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01. HLS(High-Level Synthesis)

• Xilinx에서 개발한 Tool

• C-level Design / Verify
• 고급 언어(C/C++/System C)로 작성된 소

스코드를 RTL 레벨로 변환
• C-Level에서의 디자인 검증

• HDL 기반 설계 대비 생산성 향상

• 시스템 기준  HW 가속으로 성능 향상
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Why HLS?

시간 vs. 성능
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Why HLS?

시간 vs. 성능
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프로세서 vs. FPGA

z = a + b;

프로세서에서의 프로그램 실행

 여러 개의 명령어의 집합

ADD $R1, $R2, $R3
컴파일러(gcc) 변환

데이터 Read/Save?

레지스터 데이터
읽기/저장 명령어 생성

LD a, $R1

LD b, $R2

ADD $R1, $R2, $R3

ST $R3, c

a, b, c Load에 필요한 클럭 수

캐시 내부 : ~100

DRAM : 수 백, 수 천
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프로세서 vs. FPGA

프로세서에서의 명령어 실행 주기

1. Instruction fetch (IF)

2. Instruction decode (ID)

3. Execute (EXE)

4. Memory operations (MEM)

5. Write back (WB)

Overhead
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프로세서 vs. FPGA

Instruction Pipelining

- 최적의 경우 한 클럭 사이클마다 하나의 EXE 실행

다중 명령어 실행 유닛을 가진 프로세서
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프로세서 vs. FPGA

FPGA(HLS)에서의 프로그램 실행

단일 명령어 실행

동일한 계산 구조(ALU)가 아닌, target specific한 계산 회로 구현

FPGA에서의 명령어 실행
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프로세서 vs. FPGA

FPGA(HLS)에서의 다중 명령어 실행

오버헤드 없이 동시에 여러 명령어를 실행할 수 있음

FPGA에서의 다중 명령어 실행
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Parallelization
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BRAM, DSP

• Block RAM
• RAM
• ROM
• FIFO buffer

• DSP48E1(ALU)
• 3가지 블록의 조합
• p = a × b + d + 𝑐

• p += a × b + d

선(Pre) 가/감산기

곱셈기 가/감산/누산기
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02. HLS를 사용한 시스템 설계

• Inputs
• C code Design
• C Testbench Design
• Golden Reference(출력 데이터)
• Directives
• Constraints

• High-Level Synthesis
• Analysis, Processing C-based Code
• Directives, Constraints 만족 확인
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HLS Synthesis Basic Rules

• Scheduling
• Operation의 순서, 병렬화 결정

• Dependency, Clock cycle, FPGA 속도, User directives에 따라 결정됨

• Binding
• 사용할 HW 리소스 결정(연산의 경우 내부 DSP48 블록 사용)

• FPGA의 종류에 따라 결정됨

• Control logic extraction
• 제어(loop 문, if-else 문, case 문)등을 FSM(Finite State Machine)으로 구현하
기 위해 제어 로직을 추출
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HLS Synthesis Basic Rules

• Function Arguments  I/O Port

• Function  RTL Block
• 하나의 함수는 하나의 RTL 블록으로 구현됨

• 반복문(Loop)
• RTL 블록 단위 반복
• 반복 없이 병렬화
• FSM 등을 이용한 파이프라인 중첩

• 어레이의 경우 Block RAM 내부에 저장
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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
• 연산 선후관계에 따른 배치
• (x * a + b )한 클럭 안에 계산 가능

• Binding Phase
• *, + 로 연산 구분
• FPGA 내부 DSP48 사용
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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 i = 0; i < 3; i++) {

x = in[i];
y = a * x + b + c;
out[i] = y;

}
}

• 반복문
• C0 - (C1,C2,C3) X3 – C0
• C0: b + c
• C1: in[n]의 Addr, Chip enable
• C2: read from in[n], store at x[n]
• C3: y = a * x + b + c

• Array: 모듈 외부에 BRAM 구현



19

Control Logic
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Data Type

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

• C언어의 Data Type은 고정

• Data bit, Sign, floating point

• S = A * B;

• A, B: 18-bit, S: 36-bit (RTL)

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

• DSP48E: 1  4 Slices
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Data Type

Arbitrary Data Type

Verilog: input wire data[17:0];

HLS-C: uint18 data;
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Data Type
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Data Type(floating point)

I = 5, B =7, W = I + B =12
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Arbitrary Float Point

Arbitrary Data Type

Verilog: input wire data[17:0];

HLS-C: uint18 data;



25

Pointers

• Array Access

• Pointer to External Memory

• Dynamic Memory Allocation

 Not supported
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I/O Port

• Port Name

• Direction

• Data Type, Dimension
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Port Direction
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Port Interface Protocol Types

• ap: AXI Portocol

• ack: Acknowledgement

• vld: valid / ovld: out valid

• hs: Hand shaking(ack, vld)

• memory: array
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Port Interface

x : pass-by value  ap_none

samples[8] : array input  ap_memory

average : output pointer  ap_vld
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Pipelining

• If data dependency
• Op1  Op2  Op3
• Latency = T(Op1 + Op2 + Op3)

• Low Throughput
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Pipelining

• 레지스터 추가

• 각각의 Operation 은 개별
Processing Stage

• Throughput 3 배
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Control Algorithms - Loop

• FSM으로 구현

• Control Logic / 연산 구분

• 설정에 따라(Directives)
• 루프 삭제(병렬 계산 처리)
• 루프 Pipelining
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Loop
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Loop Optimization

• Unrolling: (1)  (2)

• Merging

• Pipelining(Dependency related)
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Loop Optimization

• Unrolling

• Merging

• Pipelining(Dependency related)
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Loop Optimization

• Unrolling

• Merging

• Pipelining(Dependency related)

default

- Resource Optimized

Pipelined

- loop initialization interval (II)

#pragma HLS PIPELINE II=1 
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Control Algorithms - 조건문

• 각 조건에 따른 함수(회로) 모두 구성

• 조건에 따라 함수 선택
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Control Algorithms – Switch Case

• FSM으로 구현
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03. HLS를 이용한 FPGA 설계 실습

• Xilinx ug-871 Vivado High Level Synthesis Tutorial

• Source Code

• C-Level Test bench, Golden Ref

• HLS IP
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Vivado HLS Tutorial
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Vivado HLS Tutorial

프로젝트 소스 추가

C-Level 테스트 벤치

Golden Ref
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Vivado HLS Tutorial

Clock Period

- 10ns

- Uncertainty: 12.5%(default)

Part: xc7z020clg484-1
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Vivado HLS GUI

Project 
Explorer

Perspectives

Information

Console
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fir.c(FIR 필터 함수)

data = shift_reg[10,9,8,7,…, 1], x

acc += data * c[i]

Multiply & Add for each iteration

입력 신호 열 중에서 유한 샘플(N개)에 일정한 계수를 곱
하여 더한 합을 말함(정보통신기술용어해설)
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fir_test.c(test bench)

main() function

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

- Golden reference와 out.dat비교
- Match 시 0 return
- Not match 시 1 return
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Launch simulation

Default option으로 simulation launch
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C-Simulation result
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Synthesis to RTL
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Synthesis Report

Execution Timing,

Latency

Resource

interface
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RTL Verification

C/RTL Co-simulation
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Co-Simulation Result

C Test Bench

1. Creates Input Vector

2. Simulates RTL Design

3. Check RTL Output
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IP - Creation

Export RTL as IP

Target Language 설정

Synthesis

Implementation 여부 설정
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Exported IP
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Use HLS in Vivado

Unzip HLS IP

Add IP Repository



55

Import in Vivado
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Synthesis Report

Execution Timing,

Latency

Resource

interface
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Optimize Port to

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
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Create New Solution

최적화를 통한 성능 향상이
목표이므로, 다른 것 변경하
지 않고 새 솔루션 생성
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Directives
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Directives for Port C

Port C: Single Port RAM
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Directives as #pragma
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Directives for X, Y

• Port X(input data): valid

• Port Y(output data): valid
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Inserted #pragma
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C Synthesis(solution2)
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Synthesis Report - Interface

Solution1 Solution2
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Analyze

RTL Hierarchy module

operation
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Operation Flow

x_read() – Shift_Accum_Loop

operation
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Analysis - Resource
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Higher optimization

• 루프
• Default 루프 연산 수행
• 하나의 루프를 재사용  Dependency, 리소스 최적화
• Unroll Loop(병렬화)

• block RAM, register
• Array shift_reg[ ] 구현에 BRAM이 사용됨
• Default: BRAM
• Shift Register로 구현하기 위해 BRAM  개별 레지스터로 분할
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Create New Solution
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Unroll the Loop

Solution 3

- Constraints

- directives.tcl
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Partition Array
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directives.tcl

Destination을 Directives로 지정할 경우

소스코드 내부가 아닌 directives.tcl에 저장됨

- HW Resources vs Performance

- 여러 버전의 최적화 정도 비교 시 사용
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Synthesis
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Synthesis Report

x4 faster
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Summary

• HLS
• C/C++ 작성된 SW를 HW IP로 변환, 테스트
• Data Types, I/O Ports
• HLS를 이용한 최적화
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What’s Next?

HLS

- C/C++  HW IP 설계

- FPGA / ZYNQ 모두 사용

SDSoC(Software Defined System-On-a-Chip)

- Zynq용 HW Acceleration system

- System Profiling, SW/HW Partitioning, HLS, Compile 동시에
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Zynq SoC 설계(HDL, HLS)

Xilinx SDK

Xilinx, ARM
라이브러리

C/C++ SW IP

Bare Metal App
freeRTOS, Linux

Xilinx VIVADO

VHDL/Verilog

HLS(SDSoC)

AXI HW IP
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SDSoC
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SDSoC System

SDSoC System

- 기본 PS Configuration
- DRAM

- Peripherals

- MIO

- PS <-> PL Port
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SW/HW Partitioning in SDSoC

• 소스코드의 전체 함수 중 선택한 함수를 HW 변환
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System Profiling in SDSoC
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References

ZYNQ

• THE ZYNQ BOOK(http://www.zynqbook.com)

• ZYNQ Technical Reference Guide(UG-585)

HLS

• Vivado-high-level-synthesis(ug871)

• Vivado-high-level-synthesis(UG902)

• Vivado-Intro-FPGA-Design-HLS(UG998)

SDSoC

• SDSoC-optimization-guide(UG1235)

http://www.zynqbook.com/

