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00 - Logic operator  

void logic_operator(bool a_i, bool b_i, bool &q_o) {
    q_o = a_i & b_i;
}

Interface ports added by 
default

What should we expect with the following code? 
 😲

You need to explicitly ask to not add default 
interface signals 
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00 - Logic operator (simplified)  

void logic_operator(bool a_i, bool b_i, bool &q_o)
 {

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

    q_o = a_i & b_i;

}

Most ports are removed except 
ap_rst

Reset is a crucial part of synchronous circuits and Vitis implement them by 
default
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01 - Arithmetic operator 

void arithmetic_operator(int a_i, int b_i, int &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

    q_o = a_i + b_i;

}

Can we write different operations 
instead of just logic gates? 

Yes 😎

Integers are 32-bit signals by default
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02 - If-else 

void if_else(int a_i, int b_i, bool sel_i, int &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=sel_i
#pragma HLS INTERFACE ap_none port=q_o

if (sel_i) {
    q_o = b_i;

} else {
    q_o = a_i;

}
}

What an if else statement translates 
to? 😅
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03 - If-else-arithmetic 

void if_else(int a_i, int b_i,
             bool sel_i, int &q_o) {

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=sel_i
#pragma HLS INTERFACE ap_none port=q_o

if (sel_i) {
    q_o = a_i + b_i;

} else {
    q_o = a_i - b_i;

}
}

What should we expect with the following code? 
 😲
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Design flow
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Quantization
#include <ap_int.h>

void if_else(ap_int<8> a_i, ap_int<8> b_i,
             bool sel_i, ap_int<9> &q_o)
{

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=sel_i
#pragma HLS INTERFACE ap_none port=q_o

if (sel_i) {
    q_o = a_i + b_i;

} else {
    q_o = a_i - b_i;

}
}
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Quantization
#include <ap_int.h>

void if_else(ap_int<8> a_i, ap_int<8> b_i,
             bool sel_i, ap_int<8> &q_o)
{

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=sel_i
#pragma HLS INTERFACE ap_none port=q_o

if (sel_i) {
    q_o = a_i + b_i;

} else {
    q_o = a_i - b_i;

}
}
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Quantization
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Quantization
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Quantization

#include <ap_int.h>

void multiplier(ap_int<8> a_i, ap_int<8> b_i,
             ap_int<8> &q_o) {

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

    q_o = a_i * b_i;

}
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Quantization

#include <ap_int.h>

void if_else(ap_int<8> a_i, ap_int<8> b_i,
             ap_int<16> &q_o) {

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o

    q_o = a_i * b_i;

}
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Quantization

19



Quantization
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Quantization
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Recap

when A, B, and Q are the width of a_i, b_i, and 
q_o respectively

Q=max(A,B)+1

Q=A+B

To stay on the linear side without 
overflow, make sure:
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Sequential 
logic
03

Let’s add more fun to it
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Registered logic
#include <ap_int.h>

void multiplier(ap_int<8> a_i, ap_int<8> b_i,
             ap_int<16> &q_o) {

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o 

register

    q_o = a_i * b_i;
}
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Registered logic
#include <ap_int.h>

void multiplier(ap_int<8> a_i, ap_int<8> b_i,
             ap_int<16> &q_o) {
      #pragma HLS PIPELINE

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=b_i
#pragma HLS INTERFACE ap_none port=q_o 

register

    q_o = a_i * b_i;
}
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Sequential logic
#include <ap_int.h>

void counter(bool inc_i, ap_uint<8> &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=inc_i
#pragma HLS INTERFACE ap_none port=q_o
// Use a static variable to retain state between calls
static ap_uint<8> counter = 0;

if (inc_i) {
    counter++;

}
q_o = counter;

}
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Multiple input adder v1
#include <ap_int.h>

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=q_o

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;
for (int i = 0; i < 4; i++) {

    sum += a_i[i];
}

q_o = sum;
}
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Multiple input adder v1
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Multiple input adder v2
#include <ap_int.h>

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=q_o

      #pragma HLS ARRAY_PARTITION variable=a_i dim=1 type=complete

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;
for (int i = 0; i < 4; i++) {

    sum += a_i[i];
}

q_o = sum;
}
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Multiple input adder v2
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Multiple input adder v3
#include <ap_int.h>

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=q_o

      #pragma HLS ARRAY_PARTITION variable=a_i dim=1 type=complete

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;
for (int i = 0; i < 4; i++) {

           #pragma HLS UNROLL factor=2
    sum += a_i[i];

}

q_o = sum;
}

31



Multiple input adder v3
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Multiple input adder v4
#include <ap_int.h>

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=q_o

      #pragma HLS ARRAY_PARTITION variable=a_i dim=1 type=complete

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;
for (int i = 0; i < 4; i++) {

           #pragma HLS UNROLL
    sum += a_i[i];

}

q_o = sum;
}
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Multiple input adder v5
#include <ap_int.h>

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=q_o register

      #pragma HLS ARRAY_PARTITION variable=a_i dim=1 type=complete

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;
for (int i = 0; i < 4; i++) {

           #pragma HLS UNROLL
    sum += a_i[i];

}

q_o = sum;
}
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Multiple input adder v6
#include <ap_int.h>

void adder(ap_uint<8> a_i[4], ap_uint<10> &q_o) {
      #pragma HLS PIPELINE

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=q_o register

      #pragma HLS ARRAY_PARTITION variable=a_i dim=1 type=complete

// Sum the elements, using a 10-bit accumulator
ap_uint<10> sum = 0;
for (int i = 0; i < 4; i++) {

           #pragma HLS UNROLL
    sum += a_i[i];

}

q_o = sum;
}
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FIR v1
#include <ap_int.h>

void fir(
ap_uint<8> a_i,    // Data input
ap_uint<8> h0_i,   // Coefficient 0
ap_uint<8> h1_i,   // Coefficient 1
ap_uint<8> h2_i,   // Coefficient 2
ap_uint<8> h3_i,   // Coefficient 3
ap_uint<18> &q_o)  // Output

{
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h0_i
#pragma HLS INTERFACE ap_none port=h1_i
#pragma HLS INTERFACE ap_none port=h2_i
#pragma HLS INTERFACE ap_none port=h3_i
#pragma HLS INTERFACE ap_none port=q_o register

  static ap_uint<8> shift_reg[4] = {0, 0, 0, 0};

// Shift register: update samples
shift_reg[3] = shift_reg[2];
shift_reg[2] = shift_reg[1];
shift_reg[1] = shift_reg[0];
shift_reg[0] = a_i;

// Multiply-accumulate (MAC) with 18-bit 
accumulator

ap_uint<18> acc = 0;
acc += shift_reg[0] * h0_i;
acc += shift_reg[1] * h1_i;
acc += shift_reg[2] * h2_i;
acc += shift_reg[3] * h3_i;

q_o = acc;
}
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FIR v1
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FIR v2
#include <ap_int.h>

void fir(
ap_uint<8> a_i,    // Data input
ap_uint<8> h0_i,   // Coefficient 0
ap_uint<8> h1_i,   // Coefficient 1
ap_uint<8> h2_i,   // Coefficient 2
ap_uint<8> h3_i,   // Coefficient 3
ap_uint<18> &q_o)  // Output

{
      #pragma HLS PIPELINE

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h0_i
#pragma HLS INTERFACE ap_none port=h1_i
#pragma HLS INTERFACE ap_none port=h2_i
#pragma HLS INTERFACE ap_none port=h3_i
#pragma HLS INTERFACE ap_none port=q_o register

  static ap_uint<8> shift_reg[4] = {0, 0, 0, 0};

// Shift register: update samples
shift_reg[3] = shift_reg[2];
shift_reg[2] = shift_reg[1];
shift_reg[1] = shift_reg[0];
shift_reg[0] = a_i;

// Multiply-accumulate (MAC) with 18-bit 
accumulator

ap_uint<18> acc = 0;
acc += shift_reg[0] * h0_i;
acc += shift_reg[1] * h1_i;
acc += shift_reg[2] * h2_i;
acc += shift_reg[3] * h3_i;

q_o = acc;
}
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FIR v2
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FIR v2
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FIR v3
#include <ap_int.h>

void fir(
ap_uint<8> a_i,
ap_uint<8> h_i[4],    
ap_uint<18> &q_o)

{
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h_i
#pragma HLS INTERFACE ap_none port=q_o register

static ap_uint<8> shift_reg[4] = {0, 0, 0, 0};

  // Shift register
for (int i = 3; i > 0; i--) {

    shift_reg[i] = shift_reg[i-1];
}
shift_reg[0] = a_i;

// MAC operation
ap_uint<18> acc = 0;
for (int i = 0; i < 4; i++) {

    acc += shift_reg[i] * h_i[i];  
}

q_o = acc;
}
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FIR v3
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FIR v4
#include <ap_int.h>

void fir(
ap_uint<8> a_i,
ap_uint<8> h_i[4],    
ap_uint<18> &q_o)

{
#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h_i
#pragma HLS INTERFACE ap_none port=q_o register

      #pragma HLS ARRAY_PARTITION variable=h_i dim=1 type=complete

static ap_uint<8> shift_reg[4] = {0, 0, 0, 0};

  // Shift register
for (int i = 3; i > 0; i--) {

     shift_reg[i] = shift_reg[i-1];
}
shift_reg[0] = a_i;

// MAC operation
ap_uint<18> acc = 0;
for (int i = 0; i < 4; i++) {

    acc += shift_reg[i] * h_i[i];  
}

q_o = acc;
}

43



FIR v4
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FIR v5
#include <ap_int.h>

void fir(
ap_uint<8> a_i,
ap_uint<8> h_i[4],    
ap_uint<18> &q_o)

{
      #pragma HLS PIPELINE

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h_i
#pragma HLS INTERFACE ap_none port=q_o register

      #pragma HLS ARRAY_PARTITION variable=h_i dim=1 type=complete

static ap_uint<8> shift_reg[4] = {0, 0, 0, 0};

  // Shift register
for (int i = 3; i > 0; i--) {

     shift_reg[i] = shift_reg[i-1];
}
shift_reg[0] = a_i;

// MAC operation
ap_uint<18> acc = 0;
for (int i = 0; i < 4; i++) {

    acc += shift_reg[i] * h_i[i];  
}

q_o = acc;
}
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FIR v6
#include <ap_int.h>

void fir(
ap_uint<8> a_i,
ap_uint<8> h_i[4],    
ap_uint<18> &q_o)

{
      #pragma HLS PIPELINE

#pragma HLS INTERFACE ap_ctrl_none port=return
#pragma HLS INTERFACE ap_none port=a_i
#pragma HLS INTERFACE ap_none port=h_i
#pragma HLS INTERFACE ap_none port=q_o register

      #pragma HLS ARRAY_PARTITION variable=h_i dim=1 type=complete

static ap_uint<8> shift_reg[4] = {0, 0, 0, 0};

  // Shift register
for (int i = 3; i > 0; i--) {

          #pragma UNROLL
     shift_reg[i] = shift_reg[i-1];

}
shift_reg[0] = a_i;

// MAC operation
ap_uint<18> acc = 0;
for (int i = 0; i < 4; i++) {

          #pragma UNROLL
    acc += shift_reg[i] * h_i[i];  

}

q_o = acc;
}
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FIR v6
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