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Abstract - This paper presents the basics of complex Jacobi-like
Elementary Generalized Unitary rotation (EGU-rotation) and the
basics of building of parametrical unitary transforms using
EGU-rotations. EGU-rotation matrix (EGURM) is multifaceted
and takes 64 different shapes and up to several hundred faces for
different sets of used angles. For EGURM addressing, up to 8
parameters are necessary. Multiplier-adder based rotation
algorithm is discussed in more detail because of its suitability for
high speed applications. The number of multipliers and adders
varies in a wide range. The development of devices based on
unitary transforms is a task of high complexity. The present work
can be treated as a basis for or a road map to development of
automated tools.
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. INTRODUCTION

This paper deals with the necessity and problems of
automation to implement unitary transforms based on unitary
Jacobi-like rotations (elementary generalized unitary (EGU)
rotations). Jacobi rotator is the basic building block for
modern signal processing algorithms and devices. It has been
widely used in the FPGA implementation of complex SVD,
EVD, eigenvalue computation and their applications, for
example, [1]-[7]. Kim et al [8] use FPGA CORDIC-based
Jacobi processor for the estimation of direction of arrival
(DOA) in cellular wireless base station applications. It is also
typical that rotation has been used for beamformers, e.g. [9],
[10]. Researchers use different solutions for the rotator
arithmetic. For example, in [11] distributed arithmetic has
been used to re-arrange a complex rotation into a form more
suited to FPGA implementation. It seems that Otte and his
colleagues are pioneers in the factorization of complex Jacobi
rotation by several real rotations [10]. In rotation
implementation, CORDIC-algorithm dominates and such
approach is motivated mainly by the relative low hardware and
power consumption. However, FPGA-based CORDIC solution
may be not the optimal one from a speed point of view [12]
even for parallel (enrolled) CORDIC [13] if FPGA is equipped
with fast built-in multipliers.

Recently our team has been working on different FPGA (also
ASIC) implementations and applications of generalized unitary
transforms, e.g. [14]. The automation of the implementation
arises as a task of primary importance because of design
complexity. The present work concerns the first in the range of
steps to deal with development of our tools for the automation
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of implementation process focused on unitary transforms. The
second step is highlighted in [15] where we describe a tool for
the automation of VHDL code generation targeted on
elementary generalized unitary transform. The current paper
discusses mainly "what and why", but [15] - "how and what is
done". It is well known that in the recent decade, Simulink and
its blocksets - Xilinx System Generator and Altera DSP
Builder have been used widely for automation of VHDL code
generation and prototyping of FPGA devices. In IEEE MDL
[16] we can find close to hundred publications about the use of
both tools, but if we try to look for the investigations narrowly
targeted on the topic given in the title of this paper, we see the
lack of papers.

A. Terminology

The terms "Elementary Generalized Unitary Rotation
Matrix" (EGURM) and "EGURM-rotator" have been
introduced and briefly described in [12]. These terms should
be treated as a trial of generalization of well-known terms
"unitary Jacobi rotation matrix" and "Jacobi rotator" available
in open literature. Further we suppose that EGURM is a
unitary four-element and three-parameter (angles) matrix (see
below). We also suggest that the term "EGU-rotator” is more
preferable instead of "EGURM-rotator".

We introduce here 3 basic terms to describe EGURM and
the corresponding rotator:
shape — this means the mutual location of sin/cos, the
signs before sin/cos and wy/y in the matrix,
face — this means the chosen shape of matrix with defined
values (also variable) of angles ¢,7and
EGU-rotator unit — this means a physical unit that
performs EGU-rotation for the given EGURM face. It
can be updated after rotation to use another face or
replaced by another unit (reconfiguration).

We suggest that the introduced terms serve as "local
necessity" and do not make any claim on the "historical
originality".

1. BAsICS OF EGU-ROTATION

The elementary unitary rotation in the Hilbert space can be

presented as a simple product:
y=T-x, x=T"-y, 1)

where (...)" means the Hermitian transposition of matrix. x
and y — two-element input vector (signal) and output vector
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(spectrum), respectively: .
X = XRek+J:'XImk y= yRek+J:'ylmk . ) Y:(HPP'B((pP))'X'
XRem+J'X|mm , yRem+J'y|mm ( ) > (4)

Lower case indices point to the signal/spectrum sample
and to the real/imaginary part of the sample. The matrix T
represents a four-element unitary rotation matrix that can be
defined in many ways (see (3)).

A. Shapes of Rotation Matrix

In the case of real EGURM (3=0,p=0 in (3)) exist 16
alternatives how to build up a T [17], if angle ¢ [0, 45°],
however for unitary (complex valued) rotation we have 64
alternatives of elementary rotation matrices. The next formula
allows obtaining the diversity of numerous shapes of unitary
rotation matrices for ¢, », w [0, 45°]:

T(¢.v,7,a,b,u)=T(¢,y,r abu) =
s,,(a)sc(b)-e*WIV s . (a)cs(b)-e 07
S,1(@)cs(b)- s,,(a)sc(b) - e v
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are sign and sin/cos matrices, but a€[1,8], be[1,2], ue[1,4] -
indices for addressing of elements of matrices (see details in
the subsection about addressing).

+

B. EGURM Based Unitary Transforms

Recently our team has been working on the applications of
EGU-rotation in the novel modulation schemes [14]. In this
case and also in other applications have been used unitary
transforms. The direct/inverse fast unitary transform in the
matrix form can be represented as:
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X =([TP} -B"(¢,))- Y, n<log,(N),

p

where (...)" means the Hermitian transposition of matrix. X/Y
— input signal/spectrum vector, B(g,) (further B) - sparse
unitary matrix presented by (5) and it is named as the
Block-wise Unitary Generalized Rotation Matrix (BUGRM):

00
e 00
B,=| - e | (5)
00
TN
00 —p

2

where for the EGURM shape given, for example, by (index set
{8,1,4} — see below)

sing, e”"* cosg, e
cos¢, ' —sing, e

T (4 y,r814) = (6)

and re[1, N/2], pe[1, n]. Py is a permutation matrix, but N is
the size of matrices By, P, and the length of vectors

X, Y. We can create an infinite number of unitary transforms
using BUGRM and the array (matrix with size N/2xnx3) of
rotation angles [18]. In formula (7) ¢, represents the p-th
column of 3-D angle matrix ®.

1¢pl !¢n
¢1p’ ¢2 p! ""¢N/2p

where @, =¥y, Wop, Wy |
Vipr» Yops o1 VN2 p

When all the rotation structures in (5) are identical, the angle
matrix (7) can be simplified, and we obtain parametrical
Complex Constant Rotation Angle In Matrix Orthogonal
Transform (CCRAIMOT) [14]. The fast parallel architecture
for implementation of unitary transform described by (4) is
possible, but the tree-like structure of algorithm is more useful,
because of minimized consumption of hardware resources
[12]. Such a structure of unitary transform (also orthogonal
filter) with serial data flow is well known from the theory and
applications of packet wavelets, but in our case several
differences highlighted below appear. A common feature is
that we have the same result on the output of tree-like structure
and the output of (4) after incoming of N sample block. We
demonstrate here a simple example for a better understanding.

q):‘{pl’

()
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a) Example 1. We can rewrite the (4) for N=4 and the
chosen identical permutation matrices, as:

Y=Y,=P,-B,-Y,

Y12 1 000 0 0] Yz
Y2o| |0 0 1 0 o 0 0f|Yas ' 8)
Yaz| |01 0 000 _ [y,
2,2
Ya,2 000 1][00 41
where
Yl_Pl'Bl Xl
Y11 1 000 0 0] |%
Yau | _ 0010} T 0 0| X% 9)
Yaq 010 0/|00O0 T Xq
Yar| [0 0 0 ][0 0 " ]|x,

In the corresponding tree-like block diagram (Fig. 1), the
following features can be observed: we operate with
parametrical EGU-rotator (possible to change the ¢ , in time,
if necessary);
rotator unit should change the face over time (for the first
pair of samples Ty, for the second T, and so on) — this
means the cyclic update of the unit parameters or change
of the unit over time;
the number of rotator unit faces decreases, but the unit
operating time grows twice with the increase of stage
index.

For the reconstruction structure (fan-in), T' instead of T has
been used. The above-listed features are useful also for the
reconstruction structure in case of reverse indexing (see the
second formula in (4)) only. This means that the EGU-rotator
at the end (output) of structure operates with matrices T'; ; and
T',1 (for N=4). In some special cases, for example, when
CCRAIMOT has been wused, Ti;=Ty;, Ti1,=T,, and
subsequently it is not necessary to change the EGURM face
during operation of rotator unit. The listed features are also
true for N=2">4. The main difference between transforms (4)
and wavelets is a "chameleon nature" of (4). The known
orthogonal (unitary) wavelet transforms are only special cases
of (4) [15]. We save a more detailed comparison for the future.
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C. The Number of Rotators

The implementation of fast parallel architecture needs
nx(N/2) rotators, but the tree-like structure consumes only N-1
rotators. However, that is only correct for the above-mentioned
CCRAIMOT-like transforms (one angle per BUGRM matrix).
Generally, we should make the update of face or reconfi-
guration of rotator unit during decomposition (also recon-
struction) and finally operate with the number of rotator faces:

N-1<n,,<nx(N/2). (10)

D. Addressing of EGURM Shapes and Faces

There are many ways on how to address EGURM shapes. It
depends on the initial definition of matrices in (3). Possibly
there is a more justified ordering of the shapes (in the sense of
initial definition of sign matrices), but we suppose that such a
discussion at this moment would be senseless. Further, we will
use (3) as a base for addressing of the shape. To build up the
necessary rotation matrix shape using (3), first of all, we
should select the indices a, b and u. In the second step follows
the choosing of corresponding signs and sin or cos follows.
For the addressing of matrix elements in (3) we have chosen
the MATLAB-like indexing, where for a matrix interpreted as

TABLE 1.

THE NUMBER OF ELEMENTARY ROTATOR UNITS FOR THE PARALLEL ((4)) AND
TREE-LIKE STRUCTURE OF TRANSFORM

N 21 4| 8 |16 |32 | 64 | 128
Parallel
(Nx(N12)) 1|4 |12 |32 |80 | 192 | 448
Tree like
(N-1) 13| 7 |15|31]| 63 | 127




Scientific Journal of Riga Technical University
Telecommunications and Electronics

2011
Volume 11
TABLE 2.
SOME RANDOM EXAMPLES OF ROTATION MATRIX SHAPES FOR DIFFERENT T(¢, v, ]/,323,4,2,2,8) _
INDEX SETS - - (13)
D Index set _ coS ¢, ,€ ’Wu —Sm¢4,zej‘“‘z .
) {a,b,u}, Rotation matrix —sing, e " —cosg, e’
idl id3
L | L —sing-e"”  —cosg-e"V” p=1 Tyy, Ta1. Tar, Tar
111 —cosg-eV  +sing-e” a=1reld
6 {1,2,2} —cosg-e —sing-e” / \
122 —sing-e*” +cos¢- e p=2 i Too PTis, Tes
g=1,r=12 g=2.r=34
oa | {824} +cosg-e"”  +sing-e’
= Ty Tu: T,
a1 | G T 4 2 0,1

a single column can be used also a single index. This means
that the change of sets looks like: {1,1,1}, {1,1,2}, {1,1,3},
{1,1,4}, {1,2,1}, {1,2,2}, ...

The table shows some examples of EGURM shapes, their
identification numbers (ID - named also as idl) and
corresponding index sets. From the practical point of view
more useful is 3-digit index id3, for example, 424 instead of
{4,2,4}. The shortest way for the mutual conversion of id1 and
id3 is a simple table, but also the algorithms for extraction of
indices a, b and u from id3 are easy:

a = fix(id3/100), b = round( fix(id 3/10) -10x a),
u = round (10 x (id 3/10— fix(id 3/10))),

where fix() and round() - well-known rounding functions.

We see that correct adressing of EGURM in matrix B needs
two additional indices r and p ((5)), where r points at EGURM
in BUGRM, but p at BUGRM. The meaning of r index is more
complicated in case of tree-like architecture. This index points
at the face of EGURM used in the rotator unit:

11)

re[(q—l)%+l, q%], qelL2”*], peftnl, (12
where q points at the chosen unit, but p points at the p-th stage
of decomposition filter. An example of indexing for the tree-
like structure (N=8) is depicted in Fig. 2. The most left nodes
in the tree correspond to the EGU-rotator unit at the top of
stage in Fig. 1 a). The formula (12) is also useful for the
reconstruction structure if we suppose that the first stage is
located at the end (output) and the reverse indexing (see
above) has been used. Finally, we see that for the correct
choice of each of rotation matrices up to 8 (7 — for parallel
structure) parameters are necessary — three angles, shape id, 3
(2) location indices and the size of transform matrix N.

b) Example 2. To operate with the rotation matrix T,,
(Fig. 2) with shape id3 = 323 (id1=23) that is located at the
second stage (p=2) and in the second rotator unit (q=2) we
should use such a face of the EGURM:

) 0.1 i

Fig. 2. Decomposition tree  structure and

example for N=8

addressing

We skip here the details about permutation (it follows from
(8) and (9)) of tree branches because of relative simplicity of
this operation.

I11. ROTATION ALGORITHM

A. CORDIC or Classical Algorithm?

Here a ‘'classical algorithm"™ means based on
multiplication(s) (M) and addition(s) (A) (MA-based
algorithm). Although in rotation implementation dominates the
CORDIC, our conclusion is that both approaches should be
used depending on application. Since CORDIC-based
algorithms are widely described, we focus our efforts on the
classical approach (see below). The main reason for that is an
operation speed. Our experience shows that MA-based
algorithm can be performed approximately twice faster than
the CORDIC-based algorithm for the FPGA equipped with the
built-in multipliers [12]. On the other hand, as it follows from
the timing diagram Fig. 1 b), we have the increasing of
processing time in each stage because of decimation. That
leads to reduction of requirements for the speed of FPGA parts
used in the stages behind the first one. A good compromise for
implementation of tree-like structure can be the mixed solution
— MA-based rotation for the first two stages, but CORDIC-
based for others. We will report about it in our next
publications.

B. MA-based Algorithm

After simple algebraic manipulations on (1)-(3), we obtain
the basic expressions for calculations of y elements:

YRe k = Xge m " CC, +X "G5, + Xge & "SC) = Xip S5,

Im m

yRem:XRek'Ccy—ka'Csy—X SC —X

Re m %y 8§,

m m "%

(14)
Yim k = Xim m " CC, ~Xge €S, + Xy "€, +Xpe ° S5,

ylm m
where

=Xpp 1“6, +Xgg 4 65, =X 1 +SC, + Xpg 1 °SS,,,
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cc, =cos(¢)-cos(y), cs, =cos(¢)-sin(y),
v =-sin(¢) sinfy), sc, =sin(g)-cos(y) (15) IV.ROAD MAP TO DESIGN AUTOMATION
s, =sin(¢), ¢, =cos(¢) From the previous sections it follows that FPGA

are substitutions in (14). The present formulas are true for
the shape given by (6) (id3=814) only. For other shapes, the
formulas are similar to (14) and (15), but signs and
substitutions can differ from the given.

1) Simplification of Algorithm. It is possible, if we use
some restriction on rotation angle values ¢, y and v .

a) Example 3. Angle values y = w= n/4 reduce (6) to:

Qsin¢-(1+i) Cos ¢
(9.~ %)=| 2 (16)
474 2
cos¢ —75in¢-(1—i)
but
Veer = Xpen'C +£(x ~X, )S
Re k Rem V¢ 2 Re k Im k 'z (17)
yRem: "'lylmk: "'!ylmmz R

where expressions Yre m, Yimk Yimm, are similar to yge x, and
differ by indices and signs only. The total number of
simplifications of (14) (like (17)) depends on the number of
sets of angles used, and diversity of formulas like (17)
increases significantly versus the length of angle set:

M =(l,)* -1, forl, >3, (18)

anglesets

where Mangie sets — the number of angle sets, Is — set length.
For example, in the case of 4 different values for each of
angles (e.g. variable, 0, /4, and #/2), we have 63 different
simplification combinations.

2) Number of Operations. It depends on the set of chosen
angles used for evaluation of rotation matrix. This number
varies within a wide range. For (14) (including (15)), when we
change all (three) angles, we should perform 20
multiplications (M) and 12 additions (A). In case when some
angles are constant (e.g. (16)) there is also the multiplication
by constant (MC). The next table is true for the shape (6) (id3
=814).

The number of operations depends also on internal
architecture of rotator. In case when we save some products
(e.9., CCxXge ) in memory, we can also avoid some
multiplications (correspondingly, cc,xXge m), if m=k+1.

TABLE 3.
THE NUMBER OF OPERATIONS FOR SOME SETS OF ANGLES AND ROTATORS
WITHOUT USING MEMORY

) var var | var | n/2 | var | var | n/2
v var var | o4 | w4 | 0 | 72 | w2
y var 0 w4 | var | 0 | n/2 | any
M 20 14 8 0 | 8 0] 0
A 12 8 4 | 4141410
MC 0 0 4 1410 0] 0

implementation of unitary transforms is a task of high
complexity. We should manage quite different things from
symbolic computation and text processing to HDL coding and
testing to reach optimal results from the viewpoint of
performance, resource consumption and accuracy. The main
design automation points follow below. Some of them are
common for almost any FPGA-based DSP design, but others
are specific for EGU-rotation based design mainly. The main
goal of automation is to shorten the way from "foggiest idea"
to hardware. On the other hand, since expressions (4) give an
infinite freedom to the creation of transforms and their
applications, we should usually remember about restrictions on
hardware resources and speed. This is a reason why we need to
get a rapid feedback about consumption of resources and
timing for our project. We must be sure whether the proposed
algorithm is implementable or not. Finally, the testing is
necessary. That includes algorithm simulation (e.g.
Matlab/Simulink), HDL simulation (using, e.g. ModelSim) and
result comparison.

C. Unitary Transform Building Management

1) Choice of structure. Presently we have two alternatives
for implementation of transform — parallel and tree-like ones.
If we want to work with a serial flow of samples and run a
device as an orthogonal filter, the tree-like structure is
preferable, but in case when we need manipulations with
spectrum only, the parallel structure is more acceptable.

2) Necessity for Symbolic Computation. EGURM, to a
great extent, is multifaceted for the manual and reliable
management. In other words, the number of EGURM shapes is
too great (up to 64). The same problem arises with a big
diversity of faces (up to several hundred). We should use
symbolic computation to get the correct expression for the
chosen shape and finally also for the face evaluated by the
selected set of angles. Symbolic computation is very important
also in the case of MA-based algorithms to obtain expressions
like (17).

3) Algorithm Type. We should also manage the selection
of type of algorithm for each EGU-rotator (complex CORDIC,
MA-based or others) in the context of resource consumption
and requirements for accuracy and timing.

4) Text Processing. For the MA-based algorithm it is
necessary to expand the obtained EGU-rotation expressions
(like (14) and (17)) into separate elementary expressions like
two-term product and two- (up to four) term sum. Such
elementary expressions are useful for further HDL coding to
optimize hardware resource consumption.

5) EGURM Addressing. As shown above, EGURM is
multifaceted and needs up to 8 parameters for addressing.
Before addressing we should also decide which structure will
be used — parallel or tree like.

6) Number of Operations and Hardware Resources. In the
case of MA-based algorithm, we should choose how to
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implement the rotator — using memory or without it. This
decision depends on hardware resource consumption in
general. Constant multiplication does not usually need
multipliers. The choice of FPGA device family also influences
the consumption of resources because of different relative
proportions between a number of logic cells and built-in
multipliers.

D. Accuracy of Algorithm

Requirements for the accuracy depend on application. The
main source of inaccuracy is limited wordlengths (also the
number of iterations for CORDIC) and rounding modes used
inside the rotator. In [17] the detailed results are presented
about estimation of errors for real transforms like (4). We can
adopt the provided results for unitary transforms too, but that
is a separate task for the future. In the tool presented in [15] a
simple mean square error has been used for the control and
comparison of results obtained in MATLAB and hardware.

1) Fixed Point Arithmetic. At this moment, we consider
the use of fixed point arithmetic (FPA) only — mainly because
of availability of built-in multipliers in FPGA more suitable for
the intensive use of FPA. We suggest also that the best, from
the viewpoint of rotation algorithm, is the Q1.X FPA format (1
sign bit and X fraction bits). Such a choice is justified by the
nature of rotation — vector length does not change after
rotation and we can use the numbers normalized to 1. The
second reason for the chosen format is a simpler bit cutting
than in the case of integer numbers.

2) Wordlength. It is of great importance for a compromise
between accuracy and hardware consumption. It is well known
that after multiplication we have the doubled number of input
bits, but after summation — one additional bit. In the case of
implementation of, for example, (14), the output wordlength
grows dramatically because of the cascade of two
multiplications. Thus we cannot avoid the cutting of bits inside
the rotator to minimize the hardware resources. In the case of
complex CORDIC algorithm we should use 3 real CORDIC
blocks. The choice of iteration number and the angle
accumulator wordlength is also important in the context of
accuracy.

V. CONCLUSION

This paper aims to highlight the problems that arise during the
development of tools for automation of HDL code generation for
devices based on parametrical unitary transforms. Some of the
problems we solve in [15], where we report about the
successfully developed automated tool for VHDL code
generation of EGU-rotator.
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Gatis Valters, Peteris Misans. Uz elementaras visparinatas rotacijas balstitu unitaru parveidojumu automatizacijas istenoSana FPGA mikroshémas
Raksta ir aprakstitas kompleksas Jakobi rotacijai lidzigas elementaras visparinatas unitaras rotacijas (EGU-rotacijas) un parametrisko unitaro parveidojumu, kas
izmanto EGU-rotacijas, veidosanas pamati. EGU-rotacijas matricai (EGURM) ir 64 dazadi veidi un vairaki simti modifikaciju dazadiem lepku komplektiem.
EGURM adresacijai ir nepiecieSami 1idz pat 8 parametri. Kopgjais EGURM skaits var sasniegt vairakus tuksto$us, kas logiski noved pie parveidojumu sintézes
automatizacijas nepiecieSamibas. Detalizétak tiek aplikots uz reizinatajiem un summatoriem balstits rotacijas algoritms, kas ir piemérotaks atrdarbigiem
pielietojumiem. Eksisteé 7 EGURM modifikaciju kategorijas, kuras vienas EGU-rotacijas TstenoSanas ietvaros reizinataju un summatoru skaits mainas plasas
robezas. Ir analizéts nepiecie$amo rotaciju skaits gan paral€las, gan kokveida strukturas parveidojumu istenoSanai. Par optimalu (no operaciju skaita viedokla) ir
atzita parveidojuma kokveida struktiira. Tiek paradits, ka parametriskajiem parveidojumiem EGURM mainas laika, bet vislielaka rotaciju dazadiba ir
pirmajas/pedgjas dekompozicijas/rekonstrukcijas pakapes. Ir noskaidrots, ka, ja Tstenojot parveidojumus ir nepiecieS$ams minimiz&t izmantojamo logisko
elementu skaitu, saglabajot atrdarbibu, pirmajas/pédgjas (dekompozicijai/rekonstrukcijai) kaskad@s vélams izmantot uz reizinatajiem un summatoriem balstitu
rotaciju, bet pargjas kaskadés vajag izmantot CORDIC algoritmu. Ir akcentéti galvenie uzdevumi, kas ir jarisina, veidojot automatiz&tu sisteému. Veidojamajai
sist€émai ir jaatbalsta paralélas/kokveida arhitektiiras izstradi, simboliskdas matematikas un teksta apstrades iesp&jas, dazadu algoritmu tipus, FPGA sintézes
procesa izmantojamo resursu novert§jumu. Bez tam sistéma ir jabut iesp&jai mainit fikséta punkta aritmétikas varda garumu konteksta ar resursu pat€rina un
parveidojuma precizitati. Ir konstatéts, ka uz unitarajiem parveidojumiem balstitu iericu izstrade ir sarezgits uzdevums. Prieksa stadamo darbu var uzskatit par
vadlinijam atbilstoSu automatizeto lidzeklu izstrade.

I'atuc Baarepc, Ilerepuc Mucanc. ABToMaTH3aHs peaan3aluy dJeMeHTAPHOI 0000mennoii ynurapnoii poranuu B FPGA

B crarbe OIHMCHIBAIOTCS OCHOBBI KOMIUIEKCHOH SIkoOHM momoOHOM siemMeHTapHOU 0000mieHHoN yHuTapHO# porannyu (EGU-poTanuu) U OCHOBBI HOCTPOCHUS
MapaMeTpHYEeCKHX YHHTAPHBIX MpeoOpaszoBanuii, ucnonb3ys EGU-poraunn. Marpuna EGU-portamuun (EGURM) siBisieTcss MHOTONTHKOM, U CyliecTByeT 64
Pa3HbBIX BUAOB U JI0 HECKOJIIBKUX COT Pa3HOBHIHOCTEH Ul pa3HbIX KOMIUIEKTOB, HCIIOJNB3yeMbIX yriioB moBopora. Jis agpecaipn EGURM HeoOxomumo 10 8
napamerpoB. O6mee uucio EGURM MokeT JOCTHIHYTh HECKOJNBKUX ThICAY, YTO JIOTMYECKU IIPUBOJUT K HEOOXOJMMOCTH aBTOMATHU3AlMU CHHTE3a
npeobpasoBaHuid. M3-3a ynoOCTBa B BBICOKOCKOPOCTHBIX HPHMEHEHHSAX Oosiee NETanbHO OOCYXKIaeTcsi aJrOpUTM, B KOTOPOM DPOTalUsi OCHOBBIBAETCS Ha
yMHOXKEHMIX 1 cymmupoBanusix. CymectByer 7 kareropuit EGURM moandukanuii, B KOTOpbIX [uist peanu3aiu onuoir EGU—poTanuu 4ucio yMHOKHTENeH 1
CyMMAaToOpoB MEHsSeTCS B IIMPOKHX Ipernenax. IIpoaHann3upoBaHO YMCIO POTAIM, HEOOXOAMMBIX JUIS peaH3allid KaK NapalielbHOW, Tak W IPEeBOBHIHOM
CTPYKTYpbI TpeoOpazoBanuii. ONTUMaNbHOW C TOYKM 3pPEHUs YMClia Olepaluii NpU3HaHA APEBOBHUIHAS CTPYKTypa npeoOpaszoBanus. [lokaszaHo, uto uis
napamerprdeckux npeodpaszosanuii EGURM MeHsietcss BO BpeMeHH, a HauOoJIbIIas Pa3HOBUAHOCTh POTAIMil HAOMIOMaeTcsl B IEPBBIX/TIOCIEIHAX KacKaJax
JICKOMIIO3UIIMH/PEKOHCTPYKIMU. BBISICHEHO, Y4TO €ClM HpH peanus3aluy npeoOpa3soBaHMil HEOOXOAMMO MUHHMH3HPOBATH YHCIIO HCHOJB3YEMbIX JOIHYECKHX
JJIEMEHTOB COXpPaHssl OBICTPOJEHCTBHE, TO B IIEPBBIX/IIOCIIEIHUX (IEKOMIIO3UIINH/PEKOHCTPYKIINH) KacKaax JKelaTeJIbHO UCII0JIb30BAaTh POTAIINIO0 OCHOBAHHYIO
Ha YMHOXHTEIISIX U CyMMAaTopax, a B OCTaJbHBIX Kackagax HeoOxoaumo ucroib3oBate CORDIC anroputm. AKIEHTHPOBAHBI INIABHBIEC 33/1a4d, KOTOpBIE
HEOoOXOMMMO pellaTh IPH CO3MaHHH aBTOMAaTH3HPOBaHHOH cuctembl. Co3qaBaeMas CHCTeMa JOJDKHA NOIJEPKUBATH pa3padOTKy HapaielbHOMH/ IpeBOBUIHOM
apXUTEKTYpbl, BO3MOXKHOCTH CHMBOJIBHOH MaTeMaTUKH M TEKCTOBOWH 0OpabOTKH, pa3Hble THIBI aITOPHTMOB U OLEHKY PECYpCOB HCIIONB3YEMBIX B IIpoLecce
cunTe3a FPGA. Cuctema Taxke JOJDKHA UMETh BO3MOXHOCTh MEHSTH JUIMHY CJIOBA JUIS apH(METHKH ¢ (HUKCHPOBAHHON 3aIsITOH B KOHTEKCTE C 3aTpaTaMu
pPecypcoB U TOUHOCTBIO IpeoOpasoBanus. KoHcTaTHpoBaHO, 4TO pa3paboTka yCTPOWMCTB, OCHOBAHHBIX HAa YHHUTApHBIX IPeoOpa3oBaHMsX, SBISIETCS 3a1adeit
BEICOKOH croxHocTH. IlpencraBiseMyro padOTy MOXKHO pacCMaTpuBaTh KaK OCHOBY ITyTEBOIMTENS IS pa3pabOTKH COOTBETCTBYIOLIMX CpPEICTB
aBTOMATH3ALHU.
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