High-Level FPGA Design

Lab 2: HLS Introduction — Gain IP Synthesis &
Directives

In this lab you will:

* write synthesizable C/C++ suitable for Vitis HLS

e simulate C/RTL, run synthesis, interpret results

e apply synthesis directives PIPELINE and BIND_OP
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Tools and Sources

* You should have Vitis HLS (2025.1 recommended)
* Maps:

Note: keep your folder path short and simple, avoid spaces, non-ASCl| or special
characters!



2-1 Create a New Vitis HLS Project

e Launch Vitis 2025.1

File Edit Selection View Go Terminal Vitis Help

‘ l Q VITISE.. + -~ £l Welcome ~
- You have
Vitis 202501 not yet Welcome to the Vitis Unified IDE
opened
d
o workspace.
HLS Development, Create Component..., workspace. | Gar Started 15 Development .
Create Empty HLS Component se A

Workspace Cre
e Component name: gain_hls S AR
Component location: C:\proj\vitis clone 3 cre
repository Tut
lacally.

e Configuration File: Empty File Recent Workspaces Use



2-1 Create HLS Component > Source Files

Create HLS Component - Empty HLS Component

e Add Source Files
gain.cpp

Name and Location > Configuration File > Source Files > Hardware > >

Add Source Files
® TO p fu n Ctlo n: ga I n Specify design files, test bench files and flags for your component. You can alsG skt

i step now and add sources later.

II"'I

e Add Test Bench Files DESIGN FILES

. FILE(S) CFLAGS CSIMFLAGS
gain.cpp
Flags commen to all files

. Cifkproj/src/02_gain/gain.cpp
e Click Next
Top Function gain Erowse

e SelectPartxc7z010clg400-1,
Next TEST BENCH FILES ™

FILE/FOLDER(S) CFLAGS

Flags commen to all files

e Next and Finish, if required
Update Workspace

Cifkproj/src/02_gain/gain.cpp

Ii: Cancel :J Ii: Back :J Next




Vitis Explorer

Selection View Go

&\ Fle Edit

Terminal

Vitis

Help

Q Vitis Explorer
o HLS -VITIS COMPOMENTS + % O
~ © gain_hls [HL5]
» Settings
» Includes
~ Sources
C+ 1ab2_gain.cpp
» Test Bench

» Output

o

n Welcome

Lo T T o L U R A R

[t ek ek ek ek
[ S I TR S ™ [ N T S w I o |

-

vitis-comp.json * G+ lab2 gain.cpp *

G+ 1ab2_gain.cpp

#include <iostream>

typedef int DAT T,

void gain{DAT T x, DAT T k, DAT T &y) {
y = x ¥k,
int main() {
for(int 1 = -10; i <= 18; i++) {
DAT T = = 1i;
DAT T k = 3,
DAT T v.
gain(x, k, vJ;
stdiicout << x << " ¥ 3 =

return 8;

Ly << "



2-2 Run C Simulation

~ FLOW
Run C SIMULATION Basic Settings x

o
Run
1% Debug csim.clean
TR csim.setup
~ CSYMNTHESIS
[> Run csim.code_analyzer
7 REEE csim.argv

> REPORTS Do not show this dialog again

~ PACKAGE

Note: C simulation is fast, purely software based and validates algorithm correctness



2-2 Run C Simulation

Verify output, you should confirm:

QUTPUT = PROBLEMS X
o NT .
CorreCt mUIt|pllcat|0n Vitis Messages gain_hlsuc-simulation
- - o mmm ey ek e e g ey e e e mp e ey m—e e e —ee eemm ey

Lk
I

* No overflow for small values 3 Generating csim.exe

e Output matches expectations 2 [TB] -18 * 3 = -3@
34 [TB] -9 * 3 = -27
#include <iostream> ZC [TB] -8 * 3 = -24
36 [TB] -7 * 3 = -21
typedef int DAT_T; 37 [TB] -6 * 3 = -18
38 [TB] -5 ¥ 3 = -1§
void gain(DAT_T x, DAT_T k, DAT_T &y) { L] [TB] -4 * 3 = -12
= * M o }
y = x *k; 48 [TB] -3 * 3 = -9
} 41 [TB] -2 * 3 = -6
) ) 437 TB] -1 % 3 = -3
int main() { A% ETB% B ® 3 =8
std::cout << "\n========================\n"; .
Fal = =
for(int 1 = -10; i <= 10; i++) { Jj Egg% ; " i _ ;
DAT T x = i; Lo
DAT_T : = ; 6 [TB] 5 * 3 =9
DAT T y; ’ 47 [TB] 4 * 3 = 12
-7 48 [TB] 5 ® 3 = 15
49 [TB] & * 3 = 18
gain(x, k, y); ‘a [gg] ; : 2 _ i
std:iicout << "[TB] " << x << " * " << k << " =" <<y << "\n"; - [TB] - B
} 52 [TB] 9 ® 3 = 27
Std::cout << "\n========================\n"; %3 [TB] 18 ® 3 = BB
return 0; >4 T TTTTTTTTTTTTTTTT
} 55 INFO: [SIM 211-17 C5im done with @ errors.




2-3 Synthesize the design

* Run C Synthesis —
—_— Run C 5YNTHESIS Basic Settings
FLOW { |
* set clock 8ns - (outeur x ) rrosLe
Component | gain_hls ~ | {E} Vitis Messages gain_h part
38 Compil! 1 Al A B
~ CSIMULATION 71 19 * 3 = xc72010clg400- Erowse
> Run @ 52 g3 = clock
33 -8 * 3 =
Deb P
SRt 34 -7 %3 = =
» REPORTS 3L 5 ¥ 3 —
clock_uncertaint
~ CSYNTHESIS 36 A w5 = - .
) =7 -4 ® 3 =
Aun 38 -3 %3 -
» REPORTS 39 -2 # 3 = flow_target
» C/RTL COSIMULATION 46 1% 3= vivado "
41 g * 3 =8
=
- 42 1 *3 =73
ackage.output.syn
> REPORTS 43 2%3=6 package.outpitsy
24 3% 3 =09
G SemimEs 45 4 %3 = 1 Do not show this dialog again
[> Run 45 5*3 =1 I
» REPORTS 47 65 * 3 = 1 m le Cance .\']
48 7 *¥3 =2 —
~ IMPLEMENTATION - . ¢




2-3 Open Synthesis Report

Summary Synthesis Report - gain

General Information ~ General Information
v Estimated Quality of Results Version: 2025.1 (Build 6135595 on May 21 2025}
Timing Estimate
Froduct family: zyng
Performance & Resource Estimates
Target device:  xc7z010-clg400-1

<

HW Interfaces

Other Ports  Estimated Quality of Results

TOP LEVEL CONTROL
~ Timing Estimate

~ SW /O Information
@
Top Function Arguments
TARGET ESTIMATED UMCERTAINTY
SW-to-HW Mapping
2.00 ns 5.745 ns 2.16ns

Pragma Report

> Bind Op Report ~ Performance & Resource Estimates
User Config Op
N Y = am ii ! ti D % P Y |+ |Modules |/|Loops |/ |Hide empty columns
~ Bind Storage Report oo ¢ P Pty
User Config Storage 'E‘ODC?PL;LES = LATENCY([NS) INTERVAL  PFIPELINED STRUCTURE ERAM  DSP FF LuT URAM
@ =sin 16.000 3| no function 0 3 169 69 0

[ RN

Click for Latency in clock cycles



2-3 Open Synthesis Report > HW Interfaces

T~

~ HW Interfaces

~ Other Ports

PORT MODE
k ap_none
b ap_none
y ap_vid

~ TOP LEVEL CONTROL

INTERFACE TYPE
ap_clk clock
ap_rst reset
ap_cerl ap_cirl_hs

» SW /O Information

» Pragma Report

~ Bind Op Report
~
MNAME

H 1%
~ i gain (1)

mul_32s_32s 32 3 1_N

|
&)
&

DIRECTION

out

PORTS
ap_clk

ap_rst

BITWIDTH

32

32

32

ap_done ap_idle ap_ready ap_start

DSP

PRAGMA VARIAELE

L

3 no mul_lnG

oP

mul

IMPL

SUTo

LATEMCY

10



2-3 Open Synthesis RTL Output

VITIS EXPLORER £ Welcome * YV gainv . vitis-comp.json *

gain_hls > gain > his > syn > wverilog > W gainv
1 // ==============================================================
// Generated by Vitis HLS w2e25.1

~ HLS-VITIS COMPOMNENTS + W L A&

~ © gain_hls [HLZ]

> Settings 3 // Copyright 1986-2822 Xilinx, Inc. ALl Rights Reserwved.
- // Copyright 2822-20825 Advanced Micro Devices, Inc. ALL Rights Reserved.
» Includes 5 A —
~ Sources 6
G+ lab2_gain.cpp ; timescale 1 ns / 1 ps
» Test Bench 9 (* CORE_GENERATION_INFO="gain_gain,hls_ip_2@25_1.{HLS_INPUT_TYPE=cxx,HLS_INPUT_FLOAT=@,HLS_INPUT_FIXED=8
—> -~ Qutput 10
) 11 module gain (
hls_data.json 12 ap_clk,
> I impl 13 ap_rst,
> B csim 14 ap_start,
15 ap_done,
[ config.cmdline 14 ap_idle
—> ~ @ syn 17 ap_ready,
» M report 18 X
19 k,
~ [ verilog 78 v,
V gain_mul_32s_32s5 32 3_... 21 y_ap_vld
e Y zainv ;; );
> B vhdl 24 parameter ap_ST_fsm_statel = 3'dl;
25 parameter ap ST fsm_statel = 3'dZ;
26 parameter ap_ST_fsm_stated = 3'd4;
27
28 input ap_clk;

w0

input ap_rst;

fun]

input ap_start;
output ap_done;
output ap_idle;
output ap_ready:
input 31:87] x;

input 31:87] k;

output [31:87 v
output y_ap wvld;

P

L o e
[ I o I B

= LA



2-3 Explore Synthesis - Change Data Type

gain_src » G+ lab2_gain.cpp > ..

1 #include <iostream> mt16—t
2 int8_t
3 typedef intlé € DAT T, float
4
g void gain{DAT T x, DAT T k, DAT T &y) {
5 Vo= x %k
. TARGET EETIMATED UMCERTAIMNTY
* Run C Synthesis
8.00 ns 5.580 ns 216 ns

° CheCk Pe rformance ~ Performance & Resource Estimates
& Resource P

2 = - T % D W |<Modules | |Loops
"I::'__JDDDF'-;'—ES & LATENCY[NS)  INTERVAL  PIPELINED STRUCTURE BRAM  DSP FF LUT URAM

[
o

0

* e.g. 16‘b|t mUltIpy @ sain 0.0 1 no function o
fits one DSP

«HW Interfaces

“ Other Ports

PORT MODE DIRECTION EITWIDTH
k ap_none in 16
x ap_none in 16

¥ ap_vid out 16



2-3 Experiment, change operator

* integer divider

B.00 ns 4135ns 2.16 ns

i h igh Late n Cy -Performance & Resource Estimates

— 0 % O ¥ |+ |Modules |./|Loops

LATENCY[CYCLES) INTERWAL PIPELINED STRUCTURE BRAM DsP FF LUT URAM

* integer adder
¢ Sma” @ earr =2 S0 || O functian ] 0 430 402 0

HW Interfaces

~ Other Ports

PORT MODE DIRECTION EITWIDTH
k 3p_none n 32
x ap_none n 32

ap_vid out 32



2-4 C/RTL Co-Simulation
[ config.cmdline 13 DAT T vy; R
Change data type back to int > mm syn 14

_ 15 gain(x, k
. Aessiges 16 std: :cout o
Run C Synthesis > = impl 17 }
18 return @; cosim.argv
19 1}
Run C/RTL Cosimulation s
cosim.compiled_library_dir
. < FLOW Browse
Set: cosim.trace_level = port
Component ‘i?..? cosim.disable_deadlock_detection
From REPORTS open Wave Viewer i ;S'MUL:'O“ cosim.enable_dataflow_profiling
Run
O The wave traces can be 5 Debug cosim.enable_fifo_sizing
. . . > REPORTS )
observed in Vivado Simulator I cosim.random stall
« C/RTL COSIMULATION cosim.rtl
—> = Run verilog w
- “_ﬂfﬂ"n_ cosim.setup

Cosimulation cosim.tool

_ e %'F'E- i cosim.trace_level /

Function Call Graph port y

< PACKAGE
> Run cosim.wave_debug
> REPORTS

Do not show this dialog again

5
=

n

[

m

=

m
=,
™

=

o

=2




2-4 Vivado Simulation Result

SIMULATION - Simulation Result - gain.wdb

Scope
Q| = | ¥
MName
# apatb_gain_top
{1 AESL_inst_gain
§ svtb top
£ U _dataflow_monitor

& gibl

o

Design Unit
apatbh_gain_top
gain
sv_module_top
dataflow_maonito
glbl

5

Objects

Q

Mame
M ap clk
¥l ap_rst
M ap start
» B x31:0
> @@ K[31:0)
» W y[31:00
¥ ap done
¥ ap idle
W ap_ready
W v _ap_vid
> ap_CS_fsm[0:0]
2 ap_CS fsm_pp0_sta
£ ap_enable_reg_pp0_
ap_enable_reg_pp0_
ap_enable_reg_pp0_
ap_idle_pp0

Value

Data Type
Logic
Logic
Logic
Array
Array
Array
Logic
Logic
Logic
Logic
Array
Logic
Logic
Logic
Logic
Logic

gain.wcfg™®

Q W @ o 2

Name

» B HLS Process Summary
AESL_inst_gain_activity
AESL_inst_gain

Design Top Signals

H a
"' -

> W x31:0]

> W K[31:0]

> W v{31:0]
i ap done
W ap idle

W ap ready

W y_ap vid

Value

0
4
0
00000000
00000000

00000




2-4 Vivado Simulation Result

C'OCK | b i | 4 5 B 7 > AESL_inst_gain_activity
| Design Top Signals
I_|1 | | |

Elp rst | | | | I ap_clk
1 I L | ]
| | | | |
| | | | |
| | | | |
| | | | |
ap_start | [ [ / [ I
| 1 1 | |
I | 4,) I I ap_done
ap_idle | [ \ | [ ap_idle
| | | I I - —
ap_ready
| | | | |
ap I‘ead}' | | | | | ml ¥_ap_wid
| | ] | |
ap_done | | I | | |
| | | | | |
| | | | | |
| | | | | |
| | | - |
Data Inputs | ! I { Read Data Inputs } $
| | | |
| | | |
Data Qutputs | i i { Write Data Outputs )—17
| | | T T - - |
| | | | | | |

return | 1 T T T r{ return

| | | | | | |

e The design starts when ap_start is asserted High.



2-5 HLS Directives

* VView HLS Directives
e Add PIPELINE Directive
to gain()
 Click + near gain
* Find PIPELINE, OK

* Run C Synthesis

n Welcome

l

G+ 1ab2_gain.cpp =

gain_src » G+ lab2_gain.cpp > @ gain

[ ]

= R R R e R e
oD 00 =] Oh LA e LW R e D G0

1

LA P el B2

#include <iostream:

t

=

[0

Lo

Add Directive

— 0

PIPELIME
@ Source File

Il {optional)
off (optional)

style (optional)

Config File

( Cancel )

EH [0 2  wuispirecTives
~ [P gain

= x

=k

By

~ @ main

~ C for
=i

=] X

=] k

= y

17



2-5 HLS Directive PIPELINE

* Check synthesis report
¢* compare

TARGET ESTIMATED UMNCERTAINTY

8.00 ns 5745 ns 216 ns

~ Performance & Resource Estimates

X = J4h D % O Y |+ |Modules
EBDDDFL;LES & LATENCY[CYCLES) INTERVAL PFIPELIMED STRUCTURE BRAM DsP FF
@ sain 2 1| yes function 0 3 169

J|loops |

LT

51

URAM

0

18



2-5 HLS Directive BIND OP

* Change data type to
int_16t

 Add BIND_OP Directive
to variable y and select

e op=mul
* impl=fabric

* Run C Synthesis
e Check synthesis report

/ Meaning: Do not use DSP

19



High-Level FPGA Design

Lab 3: Explore HLS Data Types — Gain IP

In this lab you will:
* write structured synthesizable C/C++ (header file, separate testbench)
* use arbitrary precision and fixed-point data types (ap_int, ap_fixed)

 understand how arithmetic operators on various data type map to
FPGA hardware

OF LJUBL]JANA | Electrical Engineering
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3-1 Create New Component

* File, New Component, Name: gain_ip
* Source: gain.cpp, gain.h

Name and Location > Configuration File > > Hardware > >

* Testbench: tb_gain.cpp
* Part xc7z010clg400-1

Add Source Files

Specify design files, test bench files and flags for your component. You can also skip this step now and add sources later.

DESIGN FILES b
FILE(S) CFLAGS CSIMFLAGS

Flags common to all files

C:fkproj/src/03_gain/gain.cpp

C:/kproj/sre/03_gain/gain.h

Top Function gain Browse

TEST BENCH FILES 1

FILE/FOLDER(5) CFLAGS
Flags common to all files

Ci/kproj/src/03_gainitb_gain.cpp

( cancel ) (



Arbitrary Precision Integer

e Data types now defined in #ifndef _GAIN_H_
. #define GAIN H
header file —T

. it #include <ap_int.h>
* ap—lnt<N>' N-bit mteger #include <ap_fixed.h>

typedef ap_int<16> DAT_T;

void gain(DAT T x, DAT T k, DAT T& y);
#endif

Note

* include <ap int.h>

* requires C++ compiler (template usage)

* unsigned arbitrary precision integer is ap_uint<N>

22



3-2 Run C Simulation

Testbench DAT_T k = 36;
° include header const int xmin = -1000;
const int xmax = 1000;

e set k and values range const int N = 10;

 Run C Simulation k=30 and k=50 Overflow for ap_int<16>
K = 30 K = 50 S
X = -800, y = -24000, y ref = -24000 X = -800, y = 25536, y ref = -40000
X = -600, y = -18000, y ref = -18000 X = -600, y = -30000, y ref = -30000
X = -400, y = -12000, y ref = -12000 X = -400, y = -20000, y ref = -20000
X = -200, y = -6000, y ref = -6000 X = -200, y = -10000, y ref = -10000
X =0,y =0,y ref =20 X =0,y =0,y ref =290
X = 200, y = 6000, y ref = 6000 X = 200, y = 10000, y ref = 10000
X = 400, y = 12000, y ref = 12000 X = 400, y = 20000, y ref = 20000
X = 600, y = 18000, y ref = 18000 X = 600, y = 30000, y ref = 30000
X = 800, y = 24000, y ref = 24000 X = 800, y = -25536, y ref = 40000
X = 1000, y = 30000, y ref = 30000 X = 1000, y = -15536, y ref = 50000




3-2 Change Data Type & Run C Simulation

16 x 16 bit = 32 bits

* Declare result data type RES_T in typedef ap_int<32> RES_T;

header file void gain(DAT_T x, DAT_T k, RES_T& y);

* Modify function declaration

* Modify variable y declaration in
function and in the testbench

e Check with C Simulation



3-3 Explore Synthesis - Data Types & PIPELINE

* Run C Synthesis
e Setclk: 4ns

e Check Performance &
Resource Estimates

* e.g.16-bit or 24-bit input
* Add directive PIPELINE
* Run C Synthesis
* Fill the table

DAT T, RES_T

16, 32

24,48

16, 32, pipeline

24, 48, pipeline

Latency

3

Interval

DSP

FF

73

LUT

26



Fixed-point Data Type

ap_fixed<w, I> #include <ap fixed.h>

* W-bit binary number with | typedef ap_fixed<16,1> DAT_T;
integer bits typedef ap_fixed<16,1> RES_ T;

Example:  ap_fixed<5,2>

01.000, decimal 1
00.100, decimal 0.5
©1.100, decimal 1.5

10.000, decimal -2 (binary complement)
Values range: -2 to 1.875

Note: ap_fixed<N,1> are real numbers in range from -1 to 1 (1 is excluded)
Normalized values in interval (-1,1) are common in digital signal processing.



3-4 Synthesis

* Run C Synthesis, set clock 8ns
* Is the circuit utilization different compared to 16-bit integer?



3-5 Fixed-point C Simulation

typedef ap fixed<16,1> DAT T;

* Define new data type for k typedef ap_fixed<16,1> RES_T;

* range: -32 to 31.999 typedef ap fixed<16,6> GAIN T;
* Modify function declaration
* Modify the testbench void gain(DAT_T x, GAIN_T k, RES_T& y);
* Check with C Simulation

k=20

xmin =-0.1

xmax = 0.1

k = 20

x = -0.100000, y = -0.00012207, y ref = -2.00012

x = -0.0800171, y = 0.399658, y ref = -1.60034

x = -0.0000281, y = 0.799438, y ref = -1.20056

x = -0.0400085, y = -0.800171, y ref = -0.800171



3-5 Updated Test Bench

int main() {
GAIN T k = 20;
std::cout << "k =

<< k << std::endl;

const float xmin = -0.1f;

const float xmax = 0.1f;

const int N = 10;

const float step = (xmax - xmin) / (N - 1);

for (int n = @; n < N; n++) {
DAT. T x = xmin + n * step;
RES T vy,
gain(x, k, y);

float y ref = k * x;

std:ricout << "x= " << x <<« ", y= " <<y << ", ref= " << y ref << "\n";

}

return 9;



3-5 Fixed-point Saturation

ap_fixed<W, I, QMODE, OMODE>
* Quantization QMODE

* Default is truncate bits, fast, less accurate
e AP_RND — round to nearest

e Overflow OMODE

* Default is wrap around

 AP_SAT — saturate to min/max typedef ap_fixed<16,1, AP_RND, AP_SAT> RES_T;
representable value

o Modify RES T

e Check with C Simulation
e Saturation instead of overflow



3-6 Explore Synthesis - Data Types & PIPELINE

* Run C Synthesis
e Setclk: 4ns

e Check Performance &
Resource Estimates

* Fillthe table

DAT T, RES_T

16, 1

16, 1, saturate

16, 1, saturate,

pipeline

14, 1, saturate,

pipeline

Latency

3

Interval

DSP

FF

73

LUT

26



3-7 Prepare IP Component for Red Pitaya

* Change input and output data to 14-bits (14-bit ADC/DAC)

typedef ap_ fixed<14, 1> DAT_T;
typedef ap fixed<14, 1, AP_RND, AP_SAT> RES T;

* Add directives to gain()
* PIPELINE
* INTERFACE mode=ap_ctrl none

* Run C Synthesis



3-7 Package IP Component
* Run PACKAGE

* set output file: gain_ip and description: HLS gain component

* Explore Output
* open ZIP file with IP sources proj\vitis\gain_ip\gain ip.zip

MName Size
constraints 304
doc 108
MisC 2 297
xgui 205

& component.xml 19 485



*Lab Experiments

e add offset: y = x * k + offset
* synthesize with different data types
e compare fixed-point and floating-point utilization



High-Level FPGA Design

Lab4: Averaging Filter in HLS IP

In this lab you will:

* Reimplement the 16 bit 8 tap averaging filter in Vitis HLS

* Express pipeline, latency, and parallelism using HLS pragmas

e Achieve 1 sample per clock throughput (Il = 1)

* Analyze HLS synthesis reports and compare them to RTL expectations

2| FE CC CHIP S
UNIVERSITY | Faculty of S o EnTER
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Lab Sources

* Project folder structure




4-1 Create a New Vitis HLS Component

Create Component..., Create Empty HLS Component

Component name: avg_filter
Configuration File: Empty File

Add Source Files: avg_filter.cpp, avg_filter.h
e Top function: avg_filter

Add Test Bench Files tb_avg filter.cpp
Part xc7z010clg400-1, clk=8ns

37



4-1 Check design description

 data type of 16-bit integer data (defined in ap_int.h)

* internal static array (to store values between function calls)

* the function describes only shift register

#include "avg filter.h"

void avg filter(
ap_int<16> in,
ap_int<16> &out

) o

static ap_int<16> shift reg[NTAPS];

// Shift register
for (int i = NTAPS - 1; i > 0; i--) {
shift reg[i] = shift reg[i - 1];

}

shift_reg[©@] = in;

out

shift reg[NTAPS-1]; // temporary output

#ifndef AVG_FILTER_H
#define AVG_FILTER_H

#include <ap_int.h>
#define NTAPS 8

void avg filter(
ap_int<16> in,
ap_int<16> &out

)s

#tendif

38



4-2 Initial C Synthesis

* Run C Synthesis and check Performance & Resource Estimates
* Check Bind Storage: ram_2p

I e e e
12 Rk 0 47 137

39



4-3 Simulation

e Run C Simulation

* Add for loop to a Test Bench for (in = 1; in(< ; i;l++) {
avg filter(in, out);
* Check delayed output std::cout << "[TB] in=" << in << " out=" ..

}

[TB] in=1 out=0
[TB] in=2 out=0
[TB] in=3 out=0
[TB] in=4 out=0
[TB] in=5 out=0
[TB] in=6 out=0
[TB] in=7 out=0
[TB] in=8 out=1
[TB] in=9 out=2
[TB] in=10 out=3



4-3 C/RTL Co-Simulation

* Run Cosimulation, set: cosim.trace_level = port
* From REPORTS open Wave Viewer

e Observe circuit interface control signals and output data
* Check for the first valid nonzero output

> T Design Top Signals

w ap_clk
g ap_rst
g ap_start
> B in_data[15:0]

> B out_data[15:0]

il ap_done ' r A;_L_LA—A




A4-4  Directives

* Open avg_filter.cpp in Vitis Editor and add label to for loop, SLOOP: for ...
* Add directive UNROLL on SLOOP

* Run C Synthesis and Examine Synthesis Report, write data to the table

* Check operation with C/RTL Cosimulation

Name Value

» W HLS Process Summary

» I AESL_inst_av._.er_activif] 1
w ap_clk
i ap_rst
w ap_start
» B in_data[15:0]
» BF out_data[15:0]

0009
0002
w ap_done
w ap_idle

w ap_ready

i out_data_ap_wvid



4-5 Compute Average

* Add accumulation loop (declare sum) and output division
 Add UNROLL directive to this loop

ap_ 1nt<32> sum =

// Accumulate
MLOOP: for (int i = 0; i < NTAPS; i++) {
#fpragma HLS UNROLL
sum += shift reg[i];
}
// divide by 8
out = sum >>



4-5 Compute Average, Simulate

* Check operation with C Simulator
* test with input sequence: 0, 2,4, 6, 8, 10, ... avg_filter(2*in, out);

input | 0 | 2146 81012 14]16
P40 0/0 1 2 3 5 7 9

* and with constant input: 100

m
output [P 87 100 100

44



*4-6 Optimize Average Computation Algorithm

* Modify code to compute running sum (sum variable should be static!)

* Check operation with C Simulator
 Compare results with previous algorithm ouput

* Run C Synthesis, Examine Synthesis Report
* Run Implementation, Check Resource Usage



