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VHDL Primer

Valentina Salapura
Michael Gschwind

About thisVHDL primer

1-2

0 thisisnot a complete description of VHDL
0 concepts have been smplified

0 only issuesand constructsrelated to synthesisare
explained in this overview

O refer toaVHDL textbook for a full and exact
description of thelanguage
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VHDL

0 VHSIC (Very High Speed Integrated Circuit)
Har dwar e Description Language

0 developed by DARPA Very High Speed I C Initiative
sponsor ed by US Department of Defence

0 |EEE standard hardware description language
—|EEE Std. No. 1076 since 1988

0 developed for design specification and validation
0 required for government defence projects by DoD
0 similar to ADA programming language

—also developed by DoD

© Copyright 1997 by V. Salapura & M. Gschwind
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VHDL references

0 The VHDL Cookbook, by Peter J. Aschenden

—availableviaFTP
ftp://ftp.visivietuwien.ac.at/pub/hdl/
VHDL-Cookbook.tar.Z

0 Peter J. Ashenden
The Designer’s Guide to VHDL
Morgan Kaufmann Publishers, Inc.

0 IEEE Standard 1076-1987
IEEE Standard VHDL Language Reference
Manual
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VHDL descriptions

1-5

0 adesign can bedescribed in VHDL at different
abstraction levels. for the description at the
behavioral level, register-transfer level and at the
gate level

0 appropriate for describing both hardware
structure and behavior

structure behavior
. Y =AB+AB
1 i_y
s

..................................
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VHDL asa programming language ...

1-6

0 several constructsin VHDL likein programming languages
(not hardwar e specific)

0 comments: two hypens --
0 identifiers: letter {[underling] letter number}

ThisName = thisname /= This Name /= ThisName

0 numbers: integer and real, in bases 2 - 16

1234  33E2 0.5 12.5E-9

2#11011 2#110.01 16#abc2
0 character constants: using single-quotemarks 'z' '1'
0 string constants : using double-quote marks "1100"
O bit strings: B 2,008, X116 B "101010" X "AE"™™
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Data types

0 datatypehasto be declared - VHDL strongly
typed language
0 data type specified using type definition
type identifier is type_definition
0 basic data types
—scalar
» integer types
» floating point types
» physical types
» enumeration types
—composite
» arrays
» records

© Copyright 1997 by V. Salapura & M. Gschwind
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Scalar datatypes

O integer: integer values within a specified range
type snall is range 0 to 100;
type bit_index is range 31 downto O;
0 floating point: real values within a specified range
type probability is range 0.0 to 1.0;
0 physical: for physical quantities (mass, voltage, time...)
25 ns, 10 mm

0 enumer ation: possible valuesarelisted
type bool ean is (true, fal se)
type weekend is (sa, so0)
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Composite data types- arrays

1-9

0 array: indexed set of elements of the sametype
—one-dimensional and multidimensional
—constrained and unconstrained
—example: one-dimensional, constrained
type word is array (31 downto 0) of bit ;
—example: multidimensional, constrained

type register_bank is array (0 to 31) of
wor d ;

—example: one-dimensional, unconstrained

type word is array (positive range <>) o
bit;

© Copyright 1997 by V. Salapura & M. Gschwind

Composite data types - records

0 record: set of elements of different types
type instruction is record
op_code: processor_op;
operandl: integer range 0 to 15;
operand2: integer range 0 to 15;

end record;
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Subtypes

0 constrained subset of some data type
0 subtypes of scalar typesand arrays
0 examples:

type days is (no, tu, we, th, fr, sa,
so) ;

subtype weekend is days range sa to SO;

type bin_vector is array (integer range
<>) of bit;

subtype word is bin_vector (31 downto 0);

© Copyright 1997 by V. Salapura & M. Gschwind

Objects

0 object: named item having value of a specified type
0 three classes of objects

— constants

—variables

—signals

constant crc_pol : bit_vector (7 downto 0)
:= "00110011";

variable crc_acc: bit_vector (7 downto 0)
:= "11000011";

signal crc_reg: bit_vector (7 downto 0);
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Operators

0 logic operators
and, nand, or, nor, xor, not
0 arithmetic operators
+, -, *, [/, **,  abs, mod
0 relational operators
=, /=, <, <=, >, >=
0 concatenation operator
&

© Copyright 1997 by V. Salapura & M. Gschwind

Execution in VHDL

0 statementsin VHDL can be executed sequentially and
concurrently

0 sequential statements only contained in processes
—detailed explanation later, see PROCESS statement

0 several statements can be executed both sequentially
and concurrently

0 statements which can be executed both sequentially
and concurrently

—signal assignment
— procedure call statement

© Copyright 1997 by V. Salapura & M. Gschwind




Sequential and concurrent execution

0 statements executed sequentially:
—variable assignment
— | F statement
— CASE statement
—LOOP statement
—NULL statement

0 statements executed concurrently:
— PROCESS statement
— conditional signal assignment
— selected signal assignment
— component instantiation statement

© Copyright 1997 by V. Salapura & M. Gschwind

Assignmentsand NUL L statement

O variable assignment

—sequential statement

a := new. val ue; -- ais variable
0 signal assignment

— can be executed both sequentially and
concurrently

b <= new_val ue; -- b is signal
0 NULL statement
null;
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| F statement

0 | F statement

if condition_1 then

sequence_of statenents
elsif condition_2 then

sequence_of statenents
else

sequence_of statenents
end if;

© Copyright 1997 by V. Salapura & M. Gschwind

CASE statement

0 CASE statement

case expression is
when choice 1 =>
sequence_of statenents
when choice_2 =>
sequence_of statenents
when others =>
sequence_of _statenents
end case;

© Copyright 1997 by V. Salapura & M. Gschwind




L OOP statement

0 infinite loop
| abel : loop
sequence_of _statenents
end loop;
0 basic loop statement can be extended to while or for loop

| abel : while condition | for paraneter
loop

sequence_of _statenents
end loop;
0 NEXT and EXIT expressions optional
—NEXT: startsthe next loop iteration
—EXIT: exitstheloop

© Copyright 1997 by V. Salapura & M. Gschwind

Examples of LOOP statement

0 whileloop
Loop_1: while i ndx < nmax loop
indx :=indx + 1;
end loop;
0 for loop

Loop_2: for indx in 1 to max loop
vector_a(indx) <= '0';
end loop;

© Copyright 1997 by V. Salapura & M. Gschwind
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Subprograms

o two forms
— procedures
—functions

0 defined in two parts
—declaration

» interface
—body
» implementation
0 statementsin a subprogram ar e executed
sequentially

© Copyright 1997 by V. Salapura & M. Gschwind

Subprogram declaration

0 declaration syntax

—procedure
procedure nane (formal paranmeter list;)];

—function
function nane [ (f or mal ga[ ameter list)]
return type_result ;
0 declaration example

—procedure

procedure read (L: inout |line; .
val ue: out std_logic);

—function

function shl (arg: signed; count : unsigned)
return Signed; gy

)

2
5 TuWien

© Copyright 1997 by V. Salapura & M. Gschwind
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Subprogram body

0 syntax
subprogram specification is
subprogram decl arati ve_part
begin
subprogram st at ement s_part
end nane;

© Copyright 1997 by V. Salapura & M. Gschwind

Example: function body

function nmax (L, R: integer)
return i nteger is

begin
if L > R then
return L;
else
return R;
end if;
end nax;

© Copyright 1997 by V. Salapura & M. Gschwind
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Calling of subprograms

0 if calling subprograms, parameters may be passed
through

— parameter position
read (act _|ine; new val ue);
— parameter name

read (val ue => new val ue;
L => act _line);
0 overloading - several subprogramswith the same
name

—subprogram is selected using the number and
type of parameters

© Copyright 1997 by V. Salapura & M. Gschwind

Package

0 encapsulated modulesfor structured programming

0 collection of data types, constants, and
subprograms

0 defined in two parts

— package declaration
» interface description
— package body
» implementation
0 package usage
use package_nane.all;
use std _logic_1164.all;

© Copyright 1997 by V. Salapura & M. Gschwind
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Package declaration

0 syntax
package identifier is
package decl arative_part
end identifier;

0 example
package std_logic_1164 is
type std logic is ('U', 'X', '0', '1',
IZI, IW, ILII lHl’ l_l)-

type std_|l ogi c_vector is array )
(natural range <>) of std_logic;

function "and" (L, R: std _|ogic_vector)
return std | ogi c_vector ;

14

end std logic_1164;

© Copyright 1997 by V. Salapura & M. Gschwind

Package body

0 contains subprogramsimplementations

O syntax
package body nane is
package_body_decl arati on_part
end nane;

0 example
package body std | ogic_1164 is
function "and" (L, R: std_|ogic_vector)
return std_| ogi c_vector is
begin

end "and";
end std_| ogic_1164;

© Copyright 1997 by V. Salapura & M. Gschwind
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VHDL description of a function block

O consists of

—entity
» description of the function block interface
» contains genericsand ports

—architecture body
» implementation of the block functionality

» multiple ar chitecture bodies for same inter face can be
defined

o different performance
odifferent size

o different abstraction levels

o different detail

ofor simulation or for synthesis

© Copyright 1997 by V. Salapura & M. Gschwind

Entity declaration

0 ports
—input, output, inout
0 generics
— parameterize function blocks
—select templates parameters
» delay (gates, ...)
» bit width (RAM, ALU, adder, ...)
» implementation (multiplier, divider, ...)

0 syntax
entity identifier is
generic (generics_constants_list);
port (port _list);
end identifier;

© Copyright 1997 by V. Salapura & M. Gschwind
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Example: entity declaration

entity processor is
generic (Wi dth: integer);

port(cl ock: in std_l ogic;
address: in std_l ogi c_vector (31 downto 0) ;
dat a: inout std_Il ogi c_vector (31 downto 0);
control : in std_l ogi c_vector (5 downto 0) ;
ready : out std logic);

end processor ;

© Copyright 1997 by V. Salapura & M. Gschwind

Architecture body

0 contains the implementation of the block functionality
0 several architecture bodies may be specified for each
entity
—different implementations
0 architecture bodiesimplemented at different
abstraction levels

—structural
» block diagrams, net lists

—RTL

» operation description using formulas

—behavioral

» procedural description

© Copyright 1997 by V. Salapura & M. Gschwind
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Architecture body syntax

0 syntax
architecture identifier of entity nane
ls
architecture_decl arative_part
begin

architecture_statenents_part
end identifier;

© Copyright 1997 by V. Salapura & M. Gschwind

Structural description

1-34

0 block functionality described as inter connection of
smaller and ssimpler components

—net list, schematic
0 hierarchical block structure
O contains

—components

» function blocks, usage of existing design entities
—signals

» for inter connection of components

0 advantage: easily mapped on hardware
0 disadvantage: bad readability and overview

© Copyright 1997 by V. Salapura & M. Gschwind
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Components

0 for structural descriptions, interconnected with signals

0 existing entities used as components

0 component described at different abstraction levels
—different levels of detail

0 component used in a structural description hasto be
—declared

» inthearchitecture body declaration part

—instantiated
» inthearchitecture body statements part

© Copyright 1997 by V. Salapura & M. Gschwind

Component declaration

0 in architecture body declaration part
0 syntax
component identifier is
generic(generic_constants_list);
port(port _list);
end component;

0 example
component counter
generic (N. integer);
port(cl ock, reset: in std _logic;
y: out std_logic _vector (0 to N-1));
end component;

© Copyright 1997 by V. Salapura & M. Gschwind
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Component instantiation

O in architecture body statements part

0 specify connections and parametersfor generic
parameterizable modules

0 syntax
| abel : nane generic map(generic_list);
port map (port _list);
a example parameter for
. parameterizable blocks
u3: counter generic map (4);

port map (cl k, n245, n254);

connections

© Copyright 1997 by V. Salapura & M. Gschwind

Structural description - example

0 multiply-and-accumulate function block
0 block diagram

clock inl in2

-

result

© Copyright 1997 by V. Salapura & M. Gschwind
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MACC Entity

entity nacc is

port(
inl: in std_| ogic_vector (7 downto 0);
in2: in std_l ogic_vector (7 downto 0);

clock: in std_logic;
result: out std_|l ogic_vector (15 downto 0)) ;
end Nnacc;

© Copyright 1997 by V. Salapura & M. Gschwind

Architecturebody - structural description

1-40

architecture Sstructure of nacc is

signal nmul _res: std_l ogic_vector (15 downto 0);

component nul t
port(a,b: in std

_ vector (7 _downto 0);
out std_

00
Qo
00

end componeﬁt;
component accC

port(alzk in vect or (15 downto 0) ;
C : i

end componeﬁt;
begin
multiply: mult port map(inl, in2, mul _res);
accum: acc port map(nul _res, clock, result);
end structure;

_vector (15 downto 0));

;vector(15 downto 0)) ;

© Copyright 1997 by V. Salapura & M. Gschwind
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RTL description

O register transfer level
0 description at higher abstraction level
0 operations described with formulae

0 usage of signals
—for value exchange between formulae

0 functionality described as calculation of new signal
value from other signals

yn = £(yk, v1,...)
0 advantage: good readability
0 disadvantage: complicated mapping on hardware

© Copyright 1997 by V. Salapura & M. Gschwind

Simplified VHDL simulation model

0 execution of aVHDL description
— statementsin an endless |loop
—all statements executed repeatedly

—signal change visible only in the next simulation
loop iteration
» signalsintroduce one unit delay
» abstract model of hardware delay

© Copyright 1997 by V. Salapura & M. Gschwind
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Conseguences of signal delay

1-43

0 in architecture body all statements executed
concurrently

— correspondsto hardware where all components
and wires concurrently active

0 order of concurrent statements not impor tant
0 exact delay of signals possible using “after” clause

© Copyright 1997 by V. Salapura & M. Gschwind

Execution of concurrent statements

144

O exercise:

—writean RTL description for the following
block diagram

a b
>
%
1
y3

© Copyright 1997 by V. Salapura & M. Gschwind
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Solution

1-45

entity sinple is

port(a,b: in std_logic;
yl,y2,y3: out std_logic);
end sinple;

architecture arch of sinple is
begin

y2 <= a and not(b);

yl <= not(a) and b;

y3 <= a or (not(a) and b);
end arch;

© Copyright 1997 by V. Salapura & M. Gschwind

AFTER clause

1-46

0 defines exact delay
0 syntax
target <= val ue_expression after

ti me_expression;

0 example
out2 <= not(i n2) after 5 ns;
in2 <= outl after 1 ns;

© Copyright 1997 by V. Salapura & M. Gschwind
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Concurrent statements

0 signal assignment
0 conditional signal assignment
— correspondsto sequential | F
0 selected signal assignment
— corresponds to sequential CASE

© Copyright 1997 by V. Salapura & M. Gschwind

Conditional signal assignments

1-48

O concurrent | F

0 syntax
target <= {waveform when condition else}
wavef or m;
0 example
reset <= '0', 'l' after 10 ns when

short = '1' else
'0', '1l' after 25 ns;

© Copyright 1997 by V. Salapura & M. Gschwind
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Selected signal assignment

o concurrent CASE
0 syntax
with expressi on select
target <= {waveform when choice,}
wavef or m when choi ce;
0 example
with code select
result <= a + b when addition,
a - b when subtract ;

© Copyright 1997 by V. Salapura & M. Gschwind

MACC - RTL Description

architecture rtl of nacc is
signal nmul _res,reg: std_|l ogic_vector (15

downto 0);
begin rising clock edge
reg <=reg + inl * i n2 when o
clock = '1' and cl ock'event;
result <= reg;
end rtl ;

0 VHDL definesattributesfor various object types
—for signals. ’ event - signal value has changed

© Copyright 1997 by V. Salapura & M. Gschwind
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Behavioral description

0 descriptions at high abstraction level

0 behavioral VHDL similar to “normal”
programming languages

0 encapsulated in VHDL processes
0 advantages
—simpleand quick description
—high simulation speed
0 disadvantages

—complicated mapping on hardware
—less detailed description

© Copyright 1997 by V. Salapura & M. Gschwind

Pr ocess statement

O concurrent statement in ar chitecture body
—executed concurrently with other statements

0 contains sequential statements
—encapsulated statements executed sequentially

0 variablesused in a process

—variables change valueimmediately, likein
“normal” programming languages

0 signals can still be used

—semantics differ from variable 00 changes only
visiblein next iteration of process

—useful for communication with other concurrent
elementsin architecture body

© Copyright 1997 by V. Salapura & M. Gschwind
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Process statement: syntax

process [(sensitivity list)]
process_decl arative_part

begin
process_statenments_part

end process;

© Copyright 1997 by V. Salapura & M. Gschwind

Process statement: example

1-54

P22: process (clock, reset)

begin
if reset = 'l' then
reg <= "0000";
elsif clock = '1l' and cl ock'event then
reg <= "1100";
end if;

end process;

© Copyright 1997 by V. Salapura & M. Gschwind
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Building a VHDL description

0 inasingle VHDL design used many different
packages, ar chitecture bodies and entities

0 active components (ar chitectur e bodies, packages)
for a particular design selected using

—libraries
— configurations

© Copyright 1997 by V. Salapura & M. Gschwind

Library

0 encapsulates variousrelated components
0 identified with alogic name

0 design descriptions compiled in librariesfor
simulation and synthesis

0 order of compilation important
—primary library units
» haveto be compiled first
» package declarations, entities, configuration declaration

—secondary library units
» package bodies, architecture bodies

© Copyright 1997 by V. Salapura & M. Gschwind
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Using libraries

o referenced with “use” clause

0 example
library | EEE;
use | EEE.std logic_1164.all;
use |EEE.std logic arith.all;

0 library “work” always selected
—working library
—need not to bereferenced

© Copyright 1997 by V. Salapura & M. Gschwind

Configuration

0 configuration selects
—architecture body for entities
—entitiesfor components
—genericsfor components
0 selects architecture body for each instance, e.g.

— architecture body with optimized timing for
timing critical parts

—architecture body with minimal area for area
critical parts

—behavioral description for fast simulation

© Copyright 1997 by V. Salapura & M. Gschwind
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Configuration syntax

configuration identifier of entity nane
ls
use_cl ause
for architecture_nane
use_cl ause
for bl ock _nane
end for;
end for;
end identifier;

o first hierarchical “for” clause specifies architecture
body

© Copyright 1997 by V. Salapura & M. Gschwind

Configuration: example

architecture sinmul ate of adder is
component hadd port(..); end component;
begin
Bl: hadd port map(..);
B2: hadd port map(..);
end sinmul ate;

configuration m xed of adder is

for sinul ate
for Bl:
hadd use entity work.hadd(rtl); end for;

for B2:
hadd use entity work.hadd(synth); end for;

end for;
end m xed;

© Copyright 1997 by V. Salapura & M. Gschwind
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Standard logic

0 standardized data typesfor portably describing
signal valuesin VHDL

0 |EEE standard multivalue logic system for VHDL
model inter operability (Std_logic_1164)
—|EEE Std. No. 1164-1993
—defined in IEEE.std_logic 1164 package

0 should be supported by all smulatorsand
synthesistools

0 simple mapping on hardware

0 arithmetic operationson std_logic standardized
in 1EEE 1076.3 synthesis package Numeric_Std

© Copyright 1997 by V. Salapura & M. Gschwind

Standard logic data types

0 datatypestd logic:

'y’ - not initialized

- 'X' - unknown, strong

—-'0"' - 0, strong

—'1" -1, strong

-z - high impedance (tri-state)
—'W' - unknown, weak

-'L' - 0, weak

—'H' - 1, weak

— =t - don’t care

© Copyright 1997 by V. Salapura & M. Gschwind
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Other standard datatypes

0 std_logic_vector
0 std ulogic, std ulogic_vector
—unresolved std_logic
» several driversdrivesingle bus/wire
0 signed, unsigned
—defined in |EEE 1076.3 Numeric_Std
—array of std_logic with integer semantics

© Copyright 1997 by V. Salapura & M. Gschwind

Data type conversion functions

1-64

0 VHDL strongly typed - but not hardware

—synthesistools have to providetrivial mapping
of functions

0 insynthesispackage IEEE.std logic_arith
0 most important conver sion functions
—conv_integer
—conv_unsigned
—conv_signed

—conv_std logic_vector

© Copyright 1997 by V. Salapura & M. Gschwind
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Some conver sion functions

0 conv_integer
—input isinteger | signed |unsigned |
std logic
—return integer
0 conv_unsigned, conv_signed
—input isinteger | signed | unsigned |
std _logic
—return unsigned, signed
0 conv_std logic_vector
—input isinteger |unsigned |signed |
std _logic
— parameter integer (for width)
—return std_logic_vector

© Copyright 1997 by V. Salapura & M. Gschwind
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VHDL Simulation

Valentina Salapura
Michael Gschwind

Introductory note

0 this collection only gives short overview of
simulation

O concepts have been simplified

0 intended to give basic under standing of VHDL
simulation

o for full information on VHDL simulation check
VHDL simulation text book

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation

o for validating VHDL Models
o0 simulation shows

—whether errorsarefound for given test vectors

—not that the design is correct

0 quality of test vectorsiscritical for quality of
simulation

© Copyright 1997 by V. Salapura & M. Gschwind

Simulation development

0 1980 - CAE

—simulation at the gate level
» long simulation time

0 1990 - High level approach

—simulation at behavioral and RTL levels
» usage of test benches
» procedural description of test vectors
» simple and quick design at higher abstraction level
» faster ssmulation because less detail required

© Copyright 1997 by V. Salapura & M. Gschwind
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Usage of ssmulation

0 VHDL system simulation
—behavioral and RTL description

0O post-synthesis smulation and timing analysis
—at the gate level

0 sign-off simulation

— after layout and routing
» exact timing analysis

© Copyright 1997 by V. Salapura & M. Gschwind

Simulation model

0 discrete event ssimulation

0 simulation controlled by events [0 event driven
simulation

—event — the value of a signal had changed
—change of a signal is not immediately executed

—assignment of new signal values scheduled along
atimeaxis

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation algorithm

0 defined by IEEE VHDL standard 1076

0 simulation startswith theinitialization phase
—simulation time =0
—all objectsinitialized

0 iterate 2 stage ssimulation cycle
— propagation

» all transactions (signal changes) scheduled for this
simulation time executed

—evaluation

» execute all VHDL moduleswhich react to events occurring
in thefirst stage

» schedule new signal changes

© Copyright 1997 by V. Salapura & M. Gschwind

Delta method

0 two dimensional time

t0 | | |
0% 10 20

v

delta

t0+1ns ‘ : ‘
v 05 15 20

time

v

O guarantees

—compatibility between different smulators
—determinism

© Copyright 1997 by V. Salapura & M. Gschwind
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Signal assignment

0 without “after” clause
Oinput a is ‘00 atto

architecture simple

of demo is

begin
b <= a;
c <= not(b);
end simple ;
a='0’ a=b='0’ a=b='0’
b=c='U’ c=\U’ c='1’
t0 | \ | | >
06 15 20 ddta
t1l
time

© Copyright 1997 by V. Salapura & M. Gschwind

Signal assignment (2)

0 with “after” clause
Oinput a is ‘00 atto
architecture simple
begin
b <= a after5ns ;

of demo is delta

t0

C <= not(b) after 1ns ;

end simple ;

tO+5ns

tO+6ns

LS

v
time

a='‘0’

08 b=c="'U’

0

a=b='0’'

c=\u’

© Copyright 1997 by V. Salapura & M. Gschwind
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Controlling smulation

0 evaluate
—only the modules affected by changed signals

» activation list for concurrent statements
» sensitivity list for processes

0 propagate
—only the signals whose value should change

© Copyright 1997 by V. Salapura & M. Gschwind

VHDL for smulation

0 statementsfor describing timeflow in the
simulation

— after
» for time flow of signal assignments
a <= “11110000” after 100 ns;
—wait
» tostart and stop a process
wait for 10 ns;
wait until reset = '1;

wait on clock ’event;

© Copyright 1997 by V. Salapura & M. Gschwind
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Test bench

0 definesthe stimuli of a design
0 consists of two components

—UUT (unit under test)
» tested design

— TG (test generator)
» generates stimulusfor the design
» collects the design’s response, canpares with reference values

TEST BENCH

TG uuT

© Copyright 1997 by V. Salapura & M. Gschwind

Types of test bench

0 system test bench
— describes the design environment
—designer know how

0 comparison test bench

—compar es the implementation with areference
model

» reference model = expected simulation results at higher
abstraction levels or golden device

» difficultieswith timing differences between the
implementation and the r efer ence model

w1 7]
A

!

‘UUT ‘—‘GD‘
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Building a test bench

entity TB is
end TB;
architecture TBA of TB is

decl arative_part_signal s_conponents
begin

i nstantiate_ UUT_and_ot her _conponents

and_opti onal
behavi oral _description_of TG
end TBA;

© Copyright 1997 by V. Salapura & M. Gschwind

Putting together a ssmulation model

0O arranging a configuration

— connecting objects
» component <=> entity
» entity <=> architecture
» generics

0 example
configuration cfg_tb of TB is
for TBA:
for uut: u_entity
use entity work.u_ entity(u_arch);
end for;
end for;
end cfg tb;

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation of VHDL models

0 VHDL model hasto be
—compiled (analyzed)
—simulated

0 simulation using Synopsys
—interpreted

» intermediate format (byte code)
» similar to VHDL source code
» easy debugging
» dlow simulation
—compiled
» translated to machine code
» fast simulation

© Copyright 1997 by V. Salapura & M. Gschwind

Working environment for Synopsys

0 setup filein theworking directory
. synopsys_vss.setup

—containsdata path for system libraries
0 library work

— contains analyzed elements
0 typical working directory - listing

1s

. synopsys_vss. setup # Synopsys configuration
vhdl file.vhd # VHDL source file

work/ # contains analyzed source

0 Synopsys online documentation
iview

© Copyright 1997 by V. Salapura & M. Gschwind
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Compilation with Synopsys

0 compilation command (for library wor k)
vhdlan vhdl file.vhd
0 compilation to other libraries
vhdlan vhdl file.vhd -w library name

—library name hasto be specified in
. synopsys_vss.setup

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation with Synopsys

0 Synopsys VHDL debugger - vhdldbx
0 select design

Library
[DEFAULT

SYNOPSYS

F|mace_ macc arcH
_ [|05cIL_ EEHAVIORAL
IEEE_ASIC

MVL7_BSIC
COMDISCO_MVLY
GTECH

EE 5 4 EE i ]

Design | OEFAULT. CFG_TE_MACC

Time Units
Arguments |

© Copyright 1997 by V. Salapura & M. Gschwind
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Useful commands

0O trace
—signal selection for waveforms
0cd
—moving through the program hierarchy
0 step, next
—execute simulation in steps
0 run time expression
—simulation start
0 include

—usage of scripts

INSTITUTTAL
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Vhdldbx - working window

Execute Breakpoints Monitors Traces Query Stimulus Misc

12 BRCHITECTURE mace_arch OF macc IS

13

14 SIGNAL new_val, reg : integer range 0 to G65535;

15

16 EEGIN

17

18 FRegis: PROCESS{(clock, reset)

19 BEGIN

20 IF reset = 1 THEN

21 req <= 0;

22 ELSIF clock’EVENT and clock = 1 THEN

23 req <= new_val;

24 =END IF;

25 END PROCESS;

26

o7 new_val <= reg + inputl * input? after 15 ns;

28
CWE JTB/UUT/REGIS File: nmacc_int. vhd
Time : 100 N8 Line: 12,

£
;

# trace inl in2 res clock result
# cd mut
# trace new_val regq
# run 100
100 W5
#

© Copyright 1997 by V. Salapura & M. Gschwind \\n:,) T
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Vhdldbx - wavefor ms

380 | e
TBiclack 1 o[ e v Jo i ol Jo v o+ ]o]) Jo
fTBires 1 1 0 1
TBAnT ] 0 185 | 20 0
[TBAnZ 0 0 78 \ 50 i
TBAUUT/new_val 19840 0 HEZEE 17840 | 1ssan | 19840 [ o
TBAJUTireg ] 0 | 8a70 ‘ 17840 | 18840 ‘1* 0
CHBiresult o by i | soo [ vvew [ s ] o

I
TFUND. VIND.
DCCCXY

© Copyright 1997 by V. Salapura & M. Gschwind

Simulation example:
MACC entity

use work.all;
ENTITY nacc IS
PORT (

inputl: IN integer range 0 to 255;
input2: IN integer range 0 to 255;
reset : IN integer range 0 to 1;
cl ock: IN integer range 0 to 1;
out _reg: OUT integer range 0 to 65535
)

END nmacc;

© Copyright 1997 by V. Salapura & M. Gschwind \\_ ]
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Simulation example:
MACC architecture

ARCHITECTURE nacc_arch OF macc IS

SIGNAL nhew val , reg: integer range 0 to 65535;

BEGIN
Regi st : PROCESS (cl ock, reset)
BEGIN
IF reset = 1 THEN

reg <= 0;
ELSIF cl OCK'EVENT and cl ock = 1 THEN
reg <= new_val ;
END IF;
END PROCESS;
new val <= reg + inputl * input2 after 15 ns;
out _reg <= reg;
END nacc_arch;

© Copyright 1997 by V. Salapura & M. Gschwind

Simulation example:
Oscillator for clock signal

ENTITY oscil 1Is
PORT (t XC: OUT integer range 0 to 1:=0);

END oscil ;
ARCHITECTURE behavioral OF oscil 1Is
BEGIN
PROCESS
BEGIN
LOOP
txc <= 1;
wait for 25 ns;
txc <= 0;
wait for 25 ns;
END LOOP;

END PROCESS;
END behavi oral ;

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation example:
MACC test bench

entity TB is
end TB;

Architecture Arch of TB is
SIGNAL inl, in2: integer range 0 to 255;
SIGNAL res, clock: integer range 0 to 1;
SIGNAL result: integer range 0 to 65535;

COMPONENT nmacc
PORT (inputl, input2: IN integer range 0 to 255;
reset , clock: IN integer range 0 to 1;
= out _reg: OUT integer range 0 to 65535);
END COMPONENT ;

COMPONENT OSCi

Port (tXC: OUT integer range 0 to 1);
END COMPONENT ;
$

© Copyright 1997 by V. Salapura & M. Gschwind \{in&gﬁyéh. /

Simulation example:
MACC test bench cont'd

BEGIN

UUT : nmacc PORT MAP (inl, in2, res, clock, result);
clk : oscil PORT MAP (cl ock) ;

TBP : PROCESS

BEGIN

inl <= 0; in2 <= 0; res<=1;

wait for 70 ns; -- reset cycle
res<=0; wait for 80 ns;

inl <= 115; in2 <= 78; -- input data
wait for 100 ns;

inl <= 20;= -- new i nput data
wait for 10 ns;

in2 <= 50;

wait for 100 ns;
END PROCESS;
end Arch;

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation example:
MACC configuration

configuration cfg_tb_nmacc of TB is
for Arch:
for uut : nacc
use entity work.nmacc (macc_arch) ;
end for;
end for;

end cfg tb _macc;

© Copyright 1997 by V. Salapura & M. Gschwind

Simulation example:
Tracing MACC operation using waveforms

File Edit

360 TR VT T ¢ TR (T T T i IOO
fTBiclack 1 tJo ol Jol i Jol i o]t JTol i Tol]]
TBires 1 1 | 0 1
TBAnT ] o \ 1185 \ 20 o
[TBiinz 0 0 | 78 | 50 0
TBAUUTinew_val 13340 ) T 17940 [ igsan | vooa [ o

0 | e | v [ wew [ o
i R [ s | vsan [ s [ o

© Copyright 1997 by V. Salapura & M. Gschwind




Exercise 1
VHDL design and simulation

Valentina Salapura
Michael Gschwind

ALU design and ssimulation

0 describe an ALU with following propertiesin VHDL
—2datainputs, 1 output
» datatypeinteger range0to 256

—control input for operation selection

» choose appropriate encoding for function selection: enumeration
data type, integer, bitstring...

—ALU operations delay
» pass A, pass B 2 ns
» not A, A and B, A or B, A xor B 5 ns
»A + B, A -B 16 ns
» A * B 50 ns

© Copyright 1997 by V. Salapura & M. Gschwind




Completethe following tasks

0 describethe ALU in VHDL
0 develop atest bench for simulation

o verify ALU functionality using functional
simulation

0 explain your design decisions and their impact

© Copyright 1997 by V. Salapura & M. Gschwind
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VHDL Synthesis Primer

Valentina Salapura
Michael Gschwind

Synthesis

0 automatic translation from one abstraction level to
alower abstraction level

— generates mor e detailed descriptions

0 hardware structuredirectly inferred from an HDL
description

—hardware not specified explicitly
O coding style important for efficiency

© Copyright 1997 by V. Salapura & M. Gschwind
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Gajski’'s Y-Diagram

Structural Behavioral

Domain System synthesis Domain

Processors,
Memories, Busses

Register-transfer

Flowcharts, algorithms
synthesis

Registers, ALUs, MUXs

Logic Register transfers

synthesis

Gates, flip-flops

Logic Boolean expressicns

synthesis

Transistors Transistor functions

Transistor layouts
Cells
Chips.

Boards, MCMs

Physical
Domain

© Copyright 1997 by V. Salapura & M. Gschwind
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Design stepsin Y-Diagram

Synthesis

Structural
Domain

Behavioral
Domain

Optimization

Generation Extraction

Physical / Geometrical
Domain

© Copyright 1997 by V. Salapura & M. Gschwind
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Synthesis at different abstraction levels

0 system level synthesis
0 high-level synthesis

0 RTL synthesis

0 logic-level synthesis
0 technology mapping

© Copyright 1997 by V. Salapura & M. Gschwind

Theory ...
synthesis at high abstraction levels

0 system level synthesis

— partitioning of a system into subsystems and
definition of itsalgorithms

0 behavioral synthesis (high-level synthesis)
—translation from a behavioral intoan RTL
description
—exploredifferent architectures
—design divided in data and control path

(resour ce allocation, scheduling, resour ce
assignment)

© Copyright 1997 by V. Salapura & M. Gschwind
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Theory ...
RTL and logic synthesis

0 RTL synthesis
— performs control and data path synthesis

—resour ce allocation and sharing
» maps RTL description to Boolean functions

0 logic-level synthesis

—design described with combinational logic
(Boolean functions) and sequential elements

—description mapped to the gate level and
optimized

© Copyright 1997 by V. Salapura & M. Gschwind

Theory ...
Technology mapping

0 technology mapping
—abstract gates mapped to technology elements
—function blocks sometimes mapped to macros

© Copyright 1997 by V. Salapura & M. Gschwind
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... and reality

0 system synthesis does not exist
0 behavioral synthesis- first tools available
—for example, Behavioral Compiler from
Synopsys
0 RTL + logic synthesis available today
—in good tools no difference between these steps
—for example, Design Compiler from Synopsys
0 purelogic synthesis
—availablefor alongtime, e.g. Espresso
—optimization of Boolean equations

© Copyright 1997 by V. Salapura & M. Gschwind

Advantages of synthesis

0 shorter design time

0 simplifiesmodularity and simpleintegration of
design

0 management of design complexity

—10M transistor designs already exist, and
growing!

0 facilitates optimization of the whole design
—removal of redundant functions

0 enables simple porting of design to other
technologies by re-synthesizing it

© Copyright 1997 by V. Salapura & M. Gschwind
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Intellectual property (I1P) theory

0 how to make 100 M gate designs

— buy already existing design blocksfrom IP
vendors
» x86 VHDL model
» chip set model
» SCSI controller model
» Ethernet controller model
0 equals PC on a chip

—synthesize all blocksin a single chip
0 today’s integration of components on printed

circuits board O tomorrow’s integration of
hardware descriptions on a chip

© Copyright 1997 by V. Salapura & M. Gschwind

Disadvantages of synthesis

0 synthesized har dwar e depends on coding style
0 synthesis efficiency dependson
—synthesistools used
—target technology
O lessportablethan ideally possible
0 lesscontrol over theresulting hardware

0 hand design of particular blocks may be better than
the synthesisresult

—but hand design probably depends on technology

© Copyright 1997 by V. Salapura & M. Gschwind
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HDL - hardware description languages

0 synthesis based on HDL
0 most common HDLs. VHDL and Verilog
0 developed for simulation, not for synthesis

— synthesis semantics sometimes different from
simulation semantics

—what you synthesize is not always what you
simulate

0 synthesisbasics similar for all HDLs

© Copyright 1997 by V. Salapura & M. Gschwind

Verilog

0 mostly used in the US

0 developed by Gateway Design Automation
softwar e company 1983

0 similar to “C” programming language
0 data types defined by language, not by user

© Copyright 1997 by V. Salapura & M. Gschwind
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VHDL

0 mostly used in Europe
0 developed by DoD — required for defense contracts
0 strong typing system
0 similar to “ADA” — by design
—also developed by DoD
—usage of datatypesand libraries
—similar syntax

© Copyright 1997 by V. Salapura & M. Gschwind

Design flow

RTL VHDL

RTL Simulation

S

" Trandation

: to Gates

8

=

% Gate-Level
Optimization

]
’ Gate-Level Simulation ‘

Sign-Off Simulation
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Synthesistools

0 RTL and logic synthesiswidely used for
approximately 5 years

0 up to date hardware design method

0 synthesistools well developed, but quality of
synthesisresultsvaries

— Synopsys, Compass, Power view, Cadence, ...

0 some synthesistools ignor e configuration
specification and/or user-defined libraries

0 some synthesistools do not support resour ce-
sharing

© Copyright 1997 by V. Salapura & M. Gschwind

Mapping HDL to hardware

0 inan HDL description, hardwareis not explicitly
defined

0 structure of hardwareinferred from the structure
of aHDL description

O the quality of synthesized hardwar e depends
on coding style of an HDL description

— possibly also depends on synthesistools and
tar get technology

© Copyright 1997 by V. Salapura & M. Gschwind
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HDL trandation for synthesis

0 trandation in two steps (as per formed by Synopsys
Design Compiler)
—module generator - modulesinferred from an
HDL description
» modulesfor simple operations
» technology independent

—module mapping to gates
» technology specific
» makes gate-level design optimization possible

© Copyright 1997 by V. Salapura & M. Gschwind

Synthesis environment

0 VHDL based synthesis
0 synthesistoolsdesign_analyzer from Synopsys

— probably the best synthesistool currently
available

0 target technology (for our experiments) isthe
ASIC technology L SI 10K
—available in the Synopsys standard distribution
— 1.5y, double metal, single poly
» approximately 10 yearsold

—technology library specified in file
.synopsys_dc.setup

© Copyright 1997 by V. Salapura & M. Gschwind
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Synthesis using Synopsys

0 invokedesign_analyzer
0 setup [0 defaults — selected technology libraries
[0 command window — commandline input

(2] Synopsys Design Analyzer 1

Setup File

Defaults

Designer: |

Company; |

Search Path: [ Jusr/toals/suncpsusLibraries/sun

Command Window n
Link lerarg:! lsi_10k,db dwOdl,sldb du02,sldb dud;

Copyright dc) 1385-1995 by Sunapsy:
ALL RIGHTS RESERVED

Terget Library: [ 1s1 1000
design_analyzer> designer =

design_analyzer> company = ""

Synbol Library: [ 1s1_10k.sdb

gn_snalyzery search_path = *, dusr/tonlsdsyn
- “fusr/toolsssunopsysdlibrariesdsunty

= "lgi_10k,db dud,|
- wo2,s1db", "dw03,s1db", "duld,:
design_analyzer> target_library = “lsi_10k.db "

L L"lsi_10k,db"}

Sohenatic Options: [ -size infinite

UND. VIND.

© Copyright 1997 by V| design_snalyzer nic
pyrig Y V] desion.araluzers \\_

) DCCCXY

Synthesis using Synopsys
0 synthesis executed in two steps
1. step: file I read-—readin VHDL files
» macro for commands analyze and elaborate
[ Synopsys Design Analyzer 1 VHDL
e — |

File Mame(s): W | reg_reg I Flip-flop | 8 | ¥ 1Y IN IN IN

Directory: w/u2livanja/Teaching/H3

Current design is now */u/u2l/vanjaTeaching/HS/dene,dbzdena”

L,

<" dena">
i/ (Howe up ane directory) design_analyzer> Loading dh #ile ’/usr/tools/synopsys/libraries/sun/gene
Figures/ Loading db file ’/usr/tonls/synopsys/libraries/syn/lsi 10k sdb’
LSI10KS Loading db file “Yusr/tools/sunopsys/1ibraries/synl 25, font”
HHS/ 1
uork/ design_analuzer>
<2
BE TT .
File Formats B ™

© Copyright 1997 by V. Salapura & M. Gschwind
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Mapping VHDL constructs

0 synthesistools map VHDL constructsto three hardware
elements

—combinational logic
—multiplexors
—memory elements
0 what hardwareis generated from
—arithmetic, logic and comparison operators
—IF and CASE statements
—indexesand arrays
— process statement

© Copyright 1997 by V. Salapura & M. Gschwind

Arithmetic and logic operations

0 arithmetic and logic operation are mapped to
combinational logic

LIBRARY | EEE, work;
use | EEE.std |logic_1164.all;
use | EEE.std | ogi c_unsi gned.all;
use work.all;
ENTITY adder IS
PORT (A, B: IN std_logic_vector (3 downto 0) ;
Y1,Y2: ouT std_l ogi c_vector (3 downto 0)) ;
END adder ;

ARCHITECTURE arch OF adder IS
BEGIN

Yl <= A + B;

Y2 <= A AND B;
END arch;

© Copyright 1997 by V. Salapura & M. Gschwind




Result of synthesis

0 step 1. modulesfor simple operators

0 step 20 tools [] design optimization —
modules mapped to gate level and optimized

712310

R T |

© Copyright 1997 by V. Salapura & M. Gschwind \Q:D b/
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Comparison operators

0 comparison operatorsare mapped to
combinational logic

ENTITY conpare IS
PORT (I 1,12: IN std | ogic_vector
(3 downto 0) ;
Y1l: ouT bool ean) ;
END conpare;

ARCHITECTURE arch OF conpare IS Hae |
BEGIN et o

Yl <= (11<12); cmf%
END arch;

© Copyright 1997 by V. Salapura & M. Gschwind




Array indexes

0 from avariableindex - multiplexor

ENTITY i ndexing IS
PORT (A: IN std_|ogic_vector
(7 downto 0) ;
Sel : IN integer range 0 to 7;
Y: OuT std_logic);
END i ndexing;

ARCHITECTURE arch OF indexing IS -t
BEGIN O S

Y <= A(Sel ) ;
END arch;

SelzZ:07]

o from aconstant index - wire

Y <= A@3); a7 cms[——a— >
© Copyright 1997 by V. Salapura & M. Gschwind \g@&gﬁyéh. /
| F statement
0 |F statements are mapped to multiplexors
ENTITY nmuxing IS e R S
PORT (A,B: IN std_| ogic_vector et — |
(7 downto 0) ;

Sel : IN std_logic;
Y: oOuT std_| ogic_vector =
(7 downto 0)) ;
END nuxi ng;
ARCHITECTURE arch OF nuxing IS
BEGIN
PROCESS (A, B, Sel) BEGIN
IF Sel = 'l' THEN
Y <= A;
ELSE
Y <= B;
END IF;
END PROCESS; END arch;

© Copyright 1997 by V. Salapura & M. Gschwind
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| F statement for memory elements

0 if not all states of an | F statement are defined, a
memory element isinserted

ENTITY | atch IS
PORT (A: IN std_|ogic_vector (3 downto 0);
wite: IN std_|ogic;
Y: OUT std_| ogi c_vector (3 downto 0)) ;
END | atch;

ARCHITECTURE arch OF |latch Is
BEGIN
PROCESS (A, wite) BEGIN
IF wite = '1' THEN
Y <= A;
END IF;
END PROCESS; END arch;

© Copyright 1997 by V. Salapura & M. Gschwind

L atch

0 important: all values haveto be defined to avoid
memory elements (latches) in combinational logic

DL PETE o - |y o e
Lot
"Audu2livanjalTeaching HS/bSb_std, vhd” .
et =
| Register Mame I Type | Width | Bus | AR | £
e %1
| Y_reg I Latch I 4 I ¥ IN IF Lot
. 1 ]
Current design is now "/ufuZl/vanjasTeaching/HS/latch, dbilate | I—
{"latch"> o =1
E | |design_analyzer> 1
Eod [desion_analyzer> | -
B v, ol Cancel E et
4

© Copyright 1997 by V. Salapura & M. Gschwind \ﬁi@'}ﬁj@ /




Flip-flop

VHDL
O Contr O”ed Wlth Cl OCk edge * AUURL vanjalTeaching HS /b _std,uhd "
| Register Nans I Twps | Midth | Bus | 6R 1 £
ENTITY fli p IS | Y reg | Flip-flop | 4 | ¥ IH I}
PORT (A: IN std_| ogi C_V_EC'[ or (3 downto 0); Eurrens cesign 16 o “Aui2Livanga Teaching WS/ L1p,chil1p"
clock: 1IN std_logic; Cre

design_analuzer> 1

Y: OUT std_|l ogic_vector (3 downto 0)) ;|u[esisnmatse>
END flip;

&
ARCHITECTURE arch OF flip IS ro D D
BEGIN
PROCESS (A, clock) BEGIN TP
IF clock = '1' AND cl oCKk'EVENT THEN M o [
Y <= A; IS
END IF; e
END PROCESS; END arch;
8 =
© Copyright 1997 by V. Salapura & M. Gschwind >_]~ \ﬁ_mfl

| F statementsfor tri-state buffers

0 all valuesdefined, " 2" used for “others/ELSE”

ARCHITECTURE arch OF tri IS urite[ >—= o
BEGIN g »v<3:8>
PROCESS (A, wite) |
BEGIN S4
IF wite = 'l' THEN Ak R
Y <= A; =
ELSE — e
Y <= "z777";
END IF; A<3: Bt - =
END PROCESS;
END arch;

© Copyright 1997 by V. Salapura & M. Gschwind \iﬂig%m /




CASE statement and don’t care

0 CASE statements are mapped to multiplexors
0 don’t care for better optimization
—"X" in std_logic for synthesis
ARCHITECTURE arch OF casing IS

BEGIN
PROCESS (A, B, C, D, Sel)
BEGIN
CASE Sel IS
WHEN O => Y <= A;
WHEN 1 => Y <= B;
WHEN 2 => Y <= C;
WHEN 3 => Y <= D;
WHEN O hers => Y <= "XXXX";
END CASE;

END PROCESS; END arch;

© Copyright 1997 by V. Salapura & M. Gschwind

Example design - MACC

use | EEE.std |l ogic_1164.al1;
use | EEE.std_| ogic_signed.all;

ENTITY nacc IS
PORT (i nputl, input2: IN std_|ogic_vector (3 downto 0);
reset, clock: IN std logic;
out _reg: OUT std_| ogi c_vector (3 downto 0));
END nacc;

ARCHITECTURE denb_arch OF macc IS
SIGNAL new val , reg: std_l ogic_vector (3 downto 0);
BEGIN
Regi st : PROCESS (cl ock, reset) BEGIN
IF reset = 'l' THEN
reg <= "0000") ;
ELSIF cl ock'EVENT and clock = '1l' THEN
reg <= new_val ;
END IF; END PROCESS;
Conbi n: PROCESS (i nputl, input2, reg)
VARIABLE new val 1: std_| ogi c_vector (7 downto 0); BEGIN
new vall := inputl * input2;
new val <= reg + new_val 1(7 downto 4);
END PROCESS;
out _reg <= reg; END deno_arch;

DCC

© Copyright 1997 by V. Salapura & M. Gschwind \{Higcmgm /
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Example design - MACC

0 read the VHDL description
file [l read [l macc.vhd [l OK

VHDL = T

P design_analyzer> Loading vhdl file ’/us/u2lsvanja/Teaching/HS/macc_std, vk e
E || /usueiivan jasTeaching HS/macc_std.vhd: e

| E|inferred nemory devices in process “Regtst”
in routine mace line 24 in file
UL Auan o Teachi S Aass st ,uhd”, -

| Register Name I Type | Midth | Bus | AR | AS | 5R | 5%

1 rea_reg I Flip-flop | 4 1 ¥ 1Y IH I[N N
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Exampledesign - MACC

0 design optimization
—tools ] design optimization [l OK
—file[] save as [l DB, VHDL, SXNF
= ;g:
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Synthesisand Gate L evel
Simulation with Synopsys

Valentina Salapura
Michael Gschwind

Synopsys design compiler

0 dominant synthesistool set in the market
0 probably the best synthesistool available today
0 synthesis executed in two steps

—module generator
» VHDL description mapped to modules
» modulesfor operators
» technology independent
—technology mapping
» modules mapped to gates

» technology specific
» starting point for the optimization at the gate level

© Copyright 1997 by V. Salapura & M. Gschwind
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Two synthesis steps

0 step 1. simple operators mapped to modules

0 step 2: operators mapped to gates and optimization
at the gate level

712310

© Copyright 1997 by V. Salapura & M. Gschwind
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What Synopsys offers

0 various optionsfor exact specification of

—technology and working environment
» target technology definition
» max fan-out, max transition, max capacitance

—design optimization
» areaand timing optimization
» clock specification
» various optimization efforts

» various optimization methods available (boundary
optimization, flatten, Boolean)

© Copyright 1997 by V. Salapura & M. Gschwind
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What can Synopsysdo

—read in and use user-defined libraries, packages,
etc.
— generate design reports

» design complexity (number of gatestechnology elements)
» design speed

» used resources (also as macros from libraries)

© Copyright 1997 by V. Salapura & M. Gschwind

Starting design compiler

0 with "design_analyzer" for graphical front-
end

0 with "de_shell" for command line oriented
interface

—graphical front-end translates pull-down menu
selections to script commands
» can be seen in command window

—not all commands can be selected using the
graphical interface

© Copyright 1997 by V. Salapura & M. Gschwind
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Selecting commands

0 selecting choicesin pull-down menus

0 writing commandsin command window
—open with setup [ command window

0 directly inde_shell

& Sviopeys Desian Anabveer |

Help |

Command Window

Copyright {c) 1988-1995 by Synopsys. Inc,
ALL RIGHTS RESERVED
design_analyzer? designer = ""

design_analyzer> company = ""

design_analyzer? search_path = ", dusr/tools/sunopsus/librar
., "Jusr/toolsdsynopaysdlibrariesdayn"

design_analyzer> link_library = "1=si_10k,db dw0l,sldb dw02,s]
{"lsi_10k.db", "dwtl.sldb", "dw02.sldb", "du03.sldb", "dwOd.:
design_analyzer> target_library = "l=si_10k,db "
{"lsi_10k.db">

EE HEEE

design_analyzer>

r
El

© Copyright 1997 by V. Salapura & M. Gschwind

Working in batch mode

0 using scripts
0 scriptsfor synthesis control

—advantageous for complex designs

» synthesis and optimization executed unattended over night
or longer time

—also useful for less complex designs

0 each menu selection can be substituted with a
script command

0 for advanced usage
—wider command selection

—reproducible [0 script documents selected
synthesis and optimization

—reduced setup work for repeated synthesis

© Copyright 1997 by V. Salapura & M. Gschwind
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Script language

0 design compiler controlled using script language
0 various command classes for

—script control

—reading and saving designs

—target technology definition

—trandation of VHDL programs

—definition of module interfaces

—optimization control

—report generation

© Copyright 1997 by V. Salapura & M. Gschwind

Script control

0 menu selection
setup [I execute script

0 include scriptsin command window and in script
files
include script file name

0 inprogramde_shell

dc_shell -f script file name

© Copyright 1997 by V. Salapura & M. Gschwind
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Reading and saving designs

0 support for various design formats
—VHDL, Verilog, DB, XNF, EDIF, PLA ...
0 reading designswith read
—example: read -f xnf macc.xnf
0 saving designswith write
—option - hierarchy savesall submodules

—example:
write -f db -hierarchy -output macc.db

© Copyright 1997 by V. Salapura & M. Gschwind

Technology definition

0 specified in file . synopsys_dc.setup
0 menu selection setup [ defaults

Synopsys Design Analyzer

Setup File

Defaults

Designer: |

Campany: |

Search Path; | ‘usr/tonls/synopsus/librariss/sun

Limk Llhr“ar‘gzé 1xi_10k,db dwdl,sldb dwd2,sldb dud

Target. Libraru; | 1s2.10k,db

Sunbol Library: [ 1= 10k.cb

Schemstic Options: [-size infinite

o

© Copyright 1997 by V. Salapura & M. Gschwind
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DesignWarelibrary

0 module generator

0 containsdifferent library elements
—implementation of operators+, - *,/
—different moduleslike RAMs, shift registers, etc.

0 various implementations for same functionality
—different trade-offs, area or speed optimized

0 appropriate implementation selected automatically
in Synopsys asaresult of specified design
constraints

© Copyright 1997 by V. Salapura & M. Gschwind

File. synopsys _dc.setup

0 an example of file. synopsys_dc.setup
search _path = {. /usr/tools/synopsys/libraries/syn }

target library = 1lsi_ 10k.db
link library = 1lsi_10k.db
symbol library = 1lsi_10k.sdb

/* design ware */

synthetic library = synthetic_library + { dwOl.sldb
dw02.sl1ldb dw03.sldb dw04.sldb dw05.sldb }

link library = link library + { dwOl.sldb dw02.sldb
dw03.sldb dw0O4.sldb dw05.sldb }

© Copyright 1997 by V. Salapura & M. Gschwind \ﬁﬁﬁﬁgﬁ
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Trandation of VHDL programs

O in two steps
—analyze
» translatesthe design into the working library

—¢elaborate

» generatesdesign structure from description in theworking
library

0 menu selections
file [l analyze
file [0 elaborate

© Copyright 1997 by V. Salapura & M. Gschwind

POLYTECINICUM
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416
['randation of VHDL programs
= Synopsys Design Analyzer
VHDL
" u/uZL/van e Teach ing Ho/nace_std, vhd .
Elaborate Design
1 Register Nane | Tepe | Width | Bus | AR | S | SR | 5¢
Librarys | TEFALLT
Thrary: | | reg_reg | Flip-flop | B 1 Y 1Y IN IN IN
TER
oL
Current design is now “/u/u2l/vanjarTeaching/H/deno. dbz demo”
oz ot
'deno"}
43 TR |[||desion_analyzery Loading db File “/usr/tools/synopsysd]ibraries/sun/gene
Loading db File *Jusr/tools/sunopsys/Libraries/syn/lsi 10k, sdb”
Tesign: |matt(demn_arth) Loading db File */usrétools/synopsys/1ibraries/sun/1_25. Font”
1
design_analyzer>
FE
I
BE (>
Paraneters: |A
W Re-fralyze Out-Df-Date Libraries
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Different design views

0 design represented at different hierarchical levels
—module (all modulesread)

—entity (interface)

_ architecture (|mp|ernentat|0n) Setwp File Eit y,e Attributes fnalysis Tools

(] Synepsys Design Analyzer 1

Setup File Edit View Attributes fnalysinoloale

- Middle Button: Add/Modify Select

=

L.
) |
Current Design: maco B Current Tesignt macc Schenatic View
Instance: wul_36/mult/mult (#HULT_TC_OP_4_4_87 : Buttons Select - Middle Button: Add/Modify Select - Right Button: flenu
1 L R
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Definition of module interfaces

0 ICsrequire special driversfor external signals ]
pads
0 definition of external portswith
set_port is pad
—typical examples
» set port is pad all inputs()
» set port is pad "*"

0 insertion of padswith
insert pads

© Copyright 1997 by V. Salapura & M. Gschwind
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Commands for optimization control

0 design optimization
—area minimization
—timing constraints
0 controlling of different optimization methods

— set_boundary optimization
current design()

» constantson ports propagated to submodules

© Copyright 1997 by V. Salapura & M. Gschwind

Area optimization

0 menu selection attributes [J optimization
constraints [J design constraints

Design Constraints

Tesign Mame:

mestaf f/vanja/ Teach ing/HS/Hacc/nace .dbimace

Optinization Constraintss

Max Area: § 40

Hax Pousrs

Tesign Rules;

Test Constraints:

Min Fault Coverage:

O Area Critical O Timing Critical

0 command set_max area 40

© Copyright 1997 by V. Salapura & M. Gschwind
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Signal run time optimization

0 menu selection
attributes [I optimization constraints
0 timing constraints

0 command set_max delay
—variousoptions (rise, fall)

— path specification with start and/or end point
set max delay 15 -from port -to
port

0 example
set max delay 2 -to out_port

© Copyright 1997 by V. Salapura & M. Gschwind

Synthesis start

0 optimization constraints have to be set before
starting synthesis

0 synthesis started with
compile

—example: compile -map effort high
—additional synthesis control options available

© Copyright 1997 by V. Salapura & M. Gschwind
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Starting synthesis

0 starting with
tools [] design optimization

Design Optimization

M Hap Design

Hap Effort; {rLlow 4 Hedium < High

£ Yerify Jesign

Forey W los Qfediie Qi

21 Allow Boundary Optimization

Execute in: 4 Foreground  $r Backaround

© Copyright 1997 by V. Salapura & M. Gschwind

Generating design reports

0O menu selection
analyze [J report

0 report on resources used
report area

0 signal delay timereport
report timing

0 report on FPGA resour ces
report fpga

O etc. etc.

© Copyright 1997 by V. Salapura & M. Gschwind
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Areareport

f design MACC

Command Window

10N O

area consumpti

0 example
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Selecting current design

0 all commands executed only on current design
0 current design selection

—indesign_analyzer
clicking on the module

—indc_shell
current design module name

© Copyright 1997 by V. Salapura & M. Gschwind

Other useful commands

0 ungroup and group

—for creating and removing hierarchical levels
» eg., to enable optimization over various subdesigns

—example
ungroup -all

0 dont_touch
—selected moduleisnot further optimized
0 characterize

—transfersdesign constraints from higher
hierarchical level to submodules

© Copyright 1997 by V. Salapura & M. Gschwind
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Example of script file

read -f vhdl test_add. vhd

current design add8_inpl1l

include handl e_desi gn_scri pt

report area > add8_area. out

report timing -path full -delay max
-max paths 1 nworst 1 > add8_ti ne. out

write -f db -hierarchy -o add4_inpl 1.db

o filehandl e_desi gn_scri pt :
set port_is pad

ungroup current design()
set_boundary optimization current design()
compile -ungroup all -map effort medium

© Copyright 1997 by V. Salapura & M. Gschwind

Gate level smulation

0 to simulate at the gate level

—generate a simulation library from the synthesis
library

—analyzethe simulation library

—referencethe simulation library in gate-level
description

—generate an SDF filefrom a design
—start the simulation using the SDF file

© Copyright 1997 by V. Salapura & M. Gschwind
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Standard delay format (SDF)

0 SDF isa standard delay format
— portable description of design delays
—supported by many EDA tools

0 containstiming information of a synthesized design

0 for back-annotating design timing with gate-level
simulation

© Copyright 1997 by V. Salapura & M. Gschwind

Generating ssmulation library

0 simulation library is generated from the synthesis
library file 1ib_name. db

—liban -arch model lib_na.me.db

—option -arch specifys one of five timing models
» £tbm - accuratetiming model, slowest simulation
» udsm - all cells with Insdelay, fastes simulation

» £tsm — each cell with accurate timing, less acurate than
£tbm, slower simulation than udsm

» ftgs — asaccurate asftbm, fast simulation (optimized
for Synopsys)

» vital — vital model
0 results of compilation arefiles

lib name components.vhd and
lib name FTSM.vhd.E

© Copyright 1997 by V. Salapura & M. Gschwind
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Analyzing ssmulation library

0 simulation library hasto be analyzed

vhdlan -w lib name
lib name FTSM.vhd.E
lib name components.vhd

0 timing model library filesare compiled and stored
in thesimulation library 1ib name

© Copyright 1997 by V. Salapura & M. Gschwind

Using the simulation library

0 simulation librariesare similar to other libraries
0 simulation library hasto be

— gpecified in the setup file

—referenced in the VHDL description

© Copyright 1997 by V. Salapura & M. Gschwind
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Specifying ssimulation library

0 simulation library hasto be specified in the setup
file . synopsys_vss.setup

0 for smulation library generated from LSl 10k
synthesislibrary example

—insertin thefile . synopsys_vss.setup
LSI_10K: $SYNOPSYS/libraries/sim/lsi_10k

© Copyright 1997 by V. Salapura & M. Gschwind

Referencing ssimulation library

0 simulation library hasto bereferenced in the VHDL
fileto be simulated

—for theL Sl 10k example

» insert inthe VHDL gate level file
library 1si_10k;
use 1lsi_ 10k.components.all

0 thiscan be automated by putting the following
command in the setup file . synopsys_dc.setup

vhdlout use packages =
{"LSI_10K.COMPONENTS"} ;

© Copyright 1997 by V. Salapura & M. Gschwind
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Generating an SDF filefrom adesign

0 SDF file contains timing information of a
synthesized design

—required for gate level smulation

0 generation in command window
—select fileformat for VHDL simulation
change names -rules vhdl -hierarchy

—generate SDF file

write timing -format sdf -output
sdf file name

© Copyright 1997 by V. Salapura & M. Gschwind

Starting the gate level ssimulation

0 gate level simulation usesthe timing infor mation from
an SDF file

0 gate level simulation hasto be started in command
mode
vhdlsim -sdf top /tb/uut
-sdf sdf file name cfg tb name
—option -sdf_top specifiesthe design described by
SDF fileis (UUT in the above example)

—thelast argument (c£g_tb_name) specifiesthe test
bench configuration

© Copyright 1997 by V. Salapura & M. Gschwind




Simulation in command mode

0 command mode simulator vhdlsim usesthe same
commands as the window mode vhdldbx
—trace
» signal selection for waveforms
—cd
» moving through the program hierarchy
—step, next
» execute simulation in steps
—run time expression
» simulation start
—include
» usage of scripts

© Copyright 1997 by V. Salapura & M. Gschwind \g@&g&ﬁéﬁ. /

Simulation example:
MACC gate-level description

library IEEE; referencing the
library LSI_10K; simulation library
use IEEE.std logic 1164.all;
use LS I_l OK.COMPONENTS.all;

entity macc is
port (inputl,input2: in std logic_vector (3 downto 0);
reset,clock: in std logic;
out_reg : out std logic vector (7 downto 0));
end macc;

architecture SYN_demo_arch of macc is
component IVA
port(A: in std_logic; Z : out std_logic);
end component;
component FD2
port(D,CP,CD: in std logic; Q,QN: out std_logigy?T
end component; cw

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation example:
MACC SDF file

DELAYFILE
(SDFVERSION "OVI 1.0")
(DESIGN "macc")

(DATE "Tue May 13 15:37:44
1997")

(VENDOR "1lsi_10k")

(PROGRAM '"Synopsys Design
Compiler cmos'")

(VERSION "v3.4a")
(DIVIDER /)

(VOLTAGE 5.00:5.00:5.00)
(PROCESS)

(TEMPERATURE
25.00:25.00:25.00)

(TIMESCALE 1ns)

(CELL

(CELLTYPE "FA1lA")

(INSTANCE add_37_plus_plus/Ul_5)
(DELAY

(ABSOLUTE

(IOPATH A CO (2.182:2.182:2.182)
(2.274:2.274:2.274))

(IOPATH B CO (2.182:2.182:2.182)
(2.274:2.274:2.274))

(IOPATH CI CO (1.082:1.082:1.082)
(1.174:1.174:1.174))

(IOPATH A S (2.136:2.136:2.136)
(1.925:1.925:1.925))

(IOPATH B S (2.136:2.136:2.136)
(1.925:1.925:1.925))

(IOPATH CI S (1.036:1.036:
(0.825:0.825:0.825)) )) ¥

© Copyright 1997 by V. Salapura & M. Gschwind

Simulation example:

starting the smulation

0 simulation started with

vhdlsim -sdf top /tb/uut
-sdf macc.timing cfg tb macc

0 simulation performed as usual
ced tb
trace clock res inl in2 result
run 400

© Copyright 1997 by V. Salapura & M. Gschwind
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Simulation example:

waveforms

@

Synopsys Waveform Viewer — 1B.java.12197.0w0 — [Untitled]

File Edit Marker GoTo View Options Window Help

o 100 200 300 4

TBiclock
TBires
B (TBfn1(3:0)
B (TBfn2(30)
B (TBfresult{7:0)

L L L L L
|

0 | 7 | F Ik
0 | 3 | 5 | o
oo [ 15 [2a [ 25 [ m
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Exercise 2
Synthesis and gate level
simulation

Valentina Salapura
Michael Gschwind

Synthesis and gate level smulation

0 use ALU description from exercise 1 asa starting
point

0 modify ALUtousestd logic_vector for
inputs and output

0 synthesizethe ALU for an ASIC target technology

—e.g., LSl 10k included in Synopsys standard
distribution

© Copyright 1997 by V. Salapura & M. Gschwind

91



Completethe following tasks

0 synthesize and optimizethe ALU
—optimized for area
—optimized for timing

0 compar e results generated by area and timing
optimization

0 explain why after clauseisignored

0 simulate the synthesisresultsusing test bench from
exercisel

0 explain why only a subset of VHDL can be
synthesized

© Copyright 1997 by V. Salapura & M. Gschwind
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Modeling Sequential Logic
and Finite State M achines

Valentina Salapura
Michael Gschwind

Building complex VHDL models

0 VHDL supports modeling at different abstraction
levels

— language constructsfor each abstraction level
—behavioral level

» functions, procedure calls, processes

—register transfer level (RTL)

» concurrent statements and formulae

—structural level (VHDL netlist)

» components, component instantiation, component
inter connections

© Copyright 1997 by V. Salapura & M. Gschwind




Hybrid descriptions

0 language constructsfor different abstraction levels
can be mixed in a single description

—using constructs of all abstraction levelsin single
ar chitecture
» processfor algorithm description
» RTL formulae
» component instantiation

—useful for simulation and synthesis

» re-use of existing modulesin description of new modules
through component instantiation

» mixing of descriptionswith different amount of detail

© Copyright 1997 by V. Salapura & M. Gschwind

Component declaration and instantiation

0 component declared in the declaration part of an
ar chitecture body
0 syntax
component identifier is
generic(generic_constants_list);
port(port _list);
end component;

0 component instantiated in the statements part of an
ar chitecture body

0 syntax

| abel : nane generic map(generic_list);
port map (port _list);

© Copyright 1997 by V. Salapura & M. Gschwind \ﬁﬁﬁﬁgﬁ
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Hybrid design example: MACC

ARCHITECTURE denp_arch OF macc IS
COMPONENT nul ty

PORT (i nl, in2: IN std_|logic_vector (3 downto 0);

res: ouT std_| ogi c_vector (3 downto 0));
SIGNAL new val , reg, res: std_|logic_vector (3 downto 0);
BEGIN
Reg: PROCESS(cl ock, reset) BEGIN
IF reset = 'l' THEN
reg <= "0000";
ELSIF cl OcCk'EVENT AND cl ock = '1' THEN
reg <= new._val ;
END IF;

END PROCESS;

Miltiply: nmulty port map(inputl, input2, res);
new val <= reg + res;
out_reg <= reg;

END denp_arch;

© Copyright 1997 by V. Salapura & M. Gschwind

Hybrid design example: MACC schematic

= ¥
e

edestT
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Synthesis of sequential logic

0 to synthesize sequential logic need to define

—clock(s) — requires special treatment
» stronger drivers
» uniform distribution

—memory element type

» selection of flip flopsand latch typesto be generated by
logic synthesis

» type of memory element (whether flip flopsor latchesare
used) depends on VHDL description style

© Copyright 1997 by V. Salapura & M. Gschwind

Setting the clock

0 menu selection attributes [J clocks [ specify
—for selected port of a module
—set clock period and edges

Specify Clock L|

Clock Hame: | clock

Fort Mame: | clock.

| I [

0,0 10,0 20,0

I Dont. Touch Network I Fix Hold
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Clock specification

0 in dc_shell and in command window
create clock -name "Cl ock" -period 20
-waveform {0 10} find(port,"cl ockm)
0 explanation
-name "cl| ockr
» specify clock name
-period 20
» period of the clock
-waveform {"O" 10"}
» riseand fall timesfor one period
—find (port, "clock ")
» clock is specified for thisport

© Copyright 1997 by V. Salapura & M. Gschwind

Selection of memory elementstype

0 selection of particular flip flopsor latches styles
—optional
0 for exact specification of memory elements
set _register type -flip flop "FD1S"
» simple edge-triggered D flip flop

set register type -latch -exact "LD1P"
» positive edge active D latch

0 menu selection

attributes [| optimization directives [] design
attributes

© Copyright 1997 by V. Salapura & M. Gschwind
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Description of memory elements

0 memory elements generated for signals which are
not defined for all possible conditionsin conditional

assignments

0 thetype of memory element generated inferred

implicitly from the VHDL description
—flip-flop
» edge-triggered

—latch
» level sensitive

© Copyright 1997 by V. Salapura & M. Gschwind

Flip-flop register

VHDL

ENTITY ff_bank 1Is

PORT (A: IN std_|ogic_vector
(3 downto 0);

clock: IN std logic;

* fufu2lfvanjalTeaching/HS/bE_std,vhd ",

1l Register Mane I Twe | Midth | Bus | AR 1 ¢

1l ¥_reg | Flipflop | 4 1 ¥ I[N It

[ |current desian is now “AuruglévanjasTeaching/HS/F1ip.dbiflip"

Y: ouT std_| ogic_vector Herien
(3 downto 0)); |y
END ff_bank; B
o]
ARCHITECTURE arch or ff_bank 1s ., e
BEGIN i
PROCESS (A, clock) BEGIN == e
IF clock = '1' AND cl oCck 'EVENT THEN I
Y <= A; I
END IF; R
END PROCESS; Lol
END arch; L] .
© Copyright 1997 by V. Salapura & M. Gschwind b ]~
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L atch register

VHDL

ENTITY | atch_bank Is

PORT (A: IN std _|logic vector

(3 downto 0);
wite: IN std_logic;

Y: ouT std_| ogic_vector

(3 downto 0));
END | at ch_bank;

ARCHITECTURE arch OF | at ch_bank

BEGIN
PROCESS (A, wite) BEGIN
IF wite = '1l' THEN
Y <= A;
END IF;
END PROCESS;
END arch;

*Aufu2livaniasTeaching/HS/bBb_std, vhd ",

| Register Hame | Tupe | Midth | Bus | AR | F

| ¥_reg I Latch | 4 | ¥ IN IF

Current. design is now ‘Ausu2l/vanjasTeaching/H5/latch,dbilatc
{"latch"}

design_analyzer> 1

dezign_analyzer>

ISR o S | T vz
[
I e =

© Copyright 1997 by V. Salapura & M. Gschwind

Combinational and sequential logic

0 most designs contain both combinational and

sequential logic

LIBRARY | EEE, work;

use | EEE.std _logic_1164.all;
use | EEE.std_| ogi c_signed.all;
use work.all;

ENTITY abff IS

PORT (A,B: IN std_logic_vector
(3 downto 0);

clock,reset : IN std_logic;

Y: ouT std_|l ogic_vector
(3 downto 0));

END abff ;

ARCHITECTURE arch OF abff Is
BEGIN
PROCESS (cl ock, reset)
BEGIN
IF reset = 'l' THEN
Y <= "0000";

ELSIF cl ock '"EVENT AND
clock = '"1' THEN

Y <= A + B;
END IF;
END PROCESS;
END arch;

© Copyright 1997 by V. Salapura & M. Gschwind
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Synthesized design

At |

>
s

© Copyright 1997 by V. Salapura & M. Gschwind

Design initialization

0 all registersin adesign are set to an initial value
O registers can beinitialized using

—synchronous reset
» executed on the next clock edge
» activated by positive or negative clock edge

—asynchronousreset
» executed independently on the clock

© Copyright 1997 by V. Salapura & M. Gschwind

POLYTECINICUM
TFUND. VIND.
ADCCCAY,

100



Synchronous r eset

PROCESS (cl ock, reset, A)
BEGIN
IF cl OCK'EVENT AND clock = 'l' THEN
IF reset = 'l' THEN

Q<= |0|; rz:le—&—L

ELSE f—
Q<= A;

END IF; clock| P .
END IF;

END PROCESS;

[DS2

INSTITUTTAL
POLYTECINICUM
TFUND. VIND.
ADCCCAY

© Copyright 1997 by V. Salapura & M. Gschwind

Asynchronous reset

PROCESS (cl ock, reset, A)
BEGIN
IF reset = 'l' THEN
Q<= '0';

A ————— — >0

ELSIF cl ock 'EVENT AND Foe
clock = '1' THEN
:Luckb ~3 m

Q<= A; .
END IF; “E“ﬂ:>—{f5*f__?

END PROCESS;

© Copyright 1997 by V. Salapura & M. Gschwind \\n:,) ey
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Example sequential logic: counter

0 synchronous 8-bit counter

0 asynchronous reset

0 selection between counting up and down
—selected with signal dir
—incrementsif dir = '1"
—decrementsif dir = '0"

© Copyright 1997 by V. Salapura & M. Gschwind

VHDL implementation of the counter

ENTITY counter IS

PORT ( BEGIN
reset : IN std_logic; IF reset = 'l
clock : IN std_logic; count <= "00000000";
dir : IN std_logic; ELSIF cl oCKk'EVENT AND
Count—ou%a lOUT ) CI OCk = '1' THEN
S ogl c_vector IF dir = '1l' THEN
(7 downto 0)) ;
END count er ; count <= count + 1;
ELSE
ARCHITECTURE arch OF counter count <= -1
IS END IF; END IF;
SIGNAL count : END PROCESS;

std_|l ogi c_vector
(7 downto 0);

END arch;
BEGIN

count _out <= count ;

Count _reg: PROCESS (cl ock, reset)

© Copyright 1997 by V. Salapura & M. Gschwind
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Elaboration generates
structural representation

LEw ran e

NN S S T i = S

| I | I ] N
F

s

{J

JCN

© Copyright 1997 by V. Salapura & M. Gschwind \{g@éﬂﬁgm

Optimized synthesisresult

Command Window

(=]

R ———
Report, : resources

Design | counter

Versiont v3.4a

iate fpr 15 19:41:24 1357
RRREROEEEERRRKEEIIIOOCO U EERKRK

Resource Sharing Report. for design counter in file
a2t Auanjad Teaching HS/conter uhd
| | 1 I Contained |
| Resource | Hodule | Paraneters | Resources | Contained Operations
I 172 | OL_incdes | uidth=g | I add 25/plus/plus
| | 1 1 | sub_22/minus/minus
Inplenentation Report
| | I Current | Set |
I Cell I Hoduls Tnplensntation | Inplenentation | F
1 U5 | D01 _incdes 1 rpl 1 1

N
——

Mo miltiplexors ta report

design_analyzer>
o
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Example sequential logic:
serial-to-parallel converter

0 serial-to-parallel converter

0 synchronous 8 bit conver sion

0 asynchronous reset

0 accepts serial data stream

0 packs 8 bitsin a byte
0 outputs byte

© Copyright 1997 by V. Salapura & M. Gschwind

Serial/parallel source

ENTITY parallel Is
PORT (
reset : IN std_logic;
clock : IN std logic;
data_i: IN std_ logic;
data_o: ouT std_l ogi c_vector
(7 downto 0));
END parallel ;

ARCHITECTURE arch OF parallel 1Is
SIGNAL reg: std_l ogic_vector
(7 downto 0);
SIGNAL count : std_| ogi c_vector
(2 downto 0);
BEGIN

Shi ft : PROCESS (cl ock, reset)
BEGIN
IF reset ='1 THEN
reg <= "00000000" ;
ELSIF cl ock’ EVENT AND cl ock= "1’
reg <= data_i & reg(7 downto
END IF; PROCESS;

Count er : PROCESS (cl ock, reset)
BEGIN
IF reset = '1 THEN
count <= "000";
ELSIF cl ock’EVENT AND cl ock= "1
count <= count + 1;
END IF; END PROCESS;
data_o <= reg WHEN count = "111"
ELSE "0000000Q%%
END arch; 3

THEN

1);

THEN

© Copyright 1997 by V. Salapura & M. Gschwind
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| mplementation

I
i

b

© Copyright 1997 by V. Salapura & M. Gschwind

Description of finite state machines

526

0 finite state machinesimportant in hardware design
—for design of control units

0 finite state machines= FSM

0 two types of FSM
—Mealy FSM
—Moore FSM

© Copyright 1997 by V. Salapura & M. Gschwind
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Mealy finite state machines

527

0 outputs of the Mealy FSM depend on the current
state of the machine and on the current inputs

Present state

© Copyright 1997 by V. Salapura & M. Gschwind

M oor e finite state machines

528

0 outputs of the Moore FSM depend only on the
current state of the machine

Inputs

Present state

© Copyright 1997 by V. Salapura & M. Gschwind
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VHDL description styles of FSM

0 FSM description style dependson

—number of state signals

» onesignal for modeling both current and next state of the
FSM

» two signals used for describing current and next state of the
FSM

—number of processesin the architecture

—how combinational and sequential logic are
allocated to processes

© Copyright 1997 by V. Salapura & M. Gschwind

Explicit description

ENTITY fsm IS IF cl ock'"EVENT AND cl ock= 'l' THEN
IF reset = 'l' THEN

state <= idle;

F<=10"; Gg= '0";

PORT (
reset, clock: IN std_logic;
F, G : our std_logic);

ELSE
END fsm; CASE state IS
ARCHITECTURE expl OF fsm IS WHEN idle => state <= start ;
TYPE state_type IS G<= '0';
(idle, start, stop, clear);| wHEN start => state <= stop;
SIGNAL state: state_type; WHEN stop => state <= clear;
BEGIN F<=11";

PROCESS (cl ock, reset, state) WHEN clear => state <= idle;
— 107 - = 117 .
BEGIN F < 0'; Gk 1;
END CASE;END IF;END IF;END PROCESS;
END expl ; '

© Copyright 1997 by V. Salapura & M. Gschwind \v\”i"””“ Z
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Resulting design

resat

e

clockf

© Copyright 1997 by V. Salapura & M. Gschwind
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Separ ated generation of outputs

ARCHITECTURE separate OF fsm IS

TYPE state_type IS
(idle, start’, stop, clear);

SIGNAL state: state_type;
BEGIN
CQut put : PROCESS (st at e)
BEGIN
F<=1'0";
G<= '0';
IF state = clear THEN
F<=1'1";
END IF;
IF state = idl e THEN
Gk="1";
END IF;
END PROCESS;

Transition: PROCESS (cl ock)
BEGIN

IF cl ock '"EVENT AND clock = '1"
THEN

IF reset='1' OR state=cl ear THEN
state <= idle;

ELSIF state = idl e THEN
state <= start ;

ELSIF state = start THEN
state <= stop;

ELSE
state <= clear;

END IF; END IF;

END PROCESS;

END separate;

© Copyright 1997 by V. Salapura & M. Gschwind
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Resulting design

-
rEl-BE-‘ﬂ:}—$>—1

> ]
clurhb J'—

FOlL

©

Copyright 1997 by V. Salapura & M. Gschwind
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Separ ated sequential and combinational logic

ARCHITECTURE reg OF fsm IS

TYPE state_type IS
(idle, start, stop, clear);

SIGNAL state, next_state:
state_type;

BEGIN

State_reg: PROCESS (cl ock)
BEGIN

IF cl ock'EVENT AND clock ='1"

THEN

IF reset = 'l' THEN
state <= idle;

ELSE

state <= next_state;
END IF; END IF;
END PROCESS;

Conbi nati on: PROCESS (st ate)
BEGIN
F<=1'0'; Gg= '0';
IF state = cl ear THEN
next _state <= idle;

F<=1'1";

ELSIF state = idl e THEN
next_state <= start;
Gk='"1";

ELSIF state = start THEN
next _state <= stop;
ELSE
next _state <= clear;
END IF; END PROCESS;
END reg;

© Copyright 1997 by V. Salapura & M. Gschwind
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Separ ated in three processes

ARCHITECTURE three OF fsm IS

TYPE state_type IS
(idle, start, stop, clear);

SIGNAL state, next_state:
state_type;

BEGIN
State_reg: PROCESS (cl ock)
BEGIN

IF cl ock 'EVENT AND

clock = '1' THEN

IF reset = 'l' THEN
state <= idle;

ELSE

state <= next_state;
END IF; END IF;
END PROCESS;

Conb_CQut put : PROCESS (st ate) BEGIN
CASE state IS
WHEN cl ear => next_state <= idle;
WHEN idle => next_state <= start;
WHEN start => next_state <= stop;
WHEN ot hers => next_state <= clear;
END CASE;
END PROCESS;

Qut put : PROCESS (state) BEGIN
F<=1'0'; Gg= '0';
IF state = clear THEN
F<=1'1";
ELSIF state = idl e THEN
Gg= "1";
END IF;
END PROCESS;
END t hree;

© Copyright 1997 by V. Salapura & M. Gschwind

IN: UM
POLYTECINICT
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Comparison of description styles

description # of state # of # # of
style signals processes FFs gates

P, TR wrong
explicit 1 1 4 39 functionality!!!
separated 1 2 2 24
outputs
separated 2 2 2 24
seq. und comb.
3 processes 2 3 2 24

© Copyright 1997 by V. Salapura & M. Gschwind
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Resour ce Sharing

Valentina Salapura
Michael Gschwind

Resour ce sharing

0 single functional unit used several timesfrom
different design parts

—for example, for two “+” in source code
sometimes can be used the same adder

0 resource sharing (RS) tries to allocate different
operators to same functional unit

0 the quality of resource sharing depends on the
synthesis tool

© Copyright 1997 by V. Salapura & M. Gschwind
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How resour ce sharing works

0 in most synthesistools resour ce sharing depends on
results of static analysis

—resour ce sharing generated only for statically
digoint operations

» for example, in different branchesof IF and CASE
statements

0 resour ce sharing introduces multiplexorsto
multiplex variousinputsto the shared unit

—multiplexor introduces additional delay

© Copyright 1997 by V. Salapura & M. Gschwind

Resour ce sharing example: accumulator

0 implement 8-bit accumulator

0 synchronous reset

0 adds or subtractsinput
—operations + or - selected with signal ctl
—addif etl = '1°

—subtract if etl = '0!
0 both operations should use the same add/subtr act
unit

© Copyright 1997 by V. Salapura & M. Gschwind
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RS example: VHDL description

ENTITY accu IS

PORT (

reset : IN std_logic;
cl ock : IN std _logic;
ctl : IN std logic;

data_in : IN
std_| ogi c_vector
(3 downto 0) ;
data_out : ouT
std_Il ogi c_vect or
(7 downto 0));

END accu;

ARCHITECTURE arch OF accu IS

SIGNAL accu:
std_| ogi c_vector
(7 downto 0);
BEGIN

Accunul at or : PROCESS (cl ock,reset)
BEGIN
IF reset = 'l' THEN
accu <= "00000000";
ELSIF cl ock 'EVENT AND

clock = '1l' THEN
IF ctl = '1' THEN

accu <= accu + data_in;
ELSE

accu <= accu - data_in;
END IF; END IF;
END PROCESS;
data_out <= accu;
END arch;

© Copyright 1997 by V. Salapura & M. Gschwind

RS example: elaboration result

0 schematic generated from VHDL description during
elaboration

—no resource sharing
» addition and subtraction mapped to two units

oo et cancns

two separate units
for add and subtract

i

© Copyright 1997 by V. Salapura & M. Gschwind

POLYTECINICUM
TFUND. VIND.
ADCCCAY,

113



RS example: optimized design

0 RSintroduced in optimization

—resourcereport lists shared units and operations

mapped to them

Command Window

(&]

Resol

urce Sharing Report F
/hame/staff fvanja

DR

1 I
| Resource | Hodule | Parane

ters
Iria | HOL_addsub | width=B
I | |

| |

Resources | Contained Operations |
|

|

|
| | add_26/plus/plus
| | sub _28/minus/ninus

Inplenentation Report

desian_analuzer> 1

1 I | Current it | Set I

I Cell | Madule | Inplenentation | Inplementation | U 0

1 ri3 | D01 _addsub I rpl I I H £ .

only one unit

Mo multiplexors to report

1

for add and subtract
oper ations

© Copyright 1997 by V. Salapura & M. Gschwind

Resour ce sharing in Synopsys

0 options
—no RS
—automatic RS
—user controlled RS
0 automatic RS used by default

—only if design timing allowsintroduction of
additional delay for multiplexor

— RS problem for time constrained designs

© Copyright 1997 by V. Salapura & M. Gschwind
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Time constrained designs

0 automatic RS can be problem for timing critical
designs

—RSintroduces multiplexor for different
resour ceinputs [0 design slowed down

—even aminimal timing violation eliminates RS
—possibleresult [ resource explosion
—solution: user controlled RS

© Copyright 1997 by V. Salapura & M. Gschwind

User controlled resource sharing

0 synthesistool sometimes generatesno RS

—does not recognizethat a functional unit can be
shared

0 user can still control synthesistool to introduce RS
— introduced by describing it in VHDL programs
0 user definesresourceswhich areto be shared
—using VHDL construct attribute
—VHDL description hasto be modified

© Copyright 1997 by V. Salapura & M. Gschwind
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Automatic RS example: VHDL source

LIBRARY IEEE, work;

use IEEE.std |logic_ 1164.ALL;
use IEEE.std_| ogic_signed.ALL;
use work.ALL;

ENTITY share IS
PORT (
A,B,C: IN std_logic_vector
(7 downto 0) ;
cntl: IN std_logic;
cnt2: IN std_logic;
Y: ouT std_| ogi c_vector
(7 downto 0)) ;
END share;

ARCHITECTURE arch OF share IS
BEGIN
PROCESS (A, B, C, cntl, cnt?2)
BEGIN
IF cntl = '1l' THEN
Y <= A + B;
ELSIF cnt2 = 'l! THEN
Y <= A + C;
ELSE
Y <= "000C0000";
END IF;
END PROCESS;
END arch;

share one adder

for theseoperations

© Copyright 1997 by V. Salapura & M. Gschwind

Automatic RS example: synthesisresults

elaboration result

RS introduced during optimization

|
I P:
|
|

I 119 | IHO3_add
|

raneters

a
widsh:

| add_23/plus/plus
| add_25/plus/plus

| | |
| Resources | Contained Operations |
| |
| |

| |
I tell 1 Hodule

I 119 | IH91_add

two adders H

© Copyright 1997 by V. Salapura & M. Gschwind
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No RS example: VHDL source

LIBRARY IEEE, work;

use IEEE.std |ogic_ 1164 .ALL;
use IEEE.std_| ogi c_signed.ALL;
use work.ALL;

ENTITY no_share IS
PORT (
A,B: IN std_|ogic_vector
(7 downto 0);
cntl: IN std _logic;
cnt2: IN std _logic;
Y: ouT std_| ogi c_vector
(7 downto 0));
END no_share;

ARCHITECTURE arch OF no_share IS
BEGIN
PROCESS (A, B, cntl, cnt2)
BEGIN
IF cntl = '1l' THEN

Y <= A + B;
ELSIF cnt2 = 'l' THEN
Y<=A-1;
ELSE
Y <= "000000Q00";
END IF;

END PROCESS;

END arch; thestwooperations &7
can share one add/doiunit £ w

© Copyright 1997 by V. Salapura & M. Gschwind

No RS example: synthesisresults

elaboration result

no RSintroduced in optimization

still two units

-

Resaurcs

Resaurce | Hodule

F10 | N0 add

| |
| |
1rl07 @ Doldec | wi
| |

1
|

| | sub_23/minus/ninus
| | add_21/plus/plus

Inplenentation Report

| |
| el | Hodule

| add_21¢plus/plus | DHOLadd
| sub_2%Awirus/nirus | DHOL dee

two separate units

Mo multiplexors te port,
[
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117



User controlled RS example: VHDL source

LIBRARY IEEE, work; PROCESS (A, B, cntl, cnt2)
use IEEE.std |logic_ 1164.ALL; SUBTYPE resource IS integer;
use IEEE.std_| ogic_signed.ALL; ATTRIBUTE oOps: string;
use work.ALL; CONSTANT adder : resource := 0;
ATTRIBUTE ops OF adder :
ENTITY uc_share IS constant 1Is "ADD DEC";
PORT ( BEGIN
A,B: IN ...; IF cntl = '1l' THEN
cntl,cnt2: IN ...; Y <= A + B:
Y: OuUT ...; -— pragnma | abel ADD
END uc_share; ELSI¥ cnt2 = '1l' THEN
Y<=A-1;
ARCHITECTURE arch OF uc_sha!eIs -— pragnma | abel DEC

BEGIN ‘ ELSE
‘ Y <= "00000000";

changesin VHDL code END IF; END PROCESS;

for use controlled RS

© Copyright 1997 by V. Salapura & M. Gschwind \'Z‘l” s Z

ADCCCAY

| | | o
| Resource | Module | Paraneters | Resources
|
|

1 |
I Contained Operations |
|
|

r104 | DOl addsub | width adder I RDD/plus/plus
| | inus

1 IECA

Inplenentation Report

| | 1
I tell I Hodule I Inplenentation | Inplementation
| |

I r104 | THO1_addeub

t

Mo multiplexars to report
l 1

FE

only one add/sub unit

© Copyright 1997 by V. Salapura & M. Gschwind
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What resour ces can be shar ed

0 not all resour ces can be shared
0 RSpossiblefor unitswith similar functionality
0 typically
—'+" and ‘+'
-+ and *-’
—'-"and ‘-’
—">"and >
—">"and ‘<’
—'<"and ‘<=’
—>"and ‘<=’
0 exact set depends on synthesis tool

© Copyright 1997 by V. Salapura & M. Gschwind

Resour ce implementation

0 Synopsys supports several implementations for the
same functional unit

—i.e, several different adder implementations
availablein DesignWarelibrary
» cla— carry look-ahead synthesis model
» rpl — ripple arry synthesismodel
» clf —fast carry look-aheadsynthesis moddl
» sim— simulation model

—additional implementations available
» from ASIC vendor optimized for target process
» from | P vendors

© Copyright 1997 by V. Salapura & M. Gschwind
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Selecting resour ce implementation

0 resour ce implementation can be selected

—indirectly — by setting constraints
» eg. for fast design, c1a model is chosen
» eg. for small design, rpl model isincluded

—directly
» modifying the VHDL description to select the desired
implementation

» forbidding the optimizer to use slow implementations, e.g.
using command to forbid ripple carry model
set_dont_use standard.sldb/*/rpl

© Copyright 1997 by V. Salapura & M. Gschwind
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Exercise 3
Design reuse and integration

Valentina Salapura
Michael Gschwind

Design reuse and integr ation

0 design a digital thermometer
0 thermometer can display temperature in °C or °F
0 advantageous over analog thermometer

—selection °F/°C with switch
»C/F =0, output in °F, convert input from °C to output in °F
»C/F =1, output in °C, no caversion required

iC/F

valid

get_data c BCD

data

© Copyright 1997 by V. Salapura & M. Gschwind
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Design overview

0 conversion formula

°F=°C*2+32
ian
valid F/C BCD
valid >
get_data FSM
I ALU command RegAdr
constants A
REG. | data_out
data file ~
> Mux

© Copyright 1997 by V. Salapura & M. Gschwind

Explanation of functional units

0 design an FSM for controlling design

0 design reuse — use existing designs for
—-ALU
—register file

0 use ALU from exercise 2
—functionality must not be changed

0 useregister filefrom DesignWarelibrary
—use component DWO3_ram2 s d

— data sheet for component
» in Synopsys online documentation

© Copyright 1997 by V. Salapura & M. Gschwind \ﬁﬁﬁﬁgﬁ
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Control flow of thethermometer

F3-5

0 start A/D convertersusing signal get_data
0 wait for resultsfrom the A/D converter
—signal valid — data available
—signal data — temperature in °C
0 convert the temperature from °C into °F
—ifrequired,i.e., signal c/F =0
—useregister filefor storing intermediate results
0 send data to BCD display
—signal data_out — temperature in °F or °C
—signal F/c BCD — display temperature scale
0 repeat steps for new temperature input

© Copyright 1997 by V. Salapura & M. Gschwind

VHDL description

0 describe FSM as a separ ate entity

0 integrate all components of the system using
structural VHDL

0 VHDL componentsreference existing designs
—ALU
—register file
—FSM

0 implement required gluelogicin the VHDL net list

© Copyright 1997 by V. Salapura & M. Gschwind
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Completethe following tasks

0 design the control unit for thisdesign asFSM in
VHDL

O integrate all componentsin a single design
0 simulate the design to validate functionality
0 synthesizethe design

0 simulate synthesisresults

© Copyright 1997 by V. Salapura & M. Gschwind
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