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EDUCATION TARGET

o UNDERGRADUATE STUDENTS: (= 80 STUDENTS AND 72 HOURS)

¢ ELECTRICAL ENGINEERING
¢ COMPUTER SCIENCE

® POSTGRADUATE STUDENTS (=60 STUDENTS AND 300 HOURS)

¢ DEA MEMI
¢ DESS CIMI
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THE ALLIANCE SYSTEM

* A COMPLETE SET OF CAD TOOLS FOR DIGITAL CMOS VLSI DESIGN.
® PROPOSES A DESIGN METHODOLOGY.
* PORTABLE, COMPACT AND EASY TO LEARN.

 ALLIANCE s TOTALLY FREE.

, SLIDE 6
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MILLIONS OF SEGMENTS PUT TOGETHER.
HOW TO DEAL WITH SUCH COMPLEXITY ?
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ONE MILLION OF TRANSISTORS CONNECTED TOGETHER.

SLIDE 5
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HUNDRED THOUSAND OF CELLS CONNECTED TOGETHER.
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~
DOZEN OF FUNCTIONAL BLOCKS THAT COMMUNICATE
TOGETHER.
v 1 UNDERSTAND (OUF !!!)
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A SET OF EQUATIONS THAT REFLECT THE WHOLE
FUNCTIONALITY OF THE CIRCUIT.

entity adder 1s
port {
a. b: Bi,
¢, d b
).

architeclure adder is

a<=borc
d<=bandc
cend;

v I UNDERSTAND WHAT THIS CIRCUIT IS SUPPCSED TO DO.

SLIDE 8
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SO,

HOW TO DEAL WITH SUCH COMPLEXITY ?

v ABSTRACTION
v/ HIERARCHY
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LEVELS OF ABSTRACTION

TO GO ACROSS THESE DIFFERENT LEVELS OF ABSTRACTION

I NEED

A DESIGN METHODOLOGY
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DESIGN METHODOLOGY
TOP-DOWN METHODOLOGY

(  SPECIFICATIONS )[\.\.\
N ]

s

.

(_  PARTITIONING )[\\
)

IMPLEMENTATION \_\
< >@
ASSEMBLAGE

—

—
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STEP 1: SPECIFICATIONS (1)

PUT DOWN THE CIRCUIT CONCEPT.

TWO REASONS:

e TO BE ABLE TO CHECK IT BEFORE MANUFACTURING.

e TO HAVE A REFERENCE MANUAL FOR COMMUNICATION.
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STEP 1: SPECIFICATIONS (2)

COMMUNICATION LANGUAGE.

BETWEEN DIFFERENT PEOPLE ON THE PROJECT AND BETWEEN
PEOPLE AND COMPUTERS.

X NO ORDINARY LANGUAGE.

v" ACCURATE LANGUAGE.

v’ A LANGUAGE THAT CAN BE SIMULATED.
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STEP 2: How To ?(1)

VERY DIFFICULT STEP: RELAYS ON THE KNOW-HOW OF THE

DESIGNER.
MAIN IDEA: TO SPLIT INTO SEVERAL SMALL PARTS.
DIVIDE AND CONQUER STRATEGY.

HIERARCHY.

UPMC/MASL, Paris - ICTP/ UNESCO, HavaNa, CuBA, FEBRUARY 05- MARCH 01, 1996
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STEP2: HOWTO? (2)

THE CUTTING IS GUIDED BY:

1. REGULARITY OR NOT.
e IDENTIFY REGULAR BLOCKS.

e [DENTIFY RANDOM LOGIC BLOCKS.
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STEP2: HOW TO ? (3)
THE CUTTING IS GUIDED BY:
2. TIMING ASPECTS.
e (COARSE ESTIMATION OF TIMING.
e LOOKING FOR A GOOD BALANCE.
B o e T 1% e
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STEP2: HOW TO ? (4)
THE CUTTING IS GUIDED BY:
3. TOPOLOGY.

e ALREADY IN MIND THE CIRCUIT FORM.

e AN IDEA ABOUT THE SIZE OF EACH PART.

e AN IDEA ABOUT THE ROUTING.

e (OPTIMIZING SILICON AREA USAGE.
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STEP 2: HOW TO ? (5)

THE CUTTING IS GUIDED BY:

4. TECHNOLOGY.

e USING GAAS OR CMOS ?

e USING PALS OR STANDARD CELLS ?

‘\"2‘5‘ UPMC/MASI, PARSS - ICTP/UNESCO, Havana, Cusa, FEBRUARY 05- MARCH 01, 1996

SLIDE 18
A

First Course on Advanced VLS Design Techigues: The ALLIANCE Systemn

J

@



LOGIC PART.

STEP 2: HOw TO ? (6)

THE CUTTING IS GUIDED BY:

5. CAD TOOLS.

¢ WHAT TOOLS DO I HAVE TO MAKE MY CIRCUIT ?

EX: NO SYNTHESIS TOOLS SO I TRY TO REDUCE THE RANDOM
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STEP 3: IMPLEMENTATION

EACH PART WILL BE IMPLEMENTED USING A
PARTICULAR METHOD. WHEN [ SPLIT MY
CIRCUIT, I HAVE ALREADY DECIDED WHICH
ONE.
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_\
STEP 4: ASSEMBLAGE
THE ASSEMBLAGE IS DONE IN A HIERARCHICAL
WAY, STARTING FROM THE LOWEST LEVEL.
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CONCLUSION (1)

AT EACH STEP, THE INFORMATION IS ENHANCED:
1. FROM THE IDEA DOWN TO THE SPECIFICATIONS.

2. WHEN STRUCTURING THE MODEL IN AN OTHER WAY.

— AT EACH STEP, A VERIFICATION IS TO BE DONE.

SLIDE 22
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VIEWS:

CONCLUSION (2)

ALL ALONG THE METHODOLOGY, WE HANDLED DIFFERENT

1. EQUATIONS.
2. NETLISTS.

3. LAYOUT.

&
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CONCLUSION (3)
THERE 1S A METHOD.
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OUTLINE

I - INTRODUCTION.

IT - DESIGN METHODOLOGY: AN OVERVIEW.

Il - ABSTRACTION LEVELS IN ALLIANCE_._

IV - VHDL: AN OVERVIEW.
V - VHDL: THE ALLIANCE SUBSET.

VI - ALLIANCE: A COMPLETE DESIGN SYSTEM.
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VIEWS:

3 DIFFERENT VIEWS

1. BEHAVIORAL VIEW (EQUATIONS).

2. STRUCTURAL VIEW (N ETLISTS).

3. LAYOUT VIEW.

ALL ALONG THE METHODOLOGY, WE HANDLED DIFFERENT

&
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BEHAVIORAL VIEW (1)

LoGICAL EQUATIONS

e DESCRIPTION FORMALISM.

A SET OF LOGICAL EQUATIONS (BOOLEAN) REPRESENTING
BOOLEAN FUNCTIONS.

EXAMPLE: U = A.(A+B) V= C.D T=D®E
X=U.V Y=V+T+X Z=T.F
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BEHAVIORAL VIEW (2)

LOGICAL EQUATIONS

e REPRESENTATION.

NODES: INPUT, INTERMEDIARY, OUTPUT.

A LOGICAL EXPRESSION.

EACH NODE IS ASSOCIATED TO A VARIABLE NAME.

A DIRECTED ACYCLIC GRAPH INCLUDING THREE KINDS OF

EACH INTERMEDIARY OR OQUTPUT NODE IS ASSOCIATED TO

l‘ ‘\‘ UPMC/MASI, Paris - ICTP/UNESCO, HavaNa, Cusa, FEBRUARY 05- MARCH 01, 1996
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BEHAVIORAL VIEW (3)

BOOLEAN NETWORK

o REPRESENTATION.
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STRUCTURAL VIEW (1)

FOR ALL THESE VIEWS, WE ARE LOOKING FOR BASIC CONCEPTS:
COMPLETELY INDEPENDENT FROM A GIVEN LANGUAGE.

IN THE STRUCTURAL VIEW:
e (CONNECTORS: ID, DIRECTION, ETC....

e SIGNALS: ID, TYPE (EXTERNAL OR NOT), ETC....
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LAYOUT VIEW (1)

SYMBOLIC LAYOUT: PRINCIPLES

e PORTABILITY
e SIMPLICITY

e ROBUSTNESS

l& UPMC/MAGSI, Paris - ICTP/UNESCO, HAVANA, CUBA, FFBRUARY 05- MARCH 01, 1996 SLIDE 7
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LAYOUT VIEW (2)

SYMBOLIC LAYOUT: OUR APPROACH
THIN FIXED GRID, SYMBOLIC LAYOUT.
DISTANCES FORM CENTER TO CENTER => GOOD DENSITIES.
SPECIAL SYMBOLIC LAYOUT EDITOR.

AUTOMATIC TRANSLATION FROM SYMBOLIC TO PHYSICAL.

[‘\. UPMC/MASI, Paris - ICTP/UNESCO, Havana, Cusa, FEBRUARY 05- MARCH 01, 1996 SLIDE 8
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\
HOW TO DEAL WITH THESE VIEWS ? (1)
INPUT IFILES
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HOW TO DEAL WITH THESE VIEWS ? (2)

l INPUT FILES l

S

COMPILER '

e e i T S

T T T T T T e e e e e e o e e e e e o~ e =

SLIDE 10
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INDEPENDENCE (1)

A MAJOR IDEA IN ALLIANCE 1S I1TS INDEPENDENCE FROM
ANY GIVEN LANGUAGE.

IDENTIFY THE CONCEPTS THAT:
X DO NOT DEPEND ON A LANGUAGE.

v DEPENDS ON THE ABSTRACTION LEVEL.

lx UPMC/MASI, PaRIs - ICTP/UNESCO, HAVANA, CUBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 11
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INDEPENDENCE (2)
e B s M e
(_CompiLir ) (_CompiLer ) COMPILER
ENVIRONMENT -7
VARABLE ~ --------7" (———>¥—1
(__TooL )
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QUITLINE

I -INTRODUCTION

II - DESIGN METHODOLOGY: AN OVERVIEW

II1 - ABSTRACTION LEVELS IN ALLIANCE

IV - VHDL: A HARDWARE DESCRIPTION LANGUAGE
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Wiy 2 DI 2 ()

X Hardware Solutions Limits

INPUT DIGITAL
WAVEFORM ANALYZER
GENERATOR

VHDL: 4 HARDWARE DESCRIPTION LANGUAGE




Wmlﬁm

X Increasing Complexity
X Increasing Cost in Time & Investment

X Increasing Knowledge Requirement

A Software Solution is Needed

VHDL: \ HA\RDWARE DESCRIPTION LANGUAGE




| Winyy aim DL 2 (3)) |

X Programming Language not Suited

A Special Purpose Language : HDL

VHDL: 5 HirDW \RE DESCRIPTION LANGUAGE
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Wiy R 22 ()

Problems for system manufacturers

X Different vendors wiyp different incompatible HDLs

X Impossible to verify a whole mixed-system




iy, DL (@)

X Vendor dependency

X Design documentation exchange

A Standard HDL from the System
Manufacturer’s Point of View: VH D L.

VHDL: A HARDWARE DESCRIPTION LANGUAGE




VDL

Very High Speed Integrated Circuits (VHSIC)

Hardware

Description

Language




iRy,

1981: an Extensive Public Review (DOD)

1983: a Request for Proposal
(Intermetrics, IBM, and Texas Instruments)

1986: VHDL in the Public Domain
1987: a Standard Language VHDL'87 (IEEE-1076)
1992: a New Standard VHDL'92

VIHDL: A HARDWARE DESCRIPTION LANGUAGE




Advaitages & Diawbachs '
Standard “ Open language

v/ Vendor independent
v User definable

v/ Wide capabilities

X Complex tools

X Slow tools

VHDL. A Harow spE DESCRIPTION LANGUAGE




Algorithmic Lexel

» Very High Abstraction Level

» Functional Interpretation of a Discrete System
» No Implementation Details

» Sequential Program-Like Description

» Programmer's Point of View

VHDL: A HARDWARE DESCRIPTION LANGUAGE




Absiramtinm Lexels (D)
Kinite-State Maghing. Lexe),

» Controller Part of a Digital Design

» Internal States

ck, ...
» State Changement Driven by:

< Status Information
< Clock and other External Inputs...




erﬁrmrmx@l

- DOUT

DIN

COMBINATIONAL
LOGIC

REGISTERS

4

CLOCK

» Registers Connected by Combinational Logic

» Very Close to the Hardware

VHDL: A HARDWARE DESCRIPTION LANGUAGE
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Abssractinm Lexels
Layont hexel;

vdd IN Vss




SyHhesiE Hw
;

<~
Algorithmic Register Transfer
— + i S—— + —
Architectural Synthesis Logic Synthesis
< .
FSM Gate
F S M Synthesis Layout Synthesis

¥
-~ VHDL: A HARDWARE DESCRIPTION LANGUAG
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Behavior §

Dataflow |




T BEEE 1

Behavioral _ ORAL

Stuctural  § Structural | Gate

VHDL. A HARDWARE DESCRIPTION LANGUAGE




CONTROLFLOW &  DATAFLOW

EX: C language assignment EX: VHDL signal assignment

K

X =A & B; X <= A and B;

X is computed out of A and || A PERMANENT link 1s created
B ONLY each time this || between A, B, and X

assignment is executed

X is computed out of A and B
WHENEVER A or B change s
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CONTROLFLOW &  DATAFLOW

EX: C language assignment EX: VHDL assignment




Basic Building Blogks,
»> Entity
» Architecture

» Configuration

» Package

» Library
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Entiky Prelnatinm (W)
Tihe External Asprct ofia Drsigm Unity

entity entity_name is
[generic_declaration]
[port_clause] M&/
{entity_declarative_item} %
[begin
entity_statement_part]

end [entity_name];

CPMCALAS) | VHDL: A HARDWARE DESCRIPTION LANGUAGE




Cin A B
entity FULL_ADDER is
port (A, B, Cin: in_ BIT;

S, Cout @q@
);

end FULL_ADDER;

J

MODE: in, out, inout...

ESCRIPTION LANGUAGE

[ e P TT R
M !
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Aricinitagiunes ()
ﬁhwlnmﬁnallmwﬁmlm-:iggh Wnil

architecture architecture_name of entity_name is
{architecture_declarative_part)

begin
{ architecture_descriptive _part)
end [architecture_name]; 1&

CPAICAAS
fr -




Architeeiuies @)
A BehaxieraliStyle.

entity FULL_ADDER is
port (A, B,Cin:in BIT;
S, Cout :out BIT);
end FULL_ADDER;
architecture DATAFLOW of FULL_ADDER is
signal X : BIT;
begin
X <= A xor B;
S <= S xor Cin after 10 ns;
Cout <= (A and B) or (X and Cin) after 5 ns;

end DATAFLOW;

VHDL: A HARDWARLE DESCRIPTION LANGUAGE




' . Aehiteuies @)
A Structurali Sigle.

architecture STRUCTURE of FULL_ADDER is
component HALF_ADDER
port (I1,12 :in BIT;
Carry, S : out BIT);
end component;

component OR_GATE

port (I1,12 :in BIT; LARS ‘
O : out BIT); / P! T'['W

end component; / RARS]

signal X1, X2, X3 : BIT,;
| m_.;c"j,_“_w N " VHDL: A HARDWARE DESCRIPTION LANGUAGE
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A Strusturahi Siyle

begin
HA1 : HALF_ADDER port map (
Il => A, 12 => B, Carry => X1, S => X2);
HA?2 : HALF_ADDER port map (
I1 => X2, 12 => Cin, Carry => X3, S => S),
OR1 : OR_GATE port map (
11 => X1, I2 => X3, O => Cout),
end STRUCTURE ;

P
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ANiRSuIRS (D)
Strurtural Style. to represent Hignanchy,

CPAICNAS]




ANeRS:
Strustural & Behavinralima, Pesigm Tinee

m
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B I R R O |
Arehvitediunes (@)
entity/anchitectune::a,Qne to.Many Relatinnshin,

: / CIN suM
Cn A B / i; OB [ »—
ey |
——.ﬂ.
= ] /
Q ™~ S <= A xor B;
SUM <= § xor CIN;
COUT <= (A andB)or
S Cout \ (S and CIN);

CPMEMASL. VHDL: A HARDWARE DESCRIPTION LANGUAGE
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Quigratinns (1)
Specifiratinm Inside the Anchitesture Bady

for instantiation_list: component_name use binding_indication:

e

use library_name.entity_name [(architecture_name)];

» Binding a couple " entity/architecture” to each instance

VHDL: A HARDWARE DESCRIPTION LANGUAGL
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ELIREAL TR | -
CoMigjratinns @)
Declanatiomasa Separate. BPesign, Wnik

configuration configuration_name of entity_name is
for { architecture | component } binding_indication;
end [configuration_name];

» Can be compiled separately and stored in a library

» It defines a configuration for a particular entity

DA AAS | VHDL: A HARDWARE DESCRIPTION LANGUAGE




Paplages
@Mlm&lhwmh

package package_name is
{package__declarativeﬂitem }

end [package_name];

package body package_name is
{package_body_declarative_item]}

end [package_name];

» Same declarations visible by a number of design entities

» May contain subprograms, components, signals, ...




VHDL
files

»

TMN=<E>Z>

SIMULATOR

SYNTHESIZER

library library_name ;
use library_“name‘package_name.all;

» May contain: packages, entities, architectures, configurations

PN AASI

VHDL. A HARDWARE DESCRIPTION LANGUAGE




Tihree Classes;

» Constants
< Initialized to a specific value and never modified
constant MSB : INTEGER = J;

» Variables
< Used to hold temporary data
< Only used within processes & subprograms
variable DELAY : INTEGER range O to 15 := 0;




g grin ' v Tt
Paig: Chipets @)

Tihree Clpsses;

» Signals
< Used to communicate between processes
< When declared in a package : Global Signals
< Also declared within entities, blocks, architectures

< Can be used but not defined in processes and
subprograms

signal CLK : BIT;

OMCALASI - VHDL: A HARDWARE DESCRIPTION LANGUAGE




Dale Typess ()
Enumernatinm Tiypss;

> The first identifier is the default value
type COLOR is (RED, ORANGE, YELLOW);
type TERNARY is ('1','0', 'X" );
variable X : COLOR;
signal Y : TERNARY;

VIHDL: A HARDWARE DESCRIPTION LANGUAGE




KRR

1 | T Tt TS A o
Raia Typns @)
Integen- Tiypes;

» The range must be specified

» No logical operations on integer
type MEMORY_SIZE is range 1 to 2048;




V V V V V V V Vv V V

Pt MRS (@)
Briedefined: XHBDIL Date, Tiypss,
IEER: 1761987, Standand  Rackage.

BOOLEAN : (false , true)

BIT:('0,'1")

CHARACTER

INTEGER : range -2 147 483 647 to +2 147 483 647
NATURAL : Subtype of INTEGER (Non Negative)
POSITIVE : Subtype of INTEGER (positive)
BIT_VECTOR : array of BIT values

STRING : array of CHARACTERS

REAL : range -1.0E+38 to +1.0E+38

TIME : Physical type used for simulation

VHDL: v HARDWARL DESCRIPTION LANGUAGE
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Rris: Tiypses (@)
Array, Tiypss

» Constrained Array
type VEC_64 is array (0 to 63) of INTEGER;
variable S : VEC_64;
variable S1 : INTEGER;
S1:=S(1);

» Unconstrained Array
type BIT_VECTOR is array (POSITIVE range <>) of BIT;
signal S : BIT_VECTOR (4 downto 0);

» Multiple Dimentional Arrays
type TWO_D is array (0 to 7, 0 to 3) of INTEGER;

T

PAC-ALAS) , - VHDL: A HARDWARE DESCRIPTION LANGUAGE
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Pris TYRRS (D)
Recond Tiypss:

type DATE is
record
YEAR : INTEGER range 1900 to 1999 ;
MONTH : INTEGER range 1 to 12 §
DAY : INTEGER range 1 to 31 ;
end record ;
signal S : DATE;
variable Y : INTEGER range 1900 to 1999 ;
Y :=S.YEAR;

VDL A HARDWARE DESCRIPTION LANGUAGE
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Bale Types (@)

SHDLLQLGIC Data, Tiygss;
IRER 11641093 Stantland Logis Raghage.
type STD_ULOGIC is (
U - Uninitialized
X -- Forcing Unknown
‘0’ -- Forcing Low
1 - Forcing High
VA - High Impedance Wnirsqlved)
W' - Weak Unknown IPata, Tiype:
'L - Weak Low
'H - Weak High
-- Don't Ca/
)

L PMCMASE

— Used in Synthesis

B



Rrten YRS (@)
ST L O Data, Tiypes,
IREE: hi6A: 1003 Standand Logic Rackage.

» STD_LOGIC : Resolved (Resolution Function provided)
» STD_LOGIC_VECTOR

» STD_ULOGIC_VECTOR

VDL A HarowarE DESCRIPTION LANGUAGE
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Raje: TypRs (@)
Alsp,

» FILE : Useful for RAM Values or Stimuli Files

» ACCESS : Like "pointers" in High Level Languages
» TEXT : FILE of STRING (TEXTIO package)

> LINE : access STRING (TEXTIO package)

CPMC-MAST - - VHDL: A HARDWARE DESCRIPTION LANGUAGE




JRRS;
Suhsets;ofi Qther- Tiypes:

» To Insure Valid Assignments

> Inherit All Operators and Subprograms from the Parent

Type
subtype DIGIT is INTEGER range 0 to 9;

VHDL: A HARDWARE DESCRIPTION LANGUAGE
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CINICM AR

Six. Classes;
LOGIC OPERATOR and , or , nand , nor , Xor
RELATIONAL OPERATOR =, /=,<,<=,>,>=
ADDING OPERATOR +,-,&
SIGN +, -
MULTIPLYING OPERATOR * [, mod , rem
MISCELLANEOUS OPERATOR *¥ abs , not
PRECEDENCE ORDER

- VHDL: A HARDWARE DESCRIPTION LANGUAGE




» Literals: 'x', "1100" ,752,B"11001" , O"277" , X"4(C"
< numeric, character, enumeration, or string

» Identifiers :
< starts with (a-z) followed by letters, '_', or digits

< Not case-sensitive
4 Some are reserved words

» Indexed Names : S (3) , DATA (ADDR)
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Qpasianis @)

» Slice Names : variable ORG : BIT_VECTOR (7 downto 0)
< Sequence of elements of an array object

» Aliases : alias MSB : BIT is ORG (7)
<% New name for a part of a range of an array

» Aggregates
» Qualified Expressions
» Function Calls

» Type Conversions




%, e Y (6
Attribntes.Names:
A Datp, Attached to, XHBL Ohjects;

S'LEFT : Index of the leftmost element of the data type
S'RIGHT : Index of the rightmost element of the data type
S'HIGH : Index of the highest element of the data type
S'LOW : Index of the lowest element of the data type
S'RANGE : Index range of the data type
S'REVERSE_RANGE : Reverse index range

S'LENGTH : Number of elements of an array
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Qpriiainds (@)
Altribntes; Names;
A Dnta, Attaghedite, NI Signals;

> S'EVENT : A change value at the current simulation time

» S'STABLE : No change value at the current simulation time
if (CK =0 and not CK'STABLE)

(IEALAS)  VHDL: HARDWARE DESCRIPTION LANGUAGE
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Congurrent Statement
Natural Congcept; for; Describing, Hard ware.

» Concurrent Signal Assignment
» Conditional Signal Assignment
» Selected Signal Assignment

» Block Statement

» Concurrent Assertion Statement

» Process Statement




i ] | ]
Coneurinenk gl Assignmenh

Represent ap Equixalent; Brogess; Statement;

target <= expression [ after time_expression ] ;

» Signals are associated with Time

» With "after", the assignment is scheduled to a future
simulation time

» Without "after", the assignment is scheduled at a Delta
Fime after the current simulation time

(’- iiiiii
LT N
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target <= { expression [ after time_exp ] when condition else }
expression [ after time_exp ] ;

» Condition / expression except for the last expression

» One and only one of the expressions is used at a time

VHDL . A HARDWARL DESCRIPTION LANGUAGE

tlagrogen
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Selected Signal Assignment
Onlx One Targey

with choice_expression select
target <= { expression [ after time_exp ] when choices , }
expression [ after time_exp ] when choices ;

» ""when others" is used when all the cases were not treated

PMC-MAST © VHDL: A HARDWARE DESCRIPTION LANGUAGE




Block Statement: (1:).
A Set ofiConcurrent; Statements

label : block
{ block_declarative_part }

begin
{ concurrent_statements }

end block [ label ] ;

» Used to organize a set of concurrent statements
hierarchically

VHDL: v HARDWARE DESCRIPTION LANGUAGE
: T T N PR P ST RS R PR
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In,Synchronans Desgcripfions,

latch : block (CLK ="'1") D
begin

Q<=GUARDEDD;
end block latch ; CLK

CPAICMAS | VHDL: A HARDWARE DESCRIPTION LANGUAGL
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Assertiom Statement:
Only, One Farget

assert condition |
[ report error_message |
[ severity severity_level ] ;

» If the condition is false, it reports a diagnostic message
» Useful for detecting condition violation during simulation

» Not used in synthesis

VDL : A HARDWARE DESCRIPTION LANGUAGE
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Progess Stalement ()
A, Setiof Seqnential Statements,

[ label : ] process [ ( sensitivity_list ) ]
{ process_declarative_part }
begin
{ sequential_statements }
end process [ label ] ;

» All processes in a design executes CONCURRENTLY

> At a given time, QNLY ONE sequential statement executed
within each process

» Communicates with the rest of a design through signals

PRIEALSS - VHDL: A HARDWARE DESCRIPTION LANGUAGL
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Progess,Statement (2)
& Bseudo Infinite. Loop,

process

begin
sequential_s nt 1:
sequential_ t2;
sequential_s nt_n;

end process;

» A Synchronization Mecanism is Needed

VHDL: v HA\RDWARL DESCRIPTION LANGUAGE
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Progess Slalemenk ()
Synchronization, Mecanism,

wait

| on signal_name { signal_name } ]
 until boolean_expression ]

 for time_expression ] ;

» Objects being waited upon should be SIGNALS

[ N B O

MeMasE - o - VHDL: A HARDWARE DESCRIPTION LANGUAGE
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Rrogess; Statement: (4)
The Sensitivity, List

process [ ( sensitivity_list ) ]
begin

{ sequential_statements }
end process ;

» Equivalent to a "wait" statement as the last statement

wait on sensitivity_list ;




CPMCAASE
1ol

T S W I || T

Insight; Into, Statements, within, Eroresses,

Variable Assignment » Loop
Signal Assignment » Next
If » Exit
Case » Wait
Null » Procedure Calls

Assertion

» Return

VHDL: A HARDWARE DESCRIPTION LANGUAGE




Vaniable; Assignment: Statement
Immediate. Assignment;

target_variable := expression ;

> Always executed in ZERO SIMULATION TIME

» Used as temporary storages

» Can not be seen by other concurrent statements
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Signal Assignmenk atemenh ()
Defines.a, DRIVER: ofithe.-Signal

target_signal <= [ transport ] expression [ after time_expression ] ;

» Within a process, QNLY ONE driver for each signal

> When assigned in multiple processes, it has MULTIPLE
DRIVERS. A RESOLUTION FUNCTION should be defined

CPME-MASL ; " VHDL: A HARDWARE DESCRIPTION LANGUAGE
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CONCLUSION (1)

VHDL IS AN OPEN LANGUAGE WITH MANY FEATURES.

WITH VHDL, ANY DISCRETE SYSTEM CAN BE MODELED.

[& UPMC/MASI, PARIS - ICTP/UNESCO, HAVANA, CUBA, FEBRUARY 05- MARCH 01, 1996
\ \2’ First Course on Advanced VLSI Design Technigues: The ALLIANCE System
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CONCLUSION (2)

EACH USER HAS ITS OWN NEEDS DEPENDING ON:

¢ HIS BACKGROUND.

e HIS ENVIRONMENT.

WE DEFINED A SUBSET OF VHDL..

/‘\‘ UPMC/MAGSI, Pawis - ICTP/UNESCO, HAvaNa, CUBA, FEBRUARY 05- MARCH 01, 1996
\_ Q/ First Coutrse on Advanced VLSI Design Techingues: The ALLIANCE Sysiem

0
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CONCLUSION (3)

WHY ? 7 \

COMPLEX LANGUAGE = DEVELOPING A COMPILER IS HARD

AND TIME CONSUMING.
y x UPMC/MASI, Paris - ICTP/UNESCO, HavaNa, CuBa, FEBRUARY (5- MARCH 01, 1996 SLIDE 22
\ / First Course on Advanced VLSI Design Techniques: The ALLIANCE System )
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CONCLUSION (4)

WHY ?

EDUCATIONAL NEEDS:

e UNDERSTANDING TIME.

e UNIVOCAL (ONE WAY FOR DESCRIBING A REGISTER).

SLIDE 23

f \ UPMC/MASI, Pakis - ICTP/UNESCO, HAvANA, CUBA, FEBRUARY 05- MAkCH 01, 1996
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CONCLUSION (5)

WHY ?

OUR ENVIRONMENT: VLSI.

[ x UPMC/MASI, PaRis - ICTP/UNESCO, HAVANA, CUBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 24
\_ \g’ First Course on Advanced VLSI Design Techniques: The ALLIANCE System .
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OUTLINE

I - INTRODUCTION.
I1 - DESIGN METHODOLOGY: AN OQVERVIEW.
[II - ABSTRACTION LEVELS IN ALLIANCE.

IV - VHDL: AN OVERVIEW.

'V - VHDL: THE ALLIANCE SUBSET.

VI - ALLIANCE: A COMPLETE DESIGN SYSTEM.

I\ UPMC/MASI, PARIS - lCTP_/UNESCO, Havana, CUBA, FEBRUARY 05- MARCH 01, 1996
\_ \2/ First Course on Advanced VLSI Design Technigues: The ALLIANCE Syslem

SLIDE 1

J

O,



WHY AND HOwW ?

WHY ?

e DEVELOPMENT TIME.
o EDUCATION CONSTRAINTS.
e THE CURRENT ENVIRONMENT.

CRITERIONS FOR THE SUBSET
DEFINITION.

[& UPMC/MASI, Paris - ICTP/UNESCO, Havana, CUBA, FEBRUARY 05- MARCH (1, 1996 SLIDE 2
\_ \2’ First Course on Advanced VLSI Design Techniques: The ALLIANCE System W,
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WHICH TOOLS USE VHDL ?

e SYNTHESIS.

e PPLACER & ROUTER.
e SIMULATOR.

¢ FUNCTIONAL ABSTRACTOR.

TOOLS REQUIREMENTS (1)

FORMAL PROOVER.

&)

£
&

UPMC/MASI, Pakis - ICTP/UNESCO, HavaNa, CuBA, FEBRUARY 05- MARCH 01, 1996
First Conrse on Advanced VLSI Design Techniques: The ALLIANCE System

SLIDE 3
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TOOLS REQUIREMENTS (2)

SYNTHESIS TOOLS.

X A REGISTER MUST BE IDENTIFIED IN A SYNTACTICAL WAY.
X A BUS MUST BE IDENTIFIED IN A SYNTACTICAL WAY.
X SIGNALS MUST HAVE THE BIT TYPE ‘0’ , “1").

X NO TIMING.
FORMAL PROOVER.

X A REGISTER MUST BE IDENTIFIED IN A SYNTACTICAL WAY.

X A BUS MUST BE IDENTIFIED IN A SYNTACTICAL WAY.

; \n UPMC/MASI, Paris - ICTP/UNESCO, HAVANA, CUBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 4
\ N First Course on Advanced VLSI Design Techniques: The ALLIANCE System )
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TOOLS REQUIREMENTS (3)

FUNCTIONAL ABSTRACTOR.

PLACER & ROUTER.

X NO MIXING BETWEEN STRUCTURAL AND BEHAVIORAL VIEWS.
SIMULATOR.

X NO ABSTRACT TYPFS,

X NO TIMING.

X THE VHDL SUBSET MUST BE AS CLOSE AS POSSIBLE TO THE HARDV/ARE.

2 ‘\ UPMC/MASL, PARIS - ICTP/UNESCO, HavaNa, CUBA, FEBRUARY 05- MARCH 01, 1996
\_ \i/ First Cotrse on Advanced VLS Design Techniques: The ALLIANCE System
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USERS REQUIREMENTS

LOOKING FOR THE LARGEST SUBSET.

THE GOOD VHDL SUBSET:

v LETS THE USER DESCRIBE HIS CIRCUIT EASILY.

‘/ DO NOT DETERIORATE THE TOOL WITH A COMPLEX LANGUAGE.

[\ UPMC /MASI, PARIS - ICTP/UNESCO, HAVANA, CUBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 6
\_ @’ First Course on Advanced VLSI Design Techniques: The ALLIANCE System .
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THE EXTERNAL ASPECT

IN VHDL A CIRCUIT (DESIGN UNIT) HAS TWO ASPECTS:

1. THE EXTERNAL ASPECT: (EXTERNAL VISIBILITY)

ALLIANCE v'NAME
J}lf: v INTERFACE (PORT)

.lbu'lb X COLOR

CWW X TEMPERATURE

SLIDE?7
_/

I\ UPMC/MAGSI, Paris - ICTP/UNESCO, HAVANA, CuBA, FEBRUARY 05- MAKCH 01,1996
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THE INTERNAL ASPECT (1)

IN VHDL A cIrcUIT (DESIGN UNIT) HAS TWO ASPECTS:

2. THE INTERNAL ASPECT: (FUNCTIONALITY)

ALLIANCE v'STRUCTURAL
kﬁ v DATA FLOW
r

i

f\‘ UPMC/MASI, PARis - ICTP/UNESCO, HAVANA, CUBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 8
\_ @’ First Course on Advanced VLSI Design Techniques: The ALLIANCE System )
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THE INTERNAL ASPECT (2)

IN THE STRUCTURAL INTERNAL ASPECT, WE DESCRIBE THE
CIRCUIT AS A NETWORK OF SMALLER CIRCUITS.

THE FOLLOWING OBJECTS ARE USED:

¢ SIGNAL.
e COMPONENT (MODEL).
e INSTANCE.
f \ UPMC/MASI PARIS - ICTP/UNESCO, HavaNA, CuBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 9
\_ \g/ First Course on Advanced VLSI Destgn Techmgues: The ALLIANCE System )
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EXTERNAL ASPECT: EXAMPLE (1)

Circuit Name
ENTITY IS Port Name

Input/output mode

Type

B : IN BIT,
C:IN BIT ;
D : IN BIT;
P:OUT BIT
)

END PARITY;

UPMC/MASI, Paris - ICTP/UNESCO, HAVANA, CUBA, FEBR[]ARY 05- MARCH 01, 1996 SLIDE 10
First Course on Advanced VLSI Design Technigues: The ALLIANCE System
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EXTERNAL ASPECT: EXAMPLE (2)

ENTITY ADDER_32 IS

PORT (
A :IN BIT_VECTOR (31 DOWNTO 0);
B : IN BIT_VECTOR (31 DOWNTO 0);
CIN : IN BIT;

COUT : OUT BIT

)
END;

SUM : OUT BIT_VECTOR (31 DOWNTO 0);

f ‘\ UPMC/MASI, Paris - ICTP/UNESCO, HAvaNA, CUBA, FEBRUARY 05- MARCH 01, 1996
% \2/ First Course on Advanced VLSI Design Techniques: The ALLIANCE Sysiem
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INTERNAL STRUCTURAL EXAMPLE (1)

ARCHITECTURE PstruCT OF PARITY IS
COMPONENT XOR_Y

PORT (
10: IN BIT;
I1 : IN BIT;
T:OUT BIT DECLARATIVE
); PART
END COMPONENT;

SIGNAL PaARrITY_AB : BIT;
SIGNAL Parity_CD : BIT;

[\ UPMC/MAGSI, Paris - ICTP/UNESCO, Havana, CUBA, FEBRUARY 05- MARCtH 01, 1996 SLIDE 12
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INTERNAL STRUCTURAL EXAMPLE (2)

BEGIN
INSTANCE_AB : XOR_Y
PORT MAP (
I0 => A,
I1 =>B,
T => PARITY_AB

) DESCRIPTION

INSTANCE_CD : XOR_Y PART
PORT MAP (
10 =>C,
11 =>D,
T => PARITY_CD
);

N\

1§§‘ UPMC/MASI, Paris - ICTP/UNESCO, HAvANA, CUBA, FEBRUARY 05- MARCH 01,1996
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INTERNAL STRUCTURAL EXAMPLE (3)

INSTANCE_ABCD : XOR_Y
PORT MAP (
10 => PARITY_AB,
11 => PariTY_CD,
T=>P
);

END;

L

[‘\ UPMC/MASI, PARIS - ICTP/UNESCO, HAvANA, CuBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 14
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STRUCTURAL & HIERARCHICAL

SLIDE 15
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INTERNAL BEHAVIORAL ASPECT (1)

DESCRIBING EQUATIONS BETWEEN INPUTS AND OUTPUTS.

e BOOLEAN FUNCTIONS:

¢ AND

¢OR

¢ XOR

¢ NAND

¢ NOR

¢ NOT
ALWAYS USE BRACKETS.

I& UPMC/MASI, PaRIS - ICTP/UNESCO, HAVANA, CUBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 16
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INTERNAL BEHAVIORAL ASPECT (2)

o ASSERT ( CONDITION )

REPORT "MESSAGE"
SEVERITY LEVEL;

VERY USEFUL IN LARGE-SCALE DESIGN.

DESCRIBING EQUATIONS BETWEEN INPUTS AND OUTPUTS.

¢ ALLOWS ENCODING SPECIFIC CONSTRAINTS AND ERROR CONDITIONS

¢ PROVIDE USEFUL MESSAGES.
¢ STOP THE SIMULATION WHEN CONSTRAINTS ARE NOT MET.

UPMC/MASI, Paris - ICTP/UNESCO, HavaNa, CUBA, FEBRUARY 05- MARCH 01, 1996
First Course on Adoanced VISI Design Techniques: The ALLIANCE System
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INTERNAL BEHAVIORAL ASPECT (3)

e THREE KINDS OF ASSIGNMENTS:
SIMPLE ASSIGNMENT:

S <=A ANDB;

Always
CONDITIONAL ASSIGNMENT:

S<=A ANDBWHEN(C="0")
D ORE;

kS

UPMC/MASI, Paris - ICTP/UNESCO, HAvANA, CuBA, FEBRUARY 05- MARCH 01, 1996
First Course on Advanced VLSI Design Techniques: The ALLIANCE System
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INTERNAL BEHAVIORAL ASPECT (4)

SELECTIVE ASSIGNMENT:

WITH ADDRESS(3 DOWNTO Q) SELECT
OuT <="000100" WHEN "0000",
"000101" WHEN "0001",

"000000" WHEN OTHERS;

UPMC/MAS], Paris - ICTP/ UNESCQO, Havana, Cusa, FEBRUARY 05- MARCH 01, 1996
Frrst Course on Advanced VLSI Design Techniques: The ALLIANCE System
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INTERNAL BEHAVIORAL ASPECT (5)

o REGISTERS:

SIGNAL MYREGISTER : REG_BIT REGISTER,;

STORE : BLOCK (CK ='0' AND NOT CK'STABLE )
BEGIN

MYREGISTER <= GUARDED 1i0;

END BLOCK STORE;

I\‘ UPMC/MASI, Paris - ICTP/UNESCO, HAvANA, CUBA, FEBRUARY (5- MARCH 01, 1996 SLIDE 20
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INTERNAL BEHAVIORAL ASPECT (6)
e Bus:
SIGNAL mMy_Bus1 : MUX_BIT BUS;

ONLY ONE DRIVER ACTIVE AT THE SAME TIME.

SIGNAL MY_BUs2 : WOR_BIT BUS;
MANY DRIVERS DRIVE THE SAME VALUE.

[\ UPMC/MASI, Paris - ICTP/UNESCO, HAVANA, CuBa, FEBRUARY 05- MARCH 01, 1996
\_ \i/ First Conrse on Advanced VLSI Design Techniques: The ALLIANCE System
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INTERNAL BEHAVIORAL EXAMPLE

ARCHITECTURE DATA_FLOW OF PARITY IS
SIGNAL PARrRiTY_AB : BIT;
SIGNAL PARrITY_CD : BIT;
BEGIN
PARITY_AB <= A XOR B;
PARITY_CD <=C XOR D;
P <=PARITY_AB XOR PARITY_CD;
End;

I& UPMC/MASI, PAKIS - ICTP/UNESCO, HavaNa, CUBA, FEBRUARY 05- MARCH 01, 1996
\ ® First Course ont Advanced V1.5I Design Techniques: The ALLIANCE System
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OUTLINE

I - INTRODUCTION.

I1 - DESIGN METHODOLOGY: AN OVERVIEW.
III - ABSTRACTION LEVELS IN ALLIANCE.
IV - VHDL: AN OVERVIEW.

V - VHDL: THE ALLIANCE SUBSET.

ﬁ/ I - ALLIANCE: A COMPLETE DESIGN SYSTEM.

[ ‘\‘ UPMC/MASI, Paris - ICTP/ UNESCO, Havana, CuBA, FEBRUARY 05- MARCH 01, 1996 SLIDE 1
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genpat

genlib

pmof — BEHAVIORAL
/ VIEW
asimut | desb ’
lvx — STRUCTURAL
/ VIEW
extase lynx
druc . PHYSICAL
/ VIEW
graal sAr

genlib

|

genview
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SYNTHESIS LEVELS

e ARCHITECTURAL

e FINITE STATE MACHINE

.

» LOGIC

e LAYOUT
{‘\‘ UPMC/MASI, Paris - ICTP/UNESCO, Havana, CUBA, FEBRUARY 05- MAKCH 01, 1996 SLIDE 3
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SYNTHESIS AREA

o CONTROL LOGIC
EVERY CIRCUIT THAT MAY BE DESCRIBED AS FSM
(N B STATES < 1000).

e RANDOM LOGIC
EVERY CIRCUIT THAT MAY NOT BE DESCRIBED WITH REGULAR

LOGIC.

4 “‘ UPMC/MASI, PARSS - ICTP/UNESCO, HavANA, CUBA, FEBRUARY 05- MARCHT 0T, 1996 SLIDE 4
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s N\
SYNTHESIS ARCHITECTURE
FSM SYNTHESIS
o -
BOOLEAN BOOLEAN LOGIC
NET NET
SEQ. COMB.
LOGIC SYNTL. LLOGIC SYNTH.
-
NET
/ ‘\ UPMC/MASI, Paris - ICTP/UNESCO, HavaNa, CuBA, FEBRUARY 05- MARCH 01, 1996 SLIDES
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r )
“ < .. | State Diagram
B FSM Minimization
Dependenice
STATE ASSIGNMENT) 4-~—
SEQUENTIAL < . Logic
BOOLEAN NETWORK Minimization
De ace
«Depende
SEQUENTIAL < > Timing
BOOLEAN NETWORK Optimization
* Dependence ™~
PLACING & ROUTING -~
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* COMBINATIONAL LOGIC SYNTHESIS

ENTITY dec2tod is ‘[»-—lj_—é
PORT(AB,cnable in BIT:

v, vss, vdde vsse in BT

Yoout bit vector(0 1o 3)); . .
end dec2ios, Combinational D_
archilecture dllow of dev is —» . M »

et dllow ofdecttod Logic Synthesis —D__T
signal a barb bar ba,
signal al,m2,03 a4 by,
b b Gate Level
Structural Description
* SEQUENTIAL LOGIC SYNTHESIS

ENTITY adder 15 {»—l@__a
PORT(AH.cnable in BIT;

wdd, vas vidde, vise i HIE,

LL in bit, A -\ .
o d.lzl::lj" ractor(d Lo 1)), ;S(.,q ucn“a] -
architecture dtlos ol adder 5y l—fog ] C Synlh CS [ S -f =
signal regsie reg vedton(ibie 1) d
signal nl,n!,ﬂ.ﬂtﬁsm. Qﬁtﬁ_uﬁths_t =
begin Gate Level

Structural Description
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OPTIMIZATION

v" IMPROVE DESCRIPTION AT EQUIVALENT LEVEL.

X=A+A.CD
Y=CD

X=A+Y
Y=CD

£
&
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REPRESENTATION (1)

LOGICAL EQUATIONS

A DIRECTED ACYCLIC GRAPH INCLUDING THREE KINDS OF

NODES: INPUT, INTERMEDIARY, OUTPUT.

EACH INTERMEDIARY OR OUTPUT NODE IS ASSOCIATED TO

A LOGICAL EXPRESSION.

EACH NODE IS ASSOCIATED TO A VARIABLE NAME.
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REPRESENTATION (2)
BOOLEAN NETWORK
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BDD (BINARY DECISION DIAGRAM) (1)

BASED ON THE SHANNON THEOREM:

F(X,,X,,....X )=
X, F0,X,....X )+ X,.F(LX,,....X_)

v CANONICAL REPRESENTATION OF A BOOLEAN EQUATION.
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BDD (BINARY DECISION DIAGRAM) (2)

Ex:F(a,b)=a+b

F = a.F(0,b) + a.F(1,b)
=a.(0+b)+a.(1+b)
=a.(b) +a.(1)
= a.(b0) + b.(1)) + a.(b1) + b.(1))
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BDD (BINARY DECISION DIAGRAM) (3)

SO..  F=a(b(0)+b.(1)+a.(b(1) + b.(1)
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BDD (BINARY DECISION DIAGRAM) (4)
- - F
EX: F=a.b+a.b.c+a.b.c
a()
' 1
F b Ob
Xi 0 1 0 ]
F(X,=0) F(X=1) ¢ () c() c() ¢ ()
] 1 ) 0 1 ] 1
olla] lodlo] o
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LOGIC: LOGIC SYNTHESIZER
Ty e T
STANDARD BOOLEAN BOOLEAN
CELL’S LIB. NETWORK NETWORK
LOGIC LOGIC
(OPTIMIZATION) OR (OPTIMIZATION)
{MAPPING) (MarrPING)
-
~ e N ke Custom
sATE NETLIST GATE NETLIST]
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NETOPTIM: TIMING OPTIMIZER

STANDARD BOOLEAN
CELL,S LIB. NETWORK
\/ TIMING OPTIMIZATION WITH
LIMITED SURFACE LOSS.
LOGIC

TwWO OPTIMIZATION OPTIONS:

e FANOUT OPTIMIZATION (LOCAL VIEW).

e DELAY OPTIMIZATION WITH TIMING ANALYSIS
(GLOBAL VIEW).
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NETOPTIM: FANOUT OPTIMIZATION (LOCAL)

THREE METHOQDS;
o REPOWER.
— =1 Gate LiBufferLl
_| Gate * BUFFER INSERTION. = —
' Gate b~
¢ GATE DUPLICATION. L —
Gate
v’ Bast TECHNIQUES. X NOT SHARP ENOUGH.
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e REPOWER.

¢ BUFFER INSERTION. Gate

| |

pore

TWO METHODS TO OPTIMIZE THE CRITICAL PATH:

NETOPTIM: DELAY OPTIMIZATION (GLOBAL)

THE TIMING ANALYSIS COMPUTES THE CRITICAL PATH OF THE CIRCUIT.

—|: Critical Path

Buffer

v GOOD RESULTS. X FEALSE PATH PROBLEM
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DESB: FUNCTIONAL ABSTRACTOR (1)
[ LAYOUT I
v (GENERATES BEHAVIORAL DATA FLOW VHDL.
w
v LYNX |
PROVIDES FUNCTIONAL VERIFICATIONS.
‘/ DOES NOT USE ANY CELL LIBRARY. TRANSISTORS
‘/ ACCEPTS STANDARD TRANSISTOR NETLIST FORMAT
(VTI, SPICE). DESB
-
VHDL
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DESB: FUNCTIONAL ABSTRACTOR (2)

A iy \
of g -

D—
T N

cfof T o
—

A B
THE GATE 'E’

E <= (NOT A AND C) OR (NOT B AND Dy);
H <=NOTF;
G <=NOTE;
F <= NOT B;

&
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FSM (FINITE STATE MACHINE) (1)

* MODELS SEQUENTIAL CIRCUITS.
* T'wo KINDS OF FSM.

* GRAPH REPRESENTATION.

® DEFINITION:

STATE(T+1) <= F(,,...,1 STATE(T))
OuTruT, <= F(,,...,1 STATE(T))

SLIDE 21
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FSM (FINITE STATE MACHINE) (2)

EXAMPLE: FOUR CONSECUTIVE ONE’S COUNTER
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FSM: THE DESCRIPTION LANGUAGE

® STANDARD.

* VHDL SUBSET.

® THE STATES ARE ENUMERATED TYPE.
* TWO SPECIAL SIGNALS.

® T'WO PROCESSES.
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Entity counter is port (ck, I, reset: in bit; O: out bit);
End counter;

Architecture automate of counter is

type STATE_TYPE is (EOQ, E1, E2, E3, E4);

signal CURRENT_STATE, NEXT_STATE: STATE_TYPE;
-- pragma CUR_STATE CURRENT_STATE;

-- pragma NEX_STATE NEXT_STATE;

-- pragma CLOCK ck;

begin
Process(CURRENT STATE, I, reset)
begin
if (reset = '1") then
NEXT_STATE <= EQ;

O <=0}
else
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case CURRENT _STATE is
WHEN EQ =>

if I='1") then
NEXT_STATE <= E1;

else
NEXT_STATE <= EQ;

end if;

O<="0}

WHEN E1 =>
if (I='1") then
NEXT_STATE <= E2;
else
NEXT_STATE <= E0;
end if;
O<="0";
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WHEN E2 =>
if (I='1") then
NEXT_STATE <= E3;
else
NEXT_STATE <= E(;
end if;
O<='0}

WHEN E3 =>
if (I='1") then
NEXT _STATE <= E4;
else
NEXT _STATE <= EO;
end if;
O<='0';
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WHEN E4 =>
if (I='1") then
NEXT_STATE <= E4;
else
NEXT_STATE <= EQ;
end if;
O<="1"

WHEN others =>
assert('1’)
report "Illegal State";

end case;
end if;

end process;

PN
Y
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Process(ck)
begin
if (ck = '0' and not ck'stable) then
CURRENT_STATE <= NEXT_STATE;
end if;
end process;
end counter;
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ckI

L

o |

Currentl

Next I

FSM: THE FOUR CONSECUTIVE ONE’S COUNTER

)

: E4—

o} Fl«(l) F;) 30 Fp
N arvaye
E1 :E2 E3 ' .E4

k5
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FSM: DIFFERENT MACHINE'S TYPE
MOORE L» > O
MACHINE
[ ——m»
ck *
v
MEALEY > > O
MACHINE]
—_
ck I
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FSM: THE COUNTER WITH THE MEALEY MACHINE
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SYF: AN FSM SYNTHESIZER

e VERIFICATION.

e ENCODING. SYF J

e OPTIMIZATION. -

DATA FL.OW
e DRIVING DATA FLOW DESCRIPTION.
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CONTROL
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CONTROL
DATA PATH
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-+
M
- i
-8
—t—yiy
STANDARD CELLS ROUTER
¥ | - VERSUS
DATA PATH ROUTER
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DATA PATH: AN EXAMPLE (1)
\4 Cout B
A[3:0] B
D
B[3:0]
—|—-
0[3:0]
— J
CI[3:0] »
DI[3:0]
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DATA PATH: AN EXAMPLE (2)
T Vv Cout T
A[3:0] B | |
N " —
@) ) ) — ]
| Dol +
Bi3:0] & R
™ N
_/p _1_)/) - >O H t+ F OI[3:0]
C[3:0] B _ i
.
oy - UDol + F
DI3:0] B - ||
I
9 Y — U [>old + F
L
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TIMING VERIFICATION

¢ SIMULATORS

e CIRCUIT-LEVEL.
e TIMING.

e SWITCH-LEVEL.
e LOGIC-LEVEL.

¢ VERIFIERS (PATTERN INDEPENDENT)

e TIMING.
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i teaching VLS| ouce back home and 7 look

forwand to your feedback,
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