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Training Agenda

ÇFPGA Tools History

ÇFPGA-Based Computing

ÇIntroduction to Impulse C

ÇFPGA Platform Overview

ÇC Programming Methods and Models

ÇDemonstrations and Explorations



Programmable Logic Tools

A brief history
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Early Programmable Logic Devices

Ç FPLAs, PALs, GALS, complex PLDs

Ç Sum-of-products architecture for Boolean functions

Ç Used to integrate TTL functions for reduced chip counts

Ç Also capable of implementing complex logic functions

Ç State machines

Ç Decoders

Ç CRC

Ç Etc.
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PAL Internal Structure

Devices are programmed by

preserving connections in a logic array

Ç Via fusible links or via EPROM technology

Sum-of-products logic array D-type register

D Q

Q
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Tools for PLD Design

ÇPALASM
ÇSum-of-product equations

Ç Logic validation using test vectors

ÇABEL and CUPL
ÇMore flexible Boolean equation languages

ÇState machine languages

ÇMore compiler-like optimization capabilities

ÇOther tools
Ç Including graphical block diagrams and state machines
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MODULE PWM_Generator

TITLE ô8-bit PWM Generatorô

clk PIN;

d7..d0 PIN; " Inputs

duty = [d7..d0];

pwm_out PIN ISTYPE ôreg, bufferô; " Output

" Internal nodes

c7..c0 NODE ISTYPE ôreg, bufferô;

count = [c7..c0];

EQUATIONS

pwm_out.clk = clk;

count.clk = clk;

count := count + 1; " Counter runs continuously

WHEN (pwm_out == 0) THEN

pwm_out := (count == 0) & (duty != 0);

ELSE WHEN (pwm_out == 1) THEN

pwm_out := !((count == duty) & (duty != 255));

END

ABEL

ÇLogic ñCompilerò

ÇFor PALs, FPLAs

ÇEntry options:

ÇBoolean equations

ÇState diagrams

ÇTruth tables

ÇTest vectors

ÇFor simulation
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MODULE SequenceDetect

TITLE 'Sequence Detector for pattern 1011'

x, clk, rst PIN; 

z PIN ISTYPE 'com'; 

q1, q0 PIN ISTYPE 'reg'; 

SREG = [q1,q0]; " State registers 

S0 = [0,0]; S1 = [0,1]; S2 = [1,0]; S3 = [1,1];

EQUATIONS

[q1,q0].ar = rst; 

[q1,q0].clk =clk;

STATE_DIAGRAM SREG 

STATE S0: IF x THEN S1 WITH z=0; ELSE S0; 

STATE S1: IF x THEN S1 WITH z=0; ELSE S2; 

STATE S2: IF x THEN S3 WITH z=0; ELSE S0; 

STATE S3: IF x THEN S1 WITH z=1; ELSE S2;

END

ABEL State Machine

S0

S1

S2

S3

X=1

X=0

X=1 X=1

Z=1

X=0

X=0

X=0

X=1

Finite State Machine
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Field Programmable Gate Arrays

Ç Completely different structure than simple PLDs

Ç More complex, higher density

Ç More registers

Ç More flexible interconnects

Ç Logic synthesis and HDLs become important

Ç VHDL and Verilog are the hardware 
languages of choice for FPGAs

Ç Synthesis tools raise the level of abstraction

Ç Applications start to look more like software
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VHDL

ÇA higher-level 

language, but still 

requires deep 

hardware 

knowledge

ÇVHDL descriptions 

are register transfer 

logic (RTL), not 

software 

abstractions

Library IEEE; use IEEE.std_logic_1164.all; 

entity fsm is 

port (Clk, Rst, A, B, C, D, E: in STD_LOGIC; 

SINGLE, MULTI, CONTIG: out STD_LOGIC); 

end fsm; 

architecture rtl of fsm is 

type STATE_TYPE is (S1, S2, S3, S4, S5, S6, S7); 

signal CS, NS: STATE_TYPE; 

begin 

process (Clk, Rst) 

begin 

if (Rst='1') then 

CS <= S1; 

elsif (Clk'event and Clk = '1') then 

CS <= NS; 

end if; 

end process;

process (CS, A, B, C, D, E) 

begin 

case CS is 

when S1 => 

MULTI <= '0'; 

CONTIG <= '0'; 

SINGLE <= '0'; 

if (A = ó1ô and B = ó0ô and C = ó1ô) then 

NS <= S2; 

elsif (A = ó1ô and B = ó1ô and C = ó0ô) then 

NS <= S4; 

. . .



VHDL

ÇVHDL is an international IEEE standard language (IEEE 

1076-1993) for describing digital hardware

ÇVHDL is an acronym for VHSIC (Very High Speed 

Integrated Circuit) Hardware Description Language 

ÇVHDL enables hardware modeling from the gate to 

system level

ÇVHDL was originally design for modeling/simulation, and 

only later became a language for logic synthesis
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RTL
ÇRegister Transfer Logic

ÇVHDL (the 

synthesizable subset, 

that is) is designed 

specifically for RTL

Data

Reset

Clock

Data
Register
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Logic

Logic

Logic

Logic

Logic

If the logic has feedback, then it is a state machine

process (Clk, Rst) 

begin 

if (Rst='1') then 

Output_Data <= ó0ô; 

elsif (Clk'event and Clk = '1') then 

Output_Data <= some_function; 

end if; 

end process;



VHDL Process Statements

ÇBasic granularity of concurrency is the process

ÇMultiple processes are executed concurrently

ÇWithin the process, statements execute sequentially

ÇIn most synthesizable VHDL processes, there are clocks 

and resets that trigger each iteration:

ARCHITECTURE statemachine OF myproc IS

BEGIN

fsm _proc : PROCESS ( rst,clk )

BEGIN

IF ( rst = ó1') THEN

z <= 0;

ELSIF rising_edge ( clk ) THEN

z <= y;

END IF;

END PROCESS fsm _proc ;

END sequential;
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VHDL Summary

ÇProvides tight control over hardware implementation

ÇDown to the level of registers, the input-forming logic 
and the I/O

ÇDesigns can be verified using HDL simulators

ÇThe HDL can be a test language as well as a design 
language

ÇVery little uncertainty about synthesis results

ÇAlthough there are some things to watch for (latches, 
multiplexer chains, etc)
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Drawbacks to HDLs?

ÇNot a very productive way to describe and debug 
complex systems
Ç Hand-optimizing logic can take many hours, even for simple 

designs

Ç Debugging hardware timing issues can be painful

ÇDesigns may not be portable between different FPGA 
types
Ç Portable designs may be non-optimal

Ç Optimized designs may require specialized skills for the selected 
FPGA

Ç It may be difficult to validate correctness of results 
against an original software model
ÇWriting HDL test benches may take more time than writing the 

HDL description



FPGA-Based Computing

Featuring Impulse C
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FPGA Computing and C-to-FPGA

What drives demand for FPGA-accelerated solutions?
Ç EFFICIENCY ïMore computation with less power consumption

Ç FPGA-based computing offers the best ratio of GFLOPS/watt

What has limited the use of reconfigurable computing?
Ç PLATFORM INSTABILITY ïToo many choices, too much risk

Ç LOW PRODUCTIVITY ïHistoric difficulty of programming

Ç UNCERTAINTY ïToo much changing, too fast 

The solution?
Ç PLATFORM PORTABILITY ïInsulate the programming from the hardware

Ç HIGHER LEVEL PROGRAMMING TOOLS ïUniversal, familiar, accessible
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Why C-to-FPGA Tools?

1985 1990 1995 2000

Systems
on FPGA

DSP

Control
Logic

Glue
Logic

Today

Software
Coprocessing

Hardware accelerated

processing

from C-language

Moving C applications to FPGAs
Ç Image processing and DSP

ÇEmbedded processing acceleration

ÇDesktop/server applications

ÇFinancial processing

ÇEtc
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Hardware Design is a Bottleneck

System modeling

Design partitioning

(HW/SW hand-off)

Software development

(embedded S/W tools)

Hardware development

(HDL tools)

Validation

(S/W and H/W tools)

Interfaces

frozen

Software

complete

Prototype

complete

Product

complete

High-level

specification

Problem 2:

Hardware development

is a bottleneck

Problem 1:

HW/SW interfaces must be frozen

before hardware design can begin




