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Ag enda What is a Polyphase Channelizer?
New AMD Vitis™ Libraries IPs for Building Channelizers!

Example Channelizer with 4,096 Channels @ 2 GSPS on
AIE-ML Using the New IPs

Current Availability of newly introduced IPs and Design
Example
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AMD Vitis™ Libraries has Two New IPs for Building Channelizers

[EEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES. VOL. 51. NO. 4, APRIL 2003 1395

Polyphase Channelizer

on AMD AIE-ML Digital Receivers and Transmitters Using Polyphase A’
Filter Banks for Wireless Communications AMD Vitis Librari
; S Libraries
SyStem Req ut rement Fredric J. Harris, Fellow, IEEE. Chris Dick, Member IEEE. and Michael Rice, Senior Member IEEE
: ( ) [ : Has two new IPs
Sampling Rate (Fs) 2000 MSPS il
# of Channels (M) 4096 | T | To build Channelizer
# of Taps per Channel (K) 36 «  Time-Division
Input Datatype cint16 — —_ TR {AELN Multiplexing_
o ™ B (TDM) FIR filter
Output Datatype cint32 — \1 5
;ij « 2D FFT/IFFT
Filterbank Coefficient :
T INt32 .
ype ] i e 2l
Low Pass IFFT
Filter
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AMD Vitis™ Libraries

AMD Vitis™ Libraries comes in various formats

AMD Versal™ Al Engine Only Vitis Subsystem (VSS) [Al Engine + PL]
« Time-Division Multiplexing (TDM) FIR filter « 2D FFT/IFFT

64-Point

IFFT +
Point-Wise

Twiddle

TDM
Filter

Front T Back
Transpose [2NSDOSE Transpose

PL PL
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What is the AMD Versal™ Al Engine DSP Library?

Configurable library of
kernels that can be
used to develop
applications on AMD
Versal Al Engines

Open-source library
for DSP applications

Kernels can be
combined to construct
graphs for developing

complex designs

Example design is
also provided with
this library

Kernels are coded
using Versal Al Engine
APIs in C++ to give
access to Al Engine
vector processing
capabilities

IP is instantiated &
configured using its
L2 graph
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Scope of AMD Versal™ Al Engine DSP/Solver Libraries

.
& Cagy
s Soe
5 PPy
L]

Five Algorithm
Categories

e intl6
e int32

:_:. Vs 0, R
| - cinti6
Various . i
+ « float
Algebra * bfloatl6
Solving Linear
Systems
SIMD Compute
VECTORIZED Kernels

Al Engine

DSP/
Solver
Libraries

BLAS
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[Public]

TDM FIR Parameters

TT_DATA intl6,cintl16,int32,cint32,float,cfloat
TT_COEFF intl6,cint16,int32,cint32,float,cfloat
TT OUT DATA Optional parameter to specify a Qifferent

- - datatype for output compared to input
TP_FIR_LEN Number of taps in the filter
TP_SHIFT Must be in the range of 0 to 61
TP_RND Selection of rounding method
TP_SAT Selection of saturation method

TP_TDM_CHANNELS

Number of TDM channel processed by the FIR

TP_INPUT_WINDOW_VSIZE

Number of samples processed in a single graph
iteration. Must be a multiple of TDM channels

TP_NUM_OUTPUTS

Number of ports to broadcast the output,
currently restricted to 1

Allows 2 stream inputs to be used, increasing

TP_DUAL_IP ) - ;

- - available bandwidth, currently restricted to 1
TP_SSR Number of interleaved parallel 1/O paths
TP_CASC_LEN Divide requested TP_FIR_LEN among

cascaded kernels
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[Public]

2D FFT/IFFT Parameters
GraphEntry  xf::dsp::aie::fft:ivss 1d:ivss fft_ifft_1d graph

TP_FFT_NIFFT Transform to perform FFT (0) or IFFT (1)
TP_API Select window (0) or stream (1) interfaces
TP_SHIFT Must be in the range of 0 to 61

TP_RND Selection of rounding method

TP_SAT Selection of saturation method
TP_TWIDDLE_MODE Magnitude of integer twiddle

Number of samples in the transform. This must
TP_POINT_SIZE be 2"N where N is an integer in the range *
4 t0 16 inclusive

Describe N where 2N is the number of
subframe processors, to achieve higher
throughput

TP_SSR
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Building a Polyphase
Channelizer using the New IPs
Channels @ 2GSPS,
tl,ng AMD Versal ™ AIE ML



Overview of System Partitioning Methodology

» Analyze algorithm characteristics
* Analyze system requirements
» Analyze hardware requirements

Requirements
Gathering

* Assess suitability of AMD Versal™ Al Engine processing
* Partition algorithms to Al Engine, PL, PS
* Identify system data flow

Solution
Synthesis

« Algorithm vectorization for Al Engine subsystems
* Prototyping of Al Engine subsystems Partitioning
« Prototyping of PL subsystems Validation
* Power analysis using PDM
* Traffic generator analysis

Iterate to System Feasibility

Iterate to
System
Feasibility

* Device selection & speed grade confirmed

« Initial definition of required custom platform
 Data flow template model of Al Engine subsystems
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System Mapping Objectives

' Understanding the number b
ata types

of AMD Versal™ Al Engine Sampling rate
tiles required based on Algorithm

compute
AMD Versal™ Refer:
Al Engine p N
KERNEL @@ Buffer size
S Memory requirements such as g;"_tsstypes
local memory and non- Stack size
neighboring tile memory DMA FIFOs
Memory tile (AIE-ML)

( )

Number of PLIO

Understanding the number of ports

ports required for the design PL clock
Buffer/stream
interface

(. . J/

AMD Versal AIE-ML
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https://docs.xilinx.com/r/en-US/am009-versal-ai-engine/Functional-Overview

System Partitioning: Filterbank — Compute

Number of Bits per
Precision 1 Precision 2 Accumulator Accumulator

Sampling Rate (Fs) 2,000 MSPS Lanes Lane
int32 cintl6 8 64 8

Number of
MACs

# of Channels (M) 4096
# of Taps per Channel (K) 36
Input Datatype cintle

Output Datatype cint32 Compute

Filterbank Coefficient Type int32 Compute Capability based on data type

Tile compute capacity

Per channel compute

Compute need for all channels

# Tiles based on compute requirement

AMDZU
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System Partitioning: Filterbank — Storage and Bandwidth

Sampling Rate (Fs) 2000 MSPS
# of Channels (M) 4096

# of Taps per Channel (K) 36
Input Datatype cintle
Output Datatype cint32
Filterbank Coefficient Type int32

15

Storage

System Requirement

AMD Versal™ AIE-ML Local Tile Memory

Coefficients Type

Coefficient Size

Total Coefficients

_ Data Type
Data Size
State History

Total Memory Size (Coeff + Data)

# Tiles Based on Storage Requirement

Bandwidth

Device Capability of One Port
# Input Ports (cintl6 @ 2 GSPS)

# Output Ports (cint32 @ 2GSPS)
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System Partitioning: Filterbank - Summary

Compute

# Tiles Based on Compute Requirement

Storage

Total Memory Size (Coeff + Data)
# Tiles Based on Storage Requirement

Bandwidth

# Input Ports (cintl6 @ 2 GSPS)
# Output Ports (cint32 @ 2GSPS)

AMDZU
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How to Configure TDM FIR to Achieve System Partitioning Targets?

Algorithm Requirements

TP SHIFT
TP _RND
TP _NUM CUTPUTS
TP _DUAL IP
SAT = 1; From
SSR : System Storage-
_INPUT WINDOW VSIZE = : Mapping Bound

TP _CASC_LEN

SE_bEmeh S = Analysis

::fir::tdm::fir tdm graph<TT DATA,TT COEFF,TP_FIR LEN,TP SHIFT,TP RND,TP INPUT WINDOW VSIZE,
caec 1z

TP TDM CHANWELS,TPF NUM COUTPUTS, TP DUAL IP,TP SSR,TP SAT, TP CASC LEN,TT OUT DATA>;
IT FIR tdmfir;

std::array< port< input>,TF S5E> =i
=i

std::array<port< output>,TF S5E> g

—onstructor:
firkank graph( std::vector<typename firkbank graph::TT CCEFF> TRPS INIT 0 ) : tdmfir(TRAPS INIT 0)
i
for (unsigned ii=0; ii <« TP _SS5R; ii++) {
connect<>( =2ig i[ii], tdmfir.im[ii] }:
connect<>( tdmfir.owt[ii], =ig_o[ii] )=
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[Public]

Filterbank Prototyping — Resource Usage

i \
s H Il / Key Finding:
2 e e s s / \[ | - State history of
T 4| TDMFIR stored
dea|Vicd W ca Wi Ui 5 - with input window
I I ﬁ~ qz £ 7&' ; | (double-buffered)
L w4
.
| | |
R =SE=lES S5 SESESES E
. e . . -0 g AMDZ1
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Filterbank Prototyping — Throughput

Throughput = 4,096/1.253 = 3,270 MSPS >> 2,000 MSPS

MAME
% Uutputs
~Memaory Tile(31,1)
e DIMA
» Memory Conflicts
» Locks
~wr Metwork
» Inputs
~Outputs
~ net3d
04:5_MEMTILE_NORTH_ch3_C31_R1
05:M_MEMTILE_SOUTH_ch3_C31_R1
06:5_MEMTILE_NORTH_ch3_C31_R0
07:M_MEMTILE_SOUTH_ch3_C31_RO
08:5_SHIM_NORTH_ch3_C31
09:M_SHIM_SOUTH_ch0_C31
wInterface Tile(31)
~w Network
~wInputs

19

VALUE

|2 .0e0eed us .

I4.EIBE-BBEI us |

IE .0eooed us .

IB.EIBE

EERRNENE

EEERENE

1 L o I
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Filterbank Optimization — Trade-Off Throughput for Storage

— « Use single_buffer on input connection
— + Place each tile’s storage locally
This will come at the expense of throughput

System Baseline Optimized
Mapping Design Design
Analysis

Throughput = 2,200 MSPS

AMDZU
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Prototyping 2D IFFT IP to Assess Required # Instances

Algorithm requirements

Benchmark and measure
performance

Al Engine

64-Point
IFFT +

Point-Wise
Twiddle

rray< po
BITay<port<

. ifft_1d_graph<IT_DATA,TT )DLE, TP_POINT_SIZE,TP_FFI_NIFFT

2d.front i[ff] }:

"':_—,r_,_c.[ff] ) ; Group front IFFT and point-wise
-back 1[ff] ); twiddle multiplication into single tile

AMDZU
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Prototyping 2D IFFT to Assess Required # Instances

Using SSR=1, we achieve

Front IFFT + Point-Wise Twiddle Back IFFT

Requires 5 instances to meet requirement Requires 4 instances to meet requirement

IP is restricted to have a common # instances SSR=5 should achieve our throughput
for front and back via SSR parameter requirement

AMDZU
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Configure 2D IFFT IP to Achieve 2,000 MSPS

Achieve throughput:

SSR=5 should be enough to meet throughput Using SSR=8 simplifies the mapping of

Filterbank to IFFT
No state machine is required

Al Engine

it

=t

64-Point
IFFT + 64-Point
Point-Wise
Twiddle

it T

itd: jarray< port< input>, TP
d:array<port< output>,TP 55T
d::array<port< output>,TP 55E>

TR TR oM m

n=ing TT 20 IFFT = =zf::dsp::aie:: tiivss ld::vss fft ifft 1d graph<TT DATA,TT TWIDDLE,

AMDZU
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Architecting a High-Throughput IFFT — Implementation with SSR=8

Al Engine Resource Utilization

Front IFFT Throughput = 4,096/1.164 =_ Tiles used for Al Engine Kernels: 16 of 304 (5.26 %)
2401304 (7.89 %)

Tiles used for Buffers:
Memory Tiles used for Shared Buffers: 0 of 76 (0.00 %)
Tiles used for Stream Interconnect: 139 of 381 (36.48 %)

Back IFFT Throughput - 4,096/973 :_ Interface Channels used for ADF Input/Output: 32 (PLIO: 32)

Interface Channels used for Trace data: 0

NAME VALUE 6.000060 us 8.000080 us 10.600600 us |12 .BBE!BIJE! us

» Inputs
~Dutputs
~net36
52:5_MEMTILE_MORTH_ch0_C15_R1
53:M_MEMTILE_SOUTH_ch0_C15_R1
54:5 MEMTILE_NORTH_ch0_C15_RO
55:M_MEMTILE_SOUTH_ch0_C15_RO
56:5_SHIM_NORTH_ch0_C15
57:M_SHIM_SOUTH_ch0_C15
~net37
54:5_ MEMTILE_NORTH_ch1_C15_R1
55:M_MEMTILE_SOUTH_ch1_C15_R1
56:5_MEMTILE_NORTH_ch1_C15_RO
57:M_MEMTILE_SOUTH_ch1_C15_RO
58:5_SHIM_NORTH_ch1_C15
59:M_SHIM_SOUTH_ch5_C15
~net3g

il
1 it
il
i
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Heterogeneous Compute: Using PL for Sample-Oriented

Processing

Configure 2D IFFT HLS IP

SSR=8 (matches Al Engine configuration)
POINT_SIZE = 4096 (matches Al Engine configuration)
<dsp_1ib>/L1/src/hw/ifft_front_transpose (1)
<dsp_1ib>/L1/src/hw/ifft_transpose (2)
<dsp_1ib>/L1/src/hw/ifft_back transpose (3)

64-Point
IFFT +
Point-Wise
Twiddle

AMDZU
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Channelizer — Complete System Diagram

Design Summary

- TDM FIR uses 32 AMD Versal™
Al Engine tiles with 32 1/0
streams

Al Engine 32
- 2D IFFT implemented uses a PL

mixture of AIE and PL resources,
with 8 1/O streams

« Split/collect streams

implemented to manage
connectivity between IP blocks

-
7 ]

Front
Transpose

e
F fa]
r O

Middle
Transpose

A8

Back
Transpose
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[Public]

Channelizer Integration through Vitis™ Tool Flow for Versal™ Devices
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Channelizer 4K Channels @ 2 GSPS on AIE-ML — Implementation

Al Engine Implementation

i Al Engine Resource Utilization E_ :
""" Tiles used for Al Engine Kernels: AR of 304 (15.79 %) N
Tiles used for Buffars: 56 of 304 (18.42 W) 2
Memory Tiles used for Shared Buffers: 0 of 76 (0.00 %)
Tiles used for Stream Interconnect: 173 of 381 (45.41 %)
Interface Channels used for ADF Input/Output: 96 ( PLIO: 96 )
Interface Channels used for Trace data: 0

b

1041408

600

URAM 264
1o 336 530
MMCM 2 9

Utilization % Design Timing Summary

Pulse Width

rst Megativ

Total Megat 2k 0.000 ns Total Hold S 0.000 ns

All user specified timing constraints are met.

MNurmber of Failing Endpoints: 0 Number of Failing Endpoints Mumber of Failing Endpoints:
Total Humber of Endpeints: 454869 Total Mumber of Endpoints: Total Mumber of Endpoints:

0,016 ns
0,000 ns
0

164582

AMDZU
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Simulating the Complete Design in hw_emu

- Design is functionally correct
- Achieves target throughput

ss: 16360 Gld: 33432 40 Act: 33423 44 Err: 9 4

s5: 16361 Gld: -10932 9781 Act: -10936 9787 Err: 4 6
ss: 16362 Gld: 29444 12737 Act: 29439 12749 Err: 5 12
ss: 16363 Gld: 15054 -2322 Act: 15051 -2331 Err: 3 9
ss: 16364 Gld: 2330 16325 Act: 2338 16329 Err: 8 4
ss: 16365 Gld: 216 1721 Act: 221 1711 Err: 5 18

ss: 16366 Gld: -3708 18999 Act: -3708 18992 Err: 0 7
ss: 16367 Gld: -10300 8012 Act: -10386 8014 Err: 6 2
ss: 16368 Gld: -6638 5957 Act: -6638 5953 Err: @ 4

55: 16369 Gld: 4170 -674 Act: 4168 -664 Err: 2 10

ss: 16370 Gld: 8899 1897 Act: 8914 1899 Err: 15 2

ss: 16371 Gld: 9511 18887 Act: 9510 18085 Err: 1 2

ss: 16372 Gld: 12576 -5810 Act: 12576 -5887 Err: 0 3
ss: 163732 Gld: 28733 -1254 Act: 28727 -1259 Err: 6 5
55: 16374 Gld: 16177 -20661 Act: 16174 -20656 Err: 32 5
ss: 16375 Gld: -7603 -1098 Act: -7610 -1097 Err: 7 1
ss: 16376 Gld: 4252 19809 Act: 4252 19015 Err: 8 6

55: 16377 Gld: 20743 14211 Act: 20739 14216 Err: 4 5
ss: 16378 Gld: 18148 18240 Act: 18151 18239 Err: 3 1
ss: 16379 Gld: -8065 6295 Act: -8871 6292 Err: 6 3

s5: 16380 Gld: 17064 -10287 Act: 17056 -18290 Err: 8 3
ss: 16381 Gld: 2061 17956 Act: 2073 17968 Err: 12 12
55: 16382 Gld: 10278 34560 Act: 10266 34561 Err: 4 1
ss: 16383 Gld: -12794 5457 Act: -12788 5453 Err: 6 4
Level: 16384

Max Error: 25

Cycle count: 17104
Approx Throughput: 19158.1 MB/sec
Approx Throughput: 2394.76 Msps

--- PASSED ---

29

~ W Data Transfers
» I sig_i_0
> Fsig il
> Fsig i 2
» Ik sig_i_3
> [k sig o
v W Kernel "chann...rapper" 1:1:
~ M Compute Unit: dma_snk

~ T Data Transfers
> |F m_axi_gmem
> Ik sig i 0
> Fsigil
» Ik sigi 2
> Ik sig_i 3
~ W kKernel "ifft_b... wrapper" 1:1:

~ W Compute Uni..._transpos

~ W Data Transfers

000,000
000,000
000,000
000,000
fff fff

000,000
000,000
000,000
000,000

119, 700000 us

|120.GGGGGG us
L

|130.GGGGGG u
L

|14G.GGGGGG us
L

wWrite

0ea, 0e8
000, 060

—
000, 0e

0ea, 0e8

=7 -10.000000 us -5.000000 us |0, 000000 us 5. 000000 us 10.000000 us 15,
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Channelizer 4K Channels @ 2 GSPS on AMD Versal™ AIE-ML — Hardware Setup

Build the Project — Generate PDI

make clean all TARGET=hw

Flash Program

SD Card Image: channelizer/package/sd_card.img

Use PUTTY: Connect to VEK280 board using USB serial port
Use 115200

AMD Versal™ Al Edge Series VEK280 Evaluation Kit Board
Settings:

Set the switches on the board to boot using sd_card as shown in
red, then flip the switch shown in yellow to turn on the board

30

<

a
Vi wor \L \¢
D

i l.'l'.ll‘ﬂ'.'ll"ll.llﬂll'!ﬂlllllllIl"llllﬂ"ullulqulunm

VEK280

AMDZU
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embedded_exec.sh

Channelizer 4K Channels @ 2 GSPS on AMD Versal™ AIE-ML — Hardware run

. sz: le3e0 Gld: 33432 40 Act: 33423 44 Err: 9 4
VEK280 Board Power ON and run the d95|gn ss: 16361 Gld: -10932 9781 Act: —10936 9787 Err: 4 6
ss: 16362 Gld: 29444 12737 Act: 29439 12749 Err: 5 12
ss: 16363 Gld: 15054 -2322 Act: 15051 -2331 Err: 3 9
ss: 16364 Gld: 2 25 RAct: 2338 16329 :

2 T2 : 221 1711 Err: 5 10
33: lo3co 1d: -3708 18559 Act: -3703 18%%2 Err 7

$ username: petalinux ssi 16365 Gld: 216 1721 Ac
$ password: petalinux ss: 16367 G

: 1d: -6638 5957 RQct: -6638 5953 Err: O
$ sudo su - root ss: 16369 Gld: 4170 -674 Rct: 4168 -664 Err: 2 10
: 16370 Gld: 8899 1897 HAct: 8914 18998 Err: 15 2
Enter Password as petalinux o leil ciah oe11 1mos7 mer seio 1s08c Eerr 1 s
ss: 16372 Gld: 12576 -5810 HAct: 12576 -5807 Err: 0 3
ss: 16373 Gld: 28733 -1254 RAct: 28727 -1259 Err: 6 5
$ cd /run/media/mmcblkOpl/ ss: 16374 Gld: 16177 -20661 RAct: 16174 -20656 Err: 3 5
ss: 16375 Gld: -T7e03 -10%8 &Aect: -7610 -10%7 Err: T 1
$ ./embedded exec.sh a.xclbin ss: 16376 Gld: 4252 1900% RAect: 4252 19015 Err: O &
— ss: 16377 Gld: 20743 14211 Act: 20739 14216 Err: 4 5
ss: 16378 Gld: 18148 18240 Act: 18151 18239 Err: 3 1
ss: 16379 Gld: -8065 6285 Act: -8071 €292 Err: 6 3
e This shall execute APIs existing in hOSt.Cpp ss: 16380 Gld: 17064 -10287 BRAct: 17056 -102%0 Err: § 3
ss: 16381 Gld: 2061 17956 BRAct: 2073 17968 Err: 12 12
* Measure throughput ss: 16382 Gld: 10270 34560 Act: 10266 34561 Err: 4 1
16383 Glo Bct: -12788 5453 Err: 6 4

« Confirms completion of execution on hardware with a 37 16383 Gidi —127es essT A
“PASSED” message Max Error: 25

Cycle count: 16912

Lpprox Throughp
Approx Throughm

: 2421.95 Msps

—-—— PASSED —-—-

AMDA1
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How Do | Get Access to New AMD Vitis™ Library IPs for
Building Channelizers?

TDM FIR General Avallability (GA) in 2024.2 (November)
2D FFT/IFFT Early Access (EA) in 2024.2 (November)

Example design will be uploaded as a GitHub tutorial in
2024.2

AMDZU
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Summary

Polyphase channelizers are important designs in several
signal processing market segments

AMD Vitis™ Libraries now deliver new IPs for rapid
construction & delivery of high-performance channelizers

Parameterized to support a broad scope of system scenarios
Target AMD Versal™ AIE or AIE-ML devices
Delivered & packaged as new “AlE + PL” Vitis subsystems (VSS)

Example 4K channel @ 2 GSPS design on AMD Versal™
AlE-ML

Discussion on current availability of newly introduced IP
blocks and design example

AMDZU
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DISCLAIMER AND ATTRIBUTIONS

The information contained herein is for informational purposes only and is subject to change without notice. While every precaution has been taken in the preparation of this document, it may
contain technical inaccuracies, omissions and typographical errors, and AMD is under no obligation to update or otherwise carrect this information. Advanced Micro Devices, Inc. makes no
representations or warranties with respect to the accuracy or completeness of the contents of this document, and assumes no liability of any kind, including the implied warranties of
noninfringement, merchantability or fitness for particular purposes, with respect to the operation or use of AMD hardware, software or other products described herein. No license, including
implied or arising by estoppel, to any intellectual property rights is granted by this document. Terms and limitations applicable to the purchase or use of AMD products are as set forthin a
signed agreement between the parties orin AMD's Standard Terms and Conditions of Sale. GD-18u.

©2024 Advanced Micro Devices, Inc. Allrights reserved. AMD, the AMD Arrow logo, Versal, Vitis, and combinations thereof are trademarks of Advanced Micro Devices, Inc. Linux® is the
registered trademark of Linus Torvalds in the U.S. and other countries. Other product names used in this publication are for identification purposes only and may be trademarks of their

respective owners. Certain AMD technologies may require third-party enablement or activation. Supported features may vary by operating system. Please confirm with the system
manufacturer for specific features. No technology or product can be completely secure.
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