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Project, feasibility studies
H2020 OPERA Project has received funding from the European Union's H2020 research and

innovation program under grant agreement N°821969
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DEFENCE AND SPACE

Digital Signal Processing Algorithms Flow with HDL Coder

ENTITY IFFT IS

) PORT( clk H IN std_logic
T 1 1 reset : IN std_logic
z p| dataln dataOut » —@ clk_enable : IN  std_logic
In1 IFFT Outl Inl_re : IN std_logic_vector(15 DOWNTO G);
Delay HDL Optimized Celay2 Ini_im : IN std_logic_vector(15 DOWNTO 0);
Latency = 57 Valid_In : IN std_logic
1 . . | ce_out H ouT std_logic;
(2 )—» 7' |—»|wlidn validOut b—p 27 —»( 2 ) outi_re ©  OUT  std_logic. vector(15 DOWNTO 0);
Va1'|j_|n Uglid_Dut Outl_im : ouT std_logic_vector(15 DOWNTO @);
Delay1 Delay3 Valid_oOut : 0T std_logis
IFFT Vi
HDL Optimized END IFFT;

HDL Coder and the HDL Workflow Advisor

Workflow:
* User inputs: Simulink model -
* Auto-Generated VHDL code / » Nanoxplore's Impulse Synthesis,

« Auto-Generated testbench plus Place and Route

stimuli vectors for RTL simulations Netlist simulations
AIRBUS
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FFT240 desigh model

[ Airbus Amber ]
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User inputs: Simulink model
Auto-Generated VHDL code
Auto-Generated testbench plus
stimuli vectors for RTL simulations
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Nanoxplore's Impulse Synthesis,
Place and Route
Netlist simulations
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FFT240 design requirements

Required : 180 MHz

NxMap 22.2.0.4 fft240, no constraints

Ressource total
4-LUT

DFF 505344
126336

Carry
RFB
DSP
BRAM

clk (post syn) in MHz
clk (post rout) in MHz

505344

abs

relative
2988 0.59%
5807 1.15%
1374 1.09%
64 2.43%
22 1.64%
20 2.98%
213,995
131,199

fft240, floorplanning,
not timing driven

abs relative

7959 1.57%
7078 1.40%
1120 0.89%
0 0.00%
31 2.31%
24 3.57%

206,954

178,285

fft240, floorplanning,
timing driven

abs relative

7959 1.57%
7079 1.40%
1120 0.89%
0 0.00%
31 2.31%
24 3.57%

206,954

183,993

AIRBUS
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Garbage In = Garbage out

« Following good coding patterns is important
(= good modelling patterns)

= Fortunately .... HDL Coder produces good code for NanoXplore
Why iIs that??
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DSP architecture NG Ultra and Xilinx are ‘similar’

48-Bit Accumulator/Lagic Unit
B - S Tool and Device
Synthesis Tool: | Xilinx Vivado
P -p Family: Artix UltraScale+ | -
> kY :‘;\- ags Pack . B |
S 25%18 X|I|nX ackags. B T
Multiplier

D - S 4 Pre-adder Objectives Settings

P Target Frequency (MHz): [150
c ’_~ Pattern Detector

M
Hardware-Efficient Pipelining Settings
/| Adaptive pipelining
DIN _ +| Map lookup tables to RAM
(B)
Distributed Pipelining Settings
DIN - | Distributed pipelining
(D) _L, DouT N Xpl
| ) anoXplore
DIN
-

(A)
DIN _
(C)




Pipelined Multiply

uint16

A

Pipeline
uint16

®uint16

B

uint32

Pipeline2

Pipeline1
MA_DSP_U_0
A(15:0) [ A(23:0)
B(15:0) [ B(17:0)
C(35:0)
CAI[23:0) CAO(23:0)f=
CBI[17:0) CBO(17:0)f=
CCI CCo
CI CO43—
ak [ K cos7H
CZI(55:0) CZO(55:0) =
D(17:0) OVF—
reset R Z(55:0) = [ »7(31:0
D—T o (31:0)
clk_enable WE
WEZ
Mx_DSP_U
[ > ce_out

NG-ULTRA — NX2H540TSC-LF1760V
Siemens Precision HiRel

‘ MathWorks:

A_unsigned <= unsigned(A);
enb <= clk_enable;

Pipeline_process : PROCESS (clk)
BEGIN
IF clk'EVENT AND clk = "1 THEN
IF reset = '"1' THEN
Pipeline_outl <= to_unsigned(16#0000%#, 16);
ELSIF enb = "1" THEN
Pipeline_outl <= A_unsigned;
END IF;
END IF;
END PROCESS Pipeline_process;

B_unsigned <= unsigned(B);

Pipelinel process : PROCESS (clk)
BEGIN
IF clk'EVENT AND clk = "1" THEN
IF reset = "1' THEN
Pipelinel outl <= to_unsigned(16#0000%#, 16);
ELSIF enb = '1" THEN
Pipelinel_outl <= B_unsigned;
END IF;
END IF;
END PROCESS Pipelinel_process;

Product_outl <= Pipeline_outl * Pipelinel_outl;

Pipeline2_process : PROCESS (clk)
BEGIN
IF clk'EVENT AND clk = "1" THEN
IF reset = '1" THEN
Pipeline2_outl <= to_unsigned(@, 32);
ELSIF enb = '1" THEN
Pipeline2_outl <= Product_outl;
END IF;
END IF;
END PROCESS Pipeline2_process;

Z <= std_logic_vector(Pipeline2_outl);



‘ MathWorks:

Pipelined Multiply-Add with Pre-Adder

uint16

uint16

D

Pipeline

Pipeline2
> Pipeline3
B fix34 fix34
Pipeline1 = -
Z
Pipeline6
int16 int16
A NX DSP U O
Pipeline4 A15:0) Lo ~A@3:0)
®uint16 uint16 5(15:0)D - L —B(17:0)
. —{C(35:0)
c C(15:0) >
Pipeline5 (15:0) CAI(23:0) CAO(23:0)
CBI(17:0) CBO(17:0)F=
CCI CCo—
CI CO43H
clk [ CK CO57—
CZ1(55:0) CZO(55:0)—
D(15:0) [ —D(17:0) OVFI—
I Ez 2(55:0)F [>Z(33:0)
clk_enable[ > WE
WEZ
NG-ULTRA — NX2H540TSC-LF1760V i NX_DSP_U
Siemens Precision HiRel =

[ >ce out 9
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RAM and ROM Memory (1)
u_Dual_Rate_Dual_Port_ RAM_ram

din_A
uint8 »ldin A ck[> —>v:r_c|:l(<11
- —ra_c
(2 uint16 lur enat
addr A »{ addr A dout_A we AL e
@ boolean > we A dout A clk_enable [ > —lenal rd_accessl—
boolean| B —|rstl rd_data1(15:0)— (> dout_A(15:0)
Ve g P|dnB o
uint16 din_A(15:0) [ e datal(15:0)
-~ pladar B dout B »( 2 ) 2 :
din B adar ou- - addr_A(7:0) > =—addr1(7:0)
—uint8 | | Plwe_B dout_B L J
- boolean ck_1.2[ > —pwr_clk2
addr B Dual Rate Dual Port RAM —>rd_clk2
—_ boolean we B[ > —wr_ena2
@7 —rd_ena2
B Clock inputs: Multiple clk_enable_2[ > —lena2 rd_access2/—
we_ Sinal —rst2 rd_data2(15:0)— > dout_B(15:0)
ng's —regce2
|_Multiple R regrst2
ENTITY FPGASubsystem IS -850 g
PORT( c1k y addr_B(7:0)[> —addr2(7:0)
clk 1 2 ram_dq_16_0
clk enable =

clk enable 2

NG-ULTRA — NX2H540TSC-LF1760V
Siemens Precision HiRel 10



@ uint8

RAM and ROM Memory (2)
1-D T(u) In1(7:0)[_>
Sfix16 Entd
Lookup Table

Hardware-Efficient Pipelining Settings

|| Adaptive pipelining

'¢] Map lookup tables to RAM

PipelineRegister process : PROCESS (clk)
BEGIN
IF clk'EVENT AND clk
Lookup_Table outl <
END IF;
END PROCESS PipelineRegister process;

'1" THEN

out_rsvd;

NG-ULTRA — NX2H540TSC-LF1760V
Siemens Precision HiRel

modgen_rom_ix36__ 1

AA(15:0)

ACK

ACKD

ACKR

ACS

AI(23:0) ACOR
AR AERR
AWE AO(23:0)
BA(15:0) BCOR
BCK BERR
BCKD BO(23:0)
BCKR

BCS

BI(23:0)

BR

BWE

NX_RAM_WRAP

4\ MathWorks

(> Out1(15:0)
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FFT Implementation Exploration

Minimize resources

W FFT HDL Cppre e

BOE 4R E 6

|| FITEOLDp iz e e le B FUPPT HOL Oylrmased
}

L COCE

¥ Black Parsimeers FFT

| T

c

Dataln

S

Validin

]

Burst Radix 2

Latency = 2721 cycles
4 multipliers

6 RAMs

Low latency, Streaming

Streaming Radix 272
Latency = 599 cycles
16 multipliers

32 RAMs

: data |-
H data
: Lateﬂf::; = — valid
» valid ready
FFT

| Comphon HWtdcatioen:

Compits the fast Fourar ranafom [FAT) of a complas or real input.

Thi FFT implementation b optim e for HOL oo Qanamation

Main  Dota Types  Qontral Poits

Paramansrs
FFT kingth: [FFTLangth
Architciung: | Burst Padin 2
S T P Y

|Burst Radix 2

| EA wrput i bt reeersad order
| O 1npue in bit-resersd order

B Dwide ottty outputs by twac

« Streaming Radix 2”2
Latency = 139 cycles
Frame input size = 8
108 multipliers

160 RAMs

3.75 GSPS

&\ MathWorks
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Collaboration with NanoXplore

sfix16_En13 (c) D1
(1) P data

sfix25_En13 (c) D1
data |3

Dataln . FFT 99 DataOut
atency =5
boolean D1 boolean D1
(2) P valid valid
Validln ValidOut

FFT512

Precision DSP Inference Report For HNXZHS540TSC-LF1760V
AT AT EAAAAAAAAAA A AA A AA A A A A AT A A A A A A A A A A A A AW

Multipliers 16
Adders/Subtractors 191
Registers 647
Total 1-Bit Registers 8504
RAMSs 32
Multiplexers 461
1/0 Bits 86

Static Shift operators

Dynamic Shift operators

u FFT.u SDF1 7 l.u MUL4.NX DSP U 0

[

Complex4Multiply multZ im pipel 5n0rl

I | Instance Hame | Out Wet | Mode | AREG | BREG | CREG | ADREG | MREG | PREG |
| 1.|] u FFT.u SDF1 3 l.u MUL4.NX DSP U 0 | RETIMED rtlcGen22 | B*A | 2 | 2 | © | - | o | © I
| 2.| u FFT.u SDF1 3 l.u MUL4.NX DSP U 1 | RETIMED rtlcGenls8 | B*n | 2 | 2 | © | - | o | © I
| 3.|] u FFT.u SDF1 3 l.u MUL4.NX DSP U 2 | dinXTwdl re | A*B-C | o | O | 1 | - | 1 | 1 |
| 4.] u FFT.u SDF1 3 1.u MUL4.NX DSP U 3 | dinXTwdl im | A*B+C | o | O | 1 | - | 1 | 1 |
| 5.] u FFT.u SDF1 5 1.u MUL4.NX DSPF U 0 | RETIMED rtlcGen48 | B*A | 2 | 2 | © 1 - | o | © I
| 6.] u FFT.u SDF1 5 1l.u MUL4.NX DSP U 1 | RETIMED rtlcGen44 | B*n | 2 | 2 | © | - | o | © I
| 7.] u FFT.u SDF1 5 l.u MUL4.NX DSP U 2 | dinXTwdl re | A*B—C | o | O | 1 | - | 1 | 1 I
| ©.] u FFT.u SDF1 5 l.u MUL4.NX DSP U 3 | dinXTwdl im | BA*B+C | o | O | 1 | - | 1 | 1 I
I 2.1 | | | 1 1 1 | | 1 1 1 1 |
| 10, | | | | 1 | 1 | | 1 |1 1 |

u FFT.u SDF1 7 l.u MUL4.NX DSP U 1

NG-ULTRA — NX2H540TSC-LF1760V
Siemens Precision HiRel

Complex4Multiply mult2 re pipel 5Sn0rl
i r j n

{ 23.595% cell delay,

Min Period (Freq)

5.8%8 (l1le9.549% MH=)

76.05% net delav )

Regquired Period (Freqg)

©6.067 (145.9555 MH=)

4\ MathWorks
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NX  FFT HDL - Optimized

NanoXplore

Frequency without constraints :
* 135MHz @ worstcase
Frequency with floorplanning:

e 136MHz @ worstcase
Frequency with advanced floorplanning:
e 146MHz @ worstcase
 150MHz can easily be reached
e 155-160MHz will be the limit

© 2023 Nanoxplore SAS Company Confidential



NX  FFT HDL - Optimized

NanoXplore

Reporting domains

Slack | Minimum Data | Minimum Required | Slack | Maximum Data | Maximum Required Slack | Delay |
| Arrival Time | Relationship | Arrival Time | Relationship

© 2023 Nanoxplore SAS Company Confidential




AR

NanoXplore

Command Select pathse By

Planes Type [ Longest.

FFT HDL - Optimized

Domain

Combine & Replace.

Nk

© 2023 Nanoxplore SAS Company Confidential

f Extended Count
lack

Source

L T B S S T R RO

U_SDF1_3_1lu_SDFCOM.
u_SDF1_3_1lu_SDFCOM...

u_SDF1_3_1lu_SDFCOM

U_SDF_3_1lu_SDFCOM..

u_SDF1_3_1lu_SDFCOM

48  Selected

o o~
=0ource

R s o

rAddr_reg_reg[5].CK

rAddr_reg_reg[2].CK

..rAddr_reg_reg[1].CK
rAddr_reg_reg[2].CK
.rAddr_reg_reg[4].CK
u_SDF_3_1lu_SDFCOM..
u_SDF1_3_1lu_SDFCOM...
u_SDF1_3_1u_SDFCOM...
u_SDF1_3_1lu_SDFCOM...
u_SDF1_3_1lu_SDFCOM...
u_SDF1_3_1lu_SDFCOM...
u_SDF1_3_1lu_SDFCOM...

raddr_req_reg[5].CK

riddr_reg_reg[1].CK
riddr_reqg_reg[1].CK
riddr_reg_reg[4].CK
riddr_reg_reg[2].CK
rAddr_reg_reg[4].CK
riddr_reg_reg[5].CK

u_twdIROM_7_1IRom_..0_0_1_0_012_req.CK

U_SDF1_3_1lu_SDFCOM..

riddr_reg_reg[5].CK

u_twdIROM_7_1IRom_..0_0_1_0_012_req.CK

u_SDF1_3_1lu_SDFCOM..

riddr_reg_reg[2].Ck

Target

Target

L T S T S B e T e - IE W L IR - T

U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDat;
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDat;
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDat;
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDat:
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDati
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDati
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDat:
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDati
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDat;
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDati
u_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDati
U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDati
U_SDF1_7_Tlu_MUL&Itwdl_im_reg_reg[14].CK

U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDati
L_SDF1_7_Tu_MUL&IwdI_im_reg_req[15].CK

U_SDF1_3_1lu_SDFCOMMUTATOR_3ISDFCummutator_wrDat:

NanoXplare
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Concluding remarks
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