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01. HLS(High-Level Synthesis)
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O MM vs. FPGA

ZEMNMOAMe =08 &=

> oo 7hel BEOoS &
H|O|E{ Read/Save?

At 2{(gcc) Hzt 1 1 1
Zz=a+b; » ADD $R1,$R2, $R3

a, b, c Loaddj %t =58 =
FHAl LHE : ~100
DRAM : %= 8, & H

of| K| 28 G| O|H
S7l/ME 330 448

>

LD a, $R1
LD b, $R2
ADD $R1, $R2, $R3
ST $R3, c
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O MM vs. FPGA

IF 1D EXE MEM WB

0 1 2 3 4 Time

Z2MMOAS HHEON Ed F=7
1. Instruction fetch (IF)

2. Instruction decode (ID)

3. Execute (EXE)

4. Memory operations (MEM)

5. Write back (WB)

Overhead
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O MM vs. FPGA

IF D | Exe | MEM | wB
IF ID EXE | MEM | wB
IF ID EXE | MEM | wB
IF ID EXE | MEM | wB
IF D | ExE | MEM | wB

-
0 1 2 3 4 5 . - e
Ek% %:'%' AEI-CEI)'I 'Igl'lj\l% 7|.XI_| EEA_”A_I 13474

Instruction Pipelining
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O MM vs. FPGA

FPGA(HLS)Ol[A{Q| T2 124 AlsH
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O MM vs. FPGA

EXE

EXE

EXE

EXE

EXE
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Parallelization

(1)

2)

latency = 11

» latency = 5

Resources

©
o
®
=
<

Key:

Adder (fabric)
Multiplier (fabric)

Adder (DSP48x)

[ X] Multiplier (DSP48x)

s b’)
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BRAM, DSP
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* Block RAM
« RAM
« ROM
* FIFO buffer

« DSP48E1(ALU)
. 39bx| 29| £
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HLS Synthesis Basic Rules

 Scheduling

« OperationQ| s=A{, H&E3} 4H

« Dependency, Clock cycle, FPGA =&, User directivesO 2t 274 =
* Binding

c AFEE HW 2| A BY(ALHe] 4% LHF DSP48 =5 ArE)

« FPGAQ| =0 e 4™ =
 Control logic extraction

« X (loop &, if-else &, case &)= FSM(Finite State Machine)S £ 1515}
7| 25 Mo 2X& ==
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HLS Synthesis Basic Rules

* Function Arguments = |/O Port
* Function = RTL Block

. SfLtQ| B4 BHLES| RTL 2202 J3iE

» 2==(Loop)
*RTLES URl =S
- h2 10| HH 3}

L- /1 HA

* FSM 52 0|83t Oio|Z2tel 5
» 02{0|2| Z2 Block RAM LHE.0f| X%t
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Scheduling, Binding EX.

int foo(char x, char a, char b, char c){
char y;
y=X*a+b+c;
return y;

}

* Scheduling Phase
o ALE M EA (O L2 B K]

* (x*a+Db)2t == 0| ALk 9t
* Binding Phase

+ F + 2 UM HE

* FPGA LHE DSP48 AIE
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Control Logic

void foo(int in[3], char a, char b, char c, int out[3]) {

int x,y;
for(int 1 = 0; 1 < 3; i++) {
x = in[i]; Clock —
y=axXx+b+c; b
out[i] = y; L -
} 2y~
} é _}r_uu:rt_data
) Hl‘E_?_ ) d -
—_ 71 L— in data x .
« CO-(C1,C2,C3) X3-CO ) i
« CO:b+cC i addr :ZE?ZZ"“
« C1:in[n]2| Addr, Chip enable -in_ce > out_we
« C2: read fromin[n], store at x[n] ( i State Machine (FSM)

e C3:y=a*x+b+c
sArray: 25 2|50f BRAM 113

.
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Control Logic

Co C1 c2 C3 i | c2 C3 C1 c2 C3 Co
Fead B Addr Fead Cale. Addr Fead Cale. Addr Bead Cale Fead B
and C mf{] m{{] o[ (1] m[1] m(1] cut] 1] m(2] m[2] o] 2] and C
b C Addr x=Data al Addr x=Data a Addr x=Data a b c
+ | + £ | + £ |+ [| +
YT0] Y[1] Y[2]

Function Latency =9

Function Initiation Interval = 10

-
Loop Iteration Latency = 3 -
Loop Iteration Interval =3 -
Loop Latency =9
oop Latency -

)
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Data Type

Number

Type Description Range”
P P of Bits® &
char Representation of the 8 -128to 127
- basic character set.

signed char 8 -128 to 127

unsigned char 8 0 to 255

short int A reduced precision ver- 16 -32,768 to 32,767

) sion of int, requiring less

unsigned short 16 0 to 65,535

. storage.

int

int The basic integer data 32 -2,147,483,648 to
type. 2,147 483 647

unsigned int 32 0to 4,294,967,295

long int In many cases the long 32 -2,147,483,648 to
int type will be the same 2,147 483,647

) length as int, i.e. 32 bits.

unsigned long 32 0 to 4,294,967,295

int

long long int An extended precision fd -9,223,372 036,854,775,808 to
integer type. 9,223,372,036,854,775,807

unsigned long 64 0 to

long int 18,446,744,073,709,551,615

float Single precision floating 32 -3.403e™ 38 1o 3.403e 38
point (IEEE 754)

double Double precision floating | 64 _1.798e 308 1 1,708 7308

point (IEEE 754)

int foo(char x, char a, char b, char

CAHA 2| Data Type2 1178
Data bit, Sign, floating point

S
A, B:
A, B:

A * B;
18-bit, S: 36-bit (RTL)

DSP48E: 1 = 4 Slices

c)

32-bit, S: 64-bit (C-Data type)

)

HUINS
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Data Type

Language | Integer Data Type Description Required Header

C intN signed integer of N #include “ap_cint.h”
(e.g. int7) bits precision
uintN unsigned integer of N
(e.g. uint7) bits precision

C++ ap_int<N> signed integer of N #include “ap_int.h”
(e.g. ap_int<7>) bits precision
ap_uint<N> unsigned integer of N
(e.g. ap_uint<7>) | bits precision

Arbitrary Data Type
Verilog: input wire data[17:0]; (f)
21 HLS-C: uint18 data;

W

x
3

nte nt

(%l

UQ_

yste




Data Type

// C code example // C++ code example

#include “ap_cint.h” #include “ap_int.h”

void top_level function (..) void top_level function (..)

{ {

// declarations // declarations

int6 small signed; ap_int<6> small_signed;
uintl@ big_unsigned; ap_uint<10> big_unsigned;
int22 vbig signed; ap_int<22> vbig signed;

} }

109,

22 Hm.t! §

nt Syste




Data Type(floating point)

weighting: 2% 23 22 21 20 1 22 23 74 55 6 7

Y %o
N ¢ i
| | | |
| = 5 integer bits B = 7 fractional bits

=5 B=/ W=1+B=12

5|gn exponent (8 blts]l fraction (23 bits)
ofof1]1f1]1]1]o EIEEEEEEEEEEIEIEEEEIEIEEIEIEIEI = 0.15625
31 3EI 23 22 (bit Index)

- HUINS
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Arbitrary Float Point

Language | Fixed Point Data Type Description Required Header

C++

ap_fixed<W,[,Q,O,N> Signed fixed point #include
number of I integer bits “ap_fixed.h”
and W-I fractional bits.

ap_ufixed<W,[,Q,O,N> [ Unsigned fixed point
number of I integer bits
and W-I fractional bits.

// C++ code example Arb|trary Data Type

#include “ap_fixed.h”

void top_level function (..) Verilog: inpUt wire data[1

{ :
/1 decarations HLS-C: uint18 data;

ap_ufixed<8,3> small_unsigned; // 3 int, 5 fract, defaults

ap_fixed<10,4,AP_RND> big_signed; // round to + inf.

ap_ufixed<10,4,AP_RND_ZERO> big_unsigned; // round to zero

ap_fixed<21,10,AP_TRN,AP_SAT> vbig_signed; // trunc., satur. ‘ " '

ap_ufixed<21,10,AP_RND_CONV> vbig_unsigned; // conv. round.

ﬂanllgtjem!eustg

¥




int A[10];
* Array Access int *pA;

PA = A;

void foo(int *data in, ...)

 Pointer to External Memory (

int iteml, itemZ, item3;

iteml = *data in;
itemZ = *(data in + 1);
item3 = *(data_in + 2);
}
* Dynamlc Memory Allocatlon int *A = malloc(l0*sizeof (int)); b’)
,. = Not supported HUINS




|/O Port

void find_average_of_best_X (int *average, int samples[8], int X)

* Port Name
{ : :
// body of function (statements, sub-function calls, etc.) ° :)Il’eCtIOﬂ
) * Data Type, Dimension
samples
port interface find_average average
_of _best_X port interface
X
port interface b’)

W

26
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Port Direction

C/C++ Function Argument RTL Port Type
An argument which is read from and never written to in
An argument which is written to and never read from out
A value output by the function return statement out

An argument which is both written to and read from

inout (bidirectional)

27
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Port Interface Protocol Types

ap: AXI Portocol

ack: Acknowledgement
vld: valid / ovld: out valid
hs: Hand shaking(ack, vid)
memory: array

Table 15.7: Protocol synthesis: supported types and defaults (S = supported; D = default) [18]

N
rgumen e

pass-by-value | pass-by-reference | pass-by-reference | pass-by-reference
InterfaceType* | I (IO O | I |[IOfO | I [IOj O] I [IO|O
ap_none D D | S S - - D| S |S
ap_stable S S| S - - - S| S
ap_ack S S S S - - S S S
ap_vld S S S D - - S S D
ap_ovld D | S - - D[S
ap_hs S S S S S - S S S S
ap_memory - D|D|D
bram - S S S
ap_fifo S S S - S S S
ap_bus S S S S S S S S S
axis S S S 1S - S1S S
s_axilite S - S S S S - - S S S
m_axi S S S S S S S S S

a. Reading along the row: I = input port; IO = inout (bidirectional) port; O = output

port.



Port Interface

void find_average_of_best_X (int *average, int samples[8], int x) X . PASS-Dy value = ap_none
{ ) '
// body of function (statements, sub-function calls, etc.) Samples[8] array InpUt 9 ap_memory
average : output pointer - ap_vld

¥
ap_memory ap._vid
protocol protocol
o)
o samples_ce0 average_ap_vld ° &
w @© -
(=) ]
%_ L samples_address0 @ 2
= 1= o S
= >
» samples g0 ver ©5
5 ples_q average o
0o o

find_average
_of _best X

port interface

ap_none
protocol

s
3
uo_
(%l
“wn

nte nt
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Pipelining
operatons * |If data dependency

* Op1 > Op2 = Op3
 Latency =T(Op1 + Op2 + Op3)

- };\\ rocessin
data dependency ’ ‘stage” ° ¢ I_OW Th rO U g h p Ut

input(s) output(s)

DY
samples | l

. | o “'I|-"J_.-i' ."PH_H‘: P
processing |: . (Op1 op3) ||
[ St s _"'.TH-H_I:_:.-\-':J Il"h,_pd.-"_l_".h
N S ST
output | [

samples |< >|<
|
|

data sample

period - it b’)

- HUINS




Pipelining
pipeline registers ° EI_.”I' i E_.I _JF_ jl.
- IR + 2+2to| Operation & JH&
Processing Stage
— ===+ Throughput 3 H}
T

@@@oo@o@
I

input(s)

-

----- -'\ h-----"\ h""“\ processing

e DN

@@@@@@

processing

operations
stages

“booooooo@”"

r
|
output '( X
samples |
|

data sample
nerind




Control Algorithms - Loop

I l'. r r r : xhhxlﬂ-\.
AT Gt (TP . L gr. °*FSMOZ J1dd
o= get();
= % ] H S0l b ' |=|
o e [ 2 u . Control Logic / 914t 712

« MX0 }2H(Directives)

}

- TlI:!atapnath Control Logic —— ° _?_E A_I‘X-”(%'Eézl 7:”*|_|' X—| El)
start done K13486 o —%E Plpellnlng
i=0
i=1
0 1 2 3 4 5 6 7 g Time (p

” HUINS
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void add_array (short c[12], short a[12], short b[12])

{
short j; // loop variable

add_loop: for (j=0;j<12;j++) { // loop through elements (x12)
c[j] = a[j] + b[]]; // addition operation
¥

A 1 adder, shared 12 times

Datapath
Resources

_I_
_I_
_I_

+ [ [+ [F] [FH [+ [+ [F] [+

Control

clock
cycles

enter ‘ addition |
IDDp X 12

‘ iterations |

1 24 1|

> > >

HUINS
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Loop Optimization

34

« Unrolling: (1) = (2)
* Merging
* Pipelining(Dependency related)

Resources

&
Bl el

time

B
L

(1)

atency = 11
@

» latency = 5

Key:

Adder (fabric)
Multiplier (fabric)

Adder (DSP48x)

[X| Multiplier (DSP48x)

— latency = 1
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Loop Optimization

* Unrolling
* Merging
* Pipelining(Dependency related)

void add_mult (short c[12], short m[12], short a[12], short b[12]) void add_mult (short c[12], short m[12], short a[12], short b[12])

{ clock cycles ¢
i clock cycles
short J; short j;
Center) 1 1
add_loop: for (j=0;j<12;j++) { @ 24 add_mult_loop: for (j=0;j<12;j++) { 48
c[3] = a[3] + b[i]; Fsu c[j] = a[3] + b[3l;
} m[j] = a[j] * b[31; A3
behaviour @ 1 } behaviour 1
}
mult_loop: for (j=0;3j<12;j++) { @ 48
m[j] = a[j] * b[]];
}
} SR )
Human Intel !, nt Syste




Loop Optimization

* Unrolling
* Merging
* Pipelining(Dependency related)

36

default
- Resource Optimized

Pipelined
- loop initialization interval (Il)

for(1=0;

First Loop Iteration

i < 10;

A =2+ (B[i]

i=0

#pragma HLS PIPELINE II=1

i++)

* C[1i]):

Second Loop Iteration




Control Algorithms - ZHE

function_a() 7 function_b()

if (conditionl) {
result = function a();

}

else |
result = function b();
} \ function selector /
condition1 l
result X13487

. HUINS




Control Algorithms - Switch C

switch (X){ o

case 851: ... ¥ = 82; break;

case S52: ... X = 83; break;
case 53: ... ¥ = 81; break; HLS Compilation
}

- FSMO 2 1%

- HUINS
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03. HLSS 0| 8%t FPGA 24| 25

» Xilinx ug-871 Vivado High Level Synthesis Tutorial
* Source Code

* C-Level Test bench, Golden Ref

« HLS IP

Human Intelligent System




Vivado HLS Tutoria

File Edit Project Sclution
[+ | Vivado HLS Welcome Page &2

Window Help

XILINX. |mies

Project Configuration &
Create Vivado HLS project of selected type @

Quick Start Recent Projects
test
DWHLSWtest Project name:  HLS_tutorial|
/' \
\
| Location: C:wworkw23_workplace
Create New Project Open Project Open Example Project

Documentation

Tutorials User Guide Release Motes Guide

HUINS
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Vivado HLS Tutorial

I Thew Vivaae [ ol eS|
Add/Remove Files SRR—
Add/remove C-based source files (design specification)

Top Function: fir

Add/Remove Files
Add/remove C-based testbench files (design test)

TestBench Files

- MName
Design Files
\Z| fir_test.c
Mame CFLAGS Add Files... =l out.gold.dat |-
I |5 fir.c I ew FlE “‘ " u EZ OA3 (C) » work » 23 _workplace » labl

Edit CFLAGS... T M EM

. ultrascale+ “ 0

111
R Es
b
0f
[
=

Remave 2g =
@M =20 & firc
.. datasheet -
| 22 zomE = f?r.h
& fir_test.c
E E x-” E * A x j |- =5 20|22 |f:}. out.gold.dat
B I B =4 I
Hune
= AR
T C-Level H|AE HIX|
: —_—
M asH b
& =zr23 10
-=u= | (Golden Ref
< Back H Mext > ] Finish € =93

LN | m 3
O+ O[E(N): "out.gold.dat" “fir_test.c" '

41 oS
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Vivado HLS Tutorial

Solution Configuration select: [ o Parts | | [l Boards |

Create Vivade HLS sclution for selected techneology

Filter
Solution Mame:  solutiond] Product Category: | All = | Package:  |All v
Clock Family: All - | Speed grade: |All -
Period: 10 Uncertainty: Sub-Family: All ~ | Temp grade: |All -
Part Selection
Part: xcfz020clg484-1
Search: ¥ xc7z020clg484-1 (1 matches)
[[] sDAccel Bottom Up Flow
Fart Family Package Speed  SLICE LUT
9 xc7z020clg484-1 zZyng clg4s84 -1 13300 53200

Clock Period
- 10ns
- Uncertainty: 12.5%(default)
Part: xc/7z020clg484-1
)

[ Finish
HUINS
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ivado HLS GUI

u fIVa e ]
File Edit Project Solution Window Help
GEGH 4B RXSE EEBRIEDie 0 d B PO B oo [ Torese] o s | Perspectlves
[75 Explorer &2 Q;Sh = 8 f|[¢ firc 2 = B 5= outline & 4 D|rect|\re]
4 5 HLS tutorial 2@ vendor: Xilinx [] - AR o % 7
> 46 #include "fir.h" .
&> [l Includes o firh
4 £ Source void Fir ( o firdata_tt, coef t[], data_t) : void
[} firc data_t *y,
| = Test Bench coef t c[N],
- {= solution data_t x
)1
static data_t shift_reg[N];
acc_t accy
data_t data;
int 1i;
acc=9,'|
shift_Accum_Loop: for (i=N-1;iz=@;i--) {
if (i==8) {
shift_reg[@]=x;
data = x;
T} else {
shift_reg[i]=shift_reg[i-1];
. data = shift_reg[i];
Project
}
E | *y=acc;
4 3
- — — E—
S Console 3 @) Errors| & Warnings EREEE PE-O~-& = O
Vivado HLS Console
43 s i Human Intelligent System
Writable Smart Insert 59:9




fir.c(FIR ZE] st2)

4 firc 2 . ld fir_test.c 1

2'ﬂ\f?ndor: Xil:].n)( L] ?:IE! A|_I§ OE:I %O'”A-I ‘IQI'-CEI' ﬁ%(N7H)Oﬂ Oaljgg ﬁ|$% _E_

4e einclude “Firh 5to] Cigt 812 LBH(EHBE 7S B0fs4)

48-void flir (
coett cUh, x[”] \/ g g % s{n] = toaln] + biafn — 1]+ + byaln — N
data_t x b, b, b, b, .
) { =Zbi-m[n—z],

. . I U ) WY ) ) — 4,@_,}-[;1] =0

static data_t shift_reg[N];

acc_t acc;
data_t data;

data = shift_reg[10,9,8,7,-, 1], X

acc=0;
Shift_Accum_Loop: for (i=N-1;i>=0;i-- —_ * .
i e T ¢ a acc += data * c[i]
shift_reg[@]=x;
data = x;
} else {

shift_reg[i]=shiFF_reg[i-1]; ) . .
[ et = shifereglil; Multiply & Add for each iteration
acc+=data*c[i];;
: J?

*y=acc;

; HUINS
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fir_test.c(test bench)

. fir_test.c ¥

47 #include <math h> N
48 #include "fir.h"

e-int malin () {
const int SAMPLES=6€0;
FILE *fp;

=

data_t signal, output;
coef_t taps[N] = {8,-10,-9,23,56,63,56,23,-9,-10,0,};

int i, ramp_up;
signal = o;
ramp_up = 1;

main() function

for (i=@;i<=SAMPLES;i++) {
if (ramp_up == 1)

- calls fir(), saves output as out.dat

signal = signal - 1;

// Execute the function with latest input

- Golden reference®f out.datd| !

if ((ramp_up == 1) 8&& (signal »= 75))

else:zE:EEEailp;ép == B) && (signal <= -75)) - MatCh *l O retu rn
i;riizi(::f“;éis;itié\n"_,i,signal,output); - Not matCh *l 1 retu rn

}
fclose(fp);

printf ("Comparing against output data \n");
if (system("diff -w out.dat out.gold.dat")) {

fprintf(stdout-‘ “*******************************************\n“);

fprintf(stdout, "FAIL: Output DOES NOT match the golden outputi\n™);
-Fpr-intf(stdout “*******************************************\n“);

return 1;
} else {
fprintf(stdout-‘ “*******************************************\n“);
fprintf(stdout, "PASS: The output matches the golden output!\n");

‘Fpl"int‘F(StdOUt, "*x**x**x**x**x**x**x**x**x**x**x**x**x**x**\n");
return @;

} Human Intelligent System
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Launch simul

File Edit Project Solution Window Help

3t x BigREGh S v Eaidy Wi . % Debug |*]Synthesis " Analysis

[© fir_test.c & = B |2 outline = = Directive} BERR e =0

B Explorer 2

v B HLS_tutorial

Run C Simulation =
include <math.h> " o stdio.h

> & Includes 48 #include "fir.h" U mathh
= 49 g
v 88 U firh
E:Ofl'nce e Tl RO 2 main() : int
e 51 const int  SAMPLES=6@6; :
~ = Test Bench 52  FILE *fp;
[# fir_test.c 53

54  data_t signal, output;

55  coef_t taps[N] = {8,-10,-9,23,56,63,56,23,-9,-10,0,};
56

57 int i, ramp_up;

58 signal = @;

59  ramp_up = 1;

60

= out.gold.dat
~ 1> solution1

> # constraints

C Simulation ]

- Default option2 2 simulation launch

al,output);
i}

Input Arguments ‘

[ o not show this dialog box again. g
t data \n");
[gold.dat")) {
il

KRR IR R KR\ ) 5

(DOES NOT match the golden output\n");

HR KR IR R KKK K\ 1)

)

KRR IR AR KR\ 1)

C |
ance put matches the golden output!\n");
- - — R R KRR KRR KR KRR KRR R\ ) 3
- H
92 return @;
93}
94 }
95 v

IR A=R ]

S Console * . ¥ Errors} ) Warnings] = DRCSW
Vivado HLS Console

46 | Writable | Smart Insert |50 7 H U I N S
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C-Simulation result

4 INFO
5 INFO
& INFO
7 INFO
& INFO

1@ INFO
11 INFO
12 INFO
13 INFO
14 INFO

9 Compiling(apcc

f|2§| fir_csim.log &3

= B

: [HLS 2ee-18
: [HLS 2ee-18
: [HLS 2ee-18
: [APCC 282-3
: [APCC 282-1

: [HLS 2@8@-16
: [HLS 2@8@-16
: [HLS 2@8@-16
: [APCC 282-3
: [APCC 282-1]

]
]
]
]
]
)
]
]
]
]

1 INFO* [ErIH 2] FEEXXXFXXXLXXEE CCTM chgrt FHEEFEEEEEEEEEEE
2 INFO: [SIM 4] CSIM will launch GCC as the compiler.
3 Compiling(apcc)

D:/labl/fir test.c in debug mode

Running 'C:/Xilinx/Vivado/2819.1/bin/unwrapped/wint4.c/apcc.exe’

For user 'user' on host 'desktop-8qSklch' (Windows NT amd&4 wversion 6.2) on Thu ]
In directory 'C:/work/HLS tutorial/solutionl/csim/build’

Tmp directory is apcc_db

APCC is done.

D:/labl/fir.c in debug mode

Running 'C:/Xilinx/Vivado/2819.1/bin/unwrapped/wing4.c/apcc.exe’

For user 'user' on host 'desktop-8qSklch’ (Windows NT amd&4 wversion 6.2) on Thu ]
In directory 'C:/work/HLS tutorial/solutionl/csim/build’

Tmp directory is apcc_db

APCC is done.

15 Generating csim.exe
16 Comparing against cutput data

17 e e e e e e e o e oje e e oje i ke e i ke e ofe i i ok ofe i oo o e o o e e o o e e o o e e e e e

18 PAS5: The ocutput matches the golden output!

15 e e e e e e e o e oje e e oje i ke e i ke e ofe i i ok ofe i oo o e o o e e o o e e o o e e e e e

28 INFO: [S5IM 1] €5im done with @ errors.
21 Ir.l":ﬂ: [SIH 3] e e o e e e e e e e e e e ok o {:SIH finish e e o e e e e e e e e e e ok o
22| (;‘ S
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Synthesis to RTL

¢ Wivado HLS 20191 - HLS tuterial (C#workWHLS tutorial)
File Edit Project Solution Window Help

DB R BB R eS| ruaia-miai®
23 Explorer £3 $ = B |[2 ficsimlog

v (== HLS_tutorial 1INFO: [5T P All Selutions start *****f*********
Includes 2 INFO: [SI = Select Solutions... as the compiler.
: BEI . 3 Compil___ t.c in debug mode
» 5 -0uree 4 INFO: [HLS 200- 19] Running 'C f)(lllnxf‘uflvad-:b.f'z@lﬂ 1/bin/unwrapped/wing4.0/apcc.exs
> @i Test Bench 5 INFD: [HLS 28@-18] For user 'user' on host 'desktop-8qSklch' (Windows NT_amde4 wer
» = solution1 6 INFO: [HLS 28@-18] In directory 'C:/work/HLS tutorial/sclutionl/csim/build’

7 INFO: [APCC 282-3] Tmp directory is apcc_db

8 INFO: [APCC 2@2-1] APCC is done.

9  Compiling(apcc) D:/labl/fir.c in debug mode

18 INFO: [HLS 28@-18] Running "C:/Xilinx/Vivado/2819.1/bin/unwrapped/wing4.ofapcc.ext
11 INFO: [HLS 288-18] For user 'user' on host "desktop-8q5klch' (Windows NT_amdsd wver
12 INFQ: [HLS 28@-18] In directory 'C:/work/HLS_tuterial/solutionl/csim/build’

13 INFO: [APCC 282-3] Tmp directory is apcc_db

14 INFO: [APCC 282-1] APCC is done.

15 Generating csim.exe

16 Comparing against output data

l?######*************************************

18 PASS: The cutput matches the golden ocutput!

19ttttttttttttttttttttttttttttttttt##########

28 INFO: [SIM 1] C5im done with @ errors.
21 INFOQ: [SIH 3] Bk e ke C5IM finish e o o o e e e e e e e e e e e
22

)

48 HUINS
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Resource

Synth ESiS Re po rt Utilization Estimates

E Summary

. . Mame BRAM_18K | DSP43E FF LuUT LIRAM
E‘ﬂ Synthesis{solution1)(fir_csynth.rpt) 22 = 8 DSp - - _ - _
- N ﬂ Expression - 3 0 a5 -
Performance Estimates FIFO R R _ _ _
= Timing (ns) Instance - - - - -

= Summary Memory 0 - G4 & 0
Clock | Target | Estimated | Uncertainty Mulltiplexer - - - 118 -
ap_clk | 10.00 2510 125 Register - - 177 | - -

Total 0 3 241 207 0

E Latency (clock cycles) Available 280 220 | 106400 | 53200 0

= Summary Utilization (%) a 1 ~ ~{ 0

Latency Interval Executlo n TI m I n g , Detail

min | max | min | max | Type

26 i} i} 26 | none Interface Inte rfa Ce
- et Latency  Summary

|RTL Ports | Dir | Bits Protocol Source Chject C Type
B Instance ap_clk in 1 ap_ctrl_hs fir | return value
MN/A ap_rst in 1 ap_ctrl_hs fir | return value
= Loop ap_start in 1 ap_ctri_hs fir | return value
Latency Initiation Interval ap_done out 1 ap_ctrl_hs fir | return value
Loop Mame min | max | lteration Latency | achieved | target | Trip Count | Pipelined ap_idle out 1| apctrl_hs fir | return value
- Shift_Accum_Loop 55 55 5 - - 1 no ap_ready out 1 ap_ctrl_hs fir | return value
y out | 32 ap_vld ¥ pointer
y_ap_vid out 1 ap_vid y pointer
¢_addressD | out 4 | ap_memory £ array
c_ced out 1 | ap_memory C array
c_go in 32 | ap_memory C array
49 X in 32 ap_none X scalar S
Human Intelligent System



erification

¢ Vivado HLS 2018.1 - HLS_tutorial (C:workwHLS _tutorial)

File Edit Project

Sclution  Window Help

i B .o @ Solution Settings..

== R

W@

- [m] X

%5 Debug || | Synthesis | & Analysis

C/RTL Co-sir

50

Expl 52 Run C Synthesis > inth lution 177 th.
EW\:' plorer T T nthesis(solu |clm J(ir_ceynth. ¢ Co-simulation Dialeg *
v = HLS_tutDriaIl | Run C/RTL Cosimulation ~ Shift Accurm_Loop
> [ Includes| 8 Export RTL C/RTL Co-simulation
> § Source Open Analysis Perspect flization Estimat <
S fim Test Beny pen Analysis Perspective ization Estimates
v Y= solution Open Report > | summary ) )
v & const B Open Wave Viewer.. Name BRAM_18K Verileg/VHDL Simulator Selection
4 drectvesr bep _ [auto ~|
ﬂg, scripttcl Expression .
v & cim fFo N RTL Selection
> (& build @ Verilo O VHDL
s = report Instance - g
v (= impl Memory O]  options
5 [ misc Multiplexer - [ setup Onl
» = verilog Register - ey
» (= vhdl Total o
Dump Trace |n v
v = sn Available 280
w [= report Utilization (%) 0 [] Optimizing Compile
=] fir_csynthorpt -
» [ systemc Detail [JReduce Diskspace
» [ verilog Interd:
s = vhdl nteriace Wave Debug
= Summary
ATLPors | Or | Bt [ Disable Deadlock Detection
ap_clk in 1
P - Compiled Library Location | || Browse... |
ap_rst in 1
ap_start in 1
- ap_done out 1
I I l I at I O I l ap_idle out ! Input Arguments
ap_ready out 1
y out 32
y_ap_vld out 1
¢_address0 | out 4 | ap
c_cel out 1| ap
c_q0 in 32 | ap
- n S []De not show this dialog bex again.

Export the report(.html) using th

Open Analysis Perspective

I| oK |i Cancel |

= b

[V I *» =8

~

:=| General Information
Performance Estimate
Timing (ns)
Latency (clock cyc
=] Utilization Estimates
El Summary
Detail
=] Interface
El Summary

& Console 52

Ll Error.q & Warning.q 'z DRC.q

Vivado HLS Console

HUINS
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Co-Simulation Result

K|'§'f| Synthesis(solution)ifir_csynth.rpt) ﬁ'gfl Simulationisolution)(fi

Cosimulation Report for ‘fir’

Result
Latency Interval
RTL Status | min | avg | max | min | avg | max
WVHDL MA [ NA | NA | MA | MA | MA | MNA
Werilog Pass | 56 | 36 a6 | 57| 57 57

Export the report{-html) using the Export Wizard

C Test Bench
1. Creates Input Vector

2. Simulates RTL Design
3. Check RTL Qutput

51

<

‘& console 52 @Errurﬂ i Warnings] ‘s DRC&T B BH B B | By 4& =0
‘-.-’wadu HLS Console
NIL JLmudrawLwil » HFFF UL LJ.W.-WNJ |.I;I;l SLTUL U ~
ff RTL Simulation : 578 / 681 [lee.@8X] @ "329595888"
/f RTL Simulation : 579 / @1 [1@0.00%] @ "330165088"
/f RTL Simulation : 580 / 6@l [1@@.@e¥] @ "338735000"
/f RTL Simulation : 581 / 681 [180.80%] @ "331305000"
/f RTL Simulation : 582 / 6@l [1@@.ee¥] @ "331875000"
/f RTL Simulation : 583 / 6@l [100.88%] @ "332445000"
// RTL Simulation : 584 / 6@l [1ee.ee¥] @ "333@15e60”
/f RTL Simulation : 585 / 6@l [1e@.ee¥] @ "333585000"
/f RTL Simulation : 586 / 681 [189.80%] @ "334155608"
/f RTL Simulation : 587 / 601 [1@@.ee¥] @ "334725000"
// RTL Simulation : 588 / 6@l [19@.88¥] @ "335205000"
/f RTL Simulation : 589 / 6@l [1@@.ee¥] @ "335865000"
/f RTL Simulation : 590 / 6@l [1@@.8e¥] @ "336435000"
/f RTL Simulation : 591 / 681 [180.80%] @ "337605000"
/f RTL Simulation : 592 / 6@l [1e@.ee¥] @ "337575000"
/f RTL Simulation : 593 / 681 [18@.88%] @ "338145880"
// RTL Simulation : 594 / 6@l [1e@.ee¥] @ "338715e00@"
// RTL Simulation : 595 / 681 [10@.00%] @ "339285000"
/f RTL Simulation : 596 / 6@1 [1@@.88%] @ "339855088"
/f RTL Simulatien : 597 / 681 [lee.ee¥] @ "340425006"
// RTL Simulatieon : 598 / 681 [1e@.88%] @ "340005000"
/f RTL Simulation : 599 / 6@l [1@@.@e¥] @ "341565800"
/f/ RTL Simulation : 608 / 681 [lee.ee%] @ "342135006"
// RTL Simulatien : 681 / 681 [lee.e8¥] @ "342705000"
/ff/ffffff/ff/ff/ffffff/ff/ff/ffffff/ff/ff/ff!fff/ff/ff/ff!ffffffIIIIIIIIIIIIIIIIIII
f§finish called at time : 342745 ns : File "C:/work/HLS_tutorial/solutionl/sim/verileg/fir.autotb.v" Line 332
# oguit
INFO: [Common 17-2@86] Exiting xsim at Fri Jul 5 85:46:81 2819...
INFO: [COSIM 212-316] Starting C post checking ...
Comparing against cutput data
e R R R SRt ]
PASS: The output matches the golden output!
e R R R SRt ]
INFO: [COSIM 212-1@@8] *** C/RTL co-simulation finished: PASS ***
Finished C/RTL cosimulatien.
| Y
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IP - Creation

¢ Vivado HLS 2019.1 - HLS_tuterial (C:WwerkWHLS_tuterial)

File Edit Project Solution Window Help

R RC@w adir - D@ A0 Fic®

— [m] >

%5 Debug [/ | Synthesis & Analysis

[ Explorer &2 W= 8 Hrg‘ﬂS)rnthesis(solutiom)(ﬁr_csynth.rpt) ﬂ'g‘fl Simulatien(sclution 1) (fir_cosim.rpt) &3 = B8

c :
v 1 HLS tutorial Cosimulation Report for “fir’

0 32 » =8

An outline is not available.

EEEIEI R =R =

> [ Includes
» S Source Result
= Test Bench
i g lution1 Latency Interval
v @ c % Solution Settings RTL | Status | min | avg | max | min | avg | max
g WHDL MA | NA | NA | MNA | MNA | NA | NA
4 Rename verilog Pass Al sAl sAl s71 571 s7
: Copy 4 Export RTL b4
M Export the report.html) P
> B Paste
s & B Export RTL as IP
w = ir #
> B C Synthesis >
> £ & Run C/RTL Cosimulation B console 2 . @] E| Format Selection
> ivado HLS Console
Ex| RTL ivado
3 E,L:I & _Export ;_ RC -w"“imw“ - |IP Cataleg | | Cenfiguration..
RTL Simulation :
b3 Open Report > . .
ML L / RTL simulation :|  Eyaluate Generated RTL
> E B Open Wave Viewer / RTL Simulation : ;
3 [=5mywerm mr// RTL Simulation : Verilog R
> (= verilog /1 RTL simulation :|  [Tyiado synthesis
5 = vhdl // RTL Simulation :

// RTL Simulation :| LJVivado synthesis, place and route
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
J/ RTL Simulation :
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
// RTL Simulation :
J/ RTL Simulation :
// RTL Simulation :
// RTL Simulation : 688 / 601 [100.00%] @ "342135000"

// RTL Simulation : 601 / 681 [180.80%] @ "342705080"

LLEPPEEELIELEIEEITE LT ELEE R P L AP TEE0 T L R E R R EL AT d i ddiiiiitiidy

$finish called at time : 342745 ns : File "C:/work/HLS_tutorial/solutienl/sim/verileg/fir.autotb.v" Line 332
## quit

INFO: [Common 17-286] Exiting wxsim at Fri Jul 5 ©5:46:81 2819...

INFO: [COSIM 212-316] Starting C post checking ...

Comparing against output data

XO file location: C:/work/firxe | [ Browse..

[]Do not show this dialeg box again.

Cancel

PASS: The output matches the golden output!

INFO: [COSIM 212-1@8@8] *** C/RTL co-simulation finished: PASS ***
Finished C/RTL cosimulation.

HLS_tuterial/selution

Export RTL as IP
Target Language 2738
Synthesis

Implementation & &

=273

HUINS
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53

Exported IP

[ Explorer &2 B =

w =% HLS tutorial
> [ Includes
5 E Source
» fim Test Bench
w U= solution1
» g constraints
¥ = €sim
v = impl
v [=ip
= autocimpl.log
= awxliary xml
|=| componentxml
pack bat
4 run_ippack tcl
vivado jou
vivado.log
£ xilinx_com_hls_fir_1_0.zip
» 48 constraints
= bd
» = doc
» = example
» (= hdl
» = misc
= subcore
s [= xgui
¥ = misc
» [= verilog
» (= vhdl
» = sim
> (= sy

HE
g7 | o=
LI

W HE A

e B X =F

M s - :
= 6z -

A =4
=0 @
ME THE7|
» impl » ip
ST 20

2019-07-05 28 .
2019-07-05 28...
2019-07-05 28 .
2019-07-05 28..
2019-07-05 28
2019-07-05 23 .
2019-07-05 28
2018-07-05 28 .
2019-07-03 273...
2018-07-05 28 .
2019-07-05 28...
2019-07-05 28 .
2019-07-05 28...
2019-07-05 28 .
2019-07-05 28..
2019-07-03 25

| e 1y e ols =M AF 0E
[{] 5= 721 2H221 o, gx» - HER7|
BHC -4
i » WPC » Windows (C) » work » HLS_tutorial » solutiond
* Ef—E—iE M 3'% -
B sy il
24 bd
[ Rl i} constraints
= AE doc
b == example
hdl
= Windows (C)
) misc
- USE @) subcore
- USB () xgui
5. EasyProcessor autoimpl.leg
ché_pl_7SegLED D auxiliary.xml
11 ol US ot D component xml
C rangemeter
- J pack.bat
lab1 [ run_ippack.tcl
PRT [ ] vivado jou
src = vivado.log
test £3 xilinx_com_hls_fir_1_0.zip

us_rangemeter_1.0
WHDL
Xmec_MpS5C

2019-07-05 27

[+ =Bl HHes «=

EINEEELL S
@BIAEE o dH ST
27| “=

- 37|

oz =6

oy M

oz =6

oy 4

oz 0

oy 4

oz 0

oz 0

oy 0

HAE BN 1KB
XML =AM 2KB
XML M 25KB
Windows Hi%| o2 1KB
TCL Ot GEKB
10U I 1KB
BAE S 1KB

LE(EIP) T

1w | b’)

HUINS
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Use HLS In Vivado

: | O
’ §  Settings ’
File  Edit 1 H
Q- _
=‘ IP > Repository 1 .
S oa Project Settings ~ Add directories to the list of repositories. You may then add additional IPto a ' U n Z I p LS | P
- General selected repasitory. If an IP is disabled then a tool-tip will alert you to the reason.
¥ PROJECTI Smaghon WD . I\ |
o Setting Elaboration IP Repositories d d | P R e p O S I to ry
Add S Synthesis
. Implementation
angusg
Bitstream e
IP Catd
# b Mo content
| Repository l
¥ IP INTEGR! Packager
. E— -Refresh All
Open B Project
Gencel IP Defaults
Board Repository
v saanai Source File
Display
Run Si
WebTalk .
Help
V¥ RTL ANAL ' ’
» Text Editor L
5
> OpenE 3rd Party Simulators
» Colors
v SYNTHESI Selection Rules

4 HUINS

Human Intelligent System




Import in Vivado

¢ project_1 - [C:/werk/project_1/project_1.xpr] - Vivado 2019.1 — O X
File  Edit Flow Tools Reports  Window  Layout  View  Help - Quick Access Ready
3 El X » B & % ¥ = Default Layout v
Flow Navigator S e PROJECT MANAGER - project_1 ? X
)
~ PROJECT MANAGER
Sources 2 _ 00 % Project Summary x| IPCataloj  x !
o Settings » .
Q T = + 0 Cores | Interfaces Diagram 200 X
Add Sources
Design Sources Ql = & Z o F & 0 A - »»
Language Templates ; - v “ “ &1 a W w I..h‘_] {:} Q + B f C r.':ﬂ'
» Constraints F
) ) Search: |0~
TP Catalog v Simulation Sources = . . . . .
) ,F‘ Designer Assistance available. Run Connection Automation
sim_1 Name A1 AXI4 Status L
v |P INTECRATOR > [ Utility Sources v User Repository (c:iwork)
Create Block Design Is-saannsms B, v VIVADO HLS IP
Hierarchy | Libraries  Cord b = ¥ Fir Pre-Productii Ir 1
Open Block Desian fir 0
v Vivado Repository — -
ack i IP Properties 2 ] :
Generate Block Design =5 ? 0GB X 3 Alliance Partners
A Fir £ < — — : " + ap_ctrl y ap_vid (=
¥ SIMULATION P’ ap_clk Vivade™ HLS —F=
Version: 1.0 (Rev. 1907050602 Details C_I.‘.JEﬂ o
Run Simulation Descrintion: . ap_rst
escription:  An IP generated by Viv © P has duplicates o ‘ Y[Etﬂl
Status: Pre-Production C_'Eﬂ[ 13 I add 030
v RTL ANALYSIS Name: Fir 310 e B3]
License: Included o ’ J""[ 1 ]
» Open Elaborated Design < 3 ersion: 1.0 (Rev. 1907050602)
A
) Fir (Pre-Production)
v SYNTHESIS Tcl Console Messages Log Reports Design Runs *
P Run Synthesis Q T =2 %
> Open Synthesized Design Mame Constraints ~ Status WHS TMNS WHS THS TPWS Total Power FailedRoutes LUT FF |
v synth_1 constrs_1 Mot started
v |[MPLEMEMNTATION imnl 1 constrs 1 Mot started

JEJ\II T T TS o P SI =T AT TTTY




Resource

Synth ESiS Re po rt Utilization Estimates

E Summary

. . Mame BRAM_18K | DSP43E FF LuUT LIRAM
E‘ﬂ Synthesis{solution1)(fir_csynth.rpt) 22 = 8 DSp - - _ - _
- N ﬂ Expression - 3 0 a5 -
Performance Estimates FIFO R R _ _ _
= Timing (ns) Instance - - - - -

= Summary Memory 0 - G4 & 0
Clock | Target | Estimated | Uncertainty Mulltiplexer - - - 118 -
ap_clk | 10.00 2510 125 Register - - 177 | - -

Total 0 3 241 207 0

E Latency (clock cycles) Available 280 220 | 106400 | 53200 0

= Summary Utilization (%) a 1 ~ ~{ 0

Latency Interval Executlo n TI m I n g , Detail

min | max | min | max | Type

26 i} i} 26 | none Interface Inte rfa Ce
- et Latency  Summary

|RTL Ports | Dir | Bits Protocol Source Chject C Type
B Instance ap_clk in 1 ap_ctrl_hs fir | return value
MN/A ap_rst in 1 ap_ctrl_hs fir | return value
= Loop ap_start in 1 ap_ctri_hs fir | return value
Latency Initiation Interval ap_done out 1 ap_ctrl_hs fir | return value
Loop Mame min | max | lteration Latency | achieved | target | Trip Count | Pipelined ap_idle out 1| apctrl_hs fir | return value
- Shift_Accum_Loop 55 55 5 - - 1 no ap_ready out 1 ap_ctrl_hs fir | return value
y out | 32 ap_vld ¥ pointer
y_ap_vid out 1 ap_vid y pointer
¢_addressD | out 4 | ap_memory £ array
c_ced out 1 | ap_memory C array
c_go in 32 | ap_memory C array
56 X in 32 ap_none X scalar S
Human Intelligent System



Optimize Port to

57

Target

Port C(input array): single port RAM access
Port X(input data): input data valid signal

Port Y(output data): output data valid signal

Human Intelligent System




Create New Solution

4 Wivado HLS 20191 - HLS_tutorial (C#work®HLS_tutorial)
File Edit Project Selution Window Help

[iE @ B R o REGB EORP-YE A 0568
Fim) Explorer &2 =8 =1 Synthesis(solution)(fir_csynth.rpt) ﬁ'gﬂ Simulation(selution1)(fir_cosim.rpt) 22
== HLS tutarial . . e e e el
v Sy C—— Cosimulation Report for ‘fir _xl_l x_—ll 9-|_ g E O |. *o-l L [®) I:*OI-O |
> 8 ; Run € Simulation Result O - o o e
z ﬂ?&@' Copy Latency Interval :' O | D E El— E j-l H:l 7:| O |.
] Pas?e RTL | Status | min | avg | max | min | avg | max =1 I — A —_ O
WHDL MA | NA [ MA MA | NA [ MA MA A
= Verilcl-g_ . Pa;s__l 56 56 56 57 | 57 57 xl O_._ _ll *H —é—_?_ﬁ AOH *o-l

o -
i@ New Solution... Export tf| ¢ Sclution Wizard = I

UGl e REUTLS.

Solution Configuration r_
Properties Create Vivado HLS solution for selected technology f l_f_’
& conso
Solution Name: [Folution2
@l o | |
Clock
Mame | Pericd: |10 | Uncertainty: | |

hA Part Selection

Y| pat xc7z020-clg484-1

Options
Copy directives and constraints from selution:

[]sDAccel Bottom Up Flow

. HUINS
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Irectives

lo HLS 2019.7

[

File Edit Project Solution

5|_<|>..|:u"-uE7:]. "L

fworkwHLS_tutorial

EELBEOr- BN

‘ ¥ Debug [, | Synthesis | &~ Analysis

> (3 selutiont
v Y= solution2
» @ constraints

51 data_t x
52 3

54 static data_t shift_reg[N];
55 acc_t acc;

56 data_t data;

57 int i;

59 acc=8;

60 shift_Accum_Loop: for (i=N-1;i»=@;i--) {
61 if (i==8) {

62 shift_reg[@e]=x;

63 data = x;

64 T else {

65 shift_reg[i]=shift_reg[i-1];
66 data = shift_reg[i];

68 acc+=data*c[i];;
59}
78 *y=acc;

ARRAY _MAP

INTERFACE
RESCURCE
STABLE
STREAM

variable (required): |c

instance (opticnal): |

mode (optional): | horizontal

offset (optional): |

[ Explorer 32 W = B || synthesistsolution1)(fir_csynth.rpt) ﬁ'g‘fl Simulation(sclution1)(fir_cosim.rpt) (I@ firc 2 o= Outlirﬂ 1% Directive 3 \I &« > - 8
v 22 HLS_tutorial 2®Vend;ré A&J’%imshlll v e fir
46 #include "fir.h" _
> @ Includes 47 [+] Vivado HLS Directive Editor
v & Source 135 void Fir (
[ firc 49 data t *y, Directive o X
» fim Test Bench 50 , =[] shift_reg

2 Shift_Accum_Loop

Hep || cancl | [ oK

g HUINS
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Directives for Port C

[p ]"-.-'i-'s::: HLS Directive Editor > [- ]‘u"ivadu HLS Core Selection O >
Directive Filter
|| con o s “ | Port C: Single Port RAM
Destination Opticns O ) I g e O
(®) Source File Memory Type: | RAM v |
Options Resource Type: |ALL v |
variable (required): | C |
_ RAM_1P
core (required): II:I RAM_1P_BRAM
RAM_TF_LUTRAM
latency (optional): | | RAM_1F_URAM

metadata (optional): | |

Single-port RAM using 'Block RAM'

Help Cancel OK oK Cancel

60 | HUINS
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6l

Directives as #pragma

|'§‘f| Synthesis(solution1)(fir_csynth.rpt) ﬁ'g‘fl Simulation(solution1)fir_cosim.rpt)

(@ *irc i3

2@ vendor: Xilinx [

46 #include "fir.h"

9 data_t *y,
8 coef_t c[N],
data t x

#pragma HLS RESOURCE variable=c core=RAM 1P BRAM
[ |

5 static data t shift reg[N];

6 acc_t acc;

7 data_t data;

8 int i;

a

B acc=0;

1 Shift_Accum_Loop: for (i=N-1;ix=8;i--) {
2 if (i==8) {

3 shift_reg[@]=x;

4 data = x;

5 T else |

6 shift_reg[i]=shift_reg[i-1];
7 data = shift_reg[i];

8

a acct+=data*c[i];;

@ ¥

1 *y=acc;

e

73

Ty
0= Qutline ﬁ:I:"-" Directive 53

€> =0

w @ fir
&y
X

# HLS RESOURCE variable=c core=RAM_1P_ERAM

X
x[1 shift_reg
& shift_Accum_Loop

)

IJUINS
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Directives for X, Y

¢ | Vivado HLS Directive Editor

Drirective

INTERFACE

Destination
(® Source File
() Directive File

Options

mode (optional):  iap_vld

register (optional): []

depth (optional): |

latency (optional): |

port (required): |}f

name (opticnal): |

Help

Cancel

Ok

¢".] Vivado HLS Directive Editor

Ciirective
INTERFACE

Destination
(®) Source File
() Directive File

Cpticons

mode (optional): ap_vid

register (opticnal): []

depth (optional):

latency (optional):

port (required): X

name (optional):

Help Cancel

CK

* Port X(input data): valid
* Port Y(output data): valid

)

HUINS
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Inserted #pragma

K|'§'f| Synthesis(solution)(fir_csynth.rpt) 23 ﬁ'g‘fl Simulation(solution)(fir_cosim.rpt) (@ *firc 2

2@vendor: Xilinx [
45 #include “"fir.h"

47

8= woid fir (

9 data t *y,
S@ coef_t c[N],
51 data t x

52 11
53 #pragma HLS INTERFACE ap vld port=x

55 d#pragma HLS RESOURCE variable=c core=RAM 1P BRAM

57 static data t shift _reg[N];
S8 acc_t acc;

59 data t data;

6a imt 1

B2 acc=@;

B3 Shift Accum Loop: for (i=N-1;ix=8;i--) {
B4 if (i==8) {

65 shift_reg[@]=x;

BE data = x3

&7 } else ﬂ

BB shift reg[i]=shift_reg[i-1];
69 data = shift_reg[i];

71 acct=data*c[i];;
72} q
73 *y=acc;

- e HUINS
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nthesis(solution2

4 Vivado HLS 20191 - HLS tutorial (C:#work®HLS_tutorial)

Fil= Edit Project Solution Window Help

FHEGR:«+4EEX G R S8bE A r-Ua A-B8 &« O
[t Explorer &3 w = B ||l synthesis(solutiont)(fir_csynth.rpt) (E‘fl Simulation{solution1)(fir_cosim.rpt) ﬂﬂ firc 52
v ‘?Cgf-t”w”a' o b+ e
il Includes s

=
v = Source 8= void fir (

iy firc a data_t *y,
» fi= Test Bench 58 coef_t c[N],
» (3 solutionl 51 data_t x
v Y= solution? 52 )1

L B Solution Settings... 53 #pragma HLS INTERFACE ap_wld port=x

EREETD 55 #pragma HLS RESOURCE variable=c core=RAM_1P_BRAM

56
Copy 57 static data_t shift_reg[N];
Paste 58 acc_t acc;
59 data_t data;
¥ Delete 50 dint i
C Synthesis » [ Active Solution
Run C/RTL Cosimulation B+ All Solutions cu';_?ﬂor:: for (i=N-1;ix=@;i--) {
=@
£ Export RTL [+ Select Solutions... shift_reg[e]=x;
data = %3
Open Report ¥ } else {

shift_reg[i]=shift_reg[i-1];

B Open Wave Viewer...
data = shift_reg[i];

acct+=data*c[i];;

1

Fy=acc;

)

HUINS
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Interface
E Summary

|RTL Ports | Dir | Bits Protocol Source Chject C Type

ap_clk in 1 ap_ctrl_hs fir | return value
ap_rst in 1 ap_ctrl_hs fir | return value
ap_start in 1 ap_ctrl_hs fir | return value
ap_done out 1 ap_ctrl_hs fir | return value
ap_idle out 1 ap_ctrl_hs fir | return value
ap_ready out 1 ap_ctrl_hs fir | return value
y out | 32 ap_vld ¥ pointer
y_ap_vid out 1 ap_vid y pointer
c_addressD | out 4 | ap_memory £ array
c_ced out 1 | ap_memory C array
c_g0 in 32 | ap_memory c array
X in 32 ap_none X scalar

Solution

Synthesis Report - Interface

Interface
E Summary
RTL Ports | Dir | Bits Protocol Source Object C Type

ap_clk in 1 ap_ctrl_hs fir | return value
ap_rst in 1 ap_ctrl_hs fir | return value
ap_start in 1 ap_ctrl_hs fir | return value
ap_done out 1 ap_ctrl_hs fir | return value
ap_idle out 1 ap_ctrl_hs fir | return value
ap_ready out 1 ap_ctrl_hs fir | return value
y out | 32 ap_vlid ¥ pointer
y_ap_vld out 1 ap_vld v pointer
c_addressD | out 4 | ap_memory C array
c_ced out 1 | ap_memaory C array

L ql in 3 2_ ap memaory C array
X in 32 ap_vld scalar
*_ap_vld in 1 ap_vlid scalar |

Solution?

)
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Analyze

r : : : r : : : = : :
Export the report( html) using the Export Wizard =1 Synthesis(solution1)(fir_csynth.rpt) ﬁ;ﬂ Synthesis{solution2) (fir_csynth.rpt) (m Schedule Viewer(solution2) 2
Open Analysis Perspective Analysic Perspective | |- - | 3

COperation®Control Step

0 1 ? 3 3 5
x_read(read) i i i i i
. w Shift_Accum_Loop : Shift_As:cum_i.mp . .
RTL Hierarchy module | sosnm :
i_0(phi_mux) i
. — icmp_InG4(icmp) i
operation i i

data(read)
0 write_InB5(write)
shift_reg_addr_1_write_In&8(write)
c_load{read)
i+
data_0{phi_mux)
mul_In71{*
acci+)
y_write_|In73 (write)

Srhadile Viewer | Reeniree Wiswer |




Operation Flow

OperationWControl Step 0 ] | 5 | 5 | 4 | 5
 reatirea) | | | | ;
v Shift_Accum_Loop - Shift_Accum_Loop

acc_0(phi_mux)

i_0(phi_rmux)

icmp_In64(icmp)

add_In&8(+)

data(read)

0 _write_In&5(write)

shift_reg_addr_1_write_In&8{write)

¢_load(read)

i(+]

data_0(phi_mux)

mul_In71(%

acci+)
y_write_In73(write)

x_read() - Shift_Accum_Loop

operation )
. HUINS
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Analysis - Resource

OperationwControl Step 0 i 5 5 1 =
w [+]I/C Ports !
X reard
¥ write
¢(p0) I read
v [+]Memory Ports
shift_reg(p0) write  write
(p0) [ read
w [+]Expressions
grp_fu_138 + ' +
acc_0_phi_fu_107 rhi mux
i_0_phi_fu_120 nhi munx
icmp_Ing4_fu_157 icmn
data_0 phi_fu_131 nhi mun
mul_In71_fu 178 %
acc_fu_ 181 +

)

. f } HUINS
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Higher optimization

69

o = IT
R

 Default > £ A4t 0
. SILIC| EIXE XJALE > Dependency, 2|AA X|X%}
« Unroll Loop(t':'a"faf)
* block RAM, register
* Array shift_reg[ ] 7210l BRAMO| A& &
 Default: BRAM
» Shift RegisterE #%15t2| £/3l| BRAM > JHE HX|AHZE 2
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Create New Solution

A Vivado HLS 20191 - HLS tutorial (C:¥workwHLS tutorial)
Window Help

R & . %
' = O

File Edit Project Solution
:E @ EL:of ER . H=
[ Explorer &3

v = HLS_tut-Dria'
> @] Includes *
w = Source ]

Project Settings...

= Run C Simulation
Lgb fir.c
5l Test Ber Copy
» (23 solution Dacte
1= solutior % Delete

MNew Solution...

T &

Compare Reports...

Properties

70

[

Solution Wizard

| Solution Configuration

Create Vivado HLS solution for selected technology

Solution Mame: ||5|:iluti|:in3

Clock

Period: |1+IlI | Uncertainty: |

Part Selection
Part: xcfz020-clg484-1

Options

Copy directives and constraints from solution:

solution2 -~

[]SDAccel Bottom Up Flow

Finish

Cancel

)

HUINS
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Unroll the Loop

' Ty T ™
g firc &2 = O | (5= outline (14 Directive £3 > = O
2@ Vendor: Xilinx [ v @ fir
45 #include "fir.h"
47 i'y
3= void fir { # HLS INTERFACE Ep_"ll'llj pl}l"t:}"
9 data_t *y, ¢"-] Vivado HLS Directive Editor et ® c
sa  coef t c[N], # HLS RESOURCE variable=c core=RAM_1P_BRAM
51 data_t x Directive @ x
52 IR

#pragma HLS INTERFACE ap vld port=x
#pragma HLS INTERFACE ap vld port=y
#pragma HLS RESOURCE variable=c cor

static data t shift _reg[N];
acc_t acc;

data_t data;

int i;

acc=8;
Shift Accum Loop:

1
shift _reg[@]=x;
data = x3
} else {
shift_reg[i]=shift_reg|
shift_reg[i];

data =

'UNROLL

Destination
() Source File

Options
skip_exit_check (optional): (]

factor (optional): | |

region (opticnal): ]

Help | | Cancel | |

~~

- Constraints

# HLS INTERFACE ap_vld port=x

# shift_Accum_Loop

Solution 3

- directives.tc

)

HUINS
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Partition Array

i T a T il
[g] firc 23 < directives.tcl 1 = O ||3= outline (I:I;‘.' Directive &3 == = 0

2@ Vendor: Xilinx [J v @ fir

45 #include “fir.h"

47 ®y

8= void fir ( # HLS INTERFACE ap_vld port=y

9  data t *y, [¢] vivado HLS Directive Editor e @ c

58 coef_t c[N], # HLS RESOURCE variable=c core=RAM_1P_BRAM
51 data_t = Directive & x

s2 ) {

53 #pragma HLS INTERFACE ap vld port |ARRA‘1"_PARTITIDN w # HL_S INTERFACE ap_vld port=x

54 #pragma HLS INTERFACE ap vld port o *[1 shift_reg

S5 #pragma HLS RESOURCE variable=c ¢ Destination v % shift_Accum_Loop

6 (O Source File % HLS UMROLL

57 irective Fi

S5 acc t acc; (@) Directive File

59 qataTt data; Options

68 int 1i;

51 variable (required): |5hift_reg |

62 acc=8;

63 Shift_Accum_Loop: for (i=N-1;i3 type (optional): |{:Cler'|p|EtE v|

64 if (i==8) {

65 shift_reg[@]=x;
&6 data =

67 T else { ) . )
68 shift_reg[i]=shift_rd dimension (optional): |1 |
69 data = shift_reg[i];

facter (optional):

71 acct+=data*c[i];;
72}
73 *y=acc;

P )

Help | | Cancel | E 0K i

- : HUINS
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directives.tcl

| Rl N 1 — = L | 'l L i 1 T aly —

¢ Vivado HLS 2019.1 - HLS_tutorial (C:¥work®WHLS_tutorial)

File Edit Source Project Solution Window Help

 [: E @ &l : o T Ro R CBwe RO 8 A0 & ®
T Ty "
P Explorer &3 e = 8 || [g firc (ﬁ'}"‘ directives.tcl &3 = O
v (== HLS tutorial 1
s @ Includes 2 ## This file is gennlar"aFEd automatically by Vivado HLS.
= c 3 i# Please DO NOT edit it.
v B E?U;FE 4 ## Copyright (C) 1986-2819 Xilinx, Inc. All Rights Reserved.
ir.c 5

» fl= Test Bench & set_directive _unroll "fir/Shift_Accum_Loop”
» 3 solutien1 7 set_directive_array_partition -type complete -dim 1 "fir" shift_reg
» 23 solution2 ¢
v = solution3
traints ' i © Ni ' S
- DestinationS Directives= X8 E%
4 scripttcl : :
AADE LHED} Ol directives.tclof| A=

- HW Resources vs Performance
73 - 02| HRQ| £[M3} H & H|W Al AFE HUINS
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Synthesis

d Wivado HLS 20191 - HLS tutorial (C:%work®HLS tutorial)
Eile Edit Source Project Selution ﬂinduw Help

E qu} FRLY Tl I'lu Eﬂ ,.&" IE x i | T_—l ﬁ Lli_]] ;1* [% h‘—l F E E |_I
-
[ Explorer &3 rﬁ“‘* = g @ firc (ﬁf directives.tcl 23
w -L,__ﬁ HLS_tutorial 1 mwtmwmmm#m
inchsdos 2 ## This file is gene
y @] . 3 ## Please DO NOT edi
v 5 -ource 4 ## Copyright (C) 19¢
gy fir.c 5 HHHHHHHHHHHHHHHNNN
» M= Test Bench & set directive unroll
s 3 solutiont 7 set_directive_array_
s 23 solution2 8
v = solimion3?
v @ Solution Settings...
) Rename
Copy
Paste
L Delete
C Synthesis * [= Active Solution
Run C/RTL Cosimulation = All Solutions
f3 Export RTL = Select Solutions... q
Open Report » b
B Open Wave Viewer... H U I N S
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Synthesis Report

Performance Estimates

Performance Estimates

= Summary

= Latency (clock cycles)

= Timing (ns)
= Summary
Clock | Target | Estimated | Uncertainty
ap_clk 10.00 8.210 1.25

Latency

Interval

Max

min max

SE

SB oG

M/A

= Instance

x4 faster

= Timing (ns)
= Summary
Clock | Target | Estimated | Uncertainty
ap_clk | 10.00 8.742 1.25

= Latency (clock cycles)

F Summary

Interval

Latency
' max

min max

14

14 14

Insta

Loop

nce

)
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e HLS
o C/C++ &M=l SWE HW IPE H2l HAE
 Data Types, I/0 Ports
« HLSE 0| 8¢f £[Hz}
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What's Next?

77

HLS
- C/C++ > HW IP AH|
- FPGA /ZYNQ EE AR

SDSoC(Software Defined System-0On-a-Chip)
- Zyng& HW Acceleration system
- System Profiling, SW/HW Partitioning, HLS, Compile &A|0|

Human Intelligent System



Zynq SoC &4|(HDL, HLS)

Xilinx SDK
Xilinx VIVADO

Xilinx, ARM
VHDL/Verilog o SoI=EE
HLS(SDS0C) [[MJ) C/Cts SWIP
AXI HW IP

Bare Metal App
freeRTOS, Linux

78
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C/C++

Arm Build
Steps

Application
Executable

(.elf)

Embedded System Source Code

Application

Embedded Processor Hardware

Functions

GNU Arrn HLS Function
TW Compl.tinn ||0

V'vado
u.-.ku.. ign Suite

<

Bootable System Image ]

RTL, C/C++

Programmable Logic
Build Steps

FPGA Binary
(bitstream)

)

HUINS
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SDSoC System

SDSoC Platform S D SOC SySte M

PDR Barks - 7| & PS Configuration
A Ay [ < - DRAM
Zynq
Hl - Peripherals
- MIO
Embedded Processor (PS
Region U i
Dpemtil:i] Sg'stem Data Movers JN.i> ProgEg'rj'lgleﬂ;:_ll}.Oglc - PS <-> P I— PO rt
Drivers N { Hardware Function Accelerators
Application Code

il
L l ¢ _/ Direct I/0 Access
Peripherals b’)

(Vision, Graphics, Measurement...)

HUINS
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SW/HW Partitioning in SDSoC

oy Funchons r:‘ = K project_one IZ ]
¥« Application Project Settings Active build configuration: | Debug v | i
Select an item to open (? = any character, * = any string):
| General Options
7 Project name: project one Data motion network clock frequency (MHz): |100.00 v ‘
b Biove Opmure Project flow: 4DseC | Generate emulation model | Debug N
Matching items: Platform: s D '
— - - ! sl V] Generate bitstream
® init_arrays(float *, float *, float *, float *, float *) - /project_one/src/main.cpp Riibiie c/e 96 —
x i | Generate S0 card image
® madd_golden(float *, float *, float *) : 4
g o System configuration:  Linux TJ | Insert AXI performance menitor
i snlsgnl chas ) | Enable event tracin
® mmult_golden(float *, float *, float *) Domain: linux e 9
) Estimat
® mmult_test(float *, float *, float *, float *, float *) 0s: linux Dl
® result_check(float *, float *) Root function: - main D
Hardware Functions il AR
Name Clock Frequency (MHz) Path
5 mmult 10000 sec/mmult.cpp
S madd 100.00 sre/madd.cpp

init_arrays(float *, float *, float *, float *, float *) - /project_one/src/main.cpp

—

oK ] [ Cancel ]

(=

- HUINS
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System Profiling in SDSoC

B ax) State View (SDSoC_AX]_Trace_Nov-09_11-08) 3 | 5 mmultadd_sw “{ mmult i- SDSoC_AX!_Trace_Nov-09_11-08 E e % o 4 g =0
ID.ﬂE il p.ﬂ&ﬂ 005 P.WB 010 Iﬂ.Dﬂ 015 ID.UD 020 P.MB 025 ID.DDU 030 Iﬂ.ﬂﬂ 035 _ﬂ.ﬂ-EID ogo

B SDS0C_AXI_Trace_Nov-09_11-08 |
mmult_accel-cmdSend ] [ ]
mimult_accel-crmdWait [ | { |
mimult_accel:in_A-send I i |
mimult_accel:-in_B-send I {
mmult_accel-out_C-receive I
mimult_accel_0:in_A-wait L
mmult_accel 0:in_B-wait I
mimult_accel_0:out_C-wait

—

mimult_accel 0 |
mimult_accel_0:in_A |

mmult_accel_0:in_B ]

mmult_accel_0:out_C I

Legend | Software B Accelerator B Data Transfer

IE D
Ul
- HUINS
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