


























Chapter 3: Communications

$XILNX®

Inputs / Outputs

Input(s)

Name Description Type Range

Dataln Input message to be Integer Range = [-2symbol wordwidth
deinterleaved using a
convolutional deinterleaver. to 2symbol wordwidth_1]

Syncln A single pulse coincident
with the first valid Dataln
sample.

Output(s)

Name Description Type Range

DataOut Deinterleaved version of Integer Range = [-2symbol wordwidth
Dataln, deinterleaved with a to 2symbol wordwidth_1]
convolutional deinterleaver.
DataOut is an ‘input
wordwidth’-bit stream of
symbols

SyncOut A single pulse coincident Binary Range [0 | 1]
with first valid DataOut
sample. This will be the same
sample that was input with
the Syncln pulse.
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Convolutional Encoder

Convolutional Encoder

Description

Convolution Encoder

Related MATLAB Functions

poly2trellis

convenc

Differences Between AccelWare convenc() and MATLAB convenc()

Syntax

In MATLAB, the input <msg> is a binary vector passed to convenc() as a serial input
stream with the output <code> occurring as a binary vector as a serial output stream as
well with each bit of <msg> resulting in n-bits in <code>, thus the length of the vector
<code> is n*<msg>. Since this is not practical in hardware — since it represents a rate
change of n, in the AccelWare convenc() function, the input <msg> occurs as a serial
stream of bits (identical to MATLAB) and the output <code> occurs as n output binary
serial streams, i.e., code_1, code_2, ... code_n.

The MATLAB convolutional encoder has ‘init_state” and ‘final_state” signals that allows
you to specify the initial values that fill the encoding registers at the beginning of the
simulation and final values at the end of the simulation. The AccelWare convenc() function
does not support this parameter.

AccelWare Function Supported MATLAB Syntax

code = trellis = poly2trellis(ConstraintLength, CodeGenerator);

convenc(ConstraintLength, code = convenc(msg, trellis);
CodeGenerator);

Unsupported MATLAB Syntax

trellis = poly2trellis(ConstraintLength, CodeGenerator);
init_state = any integer in the range [0, trellis numStates-1];

code = convenc(msg, trellis, init_state);

trellis = poly2trellis(ConstraintLength, CodeGenerator);

[code, final_state] = convenc(msg, trellis);

trellis = poly2trellis(ConstraintLength, CodeGenerator);
init_state = any integer in the range [0, trellis numStates-1];

[code, final_state] = convenc(msg, trellis, init_state);
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Parameters

Functional Parameters

Name Description Type Range
Constraint Length | Constraint length. Length of | Integer Range = [3 to 9]
the encoder shift register. Default = 7
Encoder Type [Feedforward |
Recursive Systematic
(RSC)]
Default: [Feedforward]
Code Generators Code generators g1, go,...,8n- | Ixn Range of each
gn is the code generating Integer CodeGenerator is a
function for code bitn (octal), | array of function of
where n represents the code | octal ConstraintLength:
word length and is derived | numbers | f,, ConstraintLength=3

from the number of elements Range=[0,7]

in the CodeGenerator array. for ConstraintLength=4

Range=[0,17]

for ConstraintLength=5
Range=[0,37]
for ConstraintLength=6
Range=[0,77]

for ConstraintLength=7
Range=[0,177]

for ConstraintLength=8
Range=[0,377],

for ConstraintLength=9
Range=[0,777]

for ConstraintLength=10
Range=[0,1777]

Default = [171, 133]
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Inputs / Outputs

Input(s)

Name Description Type Range

mgc Input message to be encoded | Integer Range [0 | 1]
using a convolutional code.
Msg is a 1-bit serial input
stream of bits.

term Forces the state of the Binary Range [0 | 1]
encoder when set to '1' for
ConstraintLength
consecutive cycles.

Output(s)

Name Description Type Range

code_1,..., code_n Coded version of msg, Integer Range [0 | 1]
encoded with a
(ConstraintLength,
CodeGenerator)
convolutional code. Codeisa
n-bit parallel output stream
of code words, where n =
code word length derived
from the number of elements
in the CodeGenerator array.

code_1 Coded version of msg, Integer Range [0 | 1]
encoded by CodeGenerator

g1
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Output(s)
Name Description Type Range
code_2 Coded version of msg, Integer Range [0 | 1]
encoded by CodeGenerator
82
code_n Coded version of msg, Integer Range [0 | 1]
encoded by CodeGenerator
&n-
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Convolutional Interleaver

Convolutional Interleaver

Description

Convolution Interleaver

Related MATLAB Function

Convolution Interleaver

Differences in Operation to Simulink Block

The Simulink convolutional interleaver has an “initial conditions” implementation
parameter that allows you to specify the initial values that fill each shift register at the
beginning of the simulation. The AccelWare convintlv() function does not support this

parameter.
Syntax
AccelWare Function Related Simulink Block
[DataOut SyncOut] = convintlv(rows of shift registers, Convolutional Interleaver
register length step, Dataln, SyncIn);
Parameters
Functional Parameters
Name Description Type Range
Data Width (1:31) | Number of bits used to Positive Range =[1 to 31]
represent the symbols in the Integer Default = 8
input Dataln
rowsOfShiftRegiste | Number of shift registers in | Integer Range = [3 to 256]
s the convolutional interleaver Default = 12
— also referred to as the
interleaver depth.
registerLengthStep | Each shift register in the Integer Range = [1 to upper]
convolutional interleaver is where upper =
‘register length step’ 32768*2 /(rows*(rows-1))
registers longer than the
previous one, with the first
path being zero delay. Thus, Default =17
the delay for the k' row is (k-
1)*(register length step).
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Inputs / Outputs

Input(s)

Name

Description

Type

Range

Dataln

Input message to be
interleaved using a
convolutional interleaver.
Dataln is an ‘input
wordwidth’-bit stream of
symbols

Integer

Range — [_2symb01
wordwidth to

2symbol wordwidth_1]

Syncln

A single pulse coincident
with the first valid Dataln
sample.

Output(s)

Name

Description

Type

Range

DataOut

Interleaved version of dataln,
interleaved with a
convolutional interleaver.
DataOut is an ‘input
wordwidth’-bit stream of
symbols.

Integer

Range = [-2symbol
wordwidth ¢
2symbol wordwidth_1]

SyncOut

A single pulse coincident
with first valid DataOut
sample. This will be the same
sample that was input with
the SyncIn pulse.

Binary

Range [0 | 1]
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DDS

DDS

Description

Direct Digital Synthesizer

Related MATLAB Functions

none

Syntax

AccelWare Function

Supported MATLAB Syntax

[SineOut, CosineOut] = dds(Phaseln);

[SineOut] = dds(Phaseln); n/a

Parameters

Functional Parameters

Name

Description

Type

Range

SFDR (18:100)

Specify the Spurious Free
Dynamic Range. This
parameter determines the
size of the sine generator
input word.

Integer

Range = [18 to 100] dBc
Default = 50

DDS frequency

Specify the operating
frequency for the DSS in
MHz. This parameter is used
to determine the size of the
accumulator.

Real

Default = 100.0

Frequency
resolution

Specify the required
frequency resolution for the
DSS in Hz. This parameter is
used to determine the size of
the accumulator.

Integer

Default = 100.0
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Implementation Parameters

Name Description Type Range
Outputs Specify the desired output. String {Sine Only | Cosine
Only |

Sine and Cosine}

Default = Sine Only

Noise shaping Specify whether any type of | String {none | phase dither}
noise shaping shopuld be
implemented. Noise shaping Default = none

can be used to reduce the size
of the hardware for a given
SFDR at the expense of
higher noise floor.

Inputs / Outputs
Input(s)
Name Description Type Range
Phaseln Phase value that determines the output Integer | See data sheet for the
frequency. details on bit widths.
Desired Frequency X 2AccumulatorBits
DDS_Frequency
Output(s)
Name Description Type Range
SineOut Optional output. Integer | See data sheet for the
details on bit widths.
CosineOut | Optional output. Integer | See data sheet for the
details on bit widths.
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Descrambler

Description

Self-synchronous descrambler

Related MATLAB Functions

Descrambler

There is no MATLAB equivalent function for the descrambler.

Differences in Operation to Simulink Block

The AccelWare descrambler allows the use of Galois field additions instead of the Mod N
adders used by MATLAB. This produces an implementation that will be faster/smaller by
producing the same pn sequence for each bit streams (each pn sequence is time shifted

relative to each other via its initialization). AccelWare limits the calculation base to powers

of 2.
Syntax
AccelWare Function Related Simulink Block
output = descrambler(input); descrambler
Parameters
Functional Parameters
Name Description Type Range
Calculation base Defines bit width of theI/O. | Integer Power of 2
(I/O bits equals Default = 2
log2(Calculation base).
Scramble You can specify the Integer Default=[1011011]
polynomial polynomial using one of the
two following formats: [10 0
000101]and [0-6-8] both
represent the polynomial
p(z”-1) =1 + zN-6 + z"-8.
Initial states Specify the intial states of the | Integer
descrambler registers. Each For mod-N adders: [ 100
value must be between 0 and 0..]
calculation_base-1. The For GF adders: [123 ...
vector length must equal the N-1012...]
order of the scramble
polynomial.
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Implementation Parameters
Name Description Type Range
Additions Use Galois field additions String [mod-base Addition |
instead of the Mod N adders Galois Field Addition]
used by MATLAB. This
produces an implementation B ;
that will be faster/smaller by Default = mod-base
. Addition
producing the same pn
sequence for each bit streams
(each pn sequence is time
shifted relative to each other
via its initialization).
Inputs / Outputs

Input(s)

Name Description Type Range

Sigln Input Signal. Integer Range = [0 to N-1]

Output(s)

Name Description Type Range

SigOut Output Signal Integer Range = [0 to N-1]
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Raised-Cosine FIR Filter

Raised-Cosine FIR Filter

Description

Raised-Cosine FIR Filter

Related MATLAB Functions

rcosflt

Differences Between AccelWare rcosflt() and MATLAB rcosflt()

In MATLAB, “filter type’=(FIR, IIR}. The AccelWare rcosflt() function currently only allows
for FIR filters. Some additional parameters are defined for IIR filters (den and tol) which
are not supported for the current AccelWare rcosflt() function. Additionally, MATLAB
allows you to specify capability via the filter_type parameter:

‘filter_type’/Fs= Same as ‘filter_type’, but x has the sample frequency Fs instead of
Fd, thus x is not upsampled.

‘filter_type’/filter= Filters x using a filter with transfer function num.

‘filter_type’/filter/Fs= Same as ‘filter_type’/filter, but x has the sample frequency Fs
instead of Fd, again x is not upsampled.

In AccelWare the ‘filter_type’/Fs capability is provided via the FsFlag functional
parameter, and the ‘filter_type’/filter capability is not supported.

In MATLAB rcosine(), rcosfir() and firrcos() are filter design functions; as such they simply
design the coefficients for a filter. These functions do not actually perform a filtering
function. The AccelWare rcosflt() function essentially combines one of these functions and
the MATLAB filter() function into one. The parameters in the rcosine() and rcosflt()
functions match. The AccelWare rcosflt() function essentially combines the rcosine() and
filter() or rcosfir() and filter() or firrcos() and filter() function calls into one. The parameters
in the rcosine() and rcosflt() functions match.

The rcosfir() functional parameters can be mapped into the AccelWare rcosflt() functional
parameters via:

rcosfir(R) = rolloff factor => AccelWare rcosflt(r)

rcosfir(n_T) = number of symbol periods before and after the peak response =>
AccelWare rcosflt(delay) if n_T is scalar, NO equivalence for n_T equal vector length 2.

rcosfir(rate) = number of points in each input symbol period of length T => AccelWare
rcosflt(fs/fd)

rcosfir(‘filter_type’) = Type of filter to be used => AccelWare rcosflt(‘filter_type’)

The firrcos() functional parameters can be mapped into the AccelWare rcosflt() functional
parameters via:

firrcos(n) = filter order => AccelWare rcosflt(2*delay*fs/fd)
tirrcos(FO) = cutoff frequency => AccelWare rcosflt(0.5%fs/2)
firrcos(df) = transition bandwidth => AccelWare rcosflt(2*r)
firrcos(fs) = sampling frequency => AccelWare rcosflt(Fs)

firrcos(r) = rolloff factor => AccelWare rcosflt(r)
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tirrcos('bandwidth') = Flag that’s not really necessary => none

firrcos('rolloff') = Specifies to interpret the third argument as r => none
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Raised-Cosine FIR Filter

Syntax

AccelWare Function

Supported MATLAB Syntax

y = rcosflt(x, Fd, Fs);
y = rcosflt(x, Fd, Fs, ‘filter_type’, 1, delay);
y = rcosflt(x, Fd, Fs, “filter_type’, FsFlag, r, delay);

y = rcosflt(x, Fd, Fs);
y = rcosflt(x, Fd, Fs, ‘filter_type’, 1, delay);

y = rcosflt(x, Fd, Fs, ‘filter_type/Fs’, 1,
delay);

Related MATLAB Function Calls

Unsupported MATLAB Syntax

num = rcosine(Fd, Fs);

y = filter(num, x);

[num, den] = rcosine(Fd, Fs, type_flag);

y = filter(num, den, x);

[num, den] = rcosine(Fd, Fs, type_flag, r);

y = filter(num, den, x);

[num, den] = rcosine(Fd, Fs, type_flag, r, delay);

y = filter(num, den, x);

b = rcosfir(R, n_T, rate, T);

y = filter(b, x);

b = rcosfir(R, n_T, rate, T, ‘filter_type’);
y = filter(b, x);

b = firrcos(n, FO, df, fs);

y = filter(b, x);

b = firrcos(n, FO, df, fs, bandwidth');
y = filter(b, x);

b = firrcos(n, FO, df);

y = filter(b, x);

b = firrcos(n, FO, 1, fs, 'rolloff");

y = filter(b, x);

y = rcosflt(x, Fd, Fs, ‘filter_type/Fs’, 1,
delay, tol);

y = rcosflt(x, Fd, Fs, ‘filter_type/filter’,
num);

y = rcosflt(x, Fd, Fs,
‘filter_type/filter/Fs’, num);

y = rcosflt(x, Fd, Fs,
‘filter_type/filter/Fs’, num, den);

y = rcosflt(x, Fd, Fs,

‘filter_type/filter /Fs’, num, den, delay);

[num, den] = rcosine(Fd, Fs, type_{flag, r,
delay, tol);

y = filter(num, den, x);

AccelWare™ Reference Designs
April, 2008

Release 10.1.1

www.xilinx.com

123


http://www.xilinx.com

Chapter 3: Communications

$XILNX®

Parameters

Functional Parameters

Name Description Type Range
Fd (1:31) Input sample frequency. The | Floating Range =2=<Fs/Fd =<8
ratio Fs/Fd MUST be an point Default = 1
integer > 1.
Fs (2:8) Output sample frequency. Floating | Range =2=<Fs/Fd =<8
The ratio Fs/Fd MUST be an | point Default = 2
integer > 1.
Type Specifies the type of filter to | String Supported types:
be used on x. ‘normal’= Full raised
‘sqrt’= Square root of
raised cosine FIR filter
Default = {sqrt}
FsFlag Specifies whether to String Range = [yes, no]
upsample the input x from Default = {no}
Fd to Fs.
R (0:0.1:1) Filter roll-off factor. Real Range =[0to 1]
Default = 0.5
Delay (1:128) Filter’s group delay, the time | Positive | Range = [0 to
between the input to the filter | Integer
and the filter's peak (1+2*delay*Fs/Fd)<512]
response, measured in input
samples — the group delay of B
the filter is equal to Default =6
(delay/Fd) sec.
Implementation Parameters
Name Description Type Range
Form Direct form or transposed String Range = [direct,
form filter structure. Filter transposed]
will always be symmetric Default = direct
with an odd number of taps.
IBITS (3:32) Number of bits used to Positive Range = [3 to 32]
represent the input x. Integer Default = 16
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Raised-Cosine FIR Filter

Name Description Type Range
IFBITS (0:15) Number of fractional bits Positive Range = [0 to IBITS-1]
used to represent the input x. | Integer Default = 15
OBITS Number of bits used to Positive Range = [0 to CBITS-1]
represent the output y. Integer
Default = [auto]
[auto] is used to
automatically compute
the output word widths.
Inputs / Outputs
Input(s)
Name Description Type Range
X Input to be filtered usinga | Real Range = [-21BITS1 o
raised cosine filter.
2IBITS-1_1] /IFBITS
Output(s)
Name Description Type Range
y Filtered version of x using a | Real Range = [-20BITS1 o
‘Type’ filter.
2OBITS-1_1] /QOFBITS

Implementation Parameters
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Reed-Solomon Decoder

Description

Reed-Solomon Decoder

Related MATLAB Functions

rsdec

Differences in Operation between AccelWare rsdec() and MATLAB

rsdec()

Syntax

In MATLAB, the input <code> is an N-element vector of m-bit symbols passed to rsdec() in
parallel with the output <msg> occurring as a K-element vector of m-bit symbols in
parallel as well. Since this is not practical in hardware, in The AccelWare rsdec() function,
the input <code> occurs as a serial stream of m-bit symbols and the decoded output
<msg> occurs as serial stream of m-bit symbols. A collection of K symbols of <msg>
represents the same K-element vector as in the MATLAB version, subsequently, a
collection of N symbols of <code> represents the same N-element vector as in the
MATLAB version. The MATLAB rsdec() function has a éparityposi parameter which
specifies whether the parity was appended or prepended to the message to form the code.
The AccelWare rsdec() function only supports parity symbols at the end of message to
form code since it would require additional hardware to allow them at the beginning of
message to form code.

AccelWare Function Supported MATLAB Syntax

code =rsdec(m, N, K, prim_poly, msg, | code = gf(x, m);
env,FirstRoot,KES, Inversion prim_poly = primpoly(m);

Type,Block Markers,Error Markers); genpoly = rsgenpoly(N, K, prim_poly,FirstRoot);
code =rsdec(code, N, K, genpoly);

Unsupported MATLAB Syntax

msg = gf(x, m);

prim_poly = primpoly(m);

genpoly = rsgenpoly(N, K, prim_poly);
paritypos = ‘beginning’;

code =rsdec(code , N, K, genpoly, paritypos);
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Reed-Solomon Decoder

Parameters
Functional Parameters
Name Description Type Range
M (3:12) Number of bits/symbol. Integer Range = [3 to 12]
Default =8
Nsymbols (3:255) | Number of symbols per code | Integer Range = [3 to 4096]
word/block. Default = 255
Ksymbols Information symbols per Integer Range = positive integer
(191:2:253) code word /block. less than Nsymbols such
that Nsymbols-
Ksymbols is even and
less than or equal to 64.
This allows a maximum
of 32 errors that can be
corrected per RS block.
Default = 239
Primative Galois Field primitive Integer Predetermined via m,
Polynomial polynomial coefficients Range = [11 to 8137]
(binary representation). Default = {default}
{default} is used to
automatically compute
the output word widths.
FirstRoot Set the first root for the Integer Default =1
generator polynomial
Implementation Parameters
Name Description Type Range
Key Equation Algorithm used to solve the | String RiBM | riBM} Default =
Solver Key equation. riBM
Inversion Type Specify how to implement String {LUT | Logic} Default =
any required Galois Field LUT
inversions
Delay Line type Specify how the delay line is | String {Shift-Register | RAM}
to mapped to memory Default: RAM
Block Marker Specify what type of output | String Block Start | Block End |
Ouputs block markers to implement Block Start and Block
End} Default = Block
Start and Block End
Error Marker Specify what type of output | String {none | Error Count |
Outputs error markers to implement Uncorrectable Block |
Both} Default = none
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Inputs / Outputs

Input(s)

Name

Description

Type

Range

code

Input message to be decoded
using an (N, K) Reed-
Solomon code. Code is an
input stream of symbols each
m-bits wide. N symbols of
code represents a code word
(i.e., N clocks worth of data),
where the first input symbol
is the most significant
symbol.

Integer

Range = [0 to 2™-1]

Block Start

Input signal that indicates
the first symbol in the
codeword. Block Start must
go high for one clock cycle.

Binary

Range [0 | 1]

Output(s)

Name

Description

Type

Range

Corrected

Corrected version of code.

Integer

Range = [0 to 2™-1]

BlockStart_d
(optionial)

Input message to be decoded
using an (N, K) Reed-
Solomon code. Code is an
input stream of symbols each
m-bits wide. N symbols of
code represents a code word
(i-e., N clocks worth of data),
where the first input symbol
is the most significant
symbol.

Binary

Range [0 | 1]

BlockEnd_d
(optional)

Decoded Binary streams that
indicates the last symbol in
the output codeword.

Binary

Range [0 | 1]

UCBlock
(optional)

Binary streams that indicates
when a codeword was un-
correctable.

Binary

Range [0 | 1]
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Reed-Solomon Encoder

Reed-Solomon Encoder

Description

Reed-Solomon Encoder

Related MATLAB Functions

rsenc

Differences in Operation between AccelWare rsenc() and MATLAB

rsenc()

Syntax

In MATLAB the input <msg> is a K-element vector of m-bit symbols passed to rsenc() in
parallel with the output <code> occurring as an N-element vector of m-bit symbols in
parallel as well. Since this is not practical in hardware, in the AccelWare rsenc() function,
the input <msg> occurs as a serial stream of m-bit symbols and the output <code> occurs
as serial stream of m-bit symbols. A collection of K symbols of <msg> represents the same
K-element vector as in the MATLAB version, subsequently, a collection of N symbols of
<code> represents the same N-element vector as in the MATLAB version.

The MATLAB rsenc() function has a ‘paritypos’ parameter which specifies whether rsenc()
appends or prepends the parity symbols to the input message to form code. The
AccelWare rsenc() function only supports parity symbols at the end of message to form
code since it would require additional hardware to allow them at the beginning of message
to form code.

AccelWare Function Supported MATLAB Syntax

code =rsenc(m, N, K, prim_poly, msg, | code = gf(x, m);

env,FirstRoot); prim_poly = primpoly(m);

genpoly = rsgenpoly(N, K, prim_poly);
code = rsenc(msg, N, K, genpoly);

Unsupported MATLAB Syntax

msg = gf(x, m);

prim_poly = primpoly(m);

genpoly = rsgenpoly(N, K, prim_poly);
paritypos = ‘beginning’;

code = rsenc(msg, N, K, genpoly, paritypos);
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Parameters

Functional Parameters

Name Description Type Range

M (3:12) Number of bits/symbol. Integer Range = [3 to 12]
Default =8

Nsymbols (3:255) | Number of symbols per code | Integer Range = [3 to 4096]

word/block. Default = 255

Ksymbols Information symbols per Integer Range = positive integer

(191:2:253) code word /block. less than Nsymbols such
that Nsymbols-

Ksymbols is even and
less than or equal to 64.
This allows a maximum
of 32 errors that can be
corrected per RS block.

Default = 239

Primative Galois Field primitive Integer Predetermined via m,
Polynomial polynomial coefficients Range = [11 to 8137]
(binary representation). Default = {default}

{default} is used to
automatically compute

the output word widths.
FirstRoot Set the first root for the Integer Default =1
generator polynomial
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Reed-Solomon Encoder

Inputs / Outputs

Input(s)

Name

Description

Type

Range

msg

Input message to be encoded
using an (N, K) Reed-
Solomon code. Msg is an
input stream of symbols each
m-bits wide. K symbols of
msg represents a message
word (i.e., K clocks worth of
data), where the first input
symbol is the most
significant symbol. Each K
block of msg needs to be
padded out to N. This allows
the function to operate with
one clock rate.

Integer

Range = [0 to 2™-1]

env

Input signal that indicates
the valid K symbols in a
block of N symbols. A value
of 1 indicates a valid symbol
and 0 indicates non-valid
data. The function expects K
1’s followed by N-K 0’s.

Binary

Range [0 | 1]

Output(s)

Name

Description

Type

Range

code

Coded version of msg,
encoded with an (N, K) Reed-
Solomon code. Code is an
output stream of symbols
each m-bits wide. N symbols
of code represents a
codeword (i.e., N clocks
worth of data), where the
parity symbols are the last
output symbols and the most
significant symbol is the first
output symbol.

Integer

Range = [0 to 2™m-1]
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Scrambler

Description

Self-synchronous scrambler

Related MATLAB Functions

Scrambler

There is no MATLAB equivalent function for the descrambler.

Differences in Operation

to Simulink Block

The AccelWare scrambler allows the use of Galois field additions instead of the Mod N
adders used by MATLAB. This produces an implementation that will be faster/smaller by
producing the same pn sequence for each bit streams (each pn sequence is time shifted
relative to each other via its initialization). AccelWare limits the calculation base to powers

of 2.
Syntax
AccelWare Function Related Simulink Block
output = scrambler(input); scrambler
Parameters
Functional Parameters
Name Description Type Range
Calculation base Defines bit width of theI/O. | Integer Power of 2
(I/O bits equals log2 Default = 2
(Calculation base)
Scramble You can specify the Integer Default=[1011011]
polynomial polynomial using one of the
two following formats: [1 0 0
000101]and [0-6-8] both
represent the polynomial
p(z"-1) =1+ z"-6 + z"-8.
Initial states Specify the intial states of the | Integer Formod-N adders:[100

scrambler registers. Each
value must be between 0 and
calculation_base-1. The
vector length must equal the
order of the scramble
polynomial.

0...]

For GF adders: [123 ...
N-1012...]

132

www.xilinx.com

AccelWare™ Reference Designs

Release 10.1.1  April, 2008


http://www.xilinx.com
http://www.mathworks.com/access/helpdesk/help/toolbox/commblks/ref/scrambler.html

i:)("JNX® Scrambler

Implementation Parameters

Name Description Type Range
Additions Use Galois field additions String [mod-base Addition |
instead of the Mod N adders Galois Field Addition]

used by MATLAB. This
produces an implementation

that will be faster/smaller by Default = mod-base

. Addition
producing the same pn
sequence for each bit streams
(each pn sequence is time
shifted relative to each other
via its initialization).
Inputs / Outputs
Input(s)
Name Description Type Range
Sigln Input Signal. Integer Range = [0 to N-1]
Output(s)
Name Description Type Range
SigOut Output Signal Integer Range = [0 to N-1]
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Viterbi Decoder

Description

Viterbi Decoder

Related MATLAB Functions

vitdec

Differences Between AccelWare vitdec() and MATLAB vitdec()

The AccelWare Viterbi decoder only supports rate 1/n convolutional codes.

In MATLAB the input <code> is a vector of numbers passed to vitdec() in parallel with the
output <decoded > occurring as a vector of numbers in parallel as well. Since this is not
practical in hardware, in the AccelWare vitdec() function, the inputs <code_x> occurs as a
serial stream of numbers and the output <decoded > occurs as serial stream numbers.

In MATLAB the input <code> is a single 1xN vector and the output <decoded> is a single
1xN*r vector. Where r is the code rate (e.g. for a rate % code the output will be half as long
as the input). The Accelware brings multiple inputs at time such that the input and output
are at the same rate.

In MATLAB an un-quantized Viterbi decoder can be used by setting the 'dectype'
parameter to 'unquant'. This mode of operation will not be supported by AccelWare.

The AccelWare Viterbi decoder supports an optional channel Bit Error Rate monitor.
When enabled the output of the decoder is re-encoded and compared to a delayed version
of the decoders hard-decision inputs. The number of errors between the decoder input and
the re-encoded output is counted and supplied as an output 'BERErr'. The internal error
counter is reset every 128 clocks. The 'BERFlag' goes high for one clock cycle indicating that
the counter is to be reset. To use the channel error rate monitor the 'BERErr' value should
be sampled and accumulated on the rising edge of 'BERFlag'. The average error rate is
given by:

> BERErs;

chanmel BER=~ -
- i*128

To aid in synchronization an optional 'SynchFlag' output is available in the AccelWare
Viterbi decoder. The 'SynchFlag' output will go high for one clock cycle when ever the path
metrics of the decoder are normalized. This flag may be used with external circuitry to
detect whether the decoder is synchronized.
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Syntax
AccelWare Function
decoded = vitdec(code_1, ..., code_n, constraint_length, code_generators, tblen, opmode,
nsdec);
[decoded, BERFlag, BERErr] = vitdec(code_1, ..., code_n, constraint_length, code_generators,
tblen, nsdec);
[decoded, SynchFlag] = vitdec(code_1, ..., code_n, constraint_length, code_generators, tblen,
nsdec);
[decoded, BERFlag, BERErr, SynchFlag] = vitdec(code_1, ..., code_n, constraint_length,
code_generators, tblen, nsdec);
Supported MATLAB Syntax
decoded = vitdec(code, poly2trellis(constraint_length, code_generators), tblen, opmode,
dectype);
decoded = vitdec(code, poly2trellis(constraint_length, code_generators), tblen, opmode,
'soft',nsdec);
Unsupported MATLAB Syntax
decoded = vitdec(code, trellis, tblen, opmode, dectype);
decoded = vitdec(code, trellis, tblen, opmode, 'soft’,nsdec);
decoded = vitdec(..., 'cont’, ..., ibitmetric, initstates, initinputs);
[decoded, finalmetric, finalstates, finalinputs] = ... vitdec(..., 'cont’, ...);
Parameters
Functional Parameters
Name Description Type Range
Viterbi Output [hard | soft]
Type Default = hard
Survivor Memory Positive Range = [register trace-
Unit Integer back | register
exchange]
Default = register trace-
back
Constraint Length | Constraint length of the Positive | Range =[3to 7]
viterbi decoder Integer Default = 4
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Functional Parameters

Name

Description Type

Range

Encoder Type

String

[Feedforward |
Recursive Systematic
(RSO)]

Default = Feedforward

Code Generators

Code generators g1, g2, ..., String
gn. gnis the code generating
function for code bit n (octal).

Range = [must be a valid
generator for the
constraint length;

Default = {17 15}

Feedback Positive Range = [>0]
Generator Integer Default = {17}
Input Bitwidth(1:4) | Number of bits used to Positive Range = [1 to 4]

represent the inputs. When | Integer
Input Bitwidth > 1, the
decoder is a 'soft' decision
decoder. When Input
Bitwidth = 1, the decoder is a
'hard' decision decoder.

Default =3

Inputs / Outputs

Add Compare Add Compare Select Unit String Options = ['ACS' |
Select Unit implementation. Traditional 'CSA']
ACS or a re-timed Compare Default = 'ACS'
Select Add, which is ~30%
faster than the ACS.
Trace back Depth String Range [1 to 200]
Default = [default]
Add Synchronizer | Add optional String Options = [yes | no]
synchronization enabling Default = no
output flag to the mode
'NormFlag'
Add BER Monitor | Add optional channel Bit String Options = ['yes' | 'no'l]
Error Rate estimator. Default =no
Support Add optional support for String Options = [yes | no]
Puncturing externally punctured codes. Default = no
Input(s)
Name Description Type Range
code_x An input stream of numbers | Positive Range = [0 to onsdec _1]- 0

each nsdec-bits wide. Integer

represents the strongest '0'
and 2nsdec -1 represents the
strongest '1".
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Output(s)

Name Description Type Range

y An output stream of Integer Range [0 | 1]
numbers representing the
decoded input stream 1-bit
wide.

SynchFlag A binary output stream that | Integer Range [0 | 1]
goes high for one cycle
whenever a channel error is
detected.

BERFlag A binary output stream that | Integer Range [0 | 1]
goes high for one cycle
whenever the BERErr signal
is ready (every 128 clock
cycles.

BERErr An output stream of Integer Range = [0 to127]
numbers containing the
number of channel errors
detected in the previous 128
clock cycles.
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Multirate Filters

Cascaded Integrator-Comb Decimator
Cascaded Integrator-Comb Interpolator
FIRDecim

Half-Band FIR Filter

Transforms

FFT
Inverse-FFT

Filters

Filter
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Cascaded Integrator-Comb Decimator

Description

Cascaded Integrator-Comb Decimator

Related MATLAB Functions

mfilt.cicdecim

Differences with the MATLAB Function)

MATLAB has three different functions related to perform a cascaded-integrator comb
(CIC) decimator: mfilt.cicdecim(), and mfilt.cicdecimzerolat(). The mfilt.cicdecim() and
mfilt.cicdecimzerolat() are coefficient design functions (i.e., they have no input x). The
AccelWare cicdecimate() function is modeled after the MATLAB cicdecimate() function.

MATLAB cicdecimate() supports a dimension parameter ‘dim’ which allows you to
specify which dimension of x to apply the cicdecimate() operation to. The AccelWare
cicdecimate() function will not support this feature since it is not possible to implement in
hardware.

The MATLAB cicdecimate() and mfilt.cicdecimzerolat() functions have no z-1 in the
feedforward portions of either the integrate or comb sections. The MATLAB
mfilt.cicdecim() function has z-1 in the feedforward portion of the integrate section, but no
z-1 in the feedforward portion of the comb section. The AccelWare cicdecimate() function
provides an implementation parameter which allows you to select the transfer function
implementation (note the latency registers also serve as pipeline registers and allows for a
higher throughput implementation). Setting the AccelWare cicdecimate() function latency
parameter to ‘cicdecimate” models the cicdecimate() and mfilt.cicdecimzerolat() transfer
functions. Setting the AccelWare cicdecimate() latency parameter to ‘mfilt.cicdecim’
models the mfilt.cicdecim() transfer function.

The mfilt.cicdecim()and mfilt.cicdecimzerolat() functional parameters can be mapped into
the AccelWare cicdecimate() functional parameters via:

mfilt.cicdecim(r) = decimation factor => AccelWare cicdecimate(R)

mfilt.cicdecim(m) = number of differential delays in the comb section => AccelWare
cicdecimate(M)

mfilt.cicdecim(n) = number of integrator and comb stages => AccelWare
cicdecimate(N)

mfilt.cicdecim(ibits) = wordlength of the input => AccelWare cicdecimate(Q)
mfilt.cicdecim(obits) = wordlength of the output => AccelWare cicdecimate(OBITS)

mfilt.cicdecim(bps) = bits per stage for accumulating data => AccelWare
cicdecimate(Trunc)
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Syntax
AccelWare Function Supported MATLAB Syntax
[y, DataReady] = cicdecimate(m, n, 1, X, q); y = cicdecimate(m, n, 1, X, q);
Related MATLAB Function Calls Unsupported MATLAB Syntax
coef = mfilt.cicdecim(r, m, n, ibits, obits, bps); y = cicdecimate(m, n, 1, X, q, dim);
y = filter(coef, x);
coef = mfilt.cicdecimzerolat(r, m, n, ibits, obits,
bps);
y = filter(coef, x);
Parameters
Input quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Default = fixed
model. Infers that the input
range is -PI to PL.
ufixed: unsigned fixed-point
mode. Infers that the input
range is 0 to 2*PL.
Round Mode floor: round to the closest String Default = floor
representable number in the
direction of negative infinity
nearest: round to the closest
representable integer. In the
case of a tie, it rounds
positive numbers to the
closest representable integer
in the direction of positive
infinity, and it rounds
negative numbers to the
closest representable integer
in the direction of negative
infinity.
Overflow Mode wrap: wrap on overflow. String Default = wrap
saturate: saturate a
maximum value on overflow.
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Input quantization

Name Description Type Range
Word Length The number of bits for the String Range = [3 to 32]
input word. Default = 10
Fractional Length | The number of fractional bits | String Range = [0 to Word
for the input word(s). Length as per Mode
parameter]
Default =0

Implementation Parameters

Name Description Type Range
Pipelining Pipelining of the CIC String {All Section | Integrator
sections. Section | Comb Section
| None}

Default = All Sections

R (2:65000) Decimation factor or sample | Integer Range = [2 to 65000]
rate reduction to be applied Default = 16
to x.

M (1:8) Number of differential Positive Range =[1 to 8]
delays in the comb section. Integer Default = 2

N (1:8) Number of integrator and Positive | Range =[1 to 8]
comb stages. Determines the Integer Default = 4
passband attenuation.

Output bitwidth Number of bits used to Positive Range = [3 to 48]
represent the output y Integer Default = auto

Trunc Implement internal stage String Range = [yes, no]
truncation. Default = no

Verification Pipelining of the CIC String {Ideal (Zero Latency)

Reference sections. CIC | mfilt.cicdecim}

Default = Ideal (Zero
Latency) CIC
Inputs / Outputs

Input(s)

Name Description Type Range

X Input to be interpolated Integer Range = [-2Q1 to 2Q-1-1]

using a Cascaded Integrator-
Comb (CIC) interpolation
filter.
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Output(s)
Name Description Type Range
y Decimated version of x using | Integer Range = [-20BITS1 to
a CIC decimation filter.
20BITS—1_1]
DataReady Strobe indicated when new | Binary Range =[0 | 1]
data is ready for output.
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Description

Cascaded Integrator-Comb Interpolator

Related MATLAB Functions
mfilt.cicinterp

Differences Between AccelWare cicinterpolate() and MATLAB
mfilt.cicinterp()

MATLAB has three different functions related to perform a cascaded-integrator comb
(CIC) interpolator: mfilt.cicinterp(), and mfilt.cicinterpzerolat(). The mfilt.cicinterp() and
mfilt.cicinterpzerolat() are coefficient design functions (i.e., they have no input x). The
AccelWare cicinterpolate() function is modeled after the MATLAB cicinterpolate()
function.

MATLAB mfilt.cicinterp() supports a dimension parameter ‘dim” which allows you to
specify which dimension of x to apply the cicinterpolate() operation to. The AccelWare
cicinterpolate() function will not support this feature since it is not possible to implement
in hardware.

The MATLAB cicinterpolate() and mfilt.cicinterpzerolat() functions have no z-1 in the
feedforward portions of either the integrate or comb sections. The MATLAB
mfilt.cicinterp() function has z-1 in the feedforward portion of the integrate section, but no
z-1 in the feedforward portion of the comb section. The AccelWare cicinterpate() function
provides an implementation parameter which allows you to select the transfer function
implementation (note the latency registers also serve as pipeline registers and allows for a
higher throughput implementation). Setting the AccelWare cicinterpolate() latency
parameter to ‘cicinterpolate’ models the cicinterpolate() and mfilt.cicinterpzerolat()
transfer functions. Setting the AccelWare cicinterpolate() latency parameter to
‘mfilt.cicinterp” models the mfilt.cicinterp() transfer function.

The mfilt.cicinterp()and mfilt.cicinterpzerolat() functional parameters can be mapped into
the AccelWare cicinterpolate() functional parameters via:

mfilt.cicinterp(r) = decimation factor => AccelWare cicinterpolate(r)

mfilt.cicinterp(m) = number of differential delays in the comb section => AccelWare
cicinterpolate(m)

mfilt.cicinterp(n) = number of integrator and comb stages => AccelWare
cicinterpolate(n)

mfilt.cicinterp(ibits) = wordlength of the input => AccelWare cicinterpolate(q)
mfilt.cicinterp(obits) = wordlength of the output => AccelWare cicinterpolate(OBITS)
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Syntax
AccelWare Function Supported MATLAB Syntax
[y, DataReady] = cicinterpolate(m, n, 1, X, q); y = cicinterpolate(m, n, 1, X, q);
Related MATLAB Function Calls Unsupported MATLAB Syntax
coef = mfilt.cicinterp(z, m, n, ibits, obits, bps); y = cicinterpolate(m, n, 1, X, q, dim);
y = filter(coef, x);
coef = mfilt.cicdecimzerolat(r, m, n, ibits, obits,
bps);
y = filter(coef, x);
Parameters
Input quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Default = fixed
model. Infers that the input
range is -PI to PIL.
Round Mode floor: round to the closest String Default = floor
representable number in the
direction of negative infinity
Overflow Mode wrap: wrap on overflow. String Default = wrap
Word Length The number of bits for the String Range = [3 to 32]
input word. Default = 10
Fractional Length | The number of fractional bits | String Range = [0 to Word
for the input word(s). Length as per Mode
parameter]
Default =0
Implementation Parameters
Name Description Type Range
Pipelining Pipelining of the CIC String {All Section | Integrator
sections. Section | Comb Section
| None}
Default = All Sections
R (2:65000) Decimation factor or sample | Integer Range = [2 to 65000]
rate reduction to be applied Default = 16
to x.
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Implementation Parameters
Name Description Type Range
M (1:8) Number of differential Positive Range =[1 to 8]
delays in the comb section. Integer Default = 2
N (1:8) Number of integrator and Positive Range =[1 to 8]
comb stages. Determines the Integer Default = 4
passband attenuation.
Output bitwidth Number of bits used to Positive | Range = [3 to 48]
represent the outputy Integer Default = auto
Verification Pipelining of the CIC String {Ideal (Zero Latency)
Reference sections. CIC | mfilt.cicdecim}
Default = Ideal (Zero
Latency) CIC
Inputs / Outputs
Input(s)
Name Description Type Range
X Input to be interpolated Integer Range = [-2Q71 t0 2Q1-1]
using a Cascaded Integrator-
Comb (CIC) interpolation
filter.
Output(s)
Name Description Type Range
y Decimated version of x using | Integer Range = [-20BITS1 o
a CIC decimation filter.
2OBITS-1_1]
DataReady Strobe indicated when new | Binary Range = [0 | 1]
data is ready for output.
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Description

Discrete Fourier transform

Related MATLAB Functions
fft

Differences with the MATLAB Function

In MATLAB, the input <x> is a complex vector of dimension 1xN passed to fft() in parallel
with the output <y> occurring as a complex vector of dimension 1xN in parallel as well.
Since this is not practical in hardware, in the AccelWare fft() function, the input <x> occurs
as a serial stream of input wordwidth-bit symbols and the output <y> occurs as serial
stream of output wordwidth-bit symbols. The syncln signal indicates to the AccelWare £ft()
function the start of serially streamed input data. The outputValid goes true when valid
data is available at the data outputs; outputValid will serially output N 1’s. In addition,
complex numbers are not currently supported and consequently the complex vectors <x>,
<y> are represented as <x_real, x_imag>, <y_real, y_imag > respectively.

MATLAB supports an fft(x) function call that infers the number of points (N) from the
input x. This operation is not supported in AccelWare - the number of points must be
specified explicitly in the parameters.

MATLAB supports a dimension parameter dim which allows you to specify which
dimension of x to apply to the FFT operation to. The AccelWare fft() will not support this
feature since it is not possible to implement in hardware.

Syntax
AccelWare Function Supported MATLAB Syntax

[outputValid, y_real ,y_imag] |y = fft(x, N);

= fft (x_real, x_imag, syncIn);
Unsupported MATLAB Syntax
y = fft(x);
y = fft(x, [], dim);
y = fft(x, N, dim);
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Parameters

Functional Parameters

There are 2 different architectures:

Single Fly A single fly element is implemented.

Name Description Type Range
Radix Radix for the FFT Algorithm | Positive Value = [2 | 4]
Integer Default =2
FFT Length Number of differential points | Positive Must be a power of the
in the FFT; same as ‘N’ for the Integer Radix in the range of [8
MATLAB fft() model. Must to 65536]
satisfy the condition: N = Default = 64
RADIXM, M is element of Z
PipeLined Fly For high speed applications | String Values = [Yes, No]
setting this to 'Yes' will insert Default = Yes
pipelined registers in the 'fly’
operator.
Implementation Parameters
Name Description Type Range
Architecture {Single Fly | Streaming

Streaming IO (Scalar Input only) This implementation uses

multiple ‘fly’ operators; 1 ‘fly’ for every 2 stages. This model

takes in a continuous stream of data and outputs a continuous
stream of data after the required latency. It requires scalar input.
Pipelining is available for higher speed implementations. This
model provides a continuous stream of data as opposed to the
burst of data in the ‘single fly” implementation.

IO }

Default = [Single Fly]

Data IO Format

Input and output data can be
vrouoghtin and out 1 sample
at a time (Scalar) or the entire
array, thatis FFTLength long,
can be brought in and out.

String

Range = Scalar | Array
Default = Scalar
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Implementation Parameters
Name Description Type Range

10 Buffering Allows the design to put String Range = [Single,
operations in parallel. It is Double]. Default =
only available when the Data Single
I/0 format is set to Scalar.

Single buffering does not
parallel any operations.
Double buffering parallels
the loading and unloading of
frames of data.

Natural Order IO | NOTE: This parameter only | String Values = [Yes, No]
applies to Single Fly Default =Yes
architectures.

The Decimation Algorithm

will naturally have Inputs or

Outputs in digit/bit reverse

ordering; DIF has natural

order input and digit/bit

reverse output, DIT has

digit/bit reverse input and

natural order output. 'Yes'

will force input and output to

be natural order regardless of

decimation type.

Input Data Complex or Real data input. | String Range = [Complex |

Real]
Deault = Complex

Decimation Decimation in Time (DIT) or | String Range = [Frequency,

Algorithm Decimation in frequency Time]

(DIF) algorithm. Default = Frequency

Scaling 1/FFTLength scaling can be | String Values = [Yes, No]
implemented. For an IFFT to Default = Yes
be an inverse of an FFT, the
product of the FFT and IFFT
scaling must be
1/FFTLength.

Complex Different Complex Multiplier | String Range = ['3 Multiplier, 5

Multiplier architectures are available. Adder Architecture’ | ‘4

Multiplier, 2 Adder
Architecture’]. Default =
‘3 Multiplier, 5 Adder
Architecture’.
Round Mode Sets the quantizer String [Floor]
Roundmode property for all Default = Floor
data path quantizers.
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Implementation Parameters

Name Description Type Range

Input Data Width | Number of bits used to Positive | Range = [4 to 32]

(4:32) represent the input. Integer Default = 14

Input Data Fract Number of bits used to Positive | Range =

Width represent fractional part of Integer [0 to InputDataWidth-1]

input wordwidth. Typically, this will be

InputDataWidth-2,
assuming the input is
within the range [-1 to 1]
Default =12

Twiddle Width Number of bits used to Positive Range = [4 to 32]

(4:32) represent twiddle factors. Integer Default = 14

Other Implementation Wordwidths (calculated based on the input parameter settings

Name

Description

Type

Range

Twiddle Fract
Width

Number of bits used to
represent the fractional part
of phase factors. The range of
the phase factors is [-1,1] and
therefore 2 bits are always
needed for the integer part of
the phase factors. The
fractional part will always:
TwiddleFractWidth=Twiddle
Width-2.

Positive
Integer

Range = [-1to 1]

Output Data Width

Depends on the Scaling
option. If Scaling is set to
“Yes’,
OutputDataWidth=InputDat
aWidth. If Scaling is set to
‘No”,
OutputDataWidth=InputDat
aWidth + log2(FFTLength) +
1.

Positive
Integer

Output Data Fract
Width

The greater of
InputDataFractWidth or
TwiddleFractWidth

Positive
Integer
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Inputs / Output
Input(s)
Name Description Type Range
x_real Real portion of the input. quantized | Range = [-2nputDataWidth-
FFTLength distinct samples | /fixed Tto
to which the FFT is applied. | precision
2InputDataWidth-1_
1]/ oInputDataFractWidth
x_real Real portion of the input. quantized | Range = [-
FFTLength distinct samples | /fixed 2InputDataWidth-1
to which the FFT is applied. | precision
2InputDataWidth-1_
11/ 2InputDataFractWidth
syncln Indicates that a set of data Binary Range [0 | 1]
samples is being input.
Asserted high when first
valid data input(x_real and
x_imag) is present and stays
high for one sample.
Output(s)
Name Description Type Range
y_real Real portion of the y output. | quantized | Range = [-
N distinct samples as result | /fixed 20utputDataWidth-1 ¢
of FFT operation. precision
2OutputDataWidth-1_
1] /20utputDataFractWidth
y_imag Imaginary portion of the y quantized | Range = [-
output. N distinct samples as | /fixed 20utputDataWidth-1 ¢o
result of FFT operation precision
2OutputDataWidth-1_
1] /20utputDataFractWidth
outputValid Indicates valid output datais | Binary Range = [0 | 1]
on the output. Asserted high
when first valid data output
is present and stays high for
FFTLength outputs.
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Description

The AccelWare filter reference design filters the input with a Finite Impulse Response (FIR)
filter specified by a set of coefficients. The filter implementation can be done with two
computation styles: Multiply-Accumulate (MAC) and Distributed Arithmetic (DA). Each
of these implementation styles is supported with parameters to tailor the level of
concurrency and resource utilization to fit specific design goals. Refer to the sections
corresponding to these implementation styles for detailed information on the parameters
supported in each case.

Related MATLAB Functions
filter

dfilt

Differences with the MATLAB Function

The MATLARB filter() can operate with infinite impulse response (IIR) filters as well as with
finite impulse response (FIR) filters. The AccelWare filter() currently operates with FIR
filters only.

The MATLAB filter() can process a single input value (scalar input) or multiple input
values (array input) in a single function call. The AccelWare filter() can operate on a single
input value (scalar input) per function call. This processing of a single input value per
invocation reflects the equivalent processing in the hardware implementation derived
from the Accelware.

The MATLAB filter() can operate with real or complex data and coefficients. The
AccelWare filter() supports real-valued data and coefficients only.

Difference in Operation to MATLAB dfilt()

The MATLAB dfilt() is a function that constructs a fixed-point precision representation of a
discrete-time filter (discrete-time filter object). The discrete-time filter object can then be
used in conjunction with the filter() function to model the operation of the filter with fixed-
point arithmetic and a specified filter realization. The AccelWare filter() model implicitly
constructs a fixed-point representation of the specified filter description. The functional
and implementation parameters supplied by you during the generation of the filter()
model define a fixed-point filter description which is embedded in the synthesizable
filter() model function.
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Syntax

AccelWare Function Notes

y = filter(x); y = filter(b, 1, x); The filter coefficients (in vector b in the
MATLAB syntax) and fixed-point
parameters are embedded in the
AccelWare function.

Hd = dfilt.dffir(b); The filter coefficients and fixed-point

y = filter(Hd, x); parameters (in the Hd discrete-time filter
object in the MATLAB syntax) are
embedded in the AccelWare function.

[y zf] = filter(b,1,x,2) [y,zf] = filter(b,1,x,z) | Auto-inferrable filter function syntax. The
initial (z) conditions in the implementation
are supplied externally, allowing for the
filter state to be programmable.

Unsupported MATLAB Syntax Notes

y = filter(b, a, x, zi, dim); With ‘a’ not equal to scalar 1, the filter
specification is for an IIR filter. This is not
supported.

Single and multidimensional vector inputs
with a ‘dim” dimension specification are
not supported.

Inferring the Filter

The code sample below shows how to infer the filter.

function FilterOut = behavioral filter (FilterlIn)

% Create filter coefficients
NUMTAPS = 32;
BE = 0.25;

persistent b state
if isempty (b)
b = firl (NUMTAPS-1,BE);
state = zeros (NUMTAPS-1,1) ;
end

% Filter the output
[FilterOut,state] = filter(b,1,FilterIn, state);

This example shows that the initial z conditions of the filter (state variable) must be
specified as a column vector with one less element than the number of taps in the filter. In
this case, the initial z conditions are all set to zero.

AccelWare™ Reference Designs www.xilinx.com 153
Release 10.1.1  April, 2008


http://www.xilinx.com

Chapter 4: Signal Processing

$XILNX®

Parameters

Input Signal Quantizer

Name

Description

Type

Range

Sign Mode

fixed: signed fixed-point
mode

ufixed: unsigned fixed-point
mode.

String

Mode = fixed | ufixed
Default = fixed

Round Mode

floor: round to the closest
representable number in the
direction of negative infinity

nearest: round to the closest
representable integer. In the
case of a tie, it rounds
positive numbers to the
closest representable integer
in the direction of positive
infinity, and it rounds
negative numbers to the
closest representable integer
in the direction of negative
infinity.

String

RoundMode = [floor |
nearest]

Default = floor

Overflow Mode

wrap: wrap on overflow.

saturate: saturate a
maximum value on
overflow.

String

OverflowMode = [wrap
| saturate]

Default = wrap

Word Length

The number of bits for the
input word(s).

String

Default = 16

Fractional Length

The number of fractional bits
for the input word(s).

String

Default = 15
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Coefficient Quantizer

Name

Description

Type

Range

Sign Mode

fixed: signed fixed-point
mode

ufixed: unsigned fixed-point
mode.

String

Mode = fixed | ufixed
Default = fixed

Round Mode

floor: round to the closest
representable number in the
direction of negative infinity

nearest: round to the closest
representable integer. In the
case of a tie, it rounds
positive numbers to the
closest representable integer
in the direction of positive
infinity, and it rounds
negative numbers to the
closest representable integer
in the direction of negative
infinity.

String

RoundMode = [floor |
nearest]

Default = floor

Overflow Mode

wrap: wrap on overflow.

saturate: saturate a
maximum value on
overflow.

String

OverflowMode = [wrap
| saturate]

Default = wrap

Word Length

The number of bits for the
coefficient word(s).

String

Default = 12

Fractional Length

The number of fractional bits
for the coefficient word(s).

String

Default = 11
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Implementation Parameters

Name Description Type Range
Implementation Filter implementation String {Multiply-Accumulate
computation style (MACQ) | Distributed
Arithmetic (DA)}
Default = {Multiply-
Accumulate}
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined non-resource shared /
fastest = non-resource shared pipelined}
/ pipelined
Area Default = resource
smallest = resource shared / shared / non-pipelined
non-pipelined
small = non-resource shared
/ pipelined
Programmable Filter initial and final String {no | yes}
State conditions Default = no
Storage Mapping | Type of structure used for String Range = [Register
mapping storage elements Mapped — maps input
when the Design Goal is buffers to registers |
'area'. Applicable to MAC Memory Mapped -
implementations only. maps input buffers to
memory structures]
Default = {Registered
Mapped}
Programmable Include a structure for String Range = [yes | no]
Coefficients programmable coefficients.
Default = no
Number of Number of channels to String Integer Value.in the
Channels support with Range = [1 to 32]
implementation.
Default =1
Quantization The coefficient quantization | String Default = yes
Optimization optimization is based on the

coefficient values.

Filter Coefficients
Source

Filter coefficent vaules source

String

{from text file | from
Remez filter design
function}

Default = {from Remez
filter design function}
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Implementation Parameters
Name Description Type Range
Coefficient File Pathname for the text file String Any pathname to a valid
containing all the filter text file.
coefficients in a single
column.
Remez Filter Filter order (N+1 taps are Integer Range = [3 to 1024]
Design N generated). Default = 31
Used only if generating filter
coefficients with the Remez
algorithm.
Remez Filter Vector of frequency band Real Default: [0 .2 .21 .4 41 .6
Design F edges in pairs, in ascending 61.8.811]
order between 0 and 1. 1
corresponds to the Nyquist
frequency or half the
sampling frequency.
Used only if generating filter
coefficients with the Remez
algorithm.
Remez Filter Real vector the same sizeasF | Real Default:[001.01.0000.5
Design A which specifies the desired 0.500]
amplitude of the frequency
response of the resultant
filter.
Used only if generating filter
coefficients with the Remez
algorithm.
Remez Filter Type of filter to design with | String [Bandpass |
Design Type the Remez algorithm. Hilbert | Differentiator]
Default: Bandpass
Output bitwidth Total wordlength (number of | Positive Integer value in the
bits) of the output number Integer range [4 to 32]
representation. Default = [auto]
[auto] is used to
automatically compute
the output word widths.
Output Fractional | Fractional length (number of | Positive | Integer value in the
bitwidth bits) to represent the Integer range [0 to OBITS-1]
fractional part of the output Default = [auto]
word. .
[auto] is used to
automatically compute
the output word widths.
Truncation Number of Least Significant | Positive | Integer value in the
Bits (LSBs) to drop after each | Integer range [0 to 19] Default =

multiply operation.
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Filter with Internal State Implementation

Input(s)
Name Description Type Range
X Input to be filtered. IBITS = | Real Range = [-21BITS 1 o
Input word length.
21BITS-1_1]/leITS
Output(s)
Name Description Type Range
y Filtered version of x. OBITS = | Real Range = [-20BITS1
Output bitwidth
DOBITS-1_1] /20BITS
Filter with External State Implementation
Input(s)
Name Description Type Range
X Input to be filtered. IBITS = | Real Range = [-21BITS1 o
Input word length.
2IBITS-1_1] /2IBITS
b Coefficient input vector. Real Range = [-2BBITS-1 to
BBITS = coefficient word
length. 2BBITS—1_1] /2BBITS
z Filter initial conditions Real Range = [-2IBITS-1 o
2IBITS-1_1] /IBITS
Output(s)
Name Description Type Range
y Filtered version of x. OBITS = | Real Range = [-20BITS1 to
Output bitwidth
2OBITS-1_1] /20BITS
z Filter final conditions Real Range = [-2IBITS1 to
DIBITS-1_1] /IBITS
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Filter Response Specification

The response of the FIR filter to be implemented is specified via a text file containing a
complete set of filter coefficients. In addition, a parameter option is available to design a
filter with a Remez FIR filter design method.

Implementation with Fixed-Point Arithmetic

All filter variations are implemented with fixed-point arithmetic. The numerical
precision and round-off noise in the implementation can be controlled by setting
the appropriate implementation parameters for inputs, coefficients, and outputs
as follows:

The fixed-precision representation of the input is defined by the IBITS and IFBITS
parameters. A 2’s complement, signed representation of the input is used and the
range of possible values is: [-2!BITS-1 to 2IBITS-1.1] /2IFBITS

The fixed-precision representation of the filter coefficients is defined by the CBITS
parameter. This defines the total number of bits allocated for the number
representation of filter coefficients. When the initial floating-point filter coefficients
are read in, they are converted to a 2’s complement, fractional fixed-point
representation that is automatically scaled to fit between -1 and 1 for storage. For
example, assuming CBITS = 4 bits for coefficient representation, [1 -2 3] are stored as
[0.25-0.5 0.75] internally which corresponds to a scaling down by 4. The output of the
filter is then scaled up by 4 to maintain the original filter input/output gain.

The fixed-point representation of the filter output can be defined with the OBITS and
OFBITS parameters. A 2’s complement, signed representation of the output is used
and the range of possible values is: [-20BITS-1 to 20BITS-1.1] / 2OFBITS

Setting either of these output parameters to auto causes the output quantization to be
set automatically. The output quantization in this case accommodates the dynamic
range of the output produced by the filter implementation given the input and
coefficient fixed-point parameters. It is recommended to use the auto setting when
optimum numerical precision is needed in the output.

The number of bits retained from the result of the partial products (the multiplication
of an input sample by a filter coefficient) can be affected with the Trunc parameter.
This parameter allows the specification of the number of least-significant bits (LSBs)
to discard from the result of the partial products. This parameter is useful in
implementations where it is desired to trade-off numerical precision with reduced
resource utilization.

It is important to note that when you want to maintain full precision in the filter
implementation computations, the output quantization parameters (OBITS, OFBITS)
should be set to auto, and the Trunc parameter should be set to 0. With this, the filter
implementation will maintain full numerical precision in the computations as required by
the fixed-point arithmetic parameters of the input and coefficients.

MAC Implementations

The Multiply-Accumulate (MAC) implementation style uses the traditional sum of
products with two architecture variations depending on the design goal. The figure below
shows the block diagram for a MAC implementation style with a design goal to minimize
area. In this case, the sum of products is done with a single, shared multiply-accumulate
resource resulting in a multi-cycle implementation.
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The figure below shows the MAC implementation style with a design goal of maximize
speed. In this case, the sum of products is done with parallel, non-shared multiply-
accumulate resources resulting in a single-cycle processing implementation.

Sigln
h1 h; b h
rin Z Z % | 7 }—» SigOut
Coefficient Symmetry Optimizations
The MAC implementations take advantage of symmetry in the coefficient values supplied
to specify the filter. These coefficients are analyzed to detect even or odd symmetry in their
values (with respect to the middle of the taps), and if symmetry is detected, a ‘folded”
architecture with a reduced number of multipliers is implemented. The table below shows
examples of different symmetry types:
Symmetry Types
Asymmetric Even Symmetry Odd Symmetry
(no symmetry) (symmetric) (anti-symetric)
even number |odd number of | even number |odd number of
of coefficients | coefficients | of coefficients | coefficients
[123] [123321] |[1234321] |[123-3-2-1] |[1234-3-2-1]
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The block diagram below shows a folded filter architecture:
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v
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';O \D + SigOut

The following charts show the typical tradeoffs in resource utilization and processing
throughput achieved the MAC style implementations when using a design goal of area or
speed with a varying number of filter taps.

MAC Implementation Area Utilization MAC Implementation Throughput
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7000 180
160
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©  4non 100
5 B Speed Goal = B Speed Goal
3000 8o
60
2000 4
40
1000 4 20
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32 B4 128 256 512 32 64 128 236 512
Number of Taps Number of Taps
Storage Mapping
The filter reference desigerence design MAC style implementations support two types of
storage mapping — register map and memory map. This mapping applies to the storage
allocated for input sample buffering (tap delay lines), and the selection is controlled by the
Storage Mapping parameter setting. If your design goal is “speed”, selecting “register
map” is often the best choice because these registers are local to the random logic part of
the FPGA. If your design goal is “area”, selecting the “memory map” option places the
design storage in embedded memory blocks without consuming additional random logic
resources.
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DA Implementations

The Distributed Arithmetic (DA) implementation style uses distributed arithmetic
techniques for the realization of the sum of product operations. A key characteristic of DA
implementations is that they do not use explicit multiplier blocks, but instead, they use a
distributed, table look-up approach that results in efficient mapping to devices with
configurable look-up tables (LUTSs) in their silicon fabric.

The AccelWare filter supports two design goals with DA implementations: minimum area
and maximum speed. Minimum area is achieved with a serial (sequential) distributed
arithmetic (SDA) architecture where a single set of look-up tables is resource-shared. The
result is a multi-cycle, compact implementation. Maximum speed is achieved with a fully
parallel distributed arithmetic (PDA) implementation. In this implementation, multiple
sets of look-up tables and adder resources are implemented in parallel to support single-
cycle processing.

The following charts show the typical tradeoffs in resource utilization and processing
throughput achieved the DA style implementations when using a design goal of area or
speed with a varying number of filter taps.
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Multi-Channel Implementation

The AccelWare filter supports single and multi-channel implementations for all
implementation styles. The Number of Channels parameter allows you to specify the
number of channels in an implementation. In a multi-channel implementation, the input
and output signals have a time-division multiplexed (TDM) structure. See the topic
Integration in Hardware for more details on the input and output signal structure for
multi-channel implementations.

Coefficient Programmability

The AccelWare filter supports implementations with fixed and programmable coefficients.
The Programmable Coefficients parameter allows you to select fixed or programmable
coefficients in the implementation. In an implementation with programmable coefficients,
the input coefficients that specify the filter response are normalized and quantized to
provide a set of ‘loadable’ coefficient values for coefficient programmability. This set of
normalized values is stored in the array loadable_coeffs contained in the test script of the
filter . These are the values that should be input to the filter implementation for
programming the filter coefficients.
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If a different set of coefficients is to be downloaded, the following prerequisites must be
met by the new set of coefficient values:

e The number of new coefficients must be the same or less than in the original set. In the
case of fewer new coefficients, zeros should be appended to match the size of the
original set used in the generation of the filter.

e For a MAC implementation style, the new set must have the same symmetry
properties (i.e., even, odd, or asymmetrical) as the original coefficient set.

e The new set of values must be subject to the same scaling as applied to the normalized
original coefficients. The values resulting from this normalization can then be
downloaded to the filter. The new coefficients will be subject to the same floating to
fixed point scaling as was used when the original coefficients were load, so the new
coefficients must have the same max and min values as the original set.

See the topic Integration in Hardware for more details on the downloading of values in an
implementation with programmable coefficients.

AccelWare Integration

Synthesizable AccelWare MATLAB will typically be a design module that is part of a larger
design on a FPGA. This MATLAB can be integrated as a function into the larger MATLAB
program for automated synthesis with the AccelDSP Synthesis Tool. Alternatively, the
AccelWare can be synthesized in a stand-alone fashion with the AccelDSP Synthesis Tool
to produce a hardware module ready for integration into a larger hardware system.

Integration in MATLAB

To integrate the AccelWare filter function into a larger MATLAB program, refer to the topic
Manually Including AccelWare in a larger MATLAB Design Function for general
instructions. In addition, the guidelines below should be followed:

e Call the AccelWare filter function once per input sample. The state of the filter tap
delay lines persists between multiple calls.

e Account for input-to-output latency in the AccelWare filter function. This parameter is
given in the first line of the MATLAB function, and it represents the number of
function invocations to traverse the pipeline in the function. For example, a latency of
1 signifies that valid output is obtained in a single invocation of the function.

¢ For non-continuous operation of the filter (e.g., filtering separate lines of video), the
pipeline of the filter function must be flushed. To clear the filter, you must pass in
zeros for N iterations where N is the number of coefficients in your filter.

Integration in Hardware

The flow of data into and out of the hardware module created from the synthesizable
AccelWare is controlled by an

protocol. The following gives a description of this interfacing protocol.

Global Signals

The hardware module has one Clock input and one global Reset. Data transfers on each
port are synchronized to the Clock. The global Reset returns all registers and flip-flops to a
known state.
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Input Synchronization Signals

ND (NewData) -This signal is controlled by the external design and indicates that data on
the input data bus is valid. This causes the receiving device (the hardware module) to
capture the data on the rising edge of the next clock cycle.

RFND (ReadyForNewData) -This signal is controlled by the hardware module and
indicates that the module is ready to capture new data from the input bus. When the
module sets REND low, the external design should immediately stop sending new data. If
the hardware module holds REND constantly high, then new data will be captured on
every clock cycle provided that the sending device can send data that fast.

Output Synchronization Signals

Done -This signal is controlled by the hardware module and indicates that data on the
output data bus is valid. Once Done is set high, it will remain high until the receiving
device acknowledges the data capture by setting DA high. If the external design holds DA
constantly high, then the hardware module will send data at the maximum possible rate,
as governed by the module clock frequency and the latency of the computing algorithm.

DA (Data Accept) - This signal is controlled by the external design and indicates that the
data on the output bus has been captured. If the external design holds DA constantly high,
then the hardware module will send data out at the maximum rate possible, as governed
by the module clock frequency and the latency of the computing algorithm.

Single Channel Example

The following table lists the interface protocol signals for a single-channel filter
implementation. The figure below the table shows the timing diagram for these signals. In
this case, a multi-cycle implementation is shown where the processing of an input sample
takes 20 cycles of processing.

Name Type Range

Clock Input Clock input

Reset Input Reset input

Sigln Input Input signal

RFND_Sigln Output Ready For New Data

ND_SigIn Input New input Data valid

SigOut_write Output Output signal

Done_SigOut_write Output Output Done indication

DA_SigOut_write Input Output Data Accepted indication
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Input sample
accepted

Processing done
indication

Signal name Value Y Y
o- Clock 0
o-Reset 0
-0 RFND_Sigin 1 N \N
o-ND_Sigin 1 :

- Sigin C8ED {YEB: Y1810 NESF2
- Done_SigOut_write 0 I 1 1
o-DA_SigOut_write 1

-0 SigOut_write 0066EBEE (X 014F252A 00DOFESA X 002FE6ES

20 cycles per »
sample
Drocessing

Multi-Channel Example

The following table lists the interface protocol signals of a 4-channel filter implementation.
The figure below the table shows the timing diagram for these signals. The key to the
interfacing of the input and output signals in a multi-channel implementation is the time-
division multiplexing (TDM) structure of the input/output samples corresponding to
different channels.

Signal Direction Description

Clock Input Clock input

Reset Input Reset input

Sigln Input Input signal

RFND_Sigln Output Ready For New Data

ND_SigIn Input New input Data valid
SigOut_write Output Output signal
Done_SigOut_write Output Output Done indication
DA_SigOut_write Input Output Data Accepted indication
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TDM Multi-channel TDM Mulii-channel
input samples output samples

Signal name Value / 20 ' : /?1_30 : ' © T
o Clock 0 / 7
o-Reset 0 / /
-5 RFND_Sigin 0 11 A 1 11 1
o-ND_Sigin 1 v

o- Sigin 11111001001010...{_Ch1 X Chz X Ch3 X Zh4 X Ch1 X Ch2 ¥ Ch3 ¥ Chd ¥ )
-» Done_SigOut_write 0 l ] Y | l | I | |
o-DA_SigOut_write 1 ¥

@ -o SigOut_write FAFSCODO { X »_Cht ¥ehe ¥ehs ¥oha ¥ Ontl ¥ On2 ¥ons X ond
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Programmable Coefficients Example

The table below lists the interface signals in a programmable coefficient filter
implementation. The input and output sample data is performed with the same signals as

in an implementation with fixed coefficients.

Signal Direction Description

Clock Input Clock input

Reset Input Reset input

Sigln Input Input signal

RFND_Sigln Output Ready For New Data

ND_SigIn Input New input Data valid

SigOut_write Output Output signal

Done_SigOut_write Output Output Done indication

DA_SigOut_write Input Output Data Accepted indication

coef_lId Input Coefficient load control

REND_coef_1d Output Ready for new coefficient load
control

ND_coef_1d Input New coefficient load control
indication

coef_data Input Programmable coefficient value data

RFND_coef_data Output Ready for new coefficient value

ND_coef_data Input New coefficient value indication

DataValid_write Output Filter output data valid indication

Done_DataValid_write Output Output valid Done indication

DA_DataValid_write Input Output valid accepted indication

Some additional signals are used, however, to support the downloading of programmable

coefficients as follows:

¢ Aninputsignal coef_ld is used to indicate when coefficients values are to be input

into the filter.

e Aninput port coef_data is used to support the input of coefficient values to the filter.

e Anoutput signal DataValid is used to indicate when the filter has valid output data

available.

¢ In general, the loading of filter coefficients takes place as follows:

e The coef_ld signal is asserted to force the filter into a state to receive coefficient values.
This signal must be maintained asserted for as many clock cycles as the number of
filter coefficients to load.
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o The coefficients values as presented to the AccelWare, one value per clock cycle,
starting with the value of the first coefficient and ending with the value of the last
coefficient via the coef_data input port. During the loading of coefficients, the filter
output is not valid, and consequently the DataValid output is de-asserted.

L]

Once all coefficient values have been loaded, the coef_Id signal is de-asserted to put
the filter into normal filtering operation.

The figure below shows the timing diagram for a filter with programmable coefficients.
This figure shows the loading of 16 coefficient values following the described protocol.

Start of loading filter
coefficients

End of loading
Last coefficient coefficients

valle

First coefficient
valle

Signal name

o Clock
o-Reset
-o RFND_Sigin 1
o-ND_Sigin 1
@ o Sigin
-0 RFND_coef_id 1
o-ND_coef_id

& o-coef_id

-» RFND_coef_data
o-ND_coef_data

& o coef_data
o-DA_DataVald_write
-0 Done_DataValid_write
J & - DataValid_write

- Done_SigOut_write
o-DA_SigOut_write

J& o SigOut_write

Fa

X

o007~

Indication of output
not walid during
coefficient loading

First walid
output
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FIRDecim

Description

This function filters the input and decimates the output according to the coefficients and
decimation parameters specified during the generation of the AccelWare synthesizable
model function. The filter implementation may be done with the following structures.

e Transposed - Non-Resource Shared
e Direct - Resource Shared

¢ Reduced Memory - Transposed Direct

Related MATLAB Functions

filter
mfilt.firdecim

mfilt.firtdecim

Differences with the MATLAB Function

The MATLAB function Hm = mfilt.firdecim(M,NUM) returns a direct-form FIR polyphase
decimator multirate filter object Hm based on the set of coefficients in NUM, and a
decimation factor m. The object Hm can then be used in a call y = filter(Hm,x) to filter data
x to produce output data y.

The MATLAB function Hm = mfilt.firtdecim(M,NUM) returns a transposed FIR polyphase
decimator multirate filter object Hm based on the set of coefficients in NUM, and a
decimation factor m. The object Hm can then be used in a call y = filter(Hm,x) to filter data
x to produce output data y.

The AccelWare function [SigOut, DataValid] = firdecim(SigIn) performs a filtering
operation on input data SigIn with an FIR polyphase decimation structure defined by the
specified functional and implementation parameters. The output data is SigOut, and the
DataValid output indicates when the decimated output is valid.

The MATLAB y = filter(Hm,x) can process an array of input values (array input x) in a
single function call to produce multiple output values in y. The AccelWare [SigOut,
DataValid] = firdecim(SigIn) can produce only a single output SigOut per function call.
This processing of a single input value per invocation reflects the equivalent processing in
the hardware implementation derived from the Accelware.

A MATLAB Hm decimation filter object allows for the setting on non-zero initial
conditions for the filtering of an input with y = filter(Hm,x). The AccelWare firdecim()
model does not support explicit initial conditions. Initial conditions are always set to 0
inside the FIRDecim() model function.

The MATLAB y = filter(Hm,x) can process a two-dimensional array of input values x. The
AccelWare [SigOut, DataValid] = firdecim(SigIn) accepts only a scalar (for serial input
implementation) or one-dimensional array (for parallel input implementation).
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Syntax
AccelWare Function |Supported MATLAB Syntax Notes
[SigOut,DataValid] = | Hm = The filter coefficients (in
firdecim(SigIn); MFILT.FIRDECIM(M,NUM); vector b in the MATLAB
y = filter(Hm,x); syntax) and fixed-point
parameters are embedded in
the AccelWare function.
Hm =
MFILT.FIRTDECIM(M,NUM);
y = filter(Hm,x);
Unsupported MATLAB Syntax Notes
Hm = Unsupported function call
MFILT.FIRDECIM(M,NUM); when x is a 2-dimensinal
y = filter(Hm,x); array.
Hm = Unsupported function call
MFILT.FIRTDECIM(M,NUM); when x is a 2-dimensinal
y = filter(Hm,x); array.
Parameters

Functional Parameters

Name Description Type Range
Filter Coefficients | Source for coefficient values. | String ['default Remez LPF' |
Source 'default Remez LPF' - low- 'from text file']
pass filter coefficients from
Remez filter design
Coefficient File Pathname to a text file String Path to coefficient text
containing all the filter file. The file should be a
coefficients in a single single column text file
column. containing all of the
coefficients for the FIR
filter.

m (2:65000) Decimation factor. Integer Must be an integer sub-
multiple of the number
of filter coefficients.
Default =8
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FIRDecim

Implementation Parameters

fractional part of the input.

Name Description Type Range
Filter form Type of structure for filter String Range = [Transposed-
implementation. Non-Resource Shared,
Direct - Resource Shared,
Reduced Memory-
Transposed Direct]
Default = Transposed-
Non-Resource Shared
Branches Specify for Direct - Resource | String Integer sub-multiple of
Shared filter form. Number m in the range 1 tom
of sub-filter structures used (auto selects m branches)
to implement the polyphase
filter. Applicable only to
resource-shared version
implementation.
Programmable Include structure for String Range = [Yes | No]
Coefficients programmable coefficients. Default = No
Applicable to Direct-
Resource Shared
implementation.
Storage Mapping | Type of structure used for String Range = [Register
mapping storage elements. Mapped | Memory
Applicable only to Direct - Mapped]
Resource Shared Default = Register
implementaton. Mapped
Number of Number of channels to String Integer value in the
Channels (1:32) support with range [1 to 32]
inplementation. Applicable Default = 1.
only to Direct - Resource
Shared implementaton.
Input Structure Input structure with 1 (Serial) | String Range = [Serial |
or m (Parallel) samples Parallel]
presented per invocation of Default = Serial
the filter
Pipelining Pipelined output adder tree | String Range = [Yes | No]
for higher throughput. Default = Yes
Input Wordlength | Total wordlength (number of | Positive | Integer value in the
(3:32) bits) of the input number Integer range [3 to 32]
representation. Default = 15.
Input Fractional Fractional length (number of | Positive | Integer value in the
Wordlength (0:15) | bits) to represent the Integer range [0 to input

Wordlength -1]
Default = 15
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Implementation Parameters

Name Description Type Range

Coefficient Word length (number of bits) | Positive | Integer value in the

Wordlength (6:20) | used to represent the Integer range [6 to 20]
coefficients. Default = 16.

Output bitwidth Total wordlength (number of | Positive Integer value in the
bits) of the output number Integer range [4 to 32]
representation.

Default = [auto]

[auto] is used to
automatically compute
the output word widths.

Truncation (0:15) Number of Least Significant | Positive Integer value in the
Bits (LSBs) to drop after each | Integer range [0 to Coefficient
multiply Wordlength -1]

Default =0
Inputs / Outputs
Input(s)
Name Description Type Range

Sigln Input to be filtered using an | Real Range = [-21BITS-1 to

FIRDecim filter.
2IBITS-1_17 /IBITS
Output(s)
Name Description Type Range

SigOut Filtered version of x using an | Real Range = [-20BIT5-1 to

FIRDecim filter
2OBITS-1_1] /20BITS

DataValid Single bit data valid Binary Range [0 to 1]

indication.
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Half-Band FIR Filter

Description

Half-Band FIR Filter

Related MATLAB Functions

firhalfband

Differences Between AccelWare halfbandflt() and MATLAB firhalfband()
In MATLAB, firhalfband() is a filter design function, as such it simply designs the

coefficients and does not actually perform the filtering —i.e., there is no input x parameter

in the function call. The AccelWare halfbandflt() function essentially combines the

firhalfband() and filter() function calls into one.

The MATLAB firhalfband(n, fp) and firhalfband(‘minorder’, fp,dev) designs halfband

filters using the equiripple method where fp defines the passband edge frequency and dev
defines the peak ripple. The current version of the AccelWare halfbandflt() function will

not support this option.

The AccelWare halfbandflt() function adds an additional window type — Gaussian to the
MATLAB counterpart firhalfband().

Syntax

AccelWare Function Call

Supported MATLAB Syntax

y = halfbandflt(n, win, high);

win = hann(n); % note: could also be hamming(n);
blackman(n); or flattopwin(n);

coef = firhalfband(n, win);

y = filter(coefs, x);

win = hann(n); % note: could also be hamming(n);
blackman(n); or flattopwin(n);

coef = firhalfband(n, win, high);

y = filter(coefs, x);

Unsupported MATLAB Syntax

coef = firhalfband(n, fp);

y = filter(coefs, x);

coef = firhalfband(‘minorder’, fp, dev);

y = filter(coefs, x);
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Parameters

Functional Parameters

Name Description Type Range
Coefficient Path name to a file containing the transfer Text Default = <use parameters
File function coefficients of the numerator. to design filter

coefficients>
Window Specifies to use the windowed impulse String Supported types:
Type response method. Hamming= Symmetric

Hamming window.
Hanning=Symmetric
Hanning window.

Blackman=Symmetric
Blackman window.

Flattop=Symmetric flat
top window.

Gaussian=Symmetric
Gaussian window.

Default = Hamming

N (2:65000) Filter order. N must be selected such that Integer Range = [0 to 512]
N/2is an odd integer. Default = 18

LP_HP Highpass implementation flag — determines | String Range = [HP, LP]
whether a highpass or lowpass FIR halfband Default = LP

filter is implemented.

Implementation Parameters
Name Description Type Range

Filter form Direct form or transposed form String Range = [direct,
filter structure. Filter will always transposed]
be symmetric with an odd number Default = transposed
of taps.

Input Wordlength Number of bits used to represent Positive Default = 16
the input x. Integer

Input Fractional Number of fractional bits used to Positive Default = 15
represent the input x. Integer

Coefficient Number of bits used to represent Positive Default = 16

Wordlength the coefficients. Integer
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Implementation Parameters

Output bitwidth Number of bits used to represent Positive Range = [4 to 32]
the output y. Integer
Default = [auto]
[auto] is used to
automatically compute
the output word widths.
Output fractional Number of fractional bits used to Positive [auto | Error Parcing
represent the output y. Integer Integers
Default = [auto]
[auto] is used to
automatically compute
the output word widths.
Truncation (0:15) Number of bits to drop after each Positive Range = [0 to 15]
multiplier Integer Default = 0
No Multipliers Provides a multiplier-free String Range = [yes, no]
implementation using a shift-and- Default = no
add approximation.
Resource Shared Implements a fully-rolled fixed- String Range = [yes, no]
point M-file. Default = no
Decimate Decimate the output by a factor or | Text Range = [yes, no]
two. Default = no
Pipeline Implement Pipeline Registers Text Range = [yes, no]
Default = no
Inputs / Outputs
Input(s)
Name Description Type Range
X Input to be filtered using a raised Real Range = [-21BITS 1 o
cosine filter.
DIBITS-1_1] /QIFBITS
Output(s)
Name Description Type Range
y Filtered version of x using a “Type” | Real Range = [-20BIT5 1 o
filter.
2OBITS-1_1] /QOFBITS

AccelWare™ Reference Designs
Release 10.1.1  April, 2008

www.xilinx.com

175


http://www.xilinx.com

Chapter 4: Signal Processing S:X"JNX®

Inverse-FFT

Description

Inverse Discrete Fourier transform

Related MATLAB Functions

ifft

Differences with the MATLAB Function

Syntax

In MATLAB, the input <x> is a complex vector of dimension “1xN’ passed to ifft() in
parallel with the output <y> occurring as a complex vector of dimension “1xN” in parallel
as well. Since this is not practical in hardware, in the AccelWare ifft() function, the input
<x> occurs as a serial stream of 'input wordwidth'-bit symbols and the output <y> occurs
as serial stream of 'output wordwidth'-bit symbols. The ‘syncIn’ signal indicates to the
AccelWare ifft() function the start of serially streamed input data. The 'outputValid' goes
true when valid data is available at the data outputs; ‘outputValid” will serially output ‘N’
1’s. In addition, complex numbers are not currently supported and consequently the
complex vectors <x>, <y> are represented as <x_real, x_imag>, <y_real, y_imag >
respectively.

MATLAB supports an ifft(x) function call that infers the number of points (N) from the
input x. This operation is not supported in AccelWare - the number of points must be
specified explicitly in the parameters.

MATLAB supports a dimension parameter ‘dim” which allows you to specify which
dimension of x to apply to the IFFT operation to. The AccelWare ifft() will not support this
feature since it is not possible to implement in hardware.

AccelWare Function Supported MATLAB Syntax

[outputValid, y_real ,y_imag] = ifft (x_real, y = ifft(x, N);
x_imag, syncln);

Unsupported MATLAB Syntax

y = ifft(x);
y = ifft(x, [], dim);
y = ifft(x, N, dim);
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Inverse-FFT

Parameters

Functional Parameters

Name Description Type Range

Radix Radix for the IFFT Algorithm | Positive Value = [2 | 4]

Integer Default =2

IFFT Length Number of differential points | Positive Must be a power of the
in the IFFT; same as ‘N’ for Integer Radix in the range of [8
the MATLAB fft() model. to 65536]
Must satisfy the condition: N Default = 64
= RADIXM, M is element of
Z+

PipeLined Fly For high speed applications | String Values = [Yes, No]
setting this to "Yes' will insert Default = Yes
pipelined registers in the 'fly’
operator.

Implementation Parameters

Name Description Type Range

Architecture {Single Fly | Streaming

There are 2 different architectures:

Single Fly A single fly element is implemented.

Streaming IO (Scalar Input only) This implementation uses

multiple ‘fly” operators; 1 ‘fly” for every 2 stages. This model

takes in a continuous stream of data and outputs a continuous
stream of data after the required latency. It requires scalar input.
Pipelining is available for higher speed implementations. This
model provides a continuous stream of data as opposed to the
burst of data in the ‘single fly’ implementation.

10 }

Default = [Single Fly]

Data IO Format

Input and output data can be
vrouoghtin and out 1 sample
at a time (Scalar) or the entire
array, that is IFFTLength
long, can be brought in and
out.

String

Range = Scalar | Array
Default = Scalar
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Implementation Parameters
Name Description Type Range

10 Buffering Allows the design to put String Range = [Single,
operations in parallel. It is Double]. Default =
only available when the Data Single
I/0 format is set to Scalar.

Single buffering does not
parallel any operations.
Double buffering parallels
the loading and unloading of
frames of data.

Natural Order IO | NOTE: This parameter only | String Values = [Yes, No]
applies to Single Fly Default =Yes
architectures.

Decimation Algorithm will

naturally have Inputs or

Outputs in digit/bit reverse

ordering; DIF has natural

order input and digit/bit

reverse output, DIT has

digit/bit reverse input and

natural order output. 'Yes'

will force input and output to

be natural order regardless of

decimation type.

Input Data Complex or Real data input. | String Range = [Complex |

Real]
Deault = Complex

Decimation Decimation in Time (DIT) or | String Range = [Frequency,

Algorithm Decimation in frequency Time]

(DIF) algorithm. Default = Frequency

Scaling 1/IFFTLength scaling can be | String Values = [Yes, No]
implemented. For an IFFT to Default = Yes
be an inverse of an FFT, the
product of the FFT and IFFT
scaling must be
1/IFFTLength.

Complex Different Complex Multiplier | String Range = ['3 Multiplier, 5

Multiplier architectures are available. Adder Architecture’ | ‘4

Multiplier, 2 Adder
Architecture’]. Default =
‘3 Multiplier, 5 Adder
Architecture’.
Round Mode Sets the quantizer String [Floor]
Roundmode property for all Default = Floor
data path quantizers.
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Implementation Parameters

Name Description Type Range

Input Data Width | Number of bits used to Positive | Range = [4 to 32]

(4:32) represent the input. Integer Default = 14

Input Data Fract Number of bits used to Positive | Range =

Width represent fractional part of Integer [0 to InputDataWidth-1]
input wordwidth. Typically, this will be

InputDataWidth-2,
assuming the input is
within the range [-1 to 1]

Default = 12
Twiddle Width Number of bits used to Positive Range = [4 to 32]
(4:32) represent twiddle factors. Integer Default = 14

Other Implementation Wordwidths (calculated based on the input parameter settings

Name Description Type Range
Twiddle Fract Number of bits used to Positive Range = [-1to 1]
Width represent the fractional part | Integer

of phase factors. The range of
the phase factors is [-1,1] and
therefore 2 bits are always
needed for the integer part of
the phase factors. The
fractional part will always:
TwiddleFractWidth=Twiddle

Width-2.

Output Data Width | Depends on the Scaling Positive
option. If Scaling is set to Integer
“Yes’,

OutputDataWidth=InputDat
aWidth. If Scaling is set to
’NO”,
OutputDataWidth=InputDat
aWidth + log2(IFFTLength) +

1.
Output Data Fract | The greater of Positive
Width InputDataFractWidth or Integer
TwiddleFractWidth
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Inputs / Outputs

Input(s)
Name Description Type Range
x_real | Real portion of the input. quantized/ | Range = [-2InputDataWidth-1
IFFTLength distinct samples | fixed
to which the IFFT is applied. | precision 2InputDataWidth-1_
11/ 2InputDataFractWidth
x_imag | Imaginary portion of the quantized/ | Range = [-2InputDataWidth-1 ¢q
input. IFFTLength distinct fixed
samples to which the IFFT is | precision 2InputDataWidth-1.
applied. 11/ 2InputDataFractWidth
syncIn | Indicates that a set of data Binary Range=1[0 | 1]
samples is being input.
Asserted high when first
valid data input(x_real and
x_imag) is present and stays
high for one sample.
Output(s)
Name Description Type Range
y_real Real portion of the y output. | quantized/ | Range = [-20utputDataWidth-1 ¢,
N distinct samples as result | fixed
of IFFT operation. precision 20utputDataWidth-1_
11/ 2OutputDataFractWidth
y_imag | Imaginary portion of the y quantized/ | Range = [-20utputDataWidth-1 ¢,
output. N distinct samples as | fixed
result of IFFT operation precision 20utputDataWidth-1_
1] /20utputDataFractWidth
outputV | Indicates valid output datais | Binary Range [0 | 1]
alid on the output. Asserted high

when first valid data output
is present and stays high for
IFFTLength outputs.

180

www.xilinx.com

AccelWare™ Reference Designs
April, 2008

Release 10.1.1



http://www.xilinx.com

& XILINX®
Chapter 5

Building Blocks

Complex

abs/accel_abs
angle/accel_angle
Complex Normalization

Trigonometric

acos/accel_acos
asin/accel _asin
atan/accel_atan
atan2/accel_atan2
cos/accel_cos
sin/accel_sin

tan

Power / Exponent / Logarithm

exp/accel_exp
Inverse Square Root
log

log10

log?2

sqrt
power/accel_power

Division
mod
rdivide
rem

Statistical

mean
norm
std
var

Operators

minus/accel_complex_minus
mtimes/accel_complex_mtimes
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plus/accel_complex_plus
times /accel_complex_times
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abs/accel_abs

Description

Returns the absolue value of the input matrix.

Related MATLAB Functions

abs

Differences with the MATLAB Function

The shape of the input is limited to scalars, vectors and 2-D matrices.

Features of the accel_abs() Function

The accel_abs() function provides an abs() function with a complex input:
1. Accepts two values instead of a single complex value (x=a+jb).

2. Offers an optional angle() output with little additional hardware.

3. Offers a normalized output with range {-1 to 1} instead of {-r to x]}.

Syntax
AccelDSP abs() Function Call Supported MATLAB Syntax
y = abs(x); y = abs(x);
AccelDSP accel_abs() Function Calls Supported MATLAB Syntax
y = accel_abs(a,b); y = abs(x);
[y,z] = accel_abs(a,b); z = angle(x);
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Parameters

Input quantization

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared
/ pipelined

Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
Implementation Parameters
Name Description Type Range
Implementation Select the hardware String {CORDIC}
architecture to create.
Speed vs. Area Speed String {resource shared / non-

pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}
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abs/accel_abs

Implementation Parameters
Name Description Type Range
CORDIC When a relative measure of | String {yes | no}
Scaling the absolute value are
sufficient, the CORDIC Default = {yes|
scaling may be removed to clault =1yes
create a multiplier-free
implementation.
CORDIC Selects the number of Integer [4 to 100]
Iterations CORDIC iterations to
perform. 'auto’ can be used to B
automatically select the Default = [auto]
number of iterations to
perform. 'auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB.
Output Number of bits used to Positive Range = [4 to 32]
bitwidth represent the abs() outputy. | Integer
Default = auto
Include angle() A angle() output can be String {no | Radians |
output created with little additional Normalized}
hardware. The angle can be
returned in radians Default = {no}
[-7 to 1] or normalized to [-1 elault =no
to 1].
Inputs / Outputs
abs() Input
Name Description Type Range
X Aninputmatrixrepresenting | Real Range = [-21BITS-1 to

real(x) each IBITS-bits wide
with IFBITS-bits representing
the fractional portion.

DIBITS-1.1] /9IFBITS
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accel_abs() Input(s)

OBITS-bits wide with (Angle
OBITS-3)-bits representing
the fractional portion.

Name Description Type Range

a Aninput matrix representing | Real Range = [-2IBITS-1 to
real(x) each IBITS-bits wide
with IFBITS-bits representing 2IBITS-1.1] /2IFBITS
the fractional portion.

b Aninputmatrixrepresenting | Real Range = [-2BITS1 to
imag(x) each IBITS-bits wide
with IFBITS-bits representing 2IBITS-1_1] /IFBITS
the fractional portion.

abs() Output

Name Description Type Range

y An output matrix with each | Real Function of the SigInQ
element OBITS-bits wide. parameters

Additional accel_abs() Output

Name Description Type Range

z An optional output Angle Real Range = [-n to ] or [-1 to

1] depending on the
value of the
IncludeAngle parameter.
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angle/accel_angle

Description

Computes the phase angle for a complex number.

Related MATLAB Functions

angle

Differences with the MATLAB Function

The shape of the input is limited to scalars, vectors and 2-D matrices.

Features of the accel_angle() Function

1. The accel_angle() function provides an angle() function with a complex input:
2. Accepts two values instead of a single complex value (x=a+jb).

3. Offers an optional abs() output with little additional hardware.

4. Offers a normalized output with range {-1 to 1} instead of {-r to =]}.

Syntax
AccelDSP angle() Function Call Supported MATLAB Syntax
y= angle(x); y= ang]e(x);
AccelDSP accel_angle() Function Calls Supported MATLAB Syntax
y = accel_angle(a,b); y = angle(x);
[y,z] = accel_angle(a,b); z = abs(x);
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Parameters

Input quantization

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared
/ pipelined

Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
Implementation Parameters
Name Description Type Range
Implementation Select the hardware String {CORDIC}
architecture to create.
Speed vs. Area Speed String {resource shared / non-

pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}
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angle/accel_angle

Implementation Parameters

Name Description Type Range
CORDIC Selects the number of Integer [4 to 32]
Iterations CORDIC iterations to
perform. 'auto’ can be used to B
automatically select the Default = auto]
number of iterations to
perform. 'auto’ uses the
larger of Output bitwidth to
compute the number of
iterations required to ensure
the maximum error is ~1
LSB.
angle_output The output can be returned | String {Radians | Normalized}
in radians
[-m to &t] or normalized to [-1 Default = {Radians]
to 1].
Output Number of bits used to Positive Range = [4 to 32]
bitwidth represent the angle() output | Integer
Y Default = auto
Include abs() An abs() output can be String {no | yes}
output created with little additional
hardware. Default = {no}
Inputs / Outputs
angle() Input(s)
Name Description Type Range
X Aninput matrix representing | Real Range = [-2IBITS-1 o
real(x) each IBITS-bits wide
with IFBITS-bits representing 2IBITS-1.1] /2IFBITS
the fractional portion.
accel_angle() Input(s)
Name Description Type Range
a Aninputmatrix representing | Real Range = [-2[BITS1 o
real(x) each IBITS-bits wide
with IFBITS-bits representing 2IBITS-1_1] /2IFBITS
the fractional portion.
b Aninput matrix representing | Real Range = [-2IBITS-1 o

imag(x) each IBITS-bits wide
with IFBITS-bits representing
the fractional portion.

2IBITS-1_1] /IFBITS
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angle() Output(s)
Name Description Type Range
y An output matrix with each | Real Function of the Input
element OBITS-bits wide. Quantizer parameters.
Additional accel_angle() Output
Name Description Type Range
z An optional Abs() output Real Function of the Input

Quantizer parameters.
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acos/accel _acos

Description

Returns the Inverse Cosine for each element of the input.

Related MATLAB Functions

acos

Differences with the MATLAB Function

The shape of the input is limited to a scalar, vector or 2-D matrix.

Extended Features of accel_acos()

The accel_acos() function provides the same functionality as the cos() function with the
following extended features:

1. The accel_acos() function can create an optional asin() output with little additional
hardware.

2. The accel_acos() function can specify input units of measure (InputType) in the
following formats:

¢ native
¢ scaled
Syntax

AccelDSP acos() Function Call Supported MATLAB Syntax

y = acos(x); y = acos(x);

AccelDSP accel_acos() Function Cali(s) Supported MATLAB Syntax

y = accel_acos(x); y = acos(x);

[y,z] = accel_acos(x); z = asin(x);
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Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word(s).

Fractional Length | The number of fractional bits | String Default =7
for the input word(s).
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acos/accel_acos

Implementation Parameters

CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto” uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Name Description Type Range
Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more)
Linerly Interpolated Lookup Default = CORDIC
Tables (more)
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
.. non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
InputType Specify the representation of | String {native | scaled}
the input word.
Default = native form
CORDIC Iterations | Selects the number of Integer [4 to 100]

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC(]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range =1to 14

Default = auto
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Implementation Parameters

Name Description Type Range
Address bits Linearly Interpolated LUT: Range 1 to 16
max(16, N), where N is the
value required to limit the _
number of address bits to 14. Default = auto
Output bitwidth The number of bits in the Range 4 to 32
output word(s).
Default = auto
Include asin() A asin() output can be String {yes | no}
created with little additional
hardware. Default = {no}
Inputs / Outputs
acos() Input(s)
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2xt] or [-% to
matrix. nt] depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
accel_acos() Input(s)
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2xt] or [-% to
matrix. (For InputType = 1] depending on the Sign
native). Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
May be a scalar, vector or 2-D | Positive | Range = [0 to 2IBITS-1] or
matrix. (For InputType = Integer [-21BITS_1  2IBITS-1.1]

scaled).

depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
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acos() Output(s)

vector, or 2-D matrix
representing the asin of the
corresponding input. OBITS
= Output bitwidth.

Name Description Type Range

y May be a scalar, vector, or 2-D | Real Range = [-20BITS1 to
matrix representing the acos
of the corresponding input 20BITS-1 1]/ 2OFBITS
element. OBITS = Output
bitwidth.

Additional accel_acos() Output

Name Description Type Range

z An optional output scalar, Real Range = [-20BITS1 o

2OBITS-1 1] /2OFBITS
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asin/accel _asin

Description

Returns the inverse sine of the input matrix.

Related MATLAB Functions

asin

Differences with the MATLAB Function

1. The inputs must be pre-quantized to the accuracy specified by the input quantizer.

2. The shape of the input is limited to a scalar, vector or 2-D matrix.

Extended Features of accel_asin()

The accel_asin() function provides the same functionality as the asin() function plus the
following extended features:

1. The accel_asin() function can create an optional acos() output with little additional
hardware.

2. The accel_asin() function can specify input units of measure (InputType) in the
following formats:

¢ native
¢ scaled
Syntax

AccelDSP asin() Function Call Supported MATLAB Syntax

y = asin(x); y = asin(x);

AccelDSP accel_asin() Function Call Supported MATLAB Syntax

y = accel_asin(x); y = sin(x)

[y,z] = accel_asin(x); z = cos(x);
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Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
model. Infers that the input Default = fixed
range is -PI to PL.
ufixed: unsigned fixed-point
mode. Infers that the input
range is 0 to 2*PL.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word.

Fractional Length | The number of fractional bits | String Default =7

for the input word(s).
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Implementation Parameters

Name Description Type Range
Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more)
Linerly Interpolated Lookup Default = CORDIC
Tables (more)
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
.. non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
InputType Specify the representation of | String {native | scaled}
the input word.
Default = native form
CORDIC Iterations | Selects the number of Integer [4 to 100]

CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto” uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC(]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range =1to 14

Default = auto
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Implementation Parameters

Name Description Type Range

Address bits Linearly Interpolated LUT: Range 1 to 16
max(16, N), where N is the
value required to limit the

number of address bits to 14. Default = auto

Output bitwidth The number of bits in the Range 4 to 32
output word(s).

Default = auto

Include acos() A acos() output can be String {yes | no}
created with little additional
hardware. Default = {no}
Inputs / Outputs

asin() Input(s)

Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2xt] or [-% to
matrix. nt] depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.

accel_asin() Input(s)

Name Description Type Range

X May be a scalar, vector or 2-D | Real Range = [0 to 2xt] or [-% to
matrix. (For InputType = 1] depending on the Sign
native). Mode of the Input

Quantizer, 'ufixed' and
'fixed', respectively.

May be a scalar, vector or 2-D | Positive | Range = [0 to 2IBITS-1] or

matrix. (For InputType = Integer [-21BITS_1  2IBITS-1.1]
scaled). depending on the Sign
Mode of the Input

Quantizer, 'ufixed' and
'fixed', respectively.
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asin() Output(s)

vector, or 2-D matrix
representing the acos of the
corresponding input. OBITS
= Output bitwidth.

Name Description Type Range

y May be a scalar, vector, or 2-D | Real Range = [-20BITS1 to
matrix representing the asin
of the corresponding input 20BITS-1 1]/ 2OFBITS
element. OBITS = Output
bitwidth.

Additional accel_asin() Output

Name Description Type Range

z An optional output scalar, Real Range = [-20BITS1 to

DOBITS-1 _1] /2OFBITS
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atan/accel_atan

atan/accel atan

Description

Returns the inverse tangent of the input matrix.

Related MATLAB Functions

atan

Differences with the MATLAB Function

1.

The inputs must be pre-quantized to the accuracy specified by the input quantizer.
2.

The shape of the input is limited to a scalar, vector or 2-D matrix.

Extended Features of accel_atan()
The accel_atan() function provides the same functionality as the atan() function plus the
following extended features:

1. The accel_atan() function can specify input units of measure (InputType) in the
following formats:

¢ native

¢ scaled

Syntax

AccelDSP atan() Function Call Supported MATLAB Syntax

y = atan(x); y = atan(x);

AccelDSP accel_atan() Function Call Supported MATLAB Syntax

y = accel_atan(x); y = atan(x);

AccelWare™ Reference Designs www.xilinx.com 201
Release 10.1.1  April, 2008


http://www.xilinx.com
http://www.mathworks.com/access/helpdesk/help/techdoc/ref/atan.shtml

Chapter 5: Building Blocks

$XILNX®

Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
model. Infers that the input Default = fixed
range is -PI to PL.
ufixed: unsigned fixed-point
mode. Infers that the input
range is 0 to 2*PL.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word.

Fractional Length | The number of fractional bits | String Default =9

for the input word(s).
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atan/accel_atan

Implementation Parameters

CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto” uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Name Description Type Range
Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more)
Linerly Interpolated Lookup Default = CORDIC
Tables (more)
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
.. non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
InputType Specify the representation of | String {native | scaled}
the input word.
Default = native form
CORDIC Iterations | Selects the number of Integer [4 to 100]

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC(]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range =1to 14

Default = auto
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Implementation Parameters
Name Description Type Range
Address bits Linearly Interpolated LUT: Range 1 to 16
max(16, N), where N is the
value required to limit the _
number of address bits to 14. Default = auto
Output bitwidth The number of bits in the Range 4 to 32
output word(s).
Default = auto
Inputs / Outputs
atan() Input
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2] or [-7 to
matrix. nt] depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
accel_atan() Input
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2] or [-7 to
matrix. (For InputType = n] depending on the Sign
native). Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
May be a scalar, vector or 2-D | Positive Range = [0 to 2IBITS_1] or
matrix. (For InputType = Integer [-21BITS_1  2IBITS-1.1]
scaled). depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
atan() Output
Name Description Type Range
y May be a scalar, vector, or 2-D | Real Range = [-20BITS1 ¢

matrix representing the sine
of the corresponding input
element. OBITS = Output
bitwidth.

2OBITS-1 _1] /2OFBITS
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atan2/accel atan2

Description

Four-quadrant inverse tangent

Related MATLAB Functions

atan2

Differences with the MATLAB Function

1. The inputs must be pre-quantized to the accuracy specified by the Input Quantizer
parameters.

2. The shape of the input is limited to scalars, vectors and 2-D matrices.

Extended Features of accel_atan2()

The accel_atan2() function provides the same functionality as the atan2() function plus the
following extended features:

1. Offers a normalized output with range {-1 to 1} instead of {-r to =]}.
2. Offers an optional abs() output with little additional hardware.

Syntax
AccelDSP atan2() Function Call Supported MATLAB Syntax
p = atan2(y,x); p = atan2(y,x);
AccelDSP accel_atan2() Function Cali(s) Supported MATLAB Syntax
p = accel_atan2(y,x); p = atan2(y,x);
[p,z] = accel_atan2(y,x); z = abs(x4jy);
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Parameters

Input Quantization

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared
/ pipelined

Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
Implementation Parameters
Name Description Type Range
Implementation Select the hardware String {CORDIC}
architecture to create.
Speed vs. Area Speed String {resource shared / non-

pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}
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atan2/accel_atan2

Implementation Parameters

perform. 'auto’ can be used to
automatically select the
number of iterations to
perform. 'auto’ uses the
Output bitwidth and Angle
OBITS to compute the
number of iterations required
to ensure the maximum error
is ~1 LSB.

Name Description Type Range
CORDIC Selects the number of Integer [4t032]
Iterations CORDIC iterations to

Default = [auto]

angle_output The output can be returned | String {Radians | Normalized}
in radians
[-m to &t] or normalized to [-1 Default = {Radians]
to 1].
Output Number of bits used to Positive Range = [4 to 32]
bitwidth represent the output. Integer
Default = auto
Include abs() A abs() output can be created | String {no | yes}
output with little additional
hardware. Default = {no}
Inputs / Outputs
atan2() Input(s)
Name Description Type Range
y Aninput matrix representing | Real Specified by the Input
real(y) each IBITS-bits wide Quantizer.
with IFBITS-bits representing
the fractional portion. IBITS
= Input Word Length and
IFBITS = Input Fractional
Length.
X Aninputmatrixrepresenting | Real Specified by the Input
real(x) each IBITS-bits wide Quantizer.

with IFBITS-bits representing
the fractional portion. IBITS
= Input Word Length and
IFBITS = Input Fractional
Length.
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atan2() Output

Name Description Type Range

P An output matrix with each | Real Function of the SigInQ
element OBITS-bits wide. parameters

Additional atan2() Output

Name Description Type Range

z An optional abs() output. Real Function of the SigInQ

parameters
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Complex Normalization

Description

Normalizes the magnitude of the complex number represented by the pair of inputs
containing the real and imaginary values. Mathematically, the input/output relationship is

as follows:
function

[u,vl] = accel cmplxnorm(x,y)
Where

abs(u + i*v) = 1.0;

angle(u + 1*v) = angle(x + 1i*y);

abs() and angle() are the corresponding MATLAB functions that generate the complex
modulus and angle() of the complex input pair.

Related MATLAB Functions

atan2

sin

Differences in Operation to MATLAB Functions

The cmplxnorm() function does not have a single equivalent function in MATLAB. The
functionality of cmplxnorm(), however, is equivalent to the combination of the MATLAB
atan2() and sin() as follows.

phi = atan2(x,y)

[u,v] = [sin(phi), cos(phi)]
Syntax
AccelDSP cmplixnorm() Function Call Supported MATLAB Syntax
[u,v] = accel_cmplxnorm(x,y) phi - atan2(x,y)
[u,v] = [sin(phi) cos(phi)]
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Parameters

Input Quantization

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared
/ pipelined

Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
Implementation Parameters
Name Description Type Range
Implementation Select the hardware String {CORDIC}
architecture to create.
Speed vs. Area Speed String {resource shared / non-

pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}
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Implementation Parameters

Name Description Type Range
CORDIC Selects the number of Integer [4t032]
Iterations CORDIC iterations to

perform. 'auto’ can be used to
automatically select the
number of iterations to
perform. 'auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB.

Default = [auto]

Output Number of bits used to Positive | Range = [4 to 32]
bitwidth represent the output. Integer

Default = auto

Inputs / Outputs
Input(s)
Name Description Type Range

X Input representing the real(x) | Real Function of the Input
part of the input complex Quantizer parameters
number to normalize.

y Input representing the Real Function of the Input
imag(x) part of the input Quantizer parameters
complex number to
normalize.

Output(s)
Name Description Type Range

u Output representing the Real Function of the Output
real(x) part of the normalized bitwidth parameter.
complex number.

v Output representing the Real Function of the Output
imag(x) part of the bitwidth parameter.
normalized complex
number.
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Complex Rotation

Description
Used to transform polar or cylindrical coordinates to Cartesian coordinates.
Form 1: [X,Y] = accel_cmplxrot(A,B,TH)

Equivalent to Z = C.*exp(j.*TH) where Z = (X+j*Y), C = (A+j*B) and TH is a real value. A,B
and TH can be scalar, vector, or two-dimensional matrix, BUT all must be the same shape.

Form 2: [X,Y] = accel_cmplxrot(A,B,TH,N)

Same as Form 1, but the angle is specified as a scaled value -2N-D) <= TH <= 2(N-1)-1 or 0
<=TH <=2MN)-1. Z = C.*exp(j.*TH*pi/2N-1) ) . A, B and TH can be scalar, vector, or two-
dimensional matrix, BUT all must be the same shape. N is the number of bit in the TH
input word.

Related MATLAB Functions

pol2cart
Syntax
AccelDSP cmplxrot() Function Call Supported MATLAB Syntax
[X,Y] = accel_cmplxrot(A,B,TH) none
[X,Y] = accel_cmplxrot(A,B,TH,N)
Parameters
Input Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
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Complex Rotation

Input Quantization

Name Description Type Range
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
Theta Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
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Implementation Parameters

Name

Description

Type

Range

Implementation

Select the hardware
architecture to create.

String

{CORDIC}

Speed vs. Area

Speed

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared

/ pipelined

String

{resource shared / non-
pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}

CORDIC
Iterations

Selects the number of
CORDIC iterations to
perform. 'auto’ can be used to
automatically select the
number of iterations to
perform. 'auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB.

Integer

[4to32]

Default = [auto]

Angle Units

Specify the representation for
THETA.

native: THETA is a real value
specified in radians.

scaled: THETA is a scaled
value specified by the
following equations: -2(N-1)
<=TH <=2N-1)_1 or

0 <= TH <=2MN)-1. N is the
Word Length specified in
the THETA quantizer.

String

{ native | scaled}

Default = native

Output
bitwidth

Number of bits used to
represent the output.

Positive
Integer

Range = [4 to 32]

Default = auto
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Inputs / Outputs
Input(s)
Name Description Type Range
A The real component of the Real Function of the Input
input. bitwidth parameter.
B The imaginary component of | Real Function of the Input
the input. bitwidth parameter.
TH The value of the THETA. Real Function of the THETA
bitwidth parameter.
Output(s)
Name Description Type Range
X The X coordinate value. Real Function of the Output
bitwidth parameter.
Y The Ycoordinate value. Real Function of the Output
bitwidth parameter.
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cos/accel _cos

Description

Returns the cosine of the input matrix.

Related MATLAB Functions

COos

Differences with the MATLAB Function

1. The inputs must be pre-quantized to the accuracy specified by the input quantizer.

2. The shape of the input is limited to a scalar, vector or 2-D matrix.

Extended Features of accel_cos()

The accel_cos() function provides the same functionality as the cos() function plus the
following extended features:

1. The accel_cos() function can create an optional sin() output with little additional
hardware.

2. The accel_cos() function can specify input units of measure (InputIype) in the
following formats:

¢ native
¢ scaled
Syntax

AccelDSP cos() Function Call Supported MATLAB Syntax

y= COS(X); y= COS(X),’

AccelDSP accel_cos() Function Call(s) Supported MATLAB Syntax

y = accel_cos(x); y = cos(x);

[y,z] = accel_cos(x); z = sin(x);
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cos/accel_cos

Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word(s).

Fractional Length | The number of fractional bits | String Default =7
for the input word(s).
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Implementation Parameters

Name Description Type Range
Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more) Defaul RD
Linerly Interpolated Lookup efault = CORDIC
Tables (more)
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
. non-resource shared /
pipelined .1
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
InputType Specify the representation of | String {native | scaled}
the input word.
Default = native form
CORDIC Iterations | Selects the number of Integer [4 to 100]

CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range=1to6

Default = auto

Address bits

Linearly Interpolated LUT:
max(16, N), where N is the
value required to limit the
number of address bits to 14.

Range 1 to 32

Default = auto
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Implementation Parameters
Name Description Type Range
Output bitwidth The number of bits in the Range 4 to 32
output word(s).
Default = auto
Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more) Defaul RD
Linerly Interpolated Lookup efault = CORDIC
Tables (more)
Inputs / Outputs
cos() Input
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2x] or [-w to
matrix. nt] depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
accel_cos() Input
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2nt] or [-% to
matrix. (For InputType = nt] depending on the Sign
native). Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
May be a scalar, vector or 2-D | Positive | Range = [0 to 2IBITS-1] or
matrix. (For InputType = Integer [-21BITS_1  2IBITS-1.1]

scaled).

depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
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cos() Output

Name Description Type Range

y May be a scalar, vector, or 2-D | Real Range = [-20BITS1 to
matrix representing the
cosine of the corresponding 20BITS-1 1] /20FBITS
input element. OBITS =
Output bitwidth.

Additional accel_cos() Output

Name Description Type Range

z An optional output scalar, Real Range = [-20BITS1 to
vector, or 2-D matrix
representing the sine of the 20BITS-1 1] /OFBITS
corresponding input. OBITS
= Output bitwidth.
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exp/accel_exp

Description

Returns e (the base of natural logarithms) raised to a power. The exp function operates
element-by-element on arrays. For example, Y = exp(X) returns the exponential for each
element of X

Related MATLAB Functions

exp

Differences with the MATLAB Function

The shape of the input is limited to scalars, vectors, or 2-D matrices. The AccelWare exp()
function does not support complex numbers.

Limitations

Fixed point severely limits the dynamic range. Answers in most cases will not match
MATLAB. When large exponent values are detected, AccelDSP displays a WARNING
message about the accuracy of the results.

To allow more accurate results, a floating point engine that returns a mantissa and an
exponent instead of a single number is used for computing exp() under all conditions:
[f,e]=accel_exp(X) where z=f*2"e. Even for type="fixed point” in the exp() model, the
accel_exp() model is called and floating point math is used. The fixed point type maintains
the MATLAB format of a single number output.

Syntax
AccelDSP Function Call Supported MATLAB Syntax
Y = exp(X); Y = exp(X);
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Parameters

Input Quantization

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared

/ pipelined

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word(s).

Fractional Length | The number of fractional bits | String Default =9
for the input word(s).

Implementation Parameters

Name Description Type Range

Implementation Select the hardware String CORDIC
architecture to create. Default = CORDIC

Speed vs. Area Speed String {resource shared / non-

pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}
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exp/accel_exp

Implementation Parameters
Name Description Type Range
CORDIC Iterations | Selects the number of Integer [4 to 47]
CORDIC iterations to
perform. ‘auto’ can be used B
to automatically select the Default = auto]
number of iterations to
perform. ‘auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB
Type Linearly Interpolated LUT: Range [fixed point |
max(16, N), where N is the floating point | auto]
value required to limit the
number of address bits to 14. Default = floating point
Output bitwidth The number of bits in the Range 4 to 31
output word(s).
Default = auto
Inputs / Outputs
Input(s)
Name Description Type Range
X May be a scalar, vector or 2-D | Real Specified by the Input
matrix. Each element is Quantizer parameters
IBITS-bits wide.
Output(s)
Name Description Type Range
Y A scalar, vector or 2-D matrix | Real Range = [-20BITS 1 ¢
with each element —ZOBITS'l—l] /20FBITS.
representing the exp() of the OFBITS is automatically
corresponding element in the computed as a function
input. Each element is of the Input Quantizer.
OBITS-bits wide.
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accel_powerOutput(s)

Name Description Type Range
f Represents the mantissa of Real

the floating-point output

where Y= {*2"e
e Represents the exponent of | Real

the floating-point output
where Y= {*2"e
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Inverse Square Root

Description

Returns the inverse square root and an optional square root of the input matrix.

Related MATLAB Functions
sqrt

Differences Between accel_invsqrt() and MATLAB 1/sqrt()

In MATLAB, the input <x> is a vector of complex numbers passed to 1/sqrt() in parallel
with the output <y> occurring as a vector of complex numbers in parallel as well. Since this
is not practical in hardware, in the accel_invsqrt() function, the input <x> occurs as a serial
stream of IBITS-bit real un-signed numbers and the output <y> occurs as serial stream of
OBITS-bit real un-signed numbers. Also, accel_invsqrt() provides for an optional sqrt()

output.
Syntax
AccelDSP Function Call Supported MATLAB Syntax
y = accel_invsqrt(x); y =1/sqrt(x);
[y sqrt_yl]= accel_invsqrt(x);
Unsupported MATLAB Syntax
Complex and Negative inputs are not supported in this
version due to the complex outputs generated by the sqrt
function.
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Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word(s).

Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
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Inverse Square Root

Implementation Parameters

the number of iterations to
use in the Newton Raphson
algorithm.

Name Description Type Range
Implementation Select the hardware String Newton-Raphson
architecture to create. | Newton-Raphson with
Newton-Raphson Sqrt | Bipartite Tables |
Newton-Raphson with Sqrt Iigl;a}rly Interpolated
Bipartite Tables (more) Default = Newton-
Linerly Interpolated Lookup Raphson
Tables (more)
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
velined non-resource shared /
pipetne pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
Resource Sharing | Newton Raphson/with String {single multiplier |
Sqrt:This parameter single N-R iteration (3
determines the type of mults}
resource sharing to use in the
Newton Raphson algorithm.
additional mult. Newton Raphson/with String Range = [-5:5]
pipes(-5:5) Sqrt:This parameter Default = 0
determines the number of
additional pipe stages to
insert in the multiplier chains
of the Newton Raphson
algorithm.
additional adder Newton Raphson/with String Range = [-5:5]
pipes(-5:5) Sqrt:This parameter Default = 0
determines the number of
additional pipe stages to
insert in the adder chains of
the Newton Raphson
algorithm.
Iterations Newton Raphson/with Positive Range =[1, 2 or 3]
Sqrt:This parameter dictates | Integer Default = [auto]
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Implementation Parameters

Name Description Type Range
Bipartite Sections | Bipartite Tables: Specify the Range = 2 to 32
bit width parameters to use
for the Bipartite Tables [ A B Default = auto
CJorjust[A]l. When [ABC(C]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.
Address bits Linearly Interpolated LUT: Range 2 to 32
max(16, N), where N is the
value required to limit the B
number of address bits to 14. Default = default
Output bitwidth Specify the number of bits String Range = [4 to 31]
used to represent the output. Default = auto
auto will select the
number of output bits
such that the
mean(log(error)) ~1LSB.
Inputs / Outputs
Input(s)
Name Description Type Range
X An input stream of numbers | Positive Specified by the Sigln
each IBITS-bits wide. Integer quantizer parameters
Output(s)
Name Description Type Range
y A scalar, vector or 2-D matrix | Real Range = [0 to 20BITS 1]
with each element
representing the 1/sqrt(x) of /20FBITS
the corresponding element in
the input. Each element is
OBITS-bits wide.
sqrt_y An optional output Real Range = [0 to 20BITS _1]
representing the sqrt(x) of
each element in the input. /20FBITS
Each output element is
OBITS-bits wide.
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log
Description
Natural logarithm
Related MATLAB Functions
log
Differences with the MATLAB Function
The shape of the input is limited to scalars, vectors, or 2-D matrices.
Syntax
AccelDSP Function Call Supported MATLAB Syntax
y = log(x); y =log(x);
Parameters
Input Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
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Implementation Parameters

Name Description Type Range

Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more)

Linerly Interpolated Lookup Default = CORDIC
Tables (more)

Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |

.. non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
CORDIC Iterations | Selects the number of Integer [4 to 32]

CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range = 2 to 32

Default = auto
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Implementation Parameters

Name Description Type Range

Address bits Linearly Interpolated LUT: Range 2 to 32
max(16, N), where N is the
value required to limit the _
number of address bits to 14. Default = auto

Output bitwidth The number of bits in the Range 4 to 31
output word(s).

Default = auto
Inputs / Outputs

Input(s)

Name Description Type Range

Sigln May be a scalar, vector or 2-D | Positive | Specified by the Sigln
matrix. Each element is Integer quantizer parameters
IBITS-bits wide.

Output(s)

Name Description Type Range

SigOut A scalar, vector or 2-D matrix | Real Range = [-20BITS1 to
with each element -OBITS-1.1] /pOFBITS,
repre§enting the natural OFBITS is automatically
logarithm of the computed as a function
corresponding element in the of the input quantizer.
input. Each element is
OBITS-bits wide.
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log10

Description

Base-10 logarithm

Related MATLAB Functions

log10

Differences with the MATLAB Function

The shape of the input is limited to scalars, vectors, or 2-D matrices.

Syntax
AccelDSP Function Call Supported MATLAB Syntax
SigOut = log10(SigIn); y =1log10(x);
Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word(s).

Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
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log10

Implementation Parameters

CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Name Description Type Range

Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more)

Linerly Interpolated Lookup Default = CORDIC
Tables (more)

Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |

.. non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
CORDIC Iterations | Selects the number of Integer [4 to 32]

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range = 2 to 32

Default = auto
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Implementation Parameters

Name Description Type Range

Address bits Linearly Interpolated LUT: Range 2 to 32
max(16, N), where N is the
value required to limit the _
number of address bits to 14. Default = auto

Output bitwidth The number of bits in the Range 4 to 31
output word(s).

Default = auto
Inputs / Outputs

Input(s)

Name Description Type Range

Sigln May be a scalar, vector or 2-D | Positive | Specified by the Sigln
matrix. Each element is Integer quantizer parameters
IBITS-bits wide.

Output(s)

Name Description Type Range

SigOut A scalar, vector or 2-D matrix | Real Range = [-20BITS1 to
with each element -OBITS-1.1] /2OFBITS.
representing the log10() of OFBITS is automatically
the corresponding element in computed as a function
the input. Each element is of the input quantizer.
OBITS-bits wide.
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log2
Description
Base-2 logarithm
Related MATLAB Functions
log2
Differences with the MATLAB Function
The shape of the input is limited to scalars, vectors, or 2-D matrices.
Syntax
AccelDSP Function Cali(s) |MATLAB Syntax Notes
SigOut = log2(Sigln); Y =log2(X);
[EE] = log2(SigIn); [EE] =1og2(X); Dissect the floating point number into
F and E where F*2/E represents the
floating point number. This is the
auto-inferrable form.
Inferring the 'Dissect Floating Point Number' Form of the log2 Function
The code sample below shows how to infer the log2 function:
function [E,F] = log2 function(inl)
% infer the log2 function
[E,F] = log2(inl) ;
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Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = ufixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word(s).

Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
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log2

Implementation Parameters

Name

Description

Type

Range

Implementation

Select the hardware
architecture to create.

CORDIC
Bipartite Tables (more)

Linerly Interpolated Lookup
Tables (more)

String

CORDIC | Bipartite
Tables | Linearly
Interpolated LUT

Default = CORDIC

Speed vs. Area

Speed

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared

/ pipelined

String

{resource shared / non-
pipelined |

resource shared /
pipelined |
non-resource shared /

pipelined}

CORDIC Iterations

Selects the number of
CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto” uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Integer

[4 to 32]

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range = 2 to 32

Default = auto

Address bits

Linearly Interpolated LUT:
max(16, N), where N is the
value required to limit the
number of address bits to 14.

Range 2 to 32

Default = auto
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Implementation Parameters

Name Description Type Range

Function Type Returns the Base-2 logarithm | String {Base-2 logarithm |
or F and E. In the latter, the dissect floating pint
floating point input X is number}
dissected into the elements F
and E where X = F*2/E.

Output bitwidth The number of bits in the Range 4 to 31
output word(s).

Default = auto
Inputs / Outputs

Input(s)

Name Description Type Range

Sigln May be a scalar, vector or 2-D | Positive Specified by the Sigln
matrix. Each element is Integer quantizer parameters
IBITS-bits wide.

Output(s)

Name Description Type Range

SigOut A scalar, vector or 2-D matrix | Real Range = [-20BITS-1 to

with each element
representing the log2() of the
corresponding element in the
input. Each element is
OBITS-bits wide.

_zoBITS—l_l] /ZOFBITS.

OFBITS is automatically
computed as a function
of the input quantizer.
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mean
Description
Average or mean value of a vector
Related MATLAB Functions
mean
Differences with the MATLAB Function
In MATLAB, the length of the input vector may vary from call to call. This mean() function
requires the length of the input vector to be constant from call to call. This mean() function
does not support Matrix inputs.
Syntax
AccelDSP mean() Function Cali(s) Supported MATLAB Syntax
Y = mean(X); Y = mean(X);
Y = mean(x,2); Y = mean(x,2);
Parameters
Input Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
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Input Quantization

Name Description Type Range
Word Length The number of bits for the String Range = [1 to 32]
input word(s). Default = 10
Fractional Length | The number of fractional bits | String Range = [1 to 32]
for the input word(s). Default = 5
Implementation Parameters
Name Description Type Range
N (2:65000) Number of input vector Positive Default =16
elements. Integer
Output bitwidth Number of bits used to Positive Range = [4 to 32]
represent the output y. Integer Default = auto
Data IO Format Scalar, one element at the String Range = {Scalar | Array}
time; Array, N array of Default = Scalar
samples at a time. 'Array' is
typically used when mean is
embedded in a design.
Inputs / Outputs
Input(s)
Name Description Type Range
X An input vector whose Real
elements are used to
compute the mean. Each
element in the vector is
IBITS-bits wide with IFBITS-
bits representing the
fractional part.
Output(s)
Name Description Type Range
y An output number Real Range = [-20BITS-1 to

representing the mean of the
input vector. The number is
OBITS-bits wide with
OFBITS-bits representing the
fractional part.

OBITS-1.1] /OFBITS

OFBITS is automatically
computed as a function
of the input quantizer.
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i:)("JNX® minus/accel_complex_minus

minus/accel_complex_minus

Description

Return the matrix difference.

Related MATLAB Functions

minus

Syntax
AccelDSP minus() Function ST R
Syntax
C = minus(A,B); C = minus(A,B);
AccelDSP accel_complex_minus() Function Call Notes
[C_real,C_imag] =
accel_complex_minus(A_real, A_imag,B_real, B_imag);
Parameters
Implementation Parameters
Name Description Type Range
Implementation Select the data type. String {double | galoisfield}
Default = double
Rows in A input Specify the number of rows | String Range = [3 to 1024]
in the A input. Default = 3
Columns in A Specify the number of String Range = [3 to 1024]
input Columns in the A input. Default = 3
Rows in B input Specify the number of rows | String Range = [3 to 1024]
in the B input. Default = 3
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Implementation Parameters

Name Description Type Range
Columns in B input | Specify the number of String Range = [3 to 1024]
Columns in the B input. Default = 3
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
.. non-resource shared /
pipelined ..
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
Inputs / Outputs
minus() Inputs
Name Description Type Range
A May be a scalar, vector or 2-D | Real
matrix.
B May be a scalar, vector or 2-D | Real
matrix.
accel_complex_minus() Inputs
Name Description Type Range
A_real May be a scalar, vector or 2-D | Real
matrix.
A_imag May be a scalar, vector or 2-D | Real
matrix.
B_real May be a scalar, vector or 2-D | Real
matrix.
B_imag May be a scalar, vector or 2-D | Real

matrix.
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minus() Output

Name Description Type Range
C Result of matrix difference Real
accel_complex_minus() Outputs

Name Description Type Range
C_real Result of matrix difference. Real

C_imag Result of matrix difference. Real
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mod
Description
Modulus after division
Related MATLAB Functions
mod
Differences with the MATLAB Function
None
Syntax
AccelDSP Function Call Supported MATLAB Syntax
SigOut = mod(SigIn_N,SigIn_D); Z =mod(X)Y);
ParametersParameters
Denominator Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = ufixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =0
for the input word(s).
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Numerator Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor

round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10

input word(s).

Fractional Length The number of fractional bits | String Default =5
for the input word(s).
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Implementation Parameters

Name Description Type Range

Implementation Select the hardware String CORDIC | Newton-
architecture to create. Raphson | Goldschmidt
CORDIC | Bipartite Tables |

Linearly Interpolated
Newton-Raphson LUT
Goldschmidt
Bipartite Tables (more) Default = CORDIC
Linerly Interpolated Lookup
Tables (more)

Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |

N non-resource shared /
pipelined o
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined

CORDIC Iterations | Selects the number of Positive [4 to 32]
CORDIC iterations to Integer
perform. ‘auto’ can be used B
to automatically select the Default = [auto]
number of iterations to
perform. ‘auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Iterations This parameter dictates the Positive Range =[1,2 or 3]
number of iterations to usein | Integer Default = [auto]
the Newton Raphson or
Goldschmidt algorithm.

Init Lut Bits Specifies the number of MSB | Positive | Range 2 to 32
bits to use for the Integer Default = [default]

initialization table when
Newton Raphson or
Goldschmidt
implementations are
specified.
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Implementation Parameters
Name Description Type Range
Bipartite Sections | Bipartite Tables: Specify the | Positive Range = 2 to 32
bit width parameters to use | Integer
for the Bipartite Tables [ A B Default = auto
CJorjust[A]l. When [ABC(C]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.
Address bits Linearly Interpolated LUT: | Positive | Range 2 to 32
max(16, N), where N is the Integer
value required to limit the _
number of address bits to 14. Default = auto
Output bitwidth The number of bits in the Positive | Range 4 to 32
output word(s). Integer
Default = auto
Inputs / Outputs
Input(s)
Name Description Type Range
Sigin_N An input stream of numbers | Real The range of the
that represent the numerator numbers is defined by
of the division operation. the SigIn_N quantizer
settings.
Sigln_D An input stream of numbers | Real The range of the
that represent the numbers is defined by
denominator of the modulus the SigIn_D quantizer
operation. settings.
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Output(s)

Name Description Type Range

SigOut An output stream of Real If either the numerator
numbers that represent the or the denominator is
result of the modulus type 'fixed', the range of
operation. the output will be equal

to
[-ZOBITS'l,
_ZOBITS-1_1] /20FBITS

However, if both inputs
are type "ufixed’, the
range of the output will

be equal to
[0, _2OBITS-1_1] /2OFBITS

The number of fractional
bits (OFBITS) is
automatically selected to
cover the maximum
possible output value.
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mtimes/accel_complex_mtimes

Description

Matrix multiplication

Related MATLAB Functions

mtimes

Syntax
AccelDSP mtimes() Function ST R
Syntax
C = mtimes(A,B); C = mtimes(A,B);
AccelDSP accel_complex_mtimes() Function Call Notes
[C_real,C_imag] =
accel_complex_mtimes(A_real, A_imag,B_real B_imag);
Parameters
Implementation Parameters
Name Description Type Range
Implementation Select the hardware String {array-array | array-
architecture to create. scalar | scalar-arrayT)}
Default = array-array
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
o non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
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Inputs / Outputs

mtimes() Inputs

multiplication.

Name Description Type Range
A May be a scalar, vector or 2-D | Real
matrix.
B May be a scalar, vector or 2-D | Real
matrix.
accel_complex_mtimes() Inputs
Name Description Type Range
A_real May be a scalar, vector or 2-D | Real
matrix.
A_imag May be a scalar, vector or 2-D | Real
matrix.
B_real May be a scalar, vector or 2-D | Real
matrix.
B_imag May be a scalar, vector or 2-D | Real
matrix.
mtimes() Output
Name Description Type Range
C Result of matrix Real
multiplication.
accel_complex_mtimes() Outputs
Name Description Type Range
C_real Result of matrix Real
multiplication.
C_imag Result of matrix Real
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norm

Description

Norm of a scalar, row vector, or column vector.

Related MATLAB Functions

norm

Differences with the MATLAB Function

In MATLAB, the input to the norm function can be a vector or a matrix. The norm()
addresses a specific subset of the MATLAB norm() function that describes the Euclidean
length of the vector. The norm of a matrix involves calculating the singular value
decomposition (SVD) which is under consideration for a future enhancement.

This norm(x) function supports both row vector or column vector inputs.

Syntax

AccelDSP Function Call Supported MATLAB Syntax

y = norm(x); y = norm(x);

y = norm(x,2); where x is a vector

Unsupported MATLAB Syntax

y =norm(A); where A is a matrix (No Singular Value
Decomposition - SVD capability)

y = norm(x,p); where x is a vector and p is not = 2
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Parameters

Input Quantization

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Range [1 - 31]
input word(s). Default = 10

Fractional Length The number of fractional bits | String Range [0 - 31]
for the input word(s). Default = 5

Implementation Parameters

Name Description Type Range

Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
pipelined |

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared

/ pipelined

resource shared / non-

pipelined}

Default = {resource
shared / non-pipelined}
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Implementation Parameters

Name Description Type Range

N (2:65000) Number of elements in Positive Default = 16
vector. Integer

Output bitwidth Number of bits used to Positive Range =[5 to 31]
represent the output y. Integer

Default = [auto]

[auto] is used to
automatically compute
the output word widths.

Inputs / Outputs
Input(s)
Name Description Type Range
X An input stream of N Real Range = [-(2!BITS-1),
numbers each IBITS-bits 2IBITS-1] /IFBITS
wide.
Output(s)
Name Description Type Range
y An output stream Real Range = [0, 20BITS.1]
representing norm(x) that is /20FBITS
OBITS-bits wide. The number of fractional
bits (OFBITS) is
automatically selected to
cover the maximum
possible output value.
AccelWare™ Reference Designs www.xilinx.com 253

Release 10.1.1  April, 2008


http://www.xilinx.com

Chapter 5: Building Blocks ST XILNX®

plus/accel_complex_plus

Description

Return the matrix sum.

Related MATLAB Functions

plus
Syntax
AccelDSP plus() Function ST R
Syntax

C =plus(A,B); C = plus(A,B);

AccelDSP accel_complex_plus() Function Call Notes
C_real,C_imag] =
accel_complex_plus(A_real,A_imag,B_real B_imag);

Parameters

Implementation Parameters

Name Description Type Range
Implementation Select the data type. String {double | galoisfield}

Default = double
Rows in A input Specify the number of rows | String Range = [3 to 1024]
in the A input. Default = 3
Columns in A Specify the number of String Range = [3 to 1024]
input Columns in the A input. Default = 3
Rows in B input Specify the number of rows | String Range = [3 to 1024]
in the B input. Default = 3
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Implementation Parameters

Name Description Type Range
Columns in B input | Specify the number of String Range = [3 to 1024]
Columns in the B input. Default = 3
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
.. non-resource shared /
pipelined ..
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
Inputs / Outputs
plus() Input(s)
Name Description Type Range
A May be a scalar, vector or 2-D | Real
matrix.
B May be a scalar, vector or 2-D | Real
matrix.
accel_plus_minus() Inputs
Name Description Type Range
A_real May be a scalar, vector or 2-D | Real
matrix.
A_imag May be a scalar, vector or 2-D | Real
matrix.
B_real May be a scalar, vector or 2-D | Real
matrix.
B_imag May be a scalar, vector or 2-D | Real

matrix.
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plus() Output(s)

Name Description Type Range
C Result of matrix difference Real
accel_complex_plus() Inputs

Name Description Type Range
C_real Result of matrix difference. Real

C_imag Result of matrix difference. Real
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power/accel_power

Description

Return the result of the power.

Related MATLAB Functions

ower

Differences with the MATLAB Function

The shape of the input is limited to scalars, vectors, or 2-D matrices. The AccelWare
power() function does not support complex numbers.

Limitations

Fixed point severely limits the dynamic range. Answers in most cases will not match
MATLAB. When large exponent values are detected, AccelDSP displays a WARNING
message about the accuracy of the results.

To allow more accurate results, a floating point engine that returns a mantissa and an
exponent instead of a single number is used for computing power() under all conditions:
[f.e]=accel_power(X,Y) where z=f*2"e. Even for type="fixed point” in the power() model,
the accel_power() model is called and floating point math is used. The fixed point type
maintains the MATLAB format of a single number output.

Syntax
AccelDSP Function Call Supported MATLAB Syntax
Z = power(X,Y); Z = power(X,Y);
AccelDSP accel_power() Function Call Notes
[fe] = accel_power(X,)Y);
Z=1*2"e
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Parameters

Implementation Parameters

Name Description Type Range

Implementation Select the hardware String Range = {default}
architecture to create.

Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |

.. non-resource shared /

pipelined T
pipelined}

fastest = non-resource shared

/ pipelined

Area

smallest = resource shared /

non-pipelined

smaller = resource shared /

pipelined

small = non-resource shared

/ pipelined

Type See Limitations above Range [fixed point |

floating point |
galiosfield]
Default = floating point

Output bitwidth The number of bits in the Range [4 to 31]
output word(s).

Default = auto
Inputs / Outputs

power Input(s)

Name Description Type Range

X May be a scalar, vector or 2-D | Real
matrix.

Y May be a scalar, vector or 2-D | Real

matrix.
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the floating-point output
where Z = f*2/\e

power Output(s)
Name Description Type Range
Z A scalar, vector or 2-D matrix | Real Range = [-20BITS1 to
with each element -20BITS-1.7] /pOFBITS.
representing the power() of OFBITS is automatically
the corresponding element in computed.
the input. Each element is
OBITS-bits wide.
accel_powerOutput(s)
Name Description Type Range
f Represents the mantissa of Real
the floating-point output
where Z = f*27e
e Represents the exponent of | Real

AccelWare™ Reference Designs

Release 10.1.1

April, 2008

www.xilinx.com

259


http://www.xilinx.com

Chapter 5: Building Blocks

$XILNX®

rdivide

Description

Right array division.

Related MATLAB Functions

Array Right Division

rdivide

Differences with the MATLAB Function

None
Syntax
AccelDSP rdivide() Function Supported MATLAB Syntax
Y = rdivide(N,D); Y =N./D;
[Y,dz] = rdivide(N,D); y = rdivide(N,D);
AccelDSP accel_rdivide() Function Call Supported MATLAB Syntax
Y = accel_rdivide(N,D); Y =N./D;
[Y,dz] = accel_rdivide(N,D); y = rdivide(N,D);
Parameters

Denominator Quantization

and negative number toward
positive infinity

round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = ufixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |

round]
Default = floor
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Denominator Quantization

for the input word(s).

Name Description Type Range
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Range = [1 to 47]
input word(s). Default = 10
Fractional Length | The number of fractional bits | String Range = [0 to 47]
for the input word(s). Default = 0
Numerator Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = ufixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Range = [1 to 47]
input word(s). Default = 10
Fractional Length | The number of fractional bits | String Range = [0 to 47]

Default =5
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Implementation Parameters

Name Description Type Range
Type Select the data type String double | galoisfield |
complex: separate real
and imag IO
Default = double
Implementation Select the hardware String CORDIC | Newton-
architecture to create. Raphson | Goldschmidt
CORDIC | Bipartite Tables |
Linearly Interpolated
Newton-Raphson LUT
Goldschmidt
Bipartite Tables (more) Default = CORDIC
Linerly Interpolated Lookup
Tables (more)
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
o non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
Resource Sharing | Newton Raphson: This String {single multiplier |
parameter determines the single N-R iteration (2
type of resource sharing to mults}
use in the Newton Raphson
algorithm.
additional mult. Newton String Range = [-5:5]
pipes(-5:5) Raphson/Goldschmidt: This Default = 0

parameter determines the
number of additional pipe
stages to insert in the
multiplier chains of the
Newton Raphson and
Goldschmidt algorithm.
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Implementation Parameters

Name

Description

Type

Range

additional adder
pipes(-5:5)

Newton
Raphson/Goldschmidt: This
parameter determines the
number of additional pipe
stages to insert in the adder
chains of the Newton
Raphson algorithm.

String

Range = [-5:5]
Default = 0

CORDIC Iterations

Selects the number of
CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto” uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Positive
Integer

[4 to 32]

Default = [auto]

Iterations

This parameter dictates the
number of iterations to use in
the Newton Raphson or
Goldschmidt algorithm.

Positive
Integer

Range =[1,2 or 3]
Default = [auto]

Init Lut Bits

Specifies the number of MSB
bits to use for the
initialization table when
Newton Raphson or
Goldschmidt
implementations are

specified.

Positive
Integer

Range 2 to 32
Default = [default]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
CJorjust[A]l. When [ABC(C]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Positive
Integer

Range=2to5

Default = auto

Address bits

Linearly Interpolated LUT:
max(16, N), where N is the
value required to limit the
number of address bits to 14.

Positive
Integer

Range 2 to 32

Default = auto

Output bitwidth

The number of bits in the
output word(s).

Positive
Integer

Range 4 to 52

Default = auto

Divide by Zero
Flag

Include a divide-by-zero flag
signal.

String

Range = [yes | no]

Default = no
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Inputs / Outputs
Input(s)
Name Description Type Range
Sig_N An input stream of numbers The range of the
that represent the numerator numbers is defined by
of the division operation. the SigIn_N quantizer
settings.
D An input stream of numbers The range of the
that represent the numbers is defined by
denominator of the division the SigIn_D quantizer
operation. settings.
Output(s)
Name Description Type Range
Y An output stream of If either the numerator
numbers that represent the or the denominator is
result of the division type 'fixed', the range of
operation. the output will be equal
to
[-20BITS-1,
-DOBITS-1.1] /pOFBITS
However, if both inputs
are type 'ufixed', the
range of the output will
be equal to
[0, -2OBITS-1_1] /2 OFBITS
The number of fractional
bits (OFBITS) is
automatically selected to
cover the maximum
possible output value.
Additional accel_rdivide() Output
Name Description Type Range
dz Optional divide-by-zero flag. A binary value that is set

to '1' if the denominator
is zero.
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rem
Description
Remainder after division
Related MATLAB Functions
rem
Differences with the MATLAB Function
When Y = 0, MATLAB rem(X,Y) = NaN
When Y =0, rem(X,Y) = 0 with “DivZero” output driven to 1
Syntax
AccelDSP rem() Function Call Supported MATLAB Syntax
R =rem(X,Y); R =rem(X)Y);
ParametersParameters
Denominator Quantization
Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = ufixed
ufixed: unsigned fixed-point
mode.

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = ufixed
ufixed: unsigned fixed-point
mode.

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.

Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
AccelWare™ Reference Designs www.xilinx.com 265

Release 10.1.1  April, 2008


http://www.xilinx.com
http://www.mathworks.com/access/helpdesk/help/techdoc/ref/rem.shtml

Chapter 5: Building Blocks

$XILNX®

Denominator Quantization

Name Description Type Range
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Numerator Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5

for the input word(s).
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Implementation Parameters

Name

Description

Type

Range

Implementation

Select the hardware
architecture to create.

CORDIC
Newton-Raphson
Goldschmidt

Bipartite Tables (more)

Linerly Interpolated Lookup
Tables (more)

String

CORDIC | Newton-
Raphson | Goldschmidt
| Bipartite Tables |
Linearly Interpolated
LUT

Default = CORDIC

Speed vs. Area

Speed

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared

/ pipelined

String

{resource shared / non-
pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}

CORDIC Iterations

Selects the number of
CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Positive
Integer

[4 to 32]

Default = [auto]

Iterations

This parameter dictates the
number of iterations to use in
the Newton Raphson or
Goldschmidt algorithm.

Positive
Integer

Range =[1,2 or 3]
Default = [auto]

Init Lut Bits

Specifies the number of MSB
bits to use for the
initialization table when
Newton Raphson or
Goldschmidt
implementations are
specified.

Positive
Integer

Range 2 to 32
Default = [default]
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Implementation Parameters

Name Description Type Range
Bipartite Sections | Bipartite Tables: Specify the | Positive Range = 2 to 32
bit width parameters to use | Integer
for the Bipartite Tables [ A B Default = auto
CJorjust[A]l. When [ABC(C]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.
Address bits Linearly Interpolated LUT: | Positive | Range 2 to 32
max(16, N), where N is the Integer
value required to limit the _
number of address bits to 14. Default = auto
Output bitwidth The number of bits in the Positive | Range 4 to 32
output word(s). Integer
Default = auto
Inputs / Outputs
Input(s)
Name Description Type Range
Sigin_N The numerator of the Real The range of the
division operation. numbers is defined by
the SigIn_N quantizer
settings.
Sigln_D The denominator of the Real The range of the
remainder operation. numbers is defined by
the SigIn_D quantizer
settings.
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Output(s)
Name Description Type Range
SigOut An output stream of Real If either the numerator

numbers that represent the or the denominator is

result of the remainder type 'fixed', the range of

operation. the output will be equal
to
[-20BITS-1,
~DOBITS-1.1] /pOFBITS
However, if both inputs
are type "ufixed’, the
range of the output will
be equal to
[0, _2OBITS-1_1] /2OFBITS
The number of fractional
bits (OFBITS) is
automatically selected to
cover the maximum
possible output value.

DivZero An output stream of Integer Range = [0 to 1]

numbers that will always be

0 unless y is zero, in which

case DivZero = 1.
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Description

Sine Function

Related MATLAB Functions

sin

Differences with the MATLAB Function

1. The inputs must be pre-quantized to the accuracy specified by the input quantizer.

2. The shape of the input is limited to a scalar, vector or 2-D matrix.

Extended Features of accel_sin()

The accel_sin() function provides the same functionality as the sin() function plus the
following extended features:

1. The accel_sin() function can create an optional cos() output with little additional
hardware.

2. The accel_sin() function can specify input units of measure (InputType) in the
following formats:

¢ native
¢ scaled
Syntax

AccelDSP sin() Function Supported MATLAB Syntax

y = sin(x); y = sin(x);

AccelDSP accel_sin() Function Call Notes

y = accel_sin(x); y = sin(x)

[y,z] = accel_sin(x); z = cos(x);
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Parameters
Input Quantization
Name Description Type Range
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
model. Infers that the input Default = fixed
range is -PI to PL
ufixed: unsigned fixed-point
mode. Infers that the input
range is 0 to 2*PL
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
Word Length The number of bits for the String Default = 10
input word.
Fractional Length | The number of fractional bits | String Default =7
for the input word(s).
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Implementation Parameters

Name Description Type Range
Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more)
Linerly Interpolated Lookup Default = CORDIC
Tables (more)
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
.. non-resource shared /
pipelined -
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
InputType Specify the representation of | String {native | scaled}
the input word.
Default = native form
CORDIC Iterations | Selects the number of Integer [4 to 100]

CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto’ uses OBITS to
compute the number of
iterations required to ensure
the maximum error is ~1 LSB

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
CJorjust[A]. When [ABC]
is specified A+B+C must
equal IBITS. If just [A]is
specified B and C will be
selected to minimized the
table sizes.

Range=1to 6

Default = auto

Address bits

Linearly Interpolated LUT:
max(16, N), where N is the
value required to limit the
number of address bits to 14.

Range 1 to 32

Default = auto
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Implementation Parameters
Name Description Type Range
Output bitwidth The number of bits in the Range 4 to 32
output word(s).
Default = auto
Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated LUT
Bipartite Tables (more) Defaul RD
Linerly Interpolated Lookup efault = CORDIC
Tables (more)
Inputs / Outputs
sin() Input
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2x] or [-w to
matrix. nt] depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
accel_sin() Input
Name Description Type Range
X May be a scalar, vector or 2-D | Real Range = [0 to 2nt] or [-% to
matrix. (For InputType = nt] depending on the Sign
native). Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
May be a scalar, vector or 2-D | Positive | Range = [0 to 2IBITS-1] or
matrix. (For InputType = Integer [-21BITS_1  2IBITS-1.1]

scaled).

depending on the Sign
Mode of the Input
Quantizer, 'ufixed' and
'fixed', respectively.
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vector, or 2-D matrix
representing the cosine of the
corresponding input. OBITS
= Output bitwidth.

Name Description Type Range

y May be a scalar, vector, or 2-D | Real Range = [-20BITS1 to
matrix representing the sine
of the corresponding input 20BITS-1 1]/ 2OFBITS
element. OBITS = Output
bitwidth.

Additional accel_sin() Output

Name Description Type Range

z An optional output scalar, Real Range = [-20BITS1 o

DOBITS-1 _1] /2OFBITS
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Description

Returns the square root and an optional inverse square root of the input matrix.

Related MATLAB Functions

sqrt

Differences with the MATLAB Function

In MATLAB, the input <x> is a vector of complex numbers passed to sqrt() in parallel with
the output <y> occurring as a vector of complex numbers in parallel as well. Since this is

not practical in hardware, in the sqrt() function, the input <x> occurs as a serial stream of
IBITS-bit real un-signed numbers and the output <y> occurs as serial stream of OBITS-bit
real un-signed numbers.

Syntax
AccelDSP Function Call Supported MATLAB Syntax
y = sqrt(x); y = sqrt(x);
[y inv_y] = sqrt(x);
Unsupported MATLAB Syntax
Complex and Negative inputs are not supported in this
version due to the complex outputs generated by the sqrt
function.
Parameters
Input Quantization
Name Description Type Range

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
model. Infers that the input Default = fixed
range is -PI to PL.
ufixed: unsigned fixed-point
mode. Infers that the input
range is 0 to 2*PL.

Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
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Input Quantization

Name Description Type Range

Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.

Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap

Word Length The number of bits for the String Default = 10
input word(s).

Implementation Parameters

Name Description Type Range

Implementation Select the hardware String CORDIC | Bipartite
architecture to create. Tables | Linearly
CORDIC Interpolated }I:UT ||

. . Newton-Raphson

Bipartite Tables (more) Newton-Raphson with
Linerly Interpolated Lookup Inverse
Tables (more)
Newton-Raphson Default = CORDIC
Newton-Raphson with
Inverse

Speed vs. Area Speed String {resource shared / non-

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared
/ pipelined

pipelined |

resource shared /
pipelined |
non-resource shared /

pipelined}
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Implementation Parameters

Name

Description

Type

Range

CORDIC Iterations

Selects the number of
CORDIC iterations to
perform. ‘auto’ can be used
to automatically select the
number of iterations to
perform. ‘auto’ uses the
Output bitwidth to compute
the number of iterations
required to ensure the
maximum error is ~1 LSB

Integer

[4 to 32]

Default = [auto]

Bipartite Sections

Bipartite Tables: Specify the
bit width parameters to use
for the Bipartite Tables [ A B
C]Jorjust[A]l. When [ABC]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.

Range=2to5

Default = auto

Address bits

Linearly Interpolated LUT:
max(16, N), where N is the
value required to limit the
number of address bits to 14.

Range 2 to 32

Default = auto

Iterations

This parameter dictates the
number of iterations to use in
the Newton Raphson
algorithm.

Positive
Integer

Range =[1,2 or 3]
Default = [auto]

Output bitwidth

The number of bits in the
output word(s).

Range 4 to 31

Default = auto

Inputs / Outputs

Input(s)

Name

Description

Type

Range

X

May be a scalar, vector or 2-D
matrix. Each element is
IBITS-bits wide.

Positive
Integer

Range = [0 to 21BITS _1]

/2IFBITS
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Output(s)

Name Description Type Range

y A scalar, vector or 2-D matrix | Real Range = [0 to 20BITS _1]
with each element
representing the sqrt(x) of the /20FBITS
corresponding element in the
input. Each element is
OBITS-bits wide.

inv_y An optional output Real Range = [0 to 20BITS _1]

representing the 1/sqrt(x) of
each element in the input.
Each output element is
OBITS-bits wide.

/2OFBITS
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Description

Standard Deviation

Related MATLAB Functions
std

Differences with the MATLAB Function

In MATLAB, the length of <x> may vary from call to call. This std() function requires the
length of <x> to be constant from call to call. The function can be created with a known
mean value on the input sequence, which significantly reduces the complexity of the
hardware. Finally, the function can output the variance of <x> at no additional cost.

Syntax
AccelDSP Function Call Supported MATLAB Syntax
y = std(x); y = std(x);
[yz] = std(x,flag,dim); z = var(x);
y = std(x,flag,dim);
Parameters
Input Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
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the mean(x), no hardware
will be implemented to
compute the mean value.
Instead, the value supplied
will be directly substituted
into the std equation.

Hardware will be used to
calculate the mean if this
parameter is set to
“Computed”.

Input Quantization
Name Description Type Range
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
Implementation Parameters
Name Description Type Range
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
S resource shared / non-
pipelined .
pipelined}
fastest = non-resource shared
/ pipelined
Default = {resource
Area ..
shared / non-pipelined}
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
N (2:65000) Length of the input vector. Positive | Range = [2 to 65000]
Integer Default = 16
Flag (0:1) Sets the normalization factor | Binary Range=0 |1
to use. '0' causes the value to Default = 0
be normalized by N-1, while
'1l' causes the value to be
normalized by N.
Output bitwidth Number of bits used to Positive | Range = [4 to 32]
represent the output y and z. | Integer Default = auto
Mean If a number is supplied for Real Default = Computed
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std

Implementation Parameters

Name

Description

Type

Range

Data I/O Format

Scalar, one sample at a time;
Array, N array of samples ata
time. 'Array'is typically used
when var is embedded in a
design.

String

Range = Scalar | Array
Default = Scalar

IncludeVar

A var(x) output can be
created with no additional
hardware.

String

Range =yes | no
Default = no

Inputs / Outputs

Input(s)

Name

Description

Type

Range

X

An input stream of vectors to
compute the standard
deviation. Each element in
the vector is IBITS-bits wide
with IFBITS-bits representing
the fractional part.

Real

Range = [0 to 2IBITS -1]

/2IFBITS

Output(s)

Name

Description

Type

Range

y

An output stream of
numbers each OBITS-bits
wide with OFBITS-bits
representing the fractional
part. OFBITS is automatically
selected.

Real

Range = [0 to 20BITS 1]

/2OFBITS

An optional output stream of
numbers each OBITS-bits
wide with OFBITS-bits
representing the fractional
part. OFBITS is automatically
selected.

Real

Range = [0 to 20BITS 1]

/2OFBITS
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tan
Description
Tangent Function
Related MATLAB Functions
tan
Differences with the MATLAB Function
1. The inputs must be pre-quantized to the accuracy specified by the Input Bit Width.
2. The shape of the input is limited to a scalar, vector or 2-D matrix.
Extended Features of accel_sin()
The accel_tan() function provides the same functionality as the tan() function plus the
following extended features:
1. The accel_tan() function allows you to manually set the Input Bit Width.
Syntax
AccelDSP tan() Function Call Supported MATLAB Syntax
y = tan(x); y = tan(x);
AccelDSP accel_tan() Function Call Notes
y = accel_tan(x); y = tan(x)
Parameters
Functional Parameters
Name Description Type Range
Input Bit Width The number of bits for the String Range [4 to 24]
input word.
Default = 10
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Implementation Parameters
Name Description Type Range
Implementation Select the hardware String { Bipartite Tables |
architecture to create. Linearly Interpolated
Bipartite Tables (more) LUT}
Linerly Interpolated Lookup
Tables (more) Default = Bipartite
Tables
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined re.sotll.rcedshared /
faster = resource shared / pipelined |
R non-resource shared /
pipelined .1
pipelined}
fastest = non-resource shared
/ pipelined
Area
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
Bipartite Sections Bipartite Tables: Specify the | String Range=1to5
bit width parameters to use
for the Bipartite Tables [ A B Default = auto
C]Jorjust[A]l. When [ABC(]
is specified A+B+C must
equal IBITS. Ifjust[A]is
specified B and C will be
selected to minimized the
table sizes.
Address bits Linearly Interpolated LUT: | String Range 1 to 10
max(16, N), where N is the
value required to limit the _
number of address bits to 14. Default = auto
Output bitwidth The number of bits in the String Range 4 to 32
output word(s).
Default = auto
Implementation Select the hardware String { Bipartite Tables |
architecture to create. Linearly Interpolated
Bipartite Tables (more) LUT}
Linerly Interpolated Lookup
Tables (more) Default = Bipartite
Tables
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Inputs / Outputs

Input(s)

Name Description Type Range

X May be a scalar, vector or 2-D | Real
matrix.

Output(s)

Name Description Type Range

y May be a scalar, vector, or 2-D | Real Range = [-20BITS1 to
matrix representing the sine
of the corresponding input 20BITS-1 1] /2OFBITS
element. OBITS = Output
bitwidth.

284 www.xilinx.com AccelWare™ Reference Designs

Release 10.1.1  April, 2008


http://www.xilinx.com

$7XILNX®

times/accel_complex_times

times/accel_complex_times

Description

Return the result of element-by-element multiplication.

Related MATLAB Functions

times
Syntax
AccelDSP mtimes() Function ST R
Syntax
C = times(A,B); C = times(A,B);
AccelDSP accel_complex_mtimes() Function Call Notes
[C_real,C_imag] =
accel_complex_times(A_real, A_imag,B_real,B_imag);
Parameters
Implementation Parameters
Name Description Type Range
Implementation Select the hardware String { vector-vector | vector-
architecture to create. scalar | scalar-vectorT}
Default = vector-vector
Speed vs. Area Speed String {resource shared / non-

fast = resource shared / non-
pipelined

faster = resource shared /
pipelined

fastest = non-resource shared
/ pipelined

Area

smallest = resource shared /
non-pipelined

smaller = resource shared /
pipelined

small = non-resource shared
/ pipelined

pipelined |

resource shared /
pipelined |
non-resource shared /
pipelined}
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Inputs / Outputs

times() Inputs

multiplication.

Name Description Type Range
A May be a scalar, vector or 2-D | Real
matrix.
B May be a scalar, vector or 2-D | Real
matrix.
accel_complex_times() Inputs
Name Description Type Range
A_real May be a scalar, vector or 2-D | Real
matrix.
A_imag May be a scalar, vector or 2-D | Real
matrix.
B_real May be a scalar, vector or 2-D | Real
matrix.
B_imag May be a scalar, vector or 2-D | Real
matrix.
times() Output
Name Description Type Range
C Result of matrix Real
multiplication.
accel_complex_times() Outputs
Name Description Type Range
C_real Result of matrix Real
multiplication.
C_imag Result of matrix Real
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var

Description

Variance

Related MATLAB Functions

var

Differences with the MATLAB Function

In MATLAB, the length of <x> may vary from call to call. This var() function requires the
length of <x> to be constant from call to call. The function can be created with a known
mean value on the input sequence, which significantly reduces the complexity of the

hardware.

Syntax
AccelDSP Function Call Supported MATLAB Syntax
y = var(x,flag); y = var(x);
y = var(x,w,dim); y = var(x,w,dim);
Parameters
Input Quantization
Name Description Type Range
Sign Mode fixed: signed fixed-point String Mode = fixed | ufixed
mode Default = fixed
ufixed: unsigned fixed-point
mode.
Round Mode floor: round both positive String RoundMode = [floor |
and negative number toward round]
positive infinity Default = floor
round: round to the nearest
allowable quantized value.
Numbers that are halfway
between the two nearest
allowable quantized values
are rounded up.
Overflow Mode wrap: wrap on overflow. String OverflowMode = [wrap
saturate: saturate a | saturate]
maximum value on overflow. Default = wrap
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Input Quantization
Name Description Type Range
Word Length The number of bits for the String Default = 10
input word(s).
Fractional Length | The number of fractional bits | String Default =5
for the input word(s).
Implementation Parameters
Name Description Type Range
Speed vs. Area Speed String {resource shared / non-
fast = resource shared / non- pipelined |
pipelined resource shared /
faster = resource shared / pipelined |
S non-resource shared /
pipelined o
pipelined}
fastest = non-resource shared
/ pipelined
Default = {resource
Area ..
shared / non-pipelined}
smallest = resource shared /
non-pipelined
smaller = resource shared /
pipelined
small = non-resource shared
/ pipelined
N (2:65000) Length of the input vector. Positive | Range = [2 to 65000]
Integer Default = 16
Flag (0:1) Sets the normalization factor | Binary Range=0 |1
to use. '0' causes the value to Default = 0
be normalized by N-1, while
'1l' causes the value to be
normalized by N.
Output bitwidth Number of bits used to Positive | Range = [4 to 32]
represent the output y. Integer Default = auto
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var

Implementation Parameters

Name

Description

Type

Range

Mean

If a number is supplied for
the mean(x), no hardware
will be implemented to
compute the mean value.
Instead, the value supplied
will be directly substituted
into the var equation.

Hardware will be used to
calculate the mean if this
parameter is set to
“Computed”.

Real

Default = Computed

Data I/0O Format

Scalar, one sample at a time;
Array, N array of samplesata
time. 'Array' is typically used
when var is embedded in a
design.

String

Range = Scalar | Array
Default = Scalar

Inputs / Outputs

Input(s)

Name

Description

Type

Range

X

An input stream of vectors to
compute the variance. Each
element in the vector is
IBITS-bits wide with IFBITS-
bits representing the
fractional part.

Real

Range = [0 to 21BITS _1]

/2IFBITS

Output(s)

Name

Description

Type

Range

y

An output stream of
numbers each OBITS-bits
wide with OFBITS-bits
representing the fractional
part. OFBITS is automatically
selected.

Real

Range = [0 to 20BITS 1]

/OFBITS

An optional output stream of
numbers each OBITS-bits
wide with OFBITS-bits
representing the fractional
part. OFBITS is automatically
selected.

Real

Range = [0 to 20BITS _1]

/OFBITS
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