1 for result selector
doc2 Operational In |1 - |Document input 2 for result selector
res2 ~ |Operational [In |l Re'sﬁlt i‘nPut 2 for result selector.
eq2 Operational In |1 ' Equality..in_put 2 for result selector
doci ~ |{Operational Outil Decumer_it output from result selector
res Cperational Out 1 Result o#fp_ut from result selector
eq Operatiqnal - Out |1 _ E.c.lualitslr eutput from result selector
RM _ Conﬁgﬁring In |3 Parameter input for result selector

The processing circuit according to the invention is shown in fig. 33. It
consists of at least one comparator umt ‘COM, one latency unit LAT, D
ﬂlp-ﬂops 2,4, a sequence control unit SC and a result selector RS. A block
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version of the .prdlceﬂssing circuit with inputs and odfj;uts is shown in fig. 33.
The Verilog code which implements the processing circuit is given in table-
A9 of the appendix, and an explanation of the interface given by its inputs

and outputs is evident from table 14.

Table 14
Parameter | Parameter type |I/O | Width |Definition
d_s Operational In |8 Sequential data input
. doc_s Operational In |1 Sequential document input
ff s Operational In |1 Sequential flip-flop input
d_p Operational In |8 Parallel data input
cioc P Operational In |1 Parallel document inpuf
ff p Operational In |1 Parallel flip-flop inp.ut
d_i Operational Out |8 Output for selected data value
doc_i Operational = [Out |1 Out for selected document value
1B 3 Operational Out |l Output for selected flip-fiop value
.d_o Operational Out |8 Data éutput |
do;:_o Operational Out |1 Document output
ff o Operational Out|l Flip-flop output
res~im1;s Operational = |In |1 Seciuential input for result from a
preceding processing circuit
res_im!_p [Operational In |1 Parallel input for result from a
preceding processing circuit
res;iml;i Operational | Out |1 Output fdr selected result to a
- | preceding processing circuit
res_ipl Operational In |1 Input for result from a succeeding
processing circuit
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|res_ipl_s. Operatiopal In - | Sequential input for result from a
succeeding processing circuit
res_ipl_p |Operational .In_ ' Pafa}lel"?pput for result from a
: ' succeediijg processing circuit
res_ipl_i |Operational Out Output f%n_' selected resultto a
succeeding processing circuit
doc Oﬁe‘ratiqnal © |Out Document output
fres Operational Out | Result output
eq Operational Out Equality output
docl th_‘.ra_t_iona_l In | Document output 1 for result selector
resl Ope_rational ~jIne Result ir;:';);utl_ for result selector
, eél _ Operé_tional_ In li:'quuality'_!iﬁput 1 .for result selector
doc2 Operational = |In “iDocument input 2 for result selector
résZ .Operational T Result ix__{put 2 for result selector
“leq2 Ope’rational" |In Equality input 2 for result selector
doc_sel . 'Cpératiopa‘l Out Document output from fésul't selector |
' res_sel. . Oberatidna_l_ Out _ 'Res_ult output from result selector
eq_sel Operational Out _ Equality output from result selector
™ _ Configuring ' In _ 'Parainett:_:_ inpqt
A Configlx_ring In Parameté_f input for comparator unit
C Coﬁﬁguring In Pararﬁetér input for comparatdr unit
L Contiéur_ing In Parameté; input for latency unit
S Conﬁguﬁng In Pa_ramete:fl inpﬁt for sequence control
unit
D Conﬁguring In Parametér-input for sequenﬁe contro}

unit
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MM | Configuring In |1 ‘| Parameter input for sequence control
o ' . "~ |unit
RM Con_figurixig In {3 Parameter input for result selector

A data tree, i.e. a search processor circuit PMC according to the invention in

~ the form of a multiprocessdr unit P, is shown in fig. 33. The multiprocessor

unit is configured as a tree and consists therein of eight processing units P,.;,
a sequence control unit SC, a latency unit LAT and a LUT. The circuit P, or -
the data tree which may be denominated as “Tree8” has precisely the same
interface as the processing circuits and this means that each processing
circuit in the tree can be replaced by a tree of this kind, such that the tree can .
consist of any number of levels. This again implies that the data tree shall.

comprise a number of nested circuits Py.q, such that each circuit on an
- underlying level S,., is nested in a circuit on the overlying level S, 4., if the

data tree itself forms the highest level, namely the level S; and q

€{1,2,...,n}. If the tree is a regular tree, e.g. a binary tree, the processing
circuit Py.q on a level will map the processing circuit Py.q+1 On the overlying
level S;.q+1 recursively and in case of a binary tree of course with a mapping
factor of 2. As the general search problem, as mentioned in the introduction, . -
can be regarded as a binary partitionable problem, it is of course nothing
against managing a partitioning problem of this kind with for instance a tree
where the degree is not 2, but 4, 8, 16 etc., a circumstance which here is
called superbinary. Generally one has the degree k = 2™, where m for
superbinary trees are an integer greater than 1, in other wordsk>2.Ina
recursive mapping the mapping factor is of course r = k. The tree in fig. 35
may for instance be regarded as a processor with two levels S;, S,, as the first
level comprises the eight processing circuits P; which then again for instance
each corresponds to the processing circuits Py, in fig. 33, and consequently
each comprises only one kernel processor or one comparator element
COM.The kernel processors are thus the leaf nodes of the tree and forms the
zeroth level Sg in the tree, realized by the circuits Py on the zeroth level in the
tree, while the processing circuit P, comprises a kernel processing unit Po

and a logic element E, represented by the remaining components in the
processing circuit in fig. 33. On the level S, the circuit is identical with the
search processor itself and this then in addition to the eight processing
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circuits P on the level S, itself comprises a logxc umt E substantlally
comprising the mentioned sequence control unit SC a latency unit LAT and a
LUT. Such described the multiprocessor unit P, in f_ig. 33 becomes a
symmetric and balanced reduced tree, as each proe'e'_'s:éiﬁg circuit Py only
5 comprises a single. comparator unit. It is, however, nothmg against that the
search processor circuit or the tree8 is real:zed as a regular unreduced tree of
degree 8 and then the elght processmg circuits P., on the first level each
“would comprise exght kernel’ processors or comparator units Py, such that it
. will be 64 in total. If the tree is extended w1th yet a level and regularity kept,
10 the zeroth level
S would come out with 512 kernel processors orfedinp’atato'r units, the first
level S; with 64 processing circuit P, the second level S; with 8 processing
circuits P, and the search processor unit circuit would be made up of the
. circuit P; on the level Ss. The Verilog code which i'm'plements the tree8 as
15 shown in fig. 35 i is given in the table A10 of the appendm and an explanation
' 'of the interface of the search processmg cxrcult as’ gwen by 1ts inputs and
“output i$ evident from table 13

‘Table 15
|Parameter !Parameter type |I/O |Width Deﬁnitioh"."'_
|d_s . - |Operational In o8 Seqﬁentiel'q.ata input
doc_s Operational In |1 - Sequetmal document input
: _ ff s Operatiq_nal In |1 Sequentxal ﬂlp—ﬂop input
dp Operational  |In |8 - Parallel data input
dec P Opetaeieeel In _l_. ' I.’al_:.'allel dgeument'-inpu;.
ff p | Oper'atiqnal 1In {1 =~ |Parallel -filip_—ﬂop input
| di Operetieeal . |Out 8 Output fef-eeiected date value
doc_i Operatiqnal Out|{l - [Output for selected document input
ff_i_,. . Operaeiqnel |Out |1 . ~ {Output for 's.e:leeted ﬂip-ﬂop.value
do Operational Out |8 Data ouipj'zt




35

WO 00/29981 PCT/NO99/00344

doc_o Opérational - Out Document output

ff o Operational Out Flip-flop output

res_iml_s |Operational In Sequential input for result from a
preceding processing unit

|res_tmi_p |{Operational In Parallel input for result from a

preceding processing unit

res_iml_i |Operational Out Output for selected result from a
preceding processing unit

res_ipl Operational In Result input from a succeeding
processing unit

res_ipl_s {Operational In Sequential input for the result from a
succeeding processing unit

res_ipl_p |Operational |In Paraliel input for the result from a

- ' succeeding processing unit

res_;ipl_i ' Operational | Out Output for selected result from a
succeeding processing unit

doc Operational Out | Document output

‘| res Operational Out Result outpur

eq Operational Out Equality output

docl Operational  |In Document input 1 from rgsult selector

resl Operational In Result input I for result selector

eql Operational TIn Equality input 1 for result selector

doc2 Operational In Document input 2 for result selector

res2 Operational  |In Result input 2 for result selector

eq2 Operational In Equality input 2 for resuit selector

doc_sel Operational Oﬁt Document input from result selector

res_sel Operational Out Result output from result selector
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teq sel Operational - [Out|1 Equality output from result selector
M {Configuring ~ [In Parame:t'e,_r.;-input
1A Conﬁgu’ring In ' Parame_tar.:.input for comparator unit
C Configuring In Parameter input for comparator unit
L ' Conﬁgur_irrg In o Parametér:inr)ut for latency unit
S Conﬁg_t_lring In Parameter mput for sequence control
' Junit
D Configuring In Parameter mput for sequence control
o unit
MM Conﬁguring In Parameta_r-input for sequence control
RM Conﬁguﬁng |In | Parameter for result selector
LMl - |Configuring - |In - ’ Sigral control
-|{LM2 Configuring  |In Look—up}__table control
LS Configuring . |In Parameter ‘input for sequence control
: unit -~ -
LD Configuring In Parametar iinpat tfor sequence control
' unit
LM Confighring In Parameter mput for sequence control
' unit
{LL Configuring In Latency for rnultiprocessor
LLS Configuring In Parameter for look-up-table module

If the search processor for instance is realized wit_h respectively 64 or 512
kernel processors, the search processor can very well be realized as a nested
circuit in the form of a regular trée with the mapping factor 8, but can also be
realized directly as respectlvely a tree64 or a tree3 12 In any case the Verilog
code for a search processor with 64 kernel processors shown in table A1l of
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the appendix, whiléithe Verilog code for a search processor with 512 kernel

- processors.is shown in table A12 of the appendix.

The hit management unit HIT is shown in fig. 36. The flip-flop is here used
to keep track of whether the next unit shall be reported or not. The Verilog
code which implements the hit management unit is shown in table A13 of the
appendix and an explanation of the interface given by its inputs and outputs
is ev1dent in table 16.

Table 16

Parameter | Parameter type | I/O Width. | Definition

res_ Operational - In 1 Original result

doc Operational In i Document signal

res Operational Out 1 | Resuilt

M Configuring In 2 Hit management method

' to be used - 0 means no

hit management, | use
counter, 2 use document
signal

MM Configuring ' In width Counter bit to be selected

w Configuring Parameter | n/a Width of counter is 2°

How respectively the document management unit DOC and the hit
management unit HIT is provided in a search processing circuit PMC in the
form of a multiprocessor unit P, or a tree8 as shown in fig.35 is evident from
the appended fig. 37. For reasons of clarity are only the connection between
DOC and HIT and the multiprocessor unit shown in fig 37, while the
remaining signal lines have been left out. It will there be seen that the search -
processor circuit PMC in addition to the multlprocessor unit P, here
comprises a document management unit DOC which via a data output is
connected with respectively the sequential and the parallel data input on the

- multiprocessor unit P, and via a document output with the sequential

document input on the multiprocessor unit P,. Further, the search processor
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circuit PMC also comprises Y2k = aml=o¥lay hit management units
HIT1-4 connected with respectively result outputs and document outputs on
the processing circuits Py.;, each hit management 1 umt HIT viaa result output
bemg connected w1th respectlve result outputs in the interface of the search
processor circuit. A hit management unit is in addmon schematlcally shown
in fig. 21 and dtscussed in connectxon therethh F urther, the provision of the
hit management umt HITina search processor c1rcu1t PMC reahzed as a
multiprocessor circuit with tree structure shown i m fig. 23, and there has in
connection with this figure already been descnbed how the hit management

* unit can be used for reporting results from multlple questions. It shall hence

not be treated more closely here. It shall, however, be remarked that hit

management units only are provided in the black nodes, while the white
' nodes in ﬁg 2: distributes their results as shown w1th the arrows.

It is thus on the mput of two of the h1t management umts as shown in fig. 37 |

~-provided one respecttve two mult1ple'<ers

‘Ina pracncal 1mplementanon ona cxrcult chip th= search processor circuit
PMC according to the iiivention preferably will be reahzed asa superbmary

tree with k for instance equal to 2°, 2° or 2° and hence appear as a

| 'superbmary tree with a balanced reduction on the zeroth level. This again

implies that the multxprocessor unit Py becomes equal to P> and forms
respectively a tree8 with 8 processor units Py, or a tree64 with 64 processmg :
units P, or a tree> 1‘7 with 512 processing units Py’ whxch in their turn each
comprises a smgle comparator unit COM. On the zeroth level is hence the
tree reduced. Then also the logic unit E in each ptocessmg circuit Py can be
realized with only one single sequence control unit SC, apart from flip-flops,
the multiplexer MUX1, the latency unit LAT and the result selector RS.

Finally it shall be remarked that the mttltiprocesso'r"unit P, in the search
processor circuit PMC accordtng of the invention forms a specxal case of
multiprocessor architectures based on tree networks of arbitrary degree and

~ with an arbitrary number of levels, such these are d:sclosed in the

above-mentioned mtematlonal patent apphcatxon No PCT/NO99/0308
(Halaas & al.) which belongs to the present apphcant and which derives
priority from NO patent application No. 19984746 of 9 October 1998. A
particular feature of a multlple processor archltecture of this kind is that the
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single data proce 5 only is provided on the zetoth levels in the tree
structure or correspond to the processing circuits on the first level in the tree
structure if the tree is a reduced tree. If the reduction is symmetric and
balanced on the zeroth level Sy, the circuit is additionally generated
recursively on overlying levels Sa. ...3, by the processing circuit P, on the

level S;. Such circuits can be implemented with particularly good economy to

handle data processing problems with arbitrary degree of partitioning, the
classical search problem of course, being a generally binary partitionable
data processing problem.. '

With basis in Halaas & al. a kernel processor Py hence formally will
correspond to the connection in fig.8 and comprises in addition to the
processor proper the comparator unit COM, a latency unit LAT, a sequence
control SC, the necessary number of flip-flops 2, 4 and logic gates 1, 3 as’
shown in fig. 38. For each comparator unit COM it must, of course; be
provided a sequence control unit SC, cf. fig. 29. The processing circuit P, in
fig. 33 could thus in reality comprise two or possibly more comparator units
with a logic unit E provided with the corresponding number of sequence
control units SC. The interface of a circuit Py with a comparator unit COM
which formally is the kernel processor proper 17 and a sequence control unit -
SC will then be given by the inputs and the outputs of the circuits such they
are evident from table 17. '

Table 17

Parameter |[Parameter type |I/O {Width Definition

d Operational In 8 Data input

doc Operational In |1 Data output

ff Operational In |1 Flip-flop input

d_o Operational Out |8 | Data output

doc_o Operational Out |1 Document output

ff o Operational Out |1 Flip-flop output

res_iml Operational In |1 Result input from a preceding
processor
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res_ipl Operational In Result input from succeeding
pro;esso;ﬁ ;

res Opez_'atiop'a{ Out | | Result oﬁ_tput

eq Operatiohal Ou.t,. ,E_qﬁalitﬁr:iq;;;tput

A Configuring |In Paramae::._ijnput for comparator unit

C Conﬁgufi'n_g In Paraxneté;;jnput for comparator unit

L Conﬁgu‘ring In Paramet‘é;'input for latency unit

S - Conﬁguﬁng In Parameter input for sequence control
: ' unit

D Configuring In -Paran;etg_’f input for sequence control

' unit ' '

MM - Conﬁgﬁring - {In Paramete..x:'_ input for sequence control

_ snit :

In practice the search processor circl_iitfPMC'accor;ging' to the present
invéntibn is imp.leme'nted' as an integff:at._e_d circuit chlp solution and preferably
this is realised as a superbinary tree where the prqé;c.jssing_ circuits Py on the
level S; has only a single comparator COM. All actﬁ_al processing (search and
matching operations) then take place on this level."Ar.l implementation where
the search processo_r'circuit P, =P,, i.e. formally with 3 levels, forms a
'superbinary tree with for instance 512 processing circuits P, further provides

'~ an extremely good degree of exploitation of the circuit chip.
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APPENDIX

Table Al - Clock

module Clock(CLK):;
cutput CLK:;
xeg c:
initial c = 0;
always #1 c = ~c;
assign CLK = c;

endmodule // Clock

41
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Table A2 — Comparator unit

module CompEl(d, d_o, res, eq, A, C, CLK):

input (7:0] d;
output [7:0} d_o;
output res;
output eq;

input {7:0] A;
input (1:0] C;
input CLK:

reg {7:0] X:
wire la;
wire lse;
wire lae;
wire neq:

_ always @ (posedge CLX) X = d;

assign la = {X > A);
assign eg = (X === A);

assign lse = ~la;
assign lae = la | eq;
assign neg = ~eq;

(C === 0) ? lse :

aSsign res = .
’ {((C === 1} ? lae : {{C === 2) ? neq : eq));

assign d o = X;

" encmodule // CompEl
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Table A3 — D flip-flo
module Dff(in, out, _reset, CLK);
input in;
output out;
input _reset;
input CLK;
reqg ££;
assign out = ff;
always @(posedge CLK) ff = (_reset == 0) 2?2 0 : in;
initial begin
£f£f = 0;
end

endmodule // Dff
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Table A4 ~ Latency unit

module Latency(res_ , res, _reset, L, CLK):

parameter width = 2;
input res_;

output res:

input _reset;

input {[width - 1:0] L;
input CLK;

reg [width - 1:0] ¢

initial ¢ = 0;

always @ (posedge CLK) ¢ = (_feset) ?
((res_) ?
((~{&L)) ? L +1: L)

{((c
c-
c))

0; -
always @(posedge res;) c

éiways @(negedgé res.) c

assign res = {(c > 0); -

endmodule // Latency

> 0) && (~(&L))) ?
1 5

(~(&L)) 2L+ 1 : Ly

=

(

(c > 0) && (~(sL))) ?

PCT/NO99/00344
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Table AS — Document management unit

module DocMan(d, d_o, doc, Al, Cl1, A2, C2, A3, C3,
L, D, CLK);

input {7:0] d:
output ([7:0) d_o;
output doc;
input {7:0] Al;
input [1:0) Cl;
imput {7:0] A2;
input (1:0] C2;
input (7:0] A3;
input [1:0} C3;
input [1:0] L
input D;

input CLK;

wire [7:0) mdl;
wire [7:0] md2;
wire ml;

wire m2;

wire m3;

wire m4;

wire resl;

wire res2;

wire res3;

wire dummyl;
wire dummy?2;
Wire dummy3;

CompEl <1 (d,mdl, resl, dummyl,Al,Cl,CLK);
CompEl c2(mdl,md2, res2,dummy2,a2,C2,CLK);
CompEl c3(md2,d o, res3, dummy3,A33,C3,CLK) ;

assign ml = (L < 2) ? res2 {resl & res2);
assign m2 = {L < 1) ? res3 : (mi & res3);

Latency #(2) lat(m2,m3,1'bl,L,CLK);
assign doc = (D == 1) 2?2 !m3 : i;

endmodule // DocMan

PCT/NO99/00344
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Table A6 — L.ook-up table unit
module LUTB(in, res, S):
input [7:0]) in:
output res:;
input [0:255]} S:

assign res = S{in};

endmodule // LUTS
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Table A7 — Sequence control unit

module SC(res_,res_iml,res_ipl,£f_in, ££_out,£f_iml,res,S,D,M);

input res_;
input res_iml;
input res_ipl;
input ££_in;
output ££_out;
input f£f_iml;
output res;
input S:;
input D;
input M;
wire ml;
wire m2;
- wire ;
wire m4;
wire m5;
assign ml = res_iml & res_;
assign m2 = res_ & res_ipl;
assign m3 = ml | ££_in;
assign md = ££_in | res_ipl;
-assign m5 = res_ & m4;

assign res

(S == 0) ? res_ :

47

((D==0) 2 ((M==10) ?m2:

((M == 0) ?2ml : m3});
assign ff_out = ((S == 1) & (M == 1)) ?
res_iml)

((D == 0) 2 m5 :
££ iml;

endmodule // SC

PCT/NO99/00344



WO 00/29981

48

Table A8 — Result selector

module ResSel(docl,resl,eql,doc2,res2,eq2,doc, xes, eq,M);

input
input
input
input
input
input
output
output
output
input

wire
wire
wire
- wire
wire
wire
wire
wire
wire
wire
wize

assign
assign
assign
assign
assign
assign
assign

assign.

assign

assign

wire
wire

assign
assign

assign

docl;
resl;
eqi;
doc2;
res2;
eq2;
doc;
res;
eq;
[2:0] M;

mi;
m2;
m3;
m4;
ms;
mé;
m7;
m8;
m3;
mio;
mil:

ml = !eqg2;

m2 = eql | eqg2:
m3 = resl & res2;
md = resl | res2;
m5 = resl & eqg2;
mé = ml & res2;
m? m5 { mé6;

m8 = eql & eq2;

md = (M == 3'd0) ? resl :
({M == 3'dl) ? res2 :
((M == 3'd2) ? m3 :
((M == 3'd3) ?2 m4 : m7)});

mi0 = (M == 3'd0) ? eql :
({(M == 3'dl) ? eq2 :
(M == 3'd2) ? m8 :
((M == 3'd3) 2 m2 : m8)));

mdocl:
mdoc2;

mdocl = (M == 3'dl) 2?2 1 : docl;
mdoc2 = (M == 3'd0) ? 1 : doc2;

mll = mdocl & mdoc2;

assign doc = mll;

assign

res = mll & m9;

assign eq = @1l & mi0;

endmoduie // ResSel

PCT/NO99/00344
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Table A9 — Processing circuits

module PE(cd_s, doc_s, ff s, d_p, doc_p, ££f_p, d_i, doc_i, f£f_i,
d_o, doc_o, ff o, res_iml_s, res_iml_p, res_iml_i,
res_ipl, res_ipl s, res_ipl p, res_ipl_i, doc, res, eq,
docl, resl, eql, doc2, res2, eq2, doc_sel, res_sel,
eq sel, M, A, C, L, 5, D, M4, RM,CLK);

input {7:0)1 d_s:

input doc_s;
input £ s;
input ([7:0) d_p:
input doc_p;
input ff p;
output [7:0] d_i;
cutput doc_i;
output. ff i;
output [7:0] d_o;
output doc_o;
output ££ o;
input res_iml_s;
input res_iml _p;
output res_iml i;
input res_ipl;
input res_ipl_s;
input res_ipl_p;
output res_ipl_i;
output doc;
output  res;
cutput egq;

input docl;
input resl;
input eql;

input doc2;
input res2;
input eq2;
output doc_sel;
output res_sel;
output  eg_sel;
input M;

input {7:0] A;
input [1:0] c;
input [1:0] L;
input ;

input D;

input MM;

input [2:0] RM;
input CLK;

wire [7:0] md;
wire mdoc;

wire mff;

wire mres_iml;
wire mres_ipl;

assign md = (M == 0) ?2 d_s : d_p;

49
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2ssign mdoc = (M == 0} ? doc_s : doc_p;

assign mff = (M == 0) 2 £f s : £f£f p;

assign mres_iml = (M == 0) ? res_iml_s : res_iml_p;
assign mres_ipl = (M == 0) ? res_ipl s : res_ipl_ p;

assign d_i = md;

assign doc_i = mdoc;

assign ff_i = mff;

assign res_iml_i = mres_iml;
assign res_ipl_i = mres_ipl;

wire mres;
wire neq;
wire mdoc2;
wire mres2;

CompEl c(md,d o,mres,meq,A,C,CLK);
 Dff ££1(mdoc,mdoc2,1'bl,ClK);

‘assign mres2 = mres & mdoc2;

wire mres3;
wire ffml;
wire ffm2;

reg [5:0) I ;
initial mmm = 0;

Latency #(2) lat(mres2,mres3,mdoc2,L,CLK);

DEf ££2(££fml, ££m2,mdoc2,CLK);

SC sc{mres3,mres_iml,res_ipl, £fm2, £fml,mff, res, S,D,MM);

ResSel sel(docl,resl,eql,doc2, res2, eq2,doc_sel,
res_sel,eq_sel,RM};

assign doc__o' = mdoe2;
assign ff o = £fm2;

assign doc = mdoc2;
assign eg = mdoc2 & meq;

- endmodule // PE
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Table A10 — Search processor circuit (tree 8)

moduie Tree8(d s, doc_s, £f s, d_p, doc_p, ff_p, d_i, doc_i,

51

£f i, d_o, doc_o, ff_o, res_iml_s, res_iml p,
res_iml_i, res_ipl, res_ipl_s, res_ipl_p,
res_ipl_i, doc, res, eg, docl, resl, eql, doc2,
res2, eq2, doc_sel, res_sel, eq sel, M, A, C, L,

S, Dp

RM, IM1, LM2, LS, 1D, IM, 1L, 1LLS, CLK);

;araméter lat_width = §;

input [7:0]
input

input

input [7:0]
input

. input
output ([(7:0]
output
output
output [7:0]
output
output
input

input
cutput
input

input

input
output
output
output
output

input

input

input

input

input

input
output
output
output
input [7:0]
input [63:0]
input [15:0]}
input [15:0]
input (7:0]
input [7:0]
input {7:0]
input [23:0)
input

input

input

input

input

d_s:
doc_s;
£f s:

d_pi
doc_p;
£ _p;
di;
doc_i;
£f i:
d_o:
dec_o;
££f_o;
res_iml_s;
res_iml_p:
res_iml i;
res_ipl;
res_ipl_s;
res_ipl_p:
res_ipl i;
doc:
res;
eq;
docl;
resl;
eql;
docZ;
res2;
eq2;
doc_sel;
res_sel;
eq_sel;

M;
A;

C;

L;

RM;
LM1;
1M2;
Ls; -
LD;
1LM;

input {lat_width - 1:0} LL;

- PCT/NO99/00344
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input ([0:255] 1Ls;
input CLK;
wire [63:0] - md_s;
wire [7:0) mdoc_s;
wire {7:0) : mif_s;
wire {63:0] md_p;
wire [7:0) mdoc_p;
wire [7:0] mE£f_p;
wire '[63:0) md_i;
wire [7:0] mdoc_4i;
wire [7:0) mEf i;
wire [63:0) nd_o;
wire (7:0}] . mdoc_o;
wire (7:0] mff_o;
wire [7:0] mres_iml_s;
wire [7:0] mres_iml p;
" wire [7:0] mres_iml i;
wire [7:0] mres_ipl;
wire (7:0] mres_ipl_s;
wire (7:0] mres_ipl p;
wire {7:0] ' mres_ipl i:
wire (7:0] - mdoc;
wire [7:0] ' mres;
wire {7:0]: - ° T meq;
wire [7:0) ' mdocl;
_ wire [7:0] , mresl;
wire {7:0] © meql;
wire [7:0] _ “ mdoe2;
wire [7:0)° . mres2;
wire [7:0] _ © 7 meq2; -
wire [7:0] nmdoc_sel;
wire [7:0) . nhres_sel;
wire [7:0] meq_sel;
wire muxl_1;
wire muxl 2;
wire mux2;
Wire mux2_in2;
wire lat_res;
wire nff out;
wire lut_out;
wire and_out;

assign md_s = {d_s,md_o[63:56],md_o[55:48],md_o[47:40],

md_0[39:32],md_o[31:247,md_0(23:16],md_o[15:8]};

2ssign mdoc_s = (doq_s,mdoc_o[7],mdoc_o[sl,mdoc_o[S],
mdoc_o[d],mdoc_o[3].mdoc_o[Z],mdoq_o[l]};

assign mff s = (muxl_z,mff_o[7],mff_o[6],mff_o[S],mff_o[4],
mff_o[B],mff_o{Z],mff_o[l]}: :

assign md p = (q_p,m¢_1I63:56],md_i[63:56],md_i[47:40],
mq_i[63:56],md_i[31:24],mq_i[31:24],md_;[15=8}}:

PCT/NO99/00344
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mdoc_i({3},mdoc_i[3],mdoc_i[1]1};

assign mff p = (muxi_i,mff _i(7),mEE_i(7},mEf i[5}, mEf_i[7),
mff i(3],mff_i(3],mff_i{1]);

assign mres_iml_s = {res_iml_s,mres[7],mres_sel[6],mres(S}],
mres_sel{5},mres({3],mres_sel{2],mres(1]};

essign mres_iml_p = 1res_im1_p,mres iml_i(7]),mres_. iml _i[7]).
mres_iml i[5],mres_iml il7],mres iml 1[31,
mres_. “iml _i[3).mres_ " iml i[l]),

a2ssign mres_ipl = {mres_ipl i[6],mres_ipl 1[‘],ﬁres_ip1_i[4],
mres_ipl 1(3],mres ipl_i(2],mres_ipl i{1],
mres_ipl i1(0),res ipl}. .

assign mres_ipl_s = {res_ipl_s,mres[6],mres_se1[4],mres[4],
’ mres_sel{l],mres(2],mres_sel[0],mres{0]);

assign mres_ipl_p = {res_ipl_p,mres_ipl i[5],mres_ipl i{[3],
mres_ipl i{3],res_ipl.mres_ipl_i(i],
res_ipl,res_ipl}:

assign mdocl = {docl,mdoc[7],mdoc_sel[6],mdoc[5],mdoc_sel(5],
mdoc[3],mdoc_sel[2],mdoc(1]};

assign mresl = {resl,mres[?],mres_sel[ﬁ],mres[S],m:es_éel[S],
mres(3],mres_sel([2],mres(1]};

assign megl = feql,meq[7),meq_sel[&],meq[S],meq_sel(5},meq[3]),
meq_sel[2],meq(1]);

assign mdoc2 = {doc2,mdoc{6€],mdoc_sel(4),mdoc(4],mdoc_sel[l],
mdoc {2],mdoc_sel[0],mdoc(0}};

assign mres2 = {res2,mres([6),mres_sell4),mres{4] mres_selll],
mres[2),mres_sel[0),mres[0]};

2ssign meq2 = {eq2,meq(6],meq_sel[4],meq[4],meq_sel(l],meq(2],
meq_sel[0),meq[0]};

assign muxi_1 = (LMl == 0} ? mff out : ff p;
assign muxl 2 = (LMl == 0) ? mff_out : ff s;
assign mux2 = (LM2 == 0) ? mres_sel(3] : mux2_in2;
assign mux2_in2 = lut_out & and_out:

assign and_out = &mdoc;

5C sc{lat_res,mres_iml_1i{7],res_ipl,mff_o(01,mff_out,

mff i[7],res,LS,LD,1M);
Latency #(lat_width) lat(mux2,lat_res,and out,LL,CLK);

LUT8 lut(mres,lut_out,LLS);

assign d i = md_i(63:56];
assign doc i = mdoc  i[7);
assign ff i = nff i[?],
assign d_o mq_o[7:0];
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assign doc_o = mdoc_o{0]:

assign ff_o = m£f o(0);

assign doc = mdoc_sel(3);

assign eq = meq sel(3]);

assign doc_sel = mdoc_sel[7];
assign res_sel = mres_sel(7];
assign eq_sel = meq_sel(7];
assign res_iml_i = mres_iml_i([0];
assign res_ipl i = mres_ipl i([7?):

PE pe(0:7] (md_s,mdoc_s,mff s,md p,mdoc p,mff p,md i,
mdoc_i,nff_i,md o,mdoc_o,mff_o,mres_iml_s,
mres_iml p,mres_iml_i,mres_ipl,mres_ipl_s,
mres_ipl p,mres_ipl_i,mdoc,mres,meq,mdocl,
mresl,meql,mdoc2, mres2,meq2, mdoc_sel,
mres_sel,meq_sel,M,A,C,L, S, D, MM, RM, CLK) ;

en&module,// Tree8
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Tabell A11 — Search processor circuit (tree 64)

‘module Tree6d{d_s, doc_s, ff_s, d_p, doc_p, ff_p, d i, doc_i,
£f i, d_o, doc_o, ff_o, res_iml_s, res_iml_p,
res_iml_i, res_ipl, res_ipl_s, res_ipl_p,
res_ipl_i, doc, res, eq, docl, resl, egql, doc2,
res2, eq2, doc_sel, res_sel, eq_sel, hits, M, A,
¢ L, S, D, M4, RM, LM1, LM2, LS, LD, LM, LL,
LLs, LIM1, LIM2, LLS2, LLD, LLM, LLL, LLLS, CLK);

parameter lat_width = 16;

input [7:0] d_s;
input doc_s;
input £f£_s;
input (7:0] d_p;
- input doc_p;
input ££_p;
output [7:0] d i;
output dec_i;
output £f£ i;
output [7:0] d_o;
output doc_o;
output £ o: .
input res_iml_s;
input res_iml p;
output res_iml i;
input res_ipl;
input res_ipl_s;
input res_ipl p;
output res_ipl i;
output doc;
output res;
output eq;
input docl;
input resl;
input eql;
input doc2;
input res2;
input eq2;
output doc_sel;
output res_sel;
output eq_sel;
output (6:0] hits;
input {63:0} M;
input ([511:0) A;
input [127:0} C:
input [127:0) L;
input [63:0] S;
input [63:0) D;
input ([63:0] MM;
input (191:0] RM;
input {7:0] M1;
input {7:0] IM2;

input (7:0] LS
input (7:0} LD



assign md_s

assign mdoc_s = {doc_s,mdoc__b[ﬂ,mdoc_o[G],mdoc_olS],

= {d_s,md_o[63:56],
nd_o{39:32],md_o(31:

WO 00/29981
56

input ([7:0] 1M;

input [63:0] LL;

input [0:2047] LLS;

input L1Ml;

input L1M2;

input LLS2;

input LLD;

input LIM;

ipput (lat_width - 1:0] LLL;
.input [0:255] LLLS:

input CLK;

wire [63:0] md_s;

wire [7:0] mdec_s;
wire [7:0] mff_s;
wire (63:0] md_p;
wire (7:0] mdoc_p:
wire (7:0] mEf_p;
wire {63:0] md_i;

wire [7:0] mdoc_1i:
wire [7:0] nff_i;
wire [63:0] nd _o;

wire (7:0) mdoc_o;
wire [7:0] mff_o;
wire [7:0] mres_iml_s;
wire (7:0) mres_iml_p;
wire [7:0] mres_iml_i;
wire [7:0] mres_ipl;
wire [7:0) . mres_ipl_s;
wire [7:0) mres_ipl_p;
wire [7:0) mres_ipl_i;
wire [7:0] mdoc;

wire [7:0] mres;

wizre [7:0] meq;

wire [7:0] mdocl;
wire [7:0] mresl;
wire {7:0] meql;

wire [7:0} mdoe2;
wire [7:0] mres2;
wire {7:0] meqg2;

wire (7:0] mdoc_sel;
wire [7:0]) mres_sel;
wire [7:0] meq_sel;
wire muxl_1;

wire muxl 27
.wire mux2 ;

wire mux2_in2;

wire lat_res;

wire mff_out;

wire lut_out;

wire and_out;

md_o[55:48) ,md_o[47:40] R
24} ,md_o[23:16] ymd_o[15:8]}; -

v
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mdoc_o(4],mdoc_o[3],mdoc_o([2],mdoc_o[1}};

assign mff_s = {muxl_2,mff_ol7],mff_ol(6),mff_o[S],
mff_o(4],mff o[3],mEf_ol2]).mff_o[l])};

assign md p = {d_p,md_i{63:56],md_3i[63:56],md _i(47:40],
md_i[63:56],md_i[31:24]},md_i(31: 247, md i[15 8]};

assign mdoc_p = {doc_p,mdoc_i([7),mdoc_1i[7],mdoc_1i{5],
-adoc_1i(7),mdoc_i[3],mdoc_i[3]),mdoc_i[1]}:

assign mff_p = (muxl_l,mff i([7],mff_i(7],mEE_i(Si,mfE_i(7],
mff_i[3],mff_i{3),mff_i(1]);

assign mres_imi_s = (res_iml_s,mres[7],mres_sel(6),mres(S],
mres_sel([5],mres(3),mres_sel(2],mres{1]);

' assign mres_iml p = {res_iml_p, mres_ iml _i[7),mres_iml 1{7],
mres iml i(S5],mres_iml i[7],mres iml 1[3],
mres iml _%[3),mres__ “iml _i[1}}:

assign mres_ipl = {mres_ipl_ i(6],mres_ipl i[5],mres_ipl i[4],
mres_ipl i[3),mres_ipl i[2]} mres_ipl i[1],
mres_ipl_. i[Ol,res _ipl}:

assign mres_ipl_s = (res_ipl s,mres(6],mres sel[4],mxes[4],
mres_sel[l),mres[2],mres sel[D] mres{0]};

assign mres_ipl_p = {res_ipl p,mres_ipl i(S],mres_ipl_1i(3],
nres_ipl_i(3],res_ipl,mres_ipl i[l],
res_ipl,res_ipl};

assign mdocl = {docl,mdoc[7]),mdoc_sel{6],mdoc(5],mdoc_sel(5],
mdoc{3],mdoc_sel(2),mdoc({1)};

assign mresl = {resl,mres{7],mres_sel[6],mres([5],mres_sel([5],
nres[3),mres_sel[2],mres[1]};

assign megl = {eql,meq{7],meq_sel[6],meq{5],meq_sel[5],meq{3],
meq_sel(2],meq{1]};

assign mdoc2 = {doc2,mdoc(6],mdoc_sel[4],mdoc[4],mdoc_sel([l],
mdoc[2] ,mdoc_sel[0] ,mdoc[0]};

assign mres2 = {res2,mres{6],mres_sell4],mres[4),mres_sel(l],
mres[2) ,mres_sel[0],mres{0]};

assign meq2 = (eq2,meq[6],meq_;é1[4].meq[4],meq_sel[l],meqlzl,
meq_sel(0],meq(0]}; :

assign muxl_1l = (LLMl == 0) ? mff_out :
assign muxl 2 = (LIMl == 0) 2 mff_out : ff_s;
assign mux2 = (LLM2 == Q) ? mres_sel(3]
assign mux2_in2 = lut_out & and_out;

assign and out = &mdoc;

scC sc(lat_;es,mres_;ml_i[7],res_ip},mfi_o[b],mff;put,
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mf€_i([7],zes,LLS2,LLD,LLM)
Latency #(1at width) lat(mux2, lat_res,and_ out,LLL,CLK).

LUT8 lut (mres, lut_out,LLLS):

assign ¢ i = md_i[63:56]);

assign doc_i = mdoc_i(7]:

assign ££_ I = mff 1[7],

assign ¢ o = nd c['l 0j:
.a.ssigndnc o = mdoc_ 9(0):

assign ££ o = mff o[0];

assign doc = mdoc_: “sel [31;

assign eq = meq_sel[B].

assign doc_sel = mdoc_sel(7];

assign res_ “sel = mres_ “sel (71;

assign eq_sel - meq_sel {71;

assign res_iml_i = mres_iml_i(0]:
- assign res ip.l i= m.:es J.pl 1{7],-

assign hits = mres_sql.{ 6:0),

Tree8 tree8(0:7] (md_s,mdoc_s,mff s,md_p,mdoc_p,mff p,md i,
mdec_i, mf.t' i, md _o,mdoc_o,mEff_o,mres_iml_s,
nres :unl_p.nu:es iml i, mres ipl,mzes :I.pl S,
‘mres_ipl p,mres_. xpl i, mdoc,m:es.meq.mdccl,
nresl, meql,mdocz.mresz.meqz,mdac sel,
nres sel,meq_sel M,A,C,L,S,D, ", RM,LM1,
M2,1S8, LD.LM.LL.LI.S.CI.K), S

endmodule // Treeé4
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Tablel A12 — Search processor circuit (tree 512)

module Tree512(d_s, doc_s, ff_s, d p, doc_p, ff_ p, d_i, doc i,
ff_ i, d o, doc_o, £f o, res_iml s, res_iml p,
res_iml_1i, res_ipi, res_ipl s, res_ipl p.
res_ipl_i, doc, res, eq, doecl, resl, egl, doc2,

res2, eq2,

M’ AI cl
1M, LL, LLS,
LLLS, LLIM1,

LLLLS, CLK);

parameter lat_width = 16;

input
input
input
input
input
input
output
output
output
output
output
output
input
input
output
input
‘input
input
qutput
output
output
cutput
input
input
input
input
input
input
output
output
output
output
input
input
input
input
input
input
input
input
input
input

[7:0]

{7:0}

{7:0]

{7:0]

{62:0}
[{511:0]}
[4095:0)
{1023:0)
[1023:0)
{511:0]
{511:0)
[511:0}
[1535:0)
[63:0]
(63:0]

" res_iml

d_s;
doc_s;
£ff_s;

d_p:
doc_p:
£f p:
d_i;
doc_i;
£f_i;

d o;
doc_o:
£f£f_o:
res_iml_s

% N %

zes_inml i
res_ipl;

"res_ipl_s:;

res_ipl p;
res_ipl i;
doc:

res;

eq:

docl;
resl;

eql;

dec2;
resz;

eq2;
doc_sel..
res _sel;
eq_sel;
hits;
M;

’
’

MM;

doc_sel, res_sel, eg_sel, hits,

Ll sl Dl mn RM' LMI' LMZ, Lso LD!
1LM1, LLM2, LLS2, LLD, LIM, LLL,
LLiM2, 1LLLSZ2, LLLD, LLLM, LLLL,
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input
input
input
input
input
input
input
input
input
.dpput
input
input
input
input
input
input
input
input
input
input

wire
wire
wire
wire
~ wire
wire
wire
wire
- wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
wire
“wire
wire
wire

wire
wire
wire

{63:0]} LS;
[(63:0) LD;
[63:0) - 1M
[511:0] LL;
(0:16383) LLS:
(7:0] LM
[7:0] LLM2;
(7:0) LLS2;
(7:0] LLD;
{7:0] ' LLM;
{127:0). LLL;
{0:2047] LLLS;
LLLMY; '
LLLMZ2;
LILS2;
LLLD;
: LLLM;
{lat_width - 1:0) LLLL;
{0:255] LLLLS:
CLK;
[63:0] mnd_s;
{7:0]) ' mdoc_s;
(7:0] . - mff_s;
{63:0) mnd _p;
[(7:01 - . mdoc p;
[7:01 - wff p;
[63:0] . nd i;
{7:0] _ .. mdoc_1i;
{7:0)] . mff_i;
[63:0] - md_o;
[7:0] mdoc_o?
[7:0] _ mff o;
{7:0] mres_iml_s;
{7:0] mres_im} p;
{7:0]) : mres_iml i;
{7:0} mres_ipl;
[7:0) mres_ipl_s;
(7:0] mres_ipl _p;
(7:0] mres_ipl_i;
[7:0) mdoc; -
[7:0] mres;
[7:0) meq;
{7:0} mdocl;
[7:0] mresl;
[7:0) meql;
{(7:0] mdoc2;
[7:01 mres2;
[7:0) meqg2;
[7:0] mdoc_sel;
{7:0} mres_sel;
[7:0] meq_sel;
{55:0] mhits;
muxl_1;
muxl_2;
mux2;

60
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vire
wire
wire
wire
wire
assign
. assign
assign
assign
assign
assign

assign

assign

assign

assign

assign

assign

assign

assign

assign

assign

61

mux2_in2;
lat_res;
mff_out;
lut_out;
and_out;

md_s = {d_s,nd_o[63:56),md_o[55:48),md_o[4~:40],
ma_o(39:32],md_o(31:24],md_o[23:16],ma_o[15:8]};

mdoc_s = (doc_s,mdoc_o{7],mdoc_o[6),mdoc_o([5],mdoc_, 0[4],
mdoc o[3l,mdcc o[2),mdoc : of1]);

mEf s = {muxl_2,mff ol[7),mff_o[6),mff o[5).mff _ol4],
mff 0[31,mff 0[2] mff o[l]),

md p = {d p,md_i[63:56],md_i[63:56],md_i([47:40),
md_3i[63:56),md_3i[31:24),md_i[31:24),md i[15:8]};

mdoc_p = {doc_p,mdoc_1{7],mdoc_i [7},mdoc_i{5],
mdoc_i[7],mdoc_i({3},mdoc_i[3]),mdoc_i[1}};

miff p = {muxl_1,mff i(7],mff i[7),mEf_i(5),.mff_1i(7],
nff i[3),mff if3),mfE_1[1));

mres_iml s = {res_iml_s,mres[7),mres_sel[6],mres[5],
mres_sel[5],mres(3],mres_sel[2]),mres[1]}};

mres_iml_p = (res iml_p,mres_iml_i[7),mres_iml_i[7},
mres_iml i[5),mres_iml 1{7],mres iml 1{3),
mres zml 1[3],mres iml . _i[1])); :

mres_ipl = {mres_ipl i[6),mres _ipl i[5),mres_ipl_i[4],
mres_ipl 1i[3],mres_ipl i[2],mres_ ipl i[1],
mres_ipl i[0),res_ipl):;

mres_ipl s = {res_ipl_s,mres[6],mres_sel[4),mres[4],

mres_sel[l},mres[2],mres_sel[0),mres[0]}:

mres_ipl p = {res_ipl p,mres_ipl_i([5},mres ipl_i[3},
mres_ipl i[3]),res_ipl,mres_ipl_if[l),
res_ipl,res_ipl};

mdocl = {docl,mdoc[7],mdoc_sel({6),mdoc{5],mdoc_sel[S],
mdoc[3],mdoec_sel[2],mdoc[1]));

‘mresl = {resl,mres[7],mres_sel[6]),mres[5],mres_sel[5],

mres (3] ,mres_sel [2],mres[1]};

meql = {eql,meq[7),meq_sel[6],meq[S],meq_sel[5],meg[3],
meg_sel(2],meq(1]};

mdoc2 = {doc2,mdoc[6],mdoc_sel[4),mdoc[4],mdoc_sel[l],
mdoc{2],mdoc_sel[0],mdoc[0]);

mres2 = (res2,mres[6],mres_sel([4],mres[4]),mres_sel[l],
mres{2),mres_sel[0),mres[0]};

PCT/NO99/00344
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assign meq2 = {eqg2, meq[G],meq_selHI.meq[4].meq_se1[1],
meg[2},meq_sel(0],meq{0]);

assign muxl_1 = (LLLM]1 == 0) ? mff out :
assign muxl 2 = (LLLMl == Q) ? mff out : ff s;
assign mux2 = (LLILM2 == 0) ? mres._. sel [3] : mux2 _in2;
assign mux2_in2 = lut_out & and out. :
assign and_ out = &mdoc. :

SC sc(lat_res,mres_. ml _1{7],res_ipl,nff 0[0] mif out,
mff .1[7] .:es.Lx.Lsz I.LI.D, LLLM) ;
Latency #(lat w:.dth) 1at (mux2, lac _res,and out,LLLL, CLK) ;

LUT8 lut {mres, lut_out, LLLLS),

assign d i = md i(63:56); .

. assign doc_i = mdoc_i(7);
assign ff_ i = mtf i[‘l],
assign d o = md 0[7 0):
assign doc o = mdoc’ : o{0]): . -
assign ff_ o = mff o{O].
assign doc = mdoc_sel[3];
assign eq = meq sel[3]; K
assign doc_sel = mdoc: sel(7];
assign res sel =~ mres sel[7l:
assign eq_sel = meq_sel 7y - 3.
assign res_iml_i = mres iml 1[01.
assign res ipl i = mres 1p1 i[?].

assign hits = ' '
{mhits(55:49),mres. sel[G] mhits[48 42],mtes sel[S],mhits[n 35} ,mres_sel [4],mhit

8[34:28) ,mres sel[3] mhits[Z‘l 21] mres sel[Z] mh:LtsIZD 14} ,mres_ sal[l ,mhiits{13:
7] ., mres_ sel[O],mhits[S.O])i : A . :

Tree6d tree64[0 7} (md s,mdoc s,mff s,md_p,mdoc_p,mff._p,md i,
.mdoc . :.,mff. i,md o.mdoc_o,mff_o,mres_iml_s,
mres_iml_p,mres_. ~iml_i,mres 1p1,mres —dpl_s,
mres - ipl _p.mres_ ipl i,mdoc,mres, meq,mdocl,
mresl;meql,mdoc2, mres2,meq2, mdoc_sel,
mres : sel.meq_sel mhits,M,A,C,L, 8§, D,W,RM.LMI,
1M2,18,LD, 1M, 1L, LLS, LLM1,LLM2, LLSZ LLD,LLM, LLL,

ms' CLK) I 2

endmodule // TreeS12
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Table A13 — Hit management unit

module HitMan(res_, doc, res, M, MM, CLK);

parameter ' width = §;
input res_;
input ' doc;
output res;
input [1:0] M;
-input (width - 1:0] MM;
input CLK;
wire din;
wire dout;
wire m;

wire mm;

reg (2~width - 1:0] c:

"initial c = 0;

always @(posedge CLK) c = ¢ + 1;

Dff dff{dIn,doOut,1'bl,ClK);

assign mm = c[MM];

assignm= (M==0) 21 : ((M==1) 2 mm : doc};
assign dIn = (dOut & (~res )) | m;

'assign res = res_ & dOut;

endmodule // HitMan
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PATENT CLAIMS R | " s '
I. A processing circuit (P,) for recoenitfon and ::comparison of complex

patterns in hlgh-speed data streams, pamcularly for use in search engines for
search and retrieval of data stored in structured or unstructured databases,
and wherein the processing cu'cmt P) forms a node in a network of such
processing circuits, characterized in that the processing circuit (P;) comprises
an interface with inputs and outputs for data which :cespectively are
configuring and operational parémeters for the processing circuit (P;), the
configuring parameters being supplied to the proceésing circuit (P;) via
unspecified or dedicated inputs in the interface oncé and for all for a giving
processing task and the operauonal data whlch are processed by execution of

" the given processing task being contmuouslv input’ to or output from the

processing circuit (P,) via specxfied respective inputs and outputs of the
interface. at least one kernel processor (Py) in the fortn of a comparator unit
(COM). the comparator unit (COM) being adapted for comparing two data
words. and a logic unit (E) « connected with the compatator unit. the logic unit
comprising a multxple'cer (MUX1) connected with the following inputs in the
interface: a sequential data‘input, a sequentxal document input, a sequentlal )
flip-flop input, a sequential result input from a precedmg processing circuit,
a sequential result input from a succeeding proceSSiﬁg circuit, a parallel data
input, a parallel document input, a parallel 'ﬂip-ﬂof_; input, a parallel result
input on a preceding processing circuit and a paral_lel result input on a
succeeding processing circuit; and with the following outputs in the
interface: an output for a selected data value, an output for a selected
document value, an output for a selected flip-flop value, an output for a
selected resultto a precedmg processing circuit and an output for selected
document value, an output for selected flip-flop value, an output for a
selected result to a preceding processing circuit, and an output for selected
result to a succeednng processing circuit; a first D ﬂlp flop (2); a latency unit
(LAT) which is adapted to delay a positive bmary..value with a given number
of time units; a second D flip-flop (4); a sequence control unit (SC) which is
adapted to monitor and control a comparison opefotion in the comparator unit
(COM), and a result selector which is adapted to combine two result values
from other processing circuits or other result selectors; that the comparator
unit (COM) is connected with an output for a selected data value on a



10

15

20

25

30

Ny

WO 00/29981 - 65 PCT/NO99/00344

- multiplexer (MUXI) and with a data output in the interface and further has a
result output connected with a first AND gate (1) and an equality unit
connected with a second AND gate (3), that the first D flip-flop is connected
with an output for a selected document value on the multiplexer (MUX1) and
has a reset output which via a reset line (5) is connected:respectively with an
input on the first AND gate (1), an input on the second AND gate (3), and an
input on the latency unit (LAT) as well as with a document input in the
interface, that the second AND gate (3) has an equality output in the
interface, that the latency unit (LAT) is connected with the output on the first
AND gate (1) and with a result input on the sequence control unit (SC), that
the second D flip-flop (4) is connected with the reset output on the first D
flip-flop (2) and respectively a flip-flop output and flip-flop input on the
sequence control unit (SC) as well as with a flip-flop output in the interface,
that the sequence control unit (SC) is connected with the output for a selected
flip-flop value and the output for a selected result from a preceding o '
processing circuit on the multiplexer'(MUXI) and with a result input on a
preceding processing circuit and result output in the interface, and that the
result selector (RS) is connected with respectively a first result input, a first -
document input, a first equality input, a second result input, a second =
document input, and a second equality input in the interface and respectively
with a resuit output, a document output and an equality output in the
interface. -

2. A processing circuit (Py) according to claim 1,
characterized in that the interface is defined by inputs for the conficurmg

- parameters and inputs and outputs for the operational parameters according

‘to the following table, the first column of the table giving the denomination
of the parameter, the second column the parameter type as respectively

- operational or configuring, the third column the parameter respectively as an

input or an output parameter, the fourth column the width of the input or the
output in bits, and the fifth column a closer definition of the parameter in
question:
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Parameter | Parameter type |L/O | Width Definition
d_s | Operational In |8 ‘Sequential data input
doc_s Operational  {In |1 Sequential document input
ff s Operational In |1 Sequential flip-flop input .
d_p Operational . |{In |8 Parallel data input
doc_p Operational In |! Parallel do{:umen_i input
[E ' p Operational In |1 Parallel flip-flop input
di . {Operational ~ * |Out|8 Output for selected data value
doc_i Operational Out|l ~ |Output for selected document value
ff i Operational =~ {Out |1 Output _fd_i_' selected.ﬂip-ﬂop value
|do Operational |Out |8 Data output -
doc_o Operational - T [out|T ‘| Document dutpu_t
ff o Oper_at_ional. Out |1 Flip-fiop output
res_iml s Opeiaﬁonél + |In. 1 Sequepgigl input for result from a
' preceding processing circuit
res_im 1 _p Opefational In |1 Parallel input for result from a
preceding processing circuit
res_iml_i Operational Out {1 Output for selected result to a
' e preceding processing circuit
res_ipl Operational In i1 Input fdr: result from a succeeding
: ' ' processing circuit
res_ipl_s |Operational In j1° Sequential input for result from a
succeeding processing circuit
res_ipl_p |Operational In |1 Parallel input for result from a
' succeeding processing circuit
res_ipl_i |Operational Out|l Outpgi for selected result to a
succeeding processing circuit
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{doc Operational Out !l Document output
|res Operatioxi#_l {Out |1 {Result output
e.q-. Opcraﬁonal Out |1 Equality output
docl Operational In |1 Document output 1- for result selector
resl Operational In |1 Result input 1 for result selector.
eql Operational In |1 Equality input | for result selector
doc2 Operational In I Document input 2 for result selector
. |res2 Operational In |1 | Result input 2 for result selector
eq2 Operational In |1 Equality input 2 for result selectér
doc_sel  |Operational Qut |1 Document output from result seléctqr
res_sel Operational. Out l Result outpur from result sele#tof
eLsel Operational Out |1 Equality oﬁtput from result sell.ector.
M Confi guring In {1 Parameter input
A Configuring h_l g Parameter input for comparator unit
C Configuring In |2 Parameter input for comparator unit
L Configuring In (2 Parameter input for latency unit
S Configuring In {1 Parameter input for sequence control
unit
D Configuring In |1 Parameter input for _séquence control
unit
MM Configuring In |1 Parameter input for sequence control
unit
RM Configuring In {3 Pa;ramcter input for reéult selector




10

15

20

Tk € L M H %

WO 00/29981 . 68 PCT/NO99/00344

3. A processmg umt (P ;) accordmg to claim 1,

characterized in that the comparator umt (COM) compnses a first register (6)

which in each case contains mput data in the form of a data word x and
respectively is connected wrth a data input and a data output, a second
register (7) which contains'a data word a which the data word x in the first
register (6) is to be compareded wrth as well as one or more logic gates and
a muitlplexer (MUX2) connected w1th the registers (6,7) for executing a
comparison operation, an' output on. the multxplexer (MUX2) compnsmg the
result output of the comparator umt '

4. A processmc circuit (P.) accordmg to claxm 3,

characterized in that the mterface of the comparator unit (COM) is defined
by inputs for the. conﬁzurmz parameters and inputs and outputs for the
operational parameter accordme to the following table, the first column of
the table giving the denommatron of the parameter, the second column the
parameter type as respectwelv operatmnal or conﬁgurmg, the third column
the parameter as respectweh an mput or an output parameter, the fourth
column the width of the input or the output in bits, and the fifth column a
closer definition of the parameter m questron '

Parameter : Pa-r_ameter type- IIO Wrdth Defi mrron
4 ' Operational - In'-_-: : 8 Data input (data word x).
do Operational Cut 8 _. | Data 'erltput (data word x)
res’  |Operational - iOut |l . Resdlr__dutput for comparison
eq Operational - Qut 1'-': Equalit}r outpur
A Conﬁguring o In 18 - Data r_nput (data word a)
, anfiguring: R In |2 Input for comparison operation

5. A processing circuit (P)) ai‘:cording to claim 4,
characterized in that the comparison operation is one of the operations
<,2,=, and =.and given by the configuring parameter being input as

binary 0 for £, bmarv 1 for =, binary 2 for =, og binary 3 for =.
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6. A processing circuit (P,) according to claim 1,

-characterized in that the latency unit (LAT) comprises a counter (8) which

respectively via a first input is connected with the output of the second AND
gate (3) and via a second input with the reset line (5), the counter (8) being
connected with a latency register (9) which contains a configuring latency
parameter, and has a output which is the result output of the latency unit.

7. A proéessing circuit (P,) according to claim 6, characterized in that the
interface of the latency unit (LAT) is defined by an input for a configuring
latency parameter and inputs and outputs for the operational parameters
according to the following table, the first column of the table giving the
denomination of the parameter, the second column the parameter type as
respectively operational or configuring, the third column the parameter as

- respectively an input or an output parameter, the fourth column the width of

the input or output in bits, and the fifth column a closer definition of the
parameter in question.

[Parameter |Parameter type [I/O | Width Definitién
fes_ Operational In {1 Data input (originai)
res Operational Out|! ' Data output (modified result)
_reset  |Operational In |1 Reset input, 0 gives reset |
L Configuring In |W Input for latency parameter
w - ' - |nfa Latency width
8. A processing circuit (P,) according to claim 7,

characterized in that L = 0 gives no latency, L =t gives latency t time units
and L =t = 2% gives infinite latency.

9. A processing circuit (P,) according to claim 1,

characterized in that the sequence control unit (SC) comprises a first AND
gate (10) connected with a result input on a preceding processing circuit and
a result output on the latency unit (LAT), a first OR gate (11) connected
respectively with an output of the first AND gate (10) and an output on the
second D flip-flop (4), a second AND gate (12) connected with the result
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output of the latency unit (LAT) and the result input on a succeeding
processmz circuit, a second OR gate (13) connected with the result inputon a
succeeding processing circuit and the output on the second D flip-flop (4), 2
third AND gate (14) connected w1th th :_,'_f’result output on the latency unit
(LAT) and with an output’ on the 'OR qate (13), and a multtplexer (MUX3)

~ connected respectively with the result output of the latency unit (LAT), an

output on each of the AND gates (10 12 14) and the first OR gate (11), the
result inputon a precedmg processmg circuit. and the flip-flop output on a
succeeding processing circuit; an ou_tgut of the sequence control unit (SC)

- forming the result output-‘of the"prdceésinz circuit: (P,).

10. A processmg circuit (P,) accordmg to clatrn 9,

‘characterized in that the mtertace of the sequence control untt (SC) is defined

by inputs for the. conﬁcurmz parameters and inputs and outputs for the
operational parameters accordmz to the followmo table. the first column of
the table alvmg the denommauon of’ the parameter the second column the
parameter tvpe as respectncl\ operattonal or configurmz, the third column |

© . ‘the parameter as respecttveh an mput or output parameter, the fourth column 3

the width of the mput or the output m blts. and the fifth column a closer

'deﬁnmon of the parameter m questlon

PCT/NO99/00344

Definition

. Parameter- Parame_ter type I/O .Wldth
res_ Operational_ - ln 'l l -", ~ |Result mput (original result)
res_iml |Operational In 1 Result 'tnout from preceding unit
res_tpl Operational _ In 1 _Result_. input .frorn succeeding unit
ff_in - Operational 3_I:n.' 1 . Flip-ﬂ_o;; input .
ff_im]l Operational, . In 11 Flipétlon. input from a preceding
) proces_;?ng circuit
res Operational: o] Outl Result output
ff_out Operational '. Out 1 . F lip-_f"top output
S . Conﬁ#uring:. _:_ In : 1 ' Pararneter :inp'ut for éequence control
B B operatidn
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D . Configuring In |1 Parameter input for sequence control
o operation
MM Configuring In |1 Parameter input for sequence control
_ operatxons

11. A processing circuit (P,) according to claim 10,
characterized in that the sequence control unit (SC) implements one or more
of the following sequence control eperations: _

- allowing the comparator unit (COM) to output a comparison result
dependent on the preceding or the succeeding unit outputting a comparison
result, | |
- allowing a comparison with patterns where parts of the pattern are
missing, | . :
- allowmg comparison with patterns where parts of the pattern are
repeated

12. A processing circuit (P,) according to claim 11.
characterized in that the configuring parameter S is input as binary 1 if a

-sequence control operation shall take place, that the configuring parameter D |

is input as binary 0 or binary 1 for respectively a forward sequence control
and a backward sequence control, and that the configuring parameter MM is
input as binary 1 if patterns with missing parts or repeating patterns are
allowed for comparison. '

13. A processmg circuit (P,) according to claim 1,

characterized in that the result selector (RS) comprises a first AND gate (15)
connected with the first equality input and the second equality input, a
second AND gate (16) connected with the first result input and the second
result input, a third AND gate (17) connected with the first result input and
the second equality input, a NOT gate (18) connected with the second
equality input, a fourth AND gate (19) connected with the second result input
and the output on the NOT gate (18), a first OR gate (20) connected
respectively with the first and the second equality input, 2 second OR gate
(21) connected respectively with the first and the second equality input, a
third OR gate (22) connected respectively with the output of the third and the
forth AND gate (17;19), a multiplexer (MUX4) connected respectively with
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the first result i input, the second result mput the first equality input, the
second equality input, the output from respectively the first and second AND

- gate (15;16), and with the output ﬁ:om respecttvely the first, the second and

third OR gate (20;21;22), a ﬁﬁh AND gate (23) connected respectively with
the first and second document mput and with the document output in the
interface, a sixth AND gate ("4) connected respectively with the output of
the fifth AND gate (23), 2 first output on ‘the multiplexer (MUX4) and the

_result output in the 1nterface. and a seventh AND gate (25) connected with |

respectively the ﬁfth AND gate ("3) and a second output on the multiplexer |

'- (MUXH) as well as the equalttv output m the mterface

14. A processrng circuit (P,) accordtne to clatm 13
characterized in that the mterface of the result selector (RS) is defined by

inputs for the configuring parameters and mputs and outputs for the
_operational parameters according to the following table the first column of
- the table giving the denomination of the parameter the second column the

~ parameter type as respecttvelv operatlonal or conﬁgurmg, the third column

the parameter as respecttvelv an mput or.output parameter the fourth column

 the width of the tnput or. the output in bxts, and the ﬁfth column a closer
definmon of the parameter in questxon ’ -

Parameter | Parameter type I/O Wtdth .Defini'tio_n
docl | Operatio.na_l . [n I N Document .input 1 for result selector
resl Operational In {1 — Result mput 1 for result selector
eql Operational . In 1 Equa_litSr t'nput 1 for result selector
.doc2 Operational - ' In i 1 Document input 2 for result selector
res2 Operational ln | 1 ReSutt input 2 for result selector
eq2 Operat_ional' o In 1 : Equality__ input 2 for result selector
~{docl Operational Out ...1_ "~ |Document output from result selector
res Operational - Out 1 .1_;{e:su.lt output‘from_res.ult selector
eq Operattonal . |Out 1 Equality-output from result selector
RM Conﬁguring - _tn : '3... l Parameter input for result selector
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15. A processing circuit (Py) according to claim 14, ~ -

characterized in that the result selector (RS) implements one or more of the
following operations:-

- using only a first result (resl) .

- using only a second result (res2) _

- executing the operation boolean AND on the first and the second result
- executing the operation boolean OR on the first and the second result

- executihg- the operation 2 over a set of processing circuits (P,)

- executing the operation < over a set of procéssing circuits (P,).

16. A processing circuit (P,) according to claim 15_; _
characterized in that the configuring parameter RM for the result selector
(RS) is entered as 3-bit binary values specific for each of the operations
which the result selector implements.

17. A search processor circuit (PMC) comprising a multiprocessor unit P,
with tree_'structure for recogn'itiori and comparison of complex patterns in_
high speed data streams. particularly for use in search engines for search and
retrieval of data stored in structured or unstructured databases, wherei'_n the
multiprocessor unit P, comprises processing circuits P, according to claim I,
and wherein the multiprocessor unit P, forms a circuit realized as a binary or
superbinary tree with n+1 levels Sy, S;....S, and degree k = 2™, whereinm is a
positive integer larger or equal to 1, and a superbinary tree defined by k >2,
characterized in that the multiprocessor unit P, is provided on the level S,
and forms a root node in the tree and comprises an interface Ip, and a logic

unit E, that the nearest underlying level S,.; comprises 2™ circuits Py which
are provided nested in the multiprocessor unit P, and form the child nodes
thereof. each of the circuits P,.; having identical interfaces Ip .. and

comprising a corresponding logic unit E, that the multiprocessor unit P, on
an underlying level S, q €{1,2,...n -1}, generally comprises 2™ circuits
P,.q, €ach with interface Ipn_q, and corresponding logic units (E) and provided
nested in the 2™%Y circuits P,.q.1 on the overlying level Sy.q.1, each circuit
P,-q+1 On this level comprising 2™ circuits Py.q, that a zeroth level for

n — q = Sy defined for the multiprocessor unit P, for ¢ =n = S4 comprises
from 2™ to 2™ kernel processors Py which form comparator units (COM)
in the 2™™" processing circuits Py on the level S|, that each of processing
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circuitsP| comprises from one to 2" comparator units (COM) and each has
interfaces Ip, and correspondmg loglc umts (E), that oenerally all circuits P,

Pz Py, on the levels'Sj, S,,.. S have 1dentxcal 1nterfaces [suchthatlp =1Ip
.. Ip, =1, and that each logic umt (E) comprises a result selector (RS) ora

look-up-table unit (LUT) for cpll_ecnng the results _of -a-search operation or a
comparison operatieri executed b'y the processinz -cirt:uits P, on the level §,.

18. A search processor cu‘cutt (PMC) aceordme to elaxm 17
characterized in that each processmg circuit Py on the level S| comprises 2™
comparator units (COM), such that the multnprocessor unit P, forms an
unreduced binary or superbmarv tree. thata processmc circuit P; maps a
circuit P> on the overlymo level with a factor r= 7'“ .and that generally a

 circuit Ppqon the level Soq for. qe{l.2 ..n-1}, maps a circuit Py, on the

overlying level Sn-qr1 recursively thh the factorr= 2‘“. such that the. bxnary

- or superbinary tree which conﬁcures the circuit P, m each case comprises a
15

from the level S, on recurs:velv zenerated bmary or superbmar» tree.

19.. A search processor cn'cmt (PMC) aceordme to claim 17,
charactenzed in that the mtcrface Ip of mulnprocessor unit P, and the

_ 1nterfaces Ip for each cu'cmt Pn -q whxeh is mcluded in the circuit P, on

underl\ ing . levels S.,-q, are deﬁned bv mputs for the conﬁgnnnz parameters

and inputs and outputs for the- operattonal parameters according to the
following table, the first column of the table awlne the denomination of the
parameter, the second column the parameter the tvpe as respectively
operational or confivurmg, the thlrd column the parameter respectively as an
input or an output pararneter. the fourth column the width of the input or the
output in bits, and the fifth column a closer def' mtton of the parameter in

quesn on:

2=
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Parameter |Patameter type | /O |Width | Definiti
d_s Operational {In I Sequential data input
doc_s Operational 1In |1 Sequential document input
ff s Operational. |In |1 Sequential flip-flop input
d_p Operational In |8 Parallel data input
doc_p Operational In |1 Parallel document input
ff p Operational In (1 Parallel flip-flop input
d_i Operational Out {8 Output for selected data value
doc_i Operational Out |1 Output for selected document input
ff i Operational QOut |l Output for selected flip-flop value
do Operational Out |8 | Darta output
doc_o Operational Out|l Document output
ff o Operational Out |1 Flip-flop output
res_iml_s |Operational In |1 Sequential input for result from a
preceding processing unit
res_iml_p |Operational In |1 Parallel input for result from a
' preceding processing unit
res_iml_i |Operational Out |1 Output for selected result from a
preceding processing unit
res_ipl Operational In |1 Result input from a succeeding.
processing unit
res_ipl_s |Operational In |1 Sequential input for the result from a
succeeding processing unit
res_ipl_p |Operational In |1 Parallel input for the result from a
' ' succeeding processing unit
res_ipl_i |Operational Out |1 Output for selected result from a
succeeding processing unit
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doc Operational Out Document output |
res Operational - Out Result output
eq Operational Oﬁt E__quali'ty output.
docl Operat_i_o’r?‘al | In -__Documen% mput 1 for result selector
resl Operatioflﬁal : In Result mputl for result selector
eql Operatiop@l- In | Equality mput 1 for result selector
. |doc2 _ Operatibngl_. Iﬂ. _D_ocumen.'_t':.' '_'!.nput 2 for result selector
res2 . Operati@_éﬁl -~ |In Result mputZ for result selector
eq2 Opera;iggél -~ |In Equality@é:_éﬁt 2 for result selector
doc_sel :Operatighél O:l:lt Docurrlleq-t_.':_i;}')ut from result selector -
res__sel_ Operatfg;}él_ ‘10ut 'R_esult output from result selector
eq_sel Ope'ratipn;n 05\:11 .Equality-lc_;:_l_g.ﬁ'_cput from result selector
M ' Configu:xfi_hg ~|im Patametermput
A Cohﬁgufingl _- In. _Paramete%; mput for comparator unit
C Coﬁﬂgx@ﬁpg‘ -" Ih_ Pa.rame'tgé_:i;#m for comparat-o_i_':unit
L Cbnﬁgil;lfll'i#g. |In .Paramete;'.i?.put for latency unit
S .Configpx_':ijng : I Parametermput for sequence control
' unit o
D Conﬁépri_ng_ |In Parameteﬁ mput for sequence control
L unit o
MM ' Cdnﬁ_g_m;i:gg {In Paramete;.':' mput for sequence control
RM Configuring '[In ?arametex;f mput for result selector
IMI  |Configuring  |mn Signal cpf;.tiol
LM2 Co’nﬁg’ul_':i;xg In Lﬁdk—up'?:t;l;ie control
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LS Config

4 g
uring In |1 Parameter input for sequence control
' unit
LD Configuring In |1  |Parameter input for sequence control
~ |unit
LM Configuring In |1 Parameter input for sequence control
' unit
LL Configuring In |W Latenéy for multiprocessor
|LLS Configuring In |- Parameter input for look-up-table unit

20. A search processor circuit (PMC) according to claim 17, wherein the
logic unit (E) comprises latency unit (LAT) and a sequence control unit (SC)
as well as a look-up-table unit (LUT),

characterized in that

the logic unit (E) further comprises a first AND gate (26), a first multiplexer:
(MUXS3), a second AND gate (27) and a second multiplexer (MUX6). that
look-up-table unit (LUT) is connected with a result output on each
processing circuit P,., in the immediately underlying level, the first AND
gate (26) with a document output on each of the said circuits P,.,, the second
AND gate (27) with the output of the first AND gate (26) and the output of -
the look-up-table unit (LUT), the first multiplexer (MUXS5) with the output
on the second AND gate (27) and a second result output on a last one of said
circuits P,.;, the latency unit (LAT) with the output on the first AND gate
(26), the sequence control unit (SC) with an output on the latency unit
(LAT), a result output and a flip-flop output on a first one of said circuits
P..1, a result input on the logic unit E and a flip-flop output on the last one of
said circuits P,.,, and the second multiplexer (MUX6) with a flip-flop output.
on the sequence control unit (SC) and respectively with a first and a second
flip-flop input on the logic unit (E) and further via respectively first and
second flip-flop outputs with the first of one said circuits P,.,.

21. A search processor circuit (PMC) according to claim 20,

characterized in that the search processor circuit (PMC) comprises a
document management unit (DOC) which via a data output is connected with
respectively the sequential and the parallel data input on the multiprocessor
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unit P,, and viaa document output is connected with the sequential document
input on the multiprocessor unit P,

- 22. A search processor circuit according to claim 20,
characterized in that the search processor circuit (PMC) comprises %k = 2™
hit management units _(HIT) provided connected with respective result
outputs and document outputs in circuits P,.,, each hit management unit
'(HIT) via a result inpuf_being connected with respective result outputs in the
interface of the multiprocessor unit P,,..




