
;e3eRWRRRS,ULxU~V6,WTW^j? .e TITLE OF THE INVENTION SYSTOLIC ARRAY DEVICE
BACKGROUND OF THE INVENTION  *  Field of the Invention s~2* 5 This
invention relates to a systolic array device which performs the processing
of a sequential least-squares (RLS) algorithm based on QR decomposition,
enabling the simultaneous acquisition of outputs for a plurality of
reference signal series in the same input signal series. 10 Related
Background Art In the prior art, a variety of algorithms are used to
control the tap coefficients in an adaptive filter comprised by a
transversal filter (delay line with taps); however, the RLS algorithm is
known for its good convergence 1~ characteristics The quantity of
computations using the RLS algorithm increases in proportion to the square
of the number of taps to be controlled. Hence when there is a large number
of taps, the quantity of computations becomes extremelygreat _ Hence as
described for example in the reference Adaptive 20 Filter Theory (Third
Edition) Simon Haykin, PRENTICE HALLS, Upper Saddle River, New Jersey 07458
translation editor Hiroshi Suzuki, Science Press, Inc., systolic arrays are
known which reduce processing time by parallel implementation of an RLS
algorithm based on QR decomposition. 25 Fig.7A shows an example of the
Configuration of a basic 1   FP02--0149-00 systolic array of the prior art,
which is here explained. The systolic array device 10 shown in Fig.7A has a
configuration for the case of three taps, and is configured to comprise
boundary cells, indicated by empty circles; 5 internal cells, indicated by
squares; final cells indicated by double circles; and delay units,
indicated by filled circles. In the literature, normally the symbol used
for final cells is an "x" within a circle; here, however, a 



double-circle symbol is used. 10 Boundary cells (empty circles) and
internal cells (squares) perform transformations based on a Givens
rotation; boundary Cells (empty circles) calculate an appropriate rotation
parameter, and this calculated value is passed to an internal cell
(square); the internal cell 15 (square) uses the calculated value to rotate
the elements of the received data vector. The final cells (double circles)
derive the a posteriori estimated error. Specifically, when for example all
the boundary cells (circles) have uin=0 or Bin=0, as shown in Fig.7B, the
20 operations (x=~i2x, s=0, z=uin, 8~~,t=8;ny are performed; in addition,
the operations ~ Z=uir" X'=p2X~hFlin ~ Z ~ ~, c=a2X/X' , s=81"z/x T , x=x'
, Sot~t'c~in ) are performed, and the value o f x obtained in these
operations is held. A11 the delay units (filled circles) delay the time 25
for input to the next-stage cell of the signal 8~",t output from a boundary
cell (empty circles) by one operation    FP02-O159-00 processing time
period. All the internal cells (squares) perform, for example, the
operations u~"t=ui"-zx, x=s*uo",+x as shown in Fig.7C, and hold the value
of x obtained in these operations . Here 5 * indicates the complex
conjugate. The specifics of the operations performed in all the internal
cells (squares) are described in the above-cited reference. As shown in
Fig. 7C, the final. cells (double circles) perform the operation ewSi"ul",
and output the result . These formulae are described 10 in detail in the
Adaptive Filter Theory reference cited above. Fig.7A shows, for simplicity,
signals from time 1 to time 5. The input signal series for the first tap is
ul (1), ul ( 2 ) , ul ( 3 ) , u~, ( 4 ) , ul ( 5 ) ; the input signal sari
es for the 15 second tap is u2 (1) , uz (2) , u2 (3) , u2 (4) , u2 (5) ;
and the input signal series fox the third tap is u3 (1) , u3 (2) , u3 (3) ,
u3 (4) , u3(5) . Numerals within the parentheses indicate the time , The a
posteriors estimated error signal for these input signal 2o series u, (1)
to u1 (5) , u2 (1) to u2 (5) , u3(1) to u3 (5) and for the reference signal
series d(1), d(2), d(3), d(4), d(5) is output from the final cell (double
circles) as the output signal e. By using a method called a serial weight
flushing, the values of tap coefficients can also be obtained as an 25
output signal e. CTTMMARY ~1x' TTdF T1WTFN'1'Tfl1 



FP02-0149-00 However, in systolic array devices of the prior art, as
described in the above-cited reference, while there are various
configurations for systolic arrays which perform parallel processing of an
RLS algorithm based on QR 5 decomposition, in a11 configurations there is
only one signal series input as a reference signal series, and a plurality
of reference signal series cannot be handled simultaneously. Hence when
using a conventional systolic array device 10 to process a plurality of
reference signal series with 10 the same input signal series, the
respective processing must be performed separately. Fig.8 shows the case in
which two types of reference signal series are handled with three taps.
Suppose that the input signal series for the first tap isul(1), u1(2),
u1(3), u1(4), u1(5); the input signal series 15 for the second tap is
u2(1), u2(2), u2(3), u2(4), u2(5); and the input signal series for the
third tap is u3 ( Z ) , u3 (2 ) , us(3), u3(q). ua(5). At this time, when
deriving the output signal a given that the reference signal series is
d(1), d(2), d(3), d(4), 20 d (5) and the output signal e' given that the
input signal series u1(1) to u1(5), u211) to u2(5), u3(1) to u3(5) are the
same and that the reference signal. series is d' (1) , d' (2) , d' (3), d'
(4), d' (5), first d(1) to d(5) is used as the reference signal series to
perform a series of processing 



25 and derive the output signal e. Next, when the signals Initial (in the
figure, Initial    FP02-0149-00 signals are denoted by an underbar) are
input to each cell, the value held by the cell is initialized. Thereafter,
the reference signal series d' (1) to d' (5) , and the same input signal.
series as the previously used input signal series, 5 must be used to
perform processing. In this way, in the conventional systolic array 10,
when the input signal series ul (1) to ul (5) , u2 (1) to u2 (5) , u3(1) to
u3(5) are the same and a plurality of reference signal series d(1) to d(5)
and d' (1) to d' (5) are handled, 10 there is the problem that the
respective processing must be performed separately. The present invention
was devised in light of the above, and has as an object the provision of a
systolic array device which, in cases where the same input signal series is
handled 15 with a plurality of reference signal series when performing RLS
algorithm processing based on QR decomposition, is able to simultaneously
handle the plurality of reference signal series. To resolve the above
problem, a systolic array device 20 of this invention, in order to perform
processing of a sequential least-squares algorithm based on QR
decomposition, has a plurality of boundary cells which calculate
appropriate rotation parameters for transformation based on Givens
rotation; a plurality of 25 internal cells which use values ealculated by
boundary cells to cause rotation of the elements in a received data vector;
~~o2-om goo and a final cell, which derives the posteriors estimated error
from the calculated va of the above boundary cells and the above internal,
cells; and is characterized in comprising a plurality of additional
internal cells, connected to each 5 of the above internal cells arranged in
the end cell column to which signal series are input such that signals
output from the above internal cells are passed to the plurality of
additional internal cells, and. an additional final cell, connected to the
above final cell so as to receive calculated 10 values from said final cell
that contains values calculated from boundary cell and so as to receive
calculated values from said additional internal cells. By means of this
configuration, a cell column having a plurality of additional internal
cells and an additional 15 final cell is added to the end cell column, so
that by simultaneously inputting. to both the above end cell column and to
the added cell column, different reference signal series, a posteriors
estimated errors for the input signal series and each of the reference
signal series can 



20 simultaneously be derived. Further, a systolic array device of this
invention comprising additional final cells and a plurality of stages of
the additional internal cells, wherein a plurality of stages of said
additional internal cells are connected so 25 as to receive in succession,
signals output from said internal cells and the additional final cells is
being connected    fP02-0149-00 for each connected additional internal cell
stage; and calculated values from the boundary cells and calculated values
from additional internal cells connected to the additional final cell are
received by each connected S additional final cell. According to this
configuration, a plurality of stages of cell columns are added to the cell
column added to the end cell column, so that a posteriors estimated errors
for input-signal series and each of the types of reference signal 10 series
according to the number of stages can be derived simultaneously. Also, a
systolic array device of this invention is characterized in that a
plurality of stages of additional internal cells are connected so as to
directly receive 15 signals output from the above internal cells:
additional final cells are connected to each of these stages of connected
additional. internal cells: and, calculated values from boundary cells and
calculated values from additional internal cells connected to the
additional final cells in 



20 question are passed to each of the connected additional final cells.
According to this Configuration, a plurality of stages of cell columns are
added to the cell column added to the end cell column, so that a posteriors
estimated errors for 25 input--signal series and each of the types of
reference signal series according to the number of stages can be derived -,
FP02-0149-00 simultaneously. And, the calculated values of internal cells
are passed directly to the respective additional internal cells, so that
reference signals can be input simultaneously to the respective additional
internal cells. As a result, no delay occurs in the timing for output of
computation results from the respective final cells, so that this
configuration is particularly advantageous when there are numerous
additional cell columns. Also, a synchronization capture device in the 10
communications of this invention uses the above systolic array device, and
is characterized in that received-signal series are input to the boundary
cell and internal cells in this systolic array device to which input signal
series are input, and a plurality of known signal. series, generated 15 in
advance by changing the timing of a known signal series by a fixed amount
of time, is input to the end internal cells and to the additional internal
cells. By means of this configuration, a posteriori estimated errors are
obtained simultaneously for the received signal 20 series and a plurality
of known signal series, and thereafter, by applying a well-known function
which takes as the synchronization point the timing of the known signal
series resulting in the smallest error power, synchronization capture can
be performed in a short length of time. 25 Further, a synchronization
capture device of this invention in communications uses the above systolic
array 0   FP02-0199-00 device. and is characterized in that received signal
series are input to the internal cells and boundary cells in the systolic
array device to which input signal series are input, and a plurality of
known signal series in advance is input 5 with the same timing to the end
internal cells and additional internal cells. By means of this
configuration, a posteriori estimated errors are obtained simultaneously
for the received signal series and a plurality of known signal series, and
thereafter, 



10 by applying a well-known function which takes as the synchronization
point the timing of the known signal series resulting in the smallest error
power, synchronization capture can be performed in a short length of time.
Moreover, the known signal series are input simultaneously to the 15
respective additional internal cells, so that no delay occurs in the timing
for output of computation results from the respective final cells, and
processing speeds can be increased, so that this configuration is
particularly advantageous when there are numerous additional cell 20
columns. Further, an adaptive array antenna device of this invention
employs the above systolic array device, and is characterized in that
received-signal series axe input to the boundary cell and internal cells in
the systolic array 25 device to which input-signal series are input, and a
known signal series with timing coordinated with an advanced wave,
FP02-0199-00 and a known signal series with timing coordinated with a
delayed wave with various delay times, are input to the end internal cells
and the additional internal cells. By means of this configuration, the tap
coefficient 5 which takes into consideration the advanced wave and the tap
coefficient which takes into consideration the delayed wave can be derived
simultaneously so that in an adaptive array antenna control algorithm which
combines and uses the tap coefficient considered fox an advanced wave and
the tap 10 coefficient considered for a delayed wave, processing can be
performed in a short length of time. The present invention will become more
fully understood from the detailed description given hereinbelow and the
accompanying drawings which are given by way of 15 illustration only, and
thus are not to be considered as limiting the present invention. Further
scope of applicability of the present invention will become appaxent from
the detailed description given hereinafter. However, it should be
understood that 20 the detailed description and specific examples, while
indicating preferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications within the
spirit and scope of the invention will become apparent to those skilled in
the art from this 25 detailed description. BRIEF DESCRIPTTON OF THE
DR,~I~nIINGS    FP02-07.99-00 Fig. 1 is a block diagram showing the
configuration 



of a systolic array device of an aspect of the invention; Fig. 2A is a
block diagram showing the configuration, in a systolic array device of the
above aspect, in which 5 there are three taps and two types of reference
signal series are handled; Fig. 2B is a figure showing the function of a
final cell; Fig. 3A is a figure showing an example of the IO input signal
series and reference signal series value; Fig. 3B is a figure showing the
result of the output signal obtained by the prior systolic array device;
Fig. 3C is a figure showing the result of the output signal obtained by the
systolic array device of an aspect 15 of the invention; Fig. 4 is a figure
showing an example in which the systolic array device of the above example
is used for synchronization capture in communications; Fig. 5 is a figure
showing an example in which the 20 systolic array device of the above
example is used for directionality control in an adaptive array antenna;
Fig. 6 is a block diagram showing the configuration of a systolic array
device of an aspect of the invention; Fig. 7A is a block diagram showing
the configuration 25 of a basic systolic array device of the prior art;
Fig. 7B is a figure showing the function of a boundary 



71   FP02-019-00 ceJ.7.; Fig. 7C is a figure showing the function of an
internal cell; Fig. 7D is a figure showing the function of a final 5 cell;
and, Fig. s is a block diagram showing the configuration of a systolic
array device when simultaneously processing two types of reference signal
series with three taps in the prior art. 10 DESCRIPTION OF THE PREFERRED
EMBODIMENTS Fig. 1 is a block diagram showing the configuration of a
systolic array device of an aspect of the invention. A characteristic of
the systolic array device 20 of the invention shown in Fig. 1 Lies in a
configuration whereby 15 m types of reference signal series are
simultaneously processed using k taps. 'that is, in this configuration the
pluxality of internalcells (squares) and final cells (double circles )
surrounded by the dotted-line frame 21 have been added. 2o In order to
explain this configuration in an easily understood manner, Fig.2A shows a
configuration in which two types of reference signal series are
simultaneously processed using three taps: this is explained below. In
Fig.2A,, the systolic array device 30 has second reference 25 signal input
cell column consisting of internal cells 1 n   FP02-0149-00 (square) to
receive the second reference signal series d' (1 ) to d'(5) and a final
cell (double circle), surrounded by the dotted line frame 31. The second
reference signal input cell column is arranged to the right of the first
reference 5 input cell column which and receive the first reference signal
series d(1) to d(5) from the conventional systolic array device 10 shown in
Fig.7A. The arrangement of second signal input cell column is similar to
that of the first reference input cell column. Additional function of the
10 final cell (double circle) in the first reference input cell 



column is to pass the input signal 8i" to the final cell (double circle)
adjacent to the right as shown by the dotted-line frame 32 shown in Fig.2B.
Also, each of the internal cells (squares) in the first reference input
cell 15 column is connected so as to pass the signals s, z shown in Fig. 7C
to the right-adjacent internal cell in the second reference input cell
column. Results confirmed by computer programming for the operation of a
systolic array device 30 configured in this 20 way are shown in Fig. 3 .
That is, the number of taps is three, and output signals e, e' are derived
for two types of reference signal series. Using the input signal series ul,
U2 u3 and the reference signal series d, d' shown in Fig.3A, Fig.3B shows
the results of derivation separately of the output 25 signals e, e' using
the systolic array device 10 of the prior art; Fig.3C shows the results of
simultaneous derivation    FP02-0149-00 of the output signals e, e' using
the systolic array device 30 of this invention. The two results have the
same value. In principle, the output signals a (1) , a (2) , a (3) and e'
(1 ) , e' (2) , e' (3) of 5 the first taps are not derived. Hence the
figure only shows output signals a (4) , a (5) and e' (4) , e' (5) . From
this, it is confirmed that the systolic array device 10 of this invention
can handle a plurality of reference signal series simultaneously. 10 If
configured according to a similar principle, there is no limit to the
number of taps k and the number of reference signals series m as shown in
Fig. 1. In this way, by means of the systolic array device of this aspect,
when performing processing of a sequential 15 least--squares algorithm
based on QR decomposition, a systolic array device is configured in which,
to a configuration comprising a plurality of boundary cells (empty circles)
which calculate appropriate rotation parameters for transformations based
on Givens rotation, 20 a plurality of internal cells (squares) which rotate
the elements of received data vectors using the values calculated by the
boundary cells (empty circles), and a final cell (double circles) which
derives the a posteriori estimated error from the values calculated by the
boundary cells (empty 25 circles) and internal cells (squares) ,
additional, internal cells (squares) are connected to each of the internal
cells    FP02-0149-00 (squares) arranged in the end cell column to which
signal series are input, so as to receive the signals output from the
internal cells (squares) , and an additional final cell (double circles) is
connected to the final cell (double 5 circles) , so as to receive the
calculated values from the boundary cell (empty circle) input to this cell
(double circles) and the calculated values from the additional internal
cells (squares). 



In other words, a cell. column, having a plurality of 10 additional
internal cells (squares) and an additional final cell (double circles) , is
added to the end cell column; hence by inputting different reference signal
series simultaneously to both the end cell column and to the added CE11
column, the a posteriors estimated error signal for 15 the input signal
series and each of the input reference signal series can be derived
simultaneously. Also, aplurality of stages of additional internal cells (
squares ) are connected such that signals output from the internal cells
(squares) are received in succesion; an 20 additional final cell (double
circles) is connected to each stage of additional internal cells (squares);
and each of the connected additional final cells (double circles) receives
a calculated value from a boundary cell (empty circle) and a calculated
value from the additional internal 25 cell (square) to which the additional
final cell (double circles) is connected.   FP02-0149-00 That is, there are
further added a plurality of stages of cell columns to the cell column
added to the end cell column, so that the a posteriozi estimated error for
the input signal series and each of the types of reference signal 5 series
corresponding to the number of stages can be derived simultaneously. In
this way, the systolic array device of 'this aspect can be utilized when
using a systolic array to handle a plurality of reference signal series for
the same input 10 signal, and as explained below in a specific example, can
be employed for synchronization capture in communications and for control
of an adaptive array antenna in mobile communications. However, utilization
is possible when handling a plurality of reference signal series for the
same l5 input signal series using a systolic array which performs RZS
algorithm processing based on QR decomposition, and is not limited to the
field of communications. 



A case in which the systolic array device of this aspect is employed for
synchronization capture in communications 20 is explained. Fox example, in
the synchronization capture method described in the references Idous
tsuush.in you adaputibu arei no fureemu douki kakuri tsuhou to sono tokusei
(Establishment of frame synchronization and characteristic feature in 25
adaptive array for mobile communication), Kazuhiko Fukawa, and "Separation
of Gochannel Signals in TDMAMobile Radio",   FP02-0199-00 Ia.V. Keerthi and
J. Shynk, IEEE Txans. on S.zgna.I Processing, Vol . 46, No . 10, 7.998, a
signal series already known on the receiving side is transma.tted by the
transmitting side; on the receiving side, the timing of the known signal
series 5 is changed by one symbol each to generate a plurality of reference
signal. series; the posteriors estimated error for the plurality of
reference signal series and the received signal series is calculated: and
the timing of the reference signal series resulting in the smallest error
power is 'taken 10 to be the synchronization point. xn this method, a
plurality of posteriors estimated errors for the same input signal ser~.es
and a plurality of rEference signal series is required. Hence as shown in
Fig. 4, the received signal is taken to be the input-signal series, 15 the
systolic array device of this aspect can calculate a pvsterioriestimated
errorsignalssimultaneously by taking received signal as the input-signet.
series and by taking a plurality of known signal series with timing
different by one symbol each as a plurality of reference signal series . 20
xhat is, taking a plurality of series that results from changing the timing
of a known signal series by one symbol each as reference signal series dl,
d2, di, do, ds. d6, ... (where dx.~~i is the series with dk coordinated
timing delayed by one symbol), the systolic array device of this aspect 25
can derive the corresponding a posteriors estimated error signals e~, e2,
e3. ea, es, es, . . . simultaneously. The average   



FP02~02~9-d0 erxor powers P1, P2, P3, P4, P5, P6, . . for each of the error
signals ei, e2, e3, ea, e5, es, . .. axe calculated, and the timing
resulting in the smallest value (in this example, p3) is taken to be the
synchronization point. Thus in this 5 way, the present invention can be
used for synchronization capture in communications. Next. a case in which
the systolic array device of this aspect is used in control of an adaptive
array antenna in mobile communication is explained. 10 For example, as
described in the reference Aree antena ni yoru fekiou shingou shori
(adaptation signal processing by array antenna), Nobuyoshi Kikuma, Science
Press, Inc., there are various algorithms for controlling the tap
coefficients in each of the elements of an adaptive array 15 antenna. Of
these, it is known that methods using the RLS algorithm have good
convergence characteristics. With respect to calculation of the tap
coefficients of each element in an adaptive array antenna using an RLS
algorithm, when receiving only the advanced wave, which has 20 been studied
previously, a plurality of reference signal series is not handled. However,
when employing control such as that described in for example the reference
"MMSE adaputibu aree antena to MDSE no juuzoku setsuzoku hou ni kansuru
kenkyuu (Investigation about MMSE adaptive antenna 25 and amethodof
continuous connection) ", Akito Hanaki, Takeo Ohkane and Yasutaka Ogawa,
IEICE Tech. Rep., RCS98-92, pp.   FPOZ-o199-00 39-45, June 1998, a
plurality of reference signal series must be handled for the same input
signal series. In the above referencebyHanaki et al, a tap coefficient
which takes into consideration the advanced wave, and a tap 5 coefficient
which takes into consideration the delayed wave, are synthesized as the tap
coefficient of each element in an adaptive array antenna to make effective
use of the received power . Derivation of the tap coefficient which takes
into consideration the advanced wave and the tap coefficient 10 which takes
into consideration the delayed wave can be performed by simultaneous
calculations us~.ng the systolic array device of this aspect. This
configuration, shown in Fig. 5, is explained below. In Fig. 5, by using the
received signals in each of 15 the elements of the adaptive array antenna
as the input-signal series ul, ul, ..., uk: and as the plurality of
reference signal series d~, d2, ..., by using a known signal series with
timing coordinated with the advancedwave, and known signal series with
timing coordinated with delayed 20 waves with various delay times, the tap
coefficient wo which takes into consideration the advanced wave, and the
tap coefficient wl which takes into consideration a delayed wave, can be
derived simultaneously. In the method of the above reference by Hanaki et
al, these tap coefficients are 25 synthesized for use. In this way, the
systolic array device of this aspect can be used in control of an adaptive
array .,  



FP02-0199-00 antenna. Next, the systolic array dwice of a second aspect of
this invention is explained. Fig. 6 shows the configuration of the systolic
array device 40 of the second aspect. The 5 systolic array device 40 of the
sECOnd aspect has essentially the same configuration as the systolic array
device 20 of the first aspect, but differs in that each of the additional
internal cells is connected in parallel with the internal cells arranged in
the end cell column, configured such that 10 calculation results are
received directly from internal. cells in the end column. In the systolic
array device Q10 of the second aspect, similarly to the systolic array
device 20 of the first aspect, a cell column hawing a plurality o f
additional internal cell s 15 (squares) and an additional final ceJ.l
(double circles) is added to the end cell column, so that by simultaneously
inputting different reference signal series into both the end cell column
and into the added cell column, a posteriori estimated error signals for
the input signal series and each 20 of the input reference signal series
can be simultaneously derived. Further, a plurality of stagES are connected
such that signals output from internal cells (squares) are directly
received by additional internal cells (squares), so that 25 theze is no
need to shift the timing of each of the reference signal series input to
the respective additional internal ~n   FP02-0199-00 cells (squares ) .
Also, no delay occurs in the timing with which computation results are
output from each of the final cells, and consequently the processing speed
can be further improved, so that this configuration is particularly 5
advantageous when there axe numerous additional cell columns . Further, the
systolic array device 40 of this aspect is not configured such that a final
cell (double circles) receives the calculation result of an adj acent final
cell 10 (double circles); hence the final cells (double circles) need not
have another output, and the final cells of conventional systolic array
devices can be used. 



Also, the systolic array device 40 of this aspect can be used in cases
where a systolic array is employed to handle 15 a plurality of reference
signal series with the same input signal, so that similarly to the systolic
array device 20 of the first aspect, use in synchronization capture for
communication, and in control of adaptive array antennas . for mobile
communication, is possible. 20 As explained above, by means of this
invention, a cell column having a plurality of additional internal cells
and an additional final cell is added to the end cell column of a systolic
array device which performs processing of an RLS algorithm based on qR
decomposition, so that by the 25 simultaneous input of different reference
signal series to both the above end cell column and to the added cell
column,   FP02 -019-00 the posteri.ori estimated errors for the input
signal series and each of the input reference signal series can be derived
simultaneously. That is, when handling a plurality of reference signal
series with the same input signal series 5 in processing of an RLS
algorithmbased on QR decomposition, the plurality of reference signal
series can be handled simultaneously. From the invention thus described, it
will be obvious that the embodiments of the invention may be varied in many
10 ways. Such trariations are not to be regarded as a departure from the
spirit and scope of the invention, and a11 such modifications as would be
obvious to one skilled in the art are intended for inclusion within the
scope of the following claims. 15   FP02-0199-00 WHAT IS CLAIMED IS: 1 . A
systolic array device, having a plurality of boundary cells which calculate
appzopriate rotation parameters for transformations based on Givens
rotation, a plurality of 5 internal cells which cause rotation of the
elements of a received data vector using the calculated values of the
boundary cells, and a final cell which derives the posteriors estimated
error from the calculated values of said boundaxy celis and said internal
cells, in order to perform processing 10 of a sequential least-squares
algorithm based on QR decomposition; comprising 



a plurality of additional internal cells, connected to each of said
internal cells arranged in the end cell column to which signal series are
input, so as to receive signals output 15 from said internal cells; and, an
additional final cell, connected to said final cell so as to receive
calculated values from said final cell that contains va~,ues calculated
from boundary cell and so as to receive calculated values from said
additional internal 20 cells. 2. The systolic array device according to
claim 1, comprising additional. final cells and a plurality of stages of
said additional internal cells. wherein a plurality of stages of said
additional internal cells are connected so 25 as to receive, in succession,
signals output from said   FP02-014900 internal cells and said additional
final. cells being connectedfor each connected additionalinternalcellstage;
and calculatedvalu~s from saidboundary cells and calculated values from
additional internal cells connected to the 5 additional final cell are
received by each connected additional final cell. 3. The systolic array
device according to claim 1, comprising additional final cells and a
plurality of stages of said additional internal cells, wherein a plurality
of 10 stages of said additional internal cells are connected so as to
receive, directory, s~.gnals output from said internal cells and said
additional final cells being connected for each connected additional
intexnal cell stage; and calculated values from said boundary cells and
calculated 15 values from additional internal cells connected to the
additional final cell axe received by each connected additional final cell.
4. A synchronization capture device, using a systolic array device
according to claim 1, wherein received-signal 20 series are input to the
boundary cells and internal cells in the systolic array device to which
input-signal series are input, and a plurality of known signal series,
generated in advance from a known signal ser~.es with timing changed by a
fixed amount of time each, are input to the end internal 25 cells and the
additional internal cells. 5. A synchronization capture device, using the
systol~.c   FP02-0l49-00 array device according to claim 1, wherein
received-signal series are input to the boundary cells and internal cells
in the systolic array device to which input-signal series are input, and a
plurality of signal series known in advance 5 are input with the same
timing to the end internal cells and additional. internal cells. 6. Rn
adaptive array antenna device, using a systolic array device according to
any of claims 1, where~.n received-signal series are input to the boundary
cells and 10 internal. cells in the systolic array device to which 



input-signal series are input, and a known signal series With timing
coordinated with an advanced wave and a known signal series with timing
coordinated with delayed waves with various delay times are input to the
end internal cells 15 and the additional internal cells. .AsS.A3 .AU .AFA.A
.A UF.A3AF.A3Y.A3Al.A3AY.A3A .AF.Y.AFAF.AFAF.A.AY.l.A UF.AFF.AFF.A F.A
Y.AY.AA?.AFF.AFl1MQhK+,12}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^aV]c:a]c^a]ca]c^a]cRa! : 6 ~ G
[{vqlgb]X]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>BO,lT DN%;
(}|wrmhc^Y]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca!&,t!!#{$$$$$3%h%%%%-&k&&&&#'Z'''
(|((((}xsnid_Z]c]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!(5)p)))))++----
.>////01133W5[5h5~6708188999}xsnid_Z]c]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!999:::;
;;V;;;<<F<L<z<<<<<=R====>6>i>>>?F?{?}xsnid_Z]c]]]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!{?
?????@:@@@t@@6A9AZA[AbABB{B6CmCfDlDDDDDDDEEF1H}xrmhc^Ynid_Z]c]]ca]ca]ca]ca]
ca]c^a]ca]c aU]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]c^a]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
1H3HfHH~JJJJJKMoM(N1NN&P*P7P QzQQQRS
SSTTUUVGVcVdV|wrmhc^Y]c]]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!dVVVVWCW{WWWXYLYxYYYY/ZKZ
PZQZ[Z_ZnZZZZZZZ[[[[![~xsnid_ZU]ca]ca]ca]ca]ca]ca]caV]ca]ca]caV]ca]caV]ca]c
aV]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!![_[l[[[[[a\\]
]^^__:`pa}abcccxdde7f=fGfLfVf^ff#gytnic^Yid_ZU]ca]ca]caV]ca]caV]ca]caV]ca]c
a]ca]ca]caV]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caV]ca]caV]ca]ca]ca]c
a
#g$g/g<gg]hjIjkkkmmmnoWoLpqrrrssstPtttt-ucuuuv|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]c^a!vvwxRx_xIyyAz;{A{N{b{L|<}s}}B~[|a
CR|wrmhc|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca1MQcA!3 $10%EE&'()-!  3
$10%yy&'()-3 $10%ii&'()-@10%&'()-10%&'()-@SS10%@&'()-KdE!`$
10%&'()-l"10%&'()-y  10%&'()- 410%&'()-310%&'()- 



10%&'()- dE:/ 10 10S=s10%&'()-s9#10%&'()-1G10%&'()- s/f#10%&'()-
(10%&'()-@&z#10%&'()- : uS4/ 10 10%&'()-!,"10%&'()-!,"10%&'()-
10%&'()-10%&'()-& s10%&'()- 10 6 ea?4/
10!F,#10%&'()-*410%&'()-'Z10%&'()-!lY9$g#10%99&'()- 10%&'()-lg#10%&'()-e G
}^SH= 10 10 10 10S>s10%&'()-s!37#10%QQ&'()-f5m10%&'()-1310%&'()-!{
F,#10%HH&'()- 



~\:SH= 10!v3f#10%j<j<&'()- !v3f#10%j<j<&'()- "10%<&'()-!"10%<<&'()-
"10%l&'()-% s10%<&'()-[>?@zY:/= 10<,>10%<&'()-  -#10%
&'()-s-#10%<&'()-s!)10%<<&'()-!q sy#10%e<e<&'()-m !l sy#10%`<`<&'()-m
@ABO,lmN/"10%&'()- 10%&'()-  10%&'()-10%&'()-y 10%&'()-%10%&'()- 10<
10<lTdEmN/"10% 10%&'()-Fz#10%&'()- 10%&'()-y310%&'()-10%&'()-10%&'()-
DdEmN/"10%( 10%&'()-&10%&'()-F&$#10%&'()-F" 10%&'()-yS G10%&'()- s10%&'()-
NdEmN/"10%9Z10%&'()-Y710%&'()-/ 10%&'()-F-#10%&'()-+10%&'()-f)m10%&'()-%;
(~_="!qYz#10%Q(Q(&'()- "10%&'()-!"10%((&'()-% 10%(&'()- 10 10 



109@>M10%&'()-s(}2&,zX6~_=!l -#10%L(L(&'()-!l
-#10%L(L(&'()-f+F10%(&'()-!YF`z#10%9(9(&'()-9!YF`z#10%9(9(&'()-9!YYz#10%9(9
(&'()-  ~_=!l!cFf#10%C(C(&'()-`9"10%(&'()-!9"10%((&'()-%F10%(&'()- 10( 10(
10(@>`10%(&'()- t!!##${$zX6~_=! /#10%d(d(&'()- !v /#10%V(V(&'()-
3[$y#10%&'()- !c3[$y#10%C(C(&'()- !
10%((&'()-!cFf#10%C(C(&'()-`{$|$}$~$$$$$3%bC! /F
10%&'()-S10%&'()-L10%&'()-%Ft10%&'()- 10( 10(
10(y>s10%(&'()-M3%h%%%%-&k&dEbC!
/10%&'()-10%&'()-10%&'()-fF10%&'()-,10%&'()-910%&'()-k&&&&#'Z''dEbC!
/3`$y#10%&'()-"10%&'()- 10%&'()-fF10%&'()-@10%&'()-Fz#10%&'()-''
(|((((dEbC! /f1Z10%&'()-0910%&'()-3-y#10%&'()-&*410%&'()-3( 10%&'()-S&
10%&'()-(5)p)))))))dYNC! / 10 10 10y>s10%&'()-M9
10%&'()-37#10%&'()-5310%&'()-3 10%&'()-))++--
.}[9YNC!!*10%&'()-!TYz#10%!!&'()-@!hYz#10%55&'()-@410%&'()-!"10%&'()-&Y10%&
'()- .>///////0{\:!!!`"10%&'()- %l10%&'()- 10 10
10S>`10%&'()-s!q3-#10%>>&'()-!h3-#10%55&'()-0011233z[9{\:!!3S&y#10%&'()-Ff#
10%&'()-!hFf#10%55&'()-F&#10%&'()-!vF&#10%CC&'()-!$`"10%&'()-
34W5X5Y5Z5[5h56{\:!!!L"10%&'()-%Y10%&'()- 10 10 10>`10%&'()-`!30#10%QQ&'()-



!{30#10%HH&'()-
6~6k77p88o9wU3{\:!hL33(#10%55&'()-!h3#10%55&'()-!^[3#10%++&'()-!KFz#10%&'()
- !cFz#10%00&'()- !L"10%&'()-o99:::::::~sh]>!hL3% 10%&'()- 10 10
10y>10%&'()-M ^30#10%++&'()- !l30#10%&'()- 33(#10%&'()-:;V;
;;<<dEh]>!hL310%&'()-"10%&'()-10%&'()- 10%&'()-10%&'()-
10%&'()-<F<L<z<<<=dEh]>!hL3sm10%&'()-y310%&'()-F"10%&'()-y310%&'()-10%&'()-
10%&'()-=R====>6>dEh]>!hL3)10%&'()-'10%&'()-y&310%&'()-F9$
10%&'()-F"10%&'()-yf
310%&'()-6>i>>>?F?{?dEh]>!hL35410%&'()-310%&'()-1G10%&'()-/@10%&'()-3-#10%&
'()-y+G10%&'()-{????????@bC!hL3L10%&'()-%Y10%&'()- 10 10
10@>10%&'()-9Z10%&'()-F7 10%&'()-@:@@@t@@6AbAaBbC!hL3Y g#10%&'()-!^Y
g#10%&'()-,:10%&'()-&10%&'()-F 10%&'()-@
10%&'()-bABB{B6CmCQDD}[<bC!hLFs0#10%&'()-!^Fs0#10%&'()-F&#10%&'()-!YF&#10%&
'()-Y,g#10%&'()-!FY,g#10%&'()-DDDDDDEEF~_=!hL!hYg#10%""&'()-9"10%&'()-!9"10
%&'()-%F10%&'()- 10 10 10y>
10%&'()-`FFGfHHJ~JzX6~_=!!F.#10%::&'()-!{F.#10%55&'()-!*10%&'()-!qFz#10%++&
'()-M!qFz#10%++&'()-MYg#10%&'()-~JJJJJJJJK`>!!!p"10%&'()-
p"10%j&'()-`10%&'()-%F10%&'()- 10 10
10f>10%&'()-`KcLMoMNNOwX6`>!!YF0#10%&'()- Fn$#10%&'()- 



!TFn$#10%&'()- !  10%&'()-!hF z#10%""&'()-!qF z#10%++&'()-O&P'P(P)P*P7P
QQ~\:!!!@L"10%<<&'()-!L"10%<<&'()-&s10%<&'()- 10 10
10>10%&'()-M!qF0#10%++&'()- QR>SSQTTTz[<~\:!!!010%<&'()- F(#10%<&'()-!
F(#10%}<}<&'()-!hFz#10%\<\<&'()-s!lFz#10%`<`<&'()-s
10%<&'()-TtUUUUUUVGVrS4!S10%&'()-` 10%&'()-%l`10%&'()- 10t<t< 10t<t<
10t<t<!2#10%t<t<&'()-!2#10%x<x<&'()-GVVVVWCW{WdErS4!S1010%&'()-&
10%&'()-3@10%&'()-@"10%&'()-910%&'()-F
10%&'()-{WWWXYLYxYdErS4!S103(10%&'()-S& 10%&'()-ls$T#10%&'()-
10%&'()-lg#10%&'()- 10%&'()-xYYYY/ZnZZdErS4!S103 10%&'()-01
10%&'()-0F10%&'()-Y
.10%&'()-,,10%&'()-y&*Z10%&'()-ZZ![\[][^[_[l[a\b@!S!L"10%((&'()-%F10%(&'()-
10 10 10910%&'()-Y7S#10%&'()-6 10%&'()-a\\]]^^_}^<b@!!{ @&#10%[([(&'()-
#10%(&'()-!
#10%d(d(&'()-3f#10%V&'()-!{3f#10%[([(&'()-L"10%(&'()-__:``manaoapa}a}oaS4!%
F10%&'()- 10i(i( 10i(i( 10i(i(!w31#10%i(i(&'()-!q31#10%Q(Q(&'()-010%(&'()-
@&#10%(&'()-}ambbZccxddzX9aS4!Yz#10%&'()- !lYz#10%&&&'()-
lg#10%&'()-!clg#10%&'()-!$L"10%&'()- !L"10%&'()-
deef,g-g.g/g<gzl^P1%F10%&'()- 



10>> 10>> 10>>!F/#10%>>&'()- !F/#10%>>&'()- F (z#10%&'()-!F
(z#10%CC&'()-<gg]hJijIjkkwX6^P1!FL$#10%>>&'()- Y"
10%&'()-!clT#10%&'()-T!{lT#10%55&'()-T!9"10%&'()-!9"10%&'()-kkklmmmmmm}rg\=
!%F10%(&'()- 10 10 10f>10%&'()-M!F/#10%::&'()- !F/#10%>>&'()- FL$#10%&'()-
m\mnoWo pLpyW8g\=!Ff#10%(&'()-!{Ff#10%[([(&'()-!vYz#10%V(V(&'()-
!Yz#10%d(d(&'()- !&"10%((&'()- V&"10%&'()-Lp8qq)rrrrrrwXMB7! 10( 10(
10(S>10%(&'()-s!{ 1#10%[([(&'()-!{ 1#10%[([(&'()-!v3&#10%V(V(&'()-
!3&#10%`(`(&'()- rrssstPtdEMB7! 10( 110%(&'()-
10%(&'()-Z10%(&'()-%10%a&'()-L10%(&'()-&Ys10%(&'()-Ptttt-ucuudEMB7! 10( 1l"
10%(&'()-f Z10%(&'()-10%(&'()-
10%(&'()-Y@#10%(&'()-10%(&'()-uuvvwxOxPxQxdE:/ 



10( 10(9 10%(&'()-
7#10%(&'()-/G10%(&'()-3-#10%(&'()-@&!10%(&'()-F`$z#10%(&'()-QxRx_xIyyAz;
{>{oM./Y#10%x&'()-B !cY#10%  &'()-B
!V10%&'()-!6`"10%zz&'()-!`"10%&'()-&10%&'()-
10(>{?{@{A{N{b{|L|<}~_=Y#1!q3f#10%e<e<&'()-"10%<&'()-!"10%<<&'()-
10%<&'()-%10%<&'()- 10x 10x
10x<}s}}B~d~[?~\:~_=Y!0#10%x<x<&'()-!f#10%<<&'()-f#10%
&'()-!{f#10%o<o<&'()- f#10%*
&'()-3f#10%<&'()-?yz{|ja~\:Y!l&y#10%&&&'()-s!-&y#10%>>&'()-s!&y#10%HH&'()-s
&F10%&'()- 10< 10< 10<0#10%<&'()-azX9~\:YF/#10%&'()- !{F/#10%55&'()-
!Y#10%&'()-:!Y#10%::&'()-:!Y#10%CC&'()-:&y#10%&'()-s
erP:YF/#10%!{6l`z#10%55&'()-s!l`z#10%CC&'()-s&ls10%&'()- 10MM 10MM 10MM!
F/#10%MM&'()- e
C,R}rP:YF/#10%!{6l`z#10%55&'()-s!lF#10%6&'()-g!^F#10%&'()-gl`z#10%&'()-s!ll
`z#10%&&&'()-s Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c"
"Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Heading 93]c"A "Default Paragraph Font 



A~!&,Z27<AG)MR^Xo^.djoQu@x{}R(9{?1HdV![#gvR^_`abcdefghi e @l( {$3%k&'()
.036o9:<=6>{?@bADF~JKOQTGV{WxYZa\_}ad<gkkmLprPtuQx>{<}?aeRjklmnopqrstuvwxyz
{|}~6Times New RomanArialCourier New"h Root EntryWordDocumentW
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


