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SUPERL OG Subset Tutorial Overview

Welcometo the SUPERL OG Public Subset Tutorial

The purpose of thistutorial isto demonstrate the nature of the
SUPERL OG language, and some of the base capabilities
contained therein.

It should be noted that the SUPERL OG language contains
many additional capability THAT ARE NOT described in this
document, particularly in the area of abstract system modeling
and verification. For more information please contact:

Co-Design Automation, Inc. 18776 CODESIGN
WWW.Cco-design.com Info@co-design.com
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Co-Design Automation, Inc.

Company Goal
Provide an order of magnitude
productivity improvement acr oss design
and verification methodologies

P

1997 May 1999 Nov 1999 May 2000 Jan 2001
Founded by SUPERLOG 12 companies SYSTEMSIM Leading
industry announced endorse SYSTEMEX companies
leading SUPERLOG Release announce
experts CDA enabled

methodologies
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The Co-Design Team

M anagement

Simon Davidmann - CEO

— Formerly VP and European GM
Chronologic (VCS, now Synopsys),
Ambit (BuildGates, now Cadence),
Virtual Chips (now Pheonix)

Peter Flake- CTO
— Formerly HILO team leader, HDL
visionary
Phil M oorby — Chief Scientist
— First Cadence fellow and architect of
Verilog, Verilog-XL
Dave Kelf - VP Marketing

— Formerly Dir Mkt Cadence
simulation product line

+14 of the top simulation &
language experts wor ldwide

Advisors

Professor Don Thomas

— Carnegie Mellon University
Andy Bechtolsheim

— Co-founder Sun Micro., VP Cisco
Venk Shukla

— Initiator of OVI, CEO EveryPath.com
Rajeev Madhavan

— Founder LogicVision, Ambit, Magma
Raj Singh (Board Member)

— Founder of Fiberlane, Cerent, Siara
Raj Parekh

— Former CTO Sun Microsystems, SGI
Rich Davenport (Board Member)

— former President & COO Summit Design

co2des gn
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Focusing On Key M ethodology Problems

System SpeC|f|cat|on

Software Hardware Design
Design Design Verification

* Verification environment speed and complexity
e Hardware complexity and design flow performance
o System & SW evaluation speed and implementation links
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Streamlined M ethodology Components

8 « YystemDesign
SUPERLOG S .
25-100X RTL ¥ — Designreuse
— Implementation links
— T Impl jon link
.................... * Hardware Design
IS - — Raising abstraction
8 5 — Concise, error free
T = S« Veification
| “o| | @ - Sireamlined adoption
S — From Verilog/ C
SYSTEMEX = — From existing tools
SYRIUESE %
o
E

) . © 2001 Co-Design Automation, Inc.
CO —d e S'| g N Tutorial presented at HDLcon 2/28/2001 - SUPERL OG Public Subset

automation



SUPERL OG - Targeting Design Productivity

HSULUIPERL.OG

Elevating Design, Accelerating Verification

o Superset of Verilog (and Verilog2K), with the addition of

C programming, system and verification capabilities
« Targeting the SoC specializations

— architecture, hardware, verification, with linksto C

e Designed for USEability

— Unifying the SoC design flow

— Dramatically increasing design Speed

— Providing an Evolutionary path
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SUPERL OG -Buildingon Verilog 1

ANSI C style ports Standard File I/O (* attributes*) Multi D arrays
generate $valuePplusargs configurations signed unsigned
local param “ifndef “elsif “line part selected memorys automatic
const func @* variable part select initialization
**(power)
modules $finish $fopen $fclose initial wirereg begl nend
parameters $display $write $monitor disable integer real while
function/tasks “define “ifdef “else events time for forever
aways @ ‘include “timescale wait # @ packed arrays If else
assign 2D memory repeat
fork join gate/switch level primitives +=*1%
min/typ/max rise/fall pin-to-pin delays >><<

0002 Boj1e A

) . © 2001 Co-Design Automation, Inc.
CO —d es] g N Tutorial presented at HDLcon 2/28/2001 - SUPERL OG Public Subset

( automation



SUPERL OG -Buildingon Verilog 2

Q008011 A,

= int shortint do while
. longint break
= shortreal double continue
char void return goto
++ - = -=*=
C enum typedef )
=>>=<<=
ref deref null
. &= |: N= 0=
s struct union
* cadi varargs
n
“C 9 globals
&‘onst externals
L
\g
ANSI C styleports Standard File I/O (* attributes*) . Multi D arrays
generate $valuePplusargs configurations “ signed unsigned
local param “ifndef “elsif “line part selected memorys “ automatic
const func @* variable part select Py initialization
“ **(power)
o . . ‘e begin end
modules $finish $fopen $fclose initial wirereg . il
parameters $display $write $monitor disable integer real ® :CN |fe
function/tasks “define ifdef “else events time o forel orever
aways @ ‘include “timescale wait # @ packed arrays “ ! ;
assign _ o 2D memory . rep_) 10
fork join gate/switch level primitives e n :—. ././0. s mnks
min/typ/max rise/fall pin-to-pin delays >><< r

co(des1 gn
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SUPERL OG -Buildingon Verilog 3

fp PP = int shortint do while
Additional Verification / System Features : longint or eak

User Defined Ports Self-Introspection Process " shortreal double continue
State Machines Safe Memory Queues " . return goto
Communication M anagement String Types char void . +E] o

T Ilnterfac&s Tempora Procedures Dynamic Types C enum typedef o=
emprates Assertions i ref deref null [=>>= <<=
Packed Arrays/Struct 2/4 State Variables Gm |2 A
varargs

Timeunits Protocol Checks Semaphores *, struct union

Sparse/Associative Coverage Checks Liveness *, casting
Arrays Block Labeling System Data globals

Conditional Events externals

ANSI C style ports Standard File 1/O (* attributes *) Multi D arrays
generate $valuesplusargs configurations signed unsigned
local param “ifndef “elsif “line part selected memorys automatic
const func @ variable part select initialization
**(power)

begin end
while

for forever
if else
repeat

modules $finish $fopen $fclose initial wirereg
parameters $display $write $monitor disable

function/tasks “define "ifdef "else events time

aways @ ‘include “timescale wait # @ packed arrays

assign 2D memory N
gate/switch level primitives +=*/%

fork join i ) ) ) EEEEEEENIEN
min/typ/max rise/fall pin-to-pin delays >><<

Itemsin BOL D discussed in Tutorial

90 1d3ddNS
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SUPERL OG Enhances The Design Flow

Efficient Design Across
M ethodology Boundaries

Platform
Design Flow

| SS
‘Model” P

Ccommes.
Orientation

C Import Reuse
Export Features

| nterfaces

C/Verilog

Optimized HW Flow Code My

Algorithm M od€

always @eventstr Abstract
if (str == parent ->s) -
endfunction Refine
1 Processes
o _ Queues
Pipeling/ Concise

Datapath Y& Descriptions || Verilog2k
I C abstracts

Complex Advanced
Control FSMs
Standard _
HW Verilog
Base

&

automation
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SUPERL OG Accelerating Verification

SUPERLOG and SYSTEMSIM
Contain Required Verification Power

:

Verilog

C Processes, re-entrant tasks,

test-generation
Programming Capabilities | nterfaces Coverage Tests

. © 2001 Co-Design Automation, Inc.
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SUPERL OG Enabling Platform Infrastructure

Platform Based Design Offers Possibilities

| nter-block Communication Verification Automated For IP

s Embedded models
(@) .
= with software
g debug
Multi-lingual IP £
from different ~
sour ces

Communication, Verification, Reuse
SUPERL OG Provides Transparent Infrastructure
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SUPERL OG Abstraction Driving Performance

SUPERL OG enables performance abstraction trade-off choice

SUPERL OG Opportunity
Dramatic performance

Dhrystone Benchmarks On Various

Code Stylesand Simulators

Improvement
- RTL Coding
- Abstract Coding
- Integrated Verification
- Seamless C usage

L/

Interpreted Sim/Verilog

imulator
/Language

S

T

Compiled Sim/Verilog

SYSTEMSIM/Struct**
SUPERLOG

STEMSIM/BehaVI
SUPERLOG

SUPERLOG Benchmark Comparison

C

0 10 20 30 40 50 60 70 80
Time (secs)
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SUPERLOG - Evolution, Not Revolution!

Easy design integration Easy adoption
Accelerated
C/HDL IP ggem geullca!lon L earning Curve
¥ v 4
[1== E
- Software Hardware Design ‘ U,_»

L egacy HDL Design Design Verification

Easily Added To

l P | HSUPERL.OG |& D Fow

-
SUPERLOG = Verilog +++ | _.‘?_]
Easy to take existing Verilog designs Familiar UseModel

and leverage SUPERL OG whererequired

Old Verif. Code
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Progress Towards Publication

SUPERL OG Publication Stages
—

Complex System Verification
Verilog Verilog C C Structures Features Features
Verilog9s 2000 Additions Programmmglnteroperability (Queues, (Interfaces, (Asserts,
Features Processes Contral, Coverage,
etc.) etc.) etc)
= T

« Large group of experts helping drive language completion
— Forum and other organizations actively involved

 Phased approach to publication,as sections are completed
— Good progress to date

 SUPERLOG Extended Synthesis Subset offered to Accellera

) . © 2001 Co-Design Automation, Inc.
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Order Of Magnitude Productivity Enhancements

Practical Productivity

I ‘ I ‘ Time Saved

Direct Performance Overall Productivity
* Concise RTL implementation * Integrated algorithm modeling
 PLI eimination « Efficient testbench creation
* Simulation speed acceleration * Rapid debug

© 2001 Co-Design Automation, Inc.
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HSLIPERL.OG

L anguage Evolution

© 2001 Co-Design Automation, In
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Learning SUPERLOG IsEasy

module\,:> nmodul e shifter (
| nput | ogic clk,

input logic [7:0] data_in,
output logic [7:0] data out,
| nput | ogic | oad,

2?WWS input logic shift left );
lock
al ways @ posedge cl k)

I f (load) data out <= data_in;
el se
1 f (shift _left)
data out <= {data out[6:0], 1'DbO0};
endnodul e

) . © 2001 Co-Design Automation, Inc.
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Module Header Syntax Enhancements

nodul e nmodnane (

||

i nput bit clKk, input <datatype> <name>,

| nput | ogic rst,

output J|:::>out put logic [7:0] data, [[eeigliiErssezig=iilon

| nput event start, Nno semicolon
i nout byte busl, bus2 );

*ANSI C Style (Verilog 2000
~ portsof M yie(Verilog 2000)
eV type *Module Portsonly need to be

defined once
«Can use all datatypesas ports,
endnodul e e.g. events
M or e concise format

) . © 2001 Co-Design Automation, Inc.
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M odule Port Default M odes

nodul e modx ( nodul e modx (
i nput logic clk, i nput logic clk, rst, sel bus,
i nput | ogic rst, Flt_ ctr!, o
i nput | ogic sel _bus, these wor k IOQ!C [g}bo] ai , C, d,
input bit ctrl, ogic [3:0] sel,
input logic [31:0] a, thesame logic [7:0] addr,
input logic [31:0] b, output logic err,
input logic [31:0] c, _ l'ogic [31:0] out,
i nput logic [31:0] d, inout logic [7:0] busl, bus2);
I nput logic [3:0] sel,
I nput logic [7:0] addr,
output logic err,
out put logic [31:0] out, :
inout logic [7:0] busl Tasks/function headers
inout logic [7:0] bus2 ): work the same way
) . © 2001 Co-Design Automation, Inc.
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Port Comparison With Verilog 1995

nmodul e nod ( clk, rst, i
e o Old Verilog
st_out, er, ok); h Style
i nput clk;
nput st nmodul e nod (

; . input wire clk, rst, a,b,c,d,
Iozfght a,[ ?f 8] d;t out - SUPERLOG —'\> output logic [7:0] st_out,
' - Sty|e — 1~ output logic [1:0] er,

output [1:0] er; .
out put ok; out put | ogic ok );

reg [7:0] st_out;
reg [1:0] er;

K: . . .,. ,
reg o OK to use Default direction is 'input

Default type is "wire' for nodul es

either style and 'logic' for tasks and functions

® No duplication of information necessary

© 2001 Co-Design Automation, Inc.
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Explicit Hierarchy

myTop toplnst; <# Activation
nmodul e nyTop; myTop tOpl nst
’ subl local
nodul e subl | ocal ; Nested — / \
e oy module | ——— global 11| |12
declaration —
subl local 11 (...);
sub2 global 12 (...); dummy
endnodul e . . ..
declarations Instantiations

nmodul e sub2_gl obal ;
wWire w *Nested modules make
endnodul e naming much easier
modul e dunmmy(..) : <# Ignored «$root for the global level
endnodul e «Activation script at global

$nmoni tor ($root.toplnst.12.w;

level

*Top level module can be
instanced

) . © 2001 Co-Design Automation, Inc.
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|mplicit Hierarchy

myTop
nodul e subl | ocal; //// \\\\\
endnodul e sub2_global | 1 | 2
subl local 11 (...); dummy
sub2 _global 12 (...);
endmodul e declarations instantiations
nodul e sub2_ gl obal ;
mj}e w, I
wre w . _Unlnstanced modules becometop level
Instances
nmodul e dunmmy(..); .
e SameasVerilog
endnodul e

« May lead to unwanted modulesin
simulation

) . © 2001 Co-Design Automation, Inc.
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7y SLIFPERL_OG

Constants
Parameters
M acr os

Timescales
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Using Literals

| ogic [31:0] a;
;51. - 32' hf Oab: Thisworkslike
—

d in Verilog

Thisfillsthe packed

o < array with the same

value

| ogic [31:0] a;

32" hffffffff; These are
-y @ _
equivalent

a
a

Convenient way to fill up a vector with a bit constant

) . © 2001 Co-Design Automation, Inc.
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Parameterizable Text Macros

kein Vet
“define MAX 7

“define print(var) $display("The value of var is %", var)

int a[ MAX: 0];
int i;
“print(i);
no space between
macr o and
“define macro(argl, arg2, arg3) ... open br acket

® Powerful facility to write concise code

© 2001 Co-Design Automation, Inc.
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Define Example With Text

“define print(y) $display("var % equals % ", "y 7, vy)
| nt num
“print(nunm;

) . © 2001 Co-Design Automation, Inc.
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Constants

o Uselike defines or parameters
* No redefining or overriding (within scope)

const bit FALSE = 0O:
I—'\ . !
global constant ——==rconst bit TRUE = 1:

nodul e t op;

|~ |const real pi = 3.1415926535;
local constant ==—"const int TRUE = - 1;

initial $display("pi=%", pi);

endnodul e

) . © 2001 Co-Design Automation, Inc.
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Parameters

nodul e top;
l ogi ¢ clk;
cl ockgen #(.start_val ue(1' b0),
always @l k $display("t=% clk=%",
initial
begi n
repeat (10) @ posedge cl k) ;
$fini sh(0);
end
endnodul e
nodul e cl ockgen( output ctype clk);
paraneter |ogic start_val ue=0;
paraneter tinme delay=100;
paraneter type ctype=hit;
initial clk <= start_val ue;

al ways #delay clk <= !clk;

endnodul e

.del ay(50)) c (clk)s

$tinme, clk);

parameters used
befor e definition.

Par

Parameter s can be passed by name

co(des1 gn

automation
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Time Constants

ol
0 UQ'?J/S W/f’&s No space between
in s . digit and letter!
Vs Ve
//Og #10 a <= 1;
#5ns b <= !b;
#1fs $display("%", b);
AP
\JO\)(??‘Z\\)“"’gqs olegal time unitsares, ms, us, ns, ps, fs
e X _
R O ¢ *Thedefault is#1 = 1s
ot

© 2001 Co-Design Automation, Inc.
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Timescale Rules

“tinmescal e 1ns/ 1fs
separate
: . timeunit 1ns;
t_ I meuni t and ti meprecision 1fs;
tIrTEpI‘eCISIOH top t;
commands nodul e top;

“timescaleisalso
supported for

backwards
compatibility

“Removesfile order dependency
“Default istimeunit 1s; timeprecision 1s,

. © 2001 Co-Design Automation, Inc.
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Timeunit Example

ti meunit 1ns;

ti meuni t and
ti mepreci si on must be

top t; either at the global level
modul e t op: or right at the start of a
timeunit 1ms; module
sub s;
initial
begi n
#1ns $display("top t=% %", $tinme, $realtine);
#1fs $display("top t=% %", $tinme, $realtine);
end
endmodul e timeunit for sub is 1ns,
nodul e sub;
nitial <:: regar dless of order of
begin _ | modules
#1  $display("sub t=% %", $tinme, Srealtine);
#1fs $display("sub t=% %", $tinme, Srealtine);
#1000 $finish(0);
end
endnodul e
) . © 2001 Co-Design Automation, Inc.
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Timescale Rulesfor Mixed Styles

ti it 1ns;
SUPERLOG \’::> t: g;;"eci sinzn ins;
: — simulator tinestep
Venlog \’::> ti mescal e 10ps/ 10ps >- _ 1pS

Verilog #> “tinmescal e 10ns/ 1ps

oif SUPERLOG and Verilog timescales are mixed and thereare one or
more 'timescalesin Verilog, the precision of the whole ssimulation isthe
smallest p in Verilog or SUPERLOG

_/

) . © 2001 Co-Design Automation, Inc.
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Datatype System
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Typeand Variable System

« SUPERLOG is 100% backward compatible with
Verilog 1995 and Verilog 2000

* |t inheritsthe variable and type system from C

* Plus, it has additional typesthat are useful for system
design and verification that go beyond C and Verilog

) . © 2001 Co-Design Automation, Inc.
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Variable Types— Static vs. Automatic

e Static variables
— Allocated and initialized at time O
— Exist for the entire ssmulation

e Automatic variables allow recursive tasks and
functions
— Optional type for variables inside a block, task or function
— Reallocated and initialized each time entering a block
— May not be used to trigger an event

) . © 2001 Co-Design Automation, Inc.
CO —d es] g N Tutorial presented at HDLcon 2/28/2001 - SUPERL OG Public Subset

automation



Variable Types— Global Vs. Local

* Global variables
— Accessible from any scope
— Must be static
— Tasks and functions can be global too

* Local variables
— Accessible at the scope where they are defined and below
— Default to static, can made automatic

— Static variables are accessible from outside the scope with
a hierarchical pathname

) . © 2001 Co-Design Automation, Inc.
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Scope and Lifetime of Variables

top inst;
dgtadeclared ~Lint max = 10-
outside of modules ps _ ’ —
is static and global 1L [Int n | data declared inside of a
module top; moduleis static and
o beaT available to all tasks and
| iIsautomatic and _r\> automatic int i: functionsin that module
local to that block [ n=1:
for (i=2; iI<=max; i++)
n *=i,
end
initial begin : nyblock
n =1;
for (int i=2; i<=max; i++)
n *=j:
globalnk> $root.n = n; <# local n
end
endnodul e

© 2001 Co-Design Automation, Inc.
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Static and Automatic Variablesin Tasks

task triple (input int n);
automatic int result;
int total;

begi n
total = total + 1;
result = 3 * n;
$di splay("result=%.",result);

$di spl ay(" Task called %d tines.",

total);
end
endt ask

Default: all local
variables are static
(Verilog backwards

compatible)

task automatic triple (i
int result;
static int total;

put int n);

begi n
total = total + 1;
result = 3 * n;
$di splay("result=%.",result);

$di spl ay(" Task called %d tines.",

Multiple calls of
the same task
in parallel all

access the same

static variables

it

Use automatic
tasksto make all
local variables
automatic, unless

total); - :
end specified as static
endt ask
) . © 2001 Co-Design Automation, Inc.
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SUPERL OG Hasthe Basic C Datatypes

e Compatibleto C

char c; /1 8 bit signed integer
int 1; /1 32 bit signed integer

. U f - bl

[/ Super | og C

t ypedef shorti nt short;

t ypedef | ongi nt | ongl ong;
t ypedef r eal doubl e;

t ypedef shortreal float;

) . © 2001 Co-Design Automation, Inc.
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Basic SUPERL OG Datatypes

bit b;

| ogi c w,
tine t;
byte b8;

/[l single bit 0 or 1
/1l 4-valued logic, x 0O 1 or z as in Verilog
/[l 64 bit time val ue

/1 8 bit signed integer

Arraysof logic and bit

default to unsigned

*Make up your own typeswith typedef

*Define arrays of bitsand logic

* Flexibility

co(?desi Zn

automation
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SUPERLOG Has 2 and 4 State Datatypes

*Verilog
*SUPERLOG

SUPERLOG

SUPERLOG

Verilog reg and integer

reg a; : )
i nt eger i; < type erfzza\?alcggam X

> Equivalent to these 4
| ogi ¢ a; valued SUPERLOG
| ogi ¢ signed [31:0] i; types

These SUPERL OG types

bit a; < have two valued bits
int i; (0 and 1)

If you don't need the x and z values then
use the SUPERL OG bit and int types

which make execution much faster and
uses only half the memory

co(?desi gn

automation
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Data Types and Ports

* Verilog has 2 basic connection types

— Nets

* Represents a connection of one or more data driversto a
destination

* Does not store data, just transfers it
 |sthe only type that goes through a port
— Registers
» Represents a place to store avalue, avariable

» Although areg can be on either side aport, it is converted to awire
before going through it

) . © 2001 Co-Design Automation, Inc.
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Verilog Module Ports Rules

e EXpressions may contain compatible types

* When connected to a SUPERLOG module, r eg may
be replaced with | ogi c or bi t

expr/reg/wre W re W re

| i /o\ N
Moduleinstance | ¥ ;

P o - .

Module definition ltJ p u
u t

\ t 4

W re reg/wre W re
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CO —d es] g N Tutorial presented at HDLcon 2/28/2001 - SUPERL OG Public Subset

automation



Connecting Module Ports—Verilog Style

* Verilogwirevs. regrules

nodul e t opnodul e;

e wiresresolve al drivers e w
SubA A(W) ;
* A.randB.r are separate subB B(w)
endnodul e
: nodul e subA(out put reg r)
. ||k-ea initial for k#oo o
wire < L Verilog #11r = 'z
T T 1 continous o #19r =70;
. join
re9 re9 assign endnodul e
submodule A Submodule B nodul e subB(output reg r)
initial fork
#00 r = z;
#10r =1,
join
0 10 11 1920 endmodul e
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The SUPERLOG Type

 Works as elther aregister or asimple net
« Can be any SUPERL OG datatype

t ypedef struct {

real R

real 1;} Conpl ex;
Compl ex XY, Z;
al ways @ negedge cl k)

begi n
X
Y

Conpl ex_F1(2); i One or more procedural
Conpl ex_F1(Z); T assignmentsto X,Y

end
al ways @ posedge cl k)
X = Conpl ex _F1(Y);

| Single continuous
assign Z = Conpl ex_F1(X); <:—y— asg'gnment toZ

) . © 2001 Co-Design Automation, Inc.
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SUPERL OG Module Ports Rules

« A variable of any SUPERL OG type can pass through
a port

 |f thetypes are the same, the variable Is shared
* |f not, a continuous assignment is made

St ype St ype St ype

| i /o\ £\
M oduleinstance - ¥ ;

i vt =- o~

M odule definition ltJ p u
u {

V t \V4

St ype St ype St ype
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Connecting Module Ports - SUPERL OG

» Connected by sharing

] nodul e t opnodul e;
 A.r,B.r,andw are collapsed into ogic w
I subA A(W) ;
one variable Subs Al
endnodul e
nodul e subA(out put logic r)
initial fork
topmodule 00 r = 'O
| ogi c #19 r = '0;
+ 4 No bus join
[l ogic | 1 ogic - endnodul e
J . contention nodul e subB(out put logic r)
submodule A submodule B initial fork
#10r =1,
join
endnodul e
0 10 19
) . © 2001 Co-Design Automation, Inc.
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Signed Data

 Affects padding of operandsin expressions
— Unsigned — zero extended
— Signed — sign bit extended
— Affects Compare, shift, arithmetic

e Sign of |hs assignment does not effect rhs

e Defaults
— All bit-level types and time are unsigned

) . © 2001 Co-Design Automation, Inc.
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Signed Data

I nt signed sint;
data I nt unsi gned uint;

declaration —'\

\Nnh'ggned'-——l//>logic signed [7:0] slogic;

or 'unsigned' | ogi ¢ unsigned [7:0] ulogic;
sint = -6; [l fffffffa
uint = -6; [l fffffffa
slogic = 4" hf; // Of unsigned constant
ulogic = 4’shf;// ff signed constant

(sint + ulogic) s 1000000f9

(sint <slogic) is true
(uint < slogic) is fal se

) . © 2001 Co-Design Automation, Inc.
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Castsand Typedefs

int i;

real f = 3.1515;

44P-‘Mﬁiiiall

i = int'(f * 0.5):

complex type castsare

possible but need a typedef

addr ess_bus

t ypedef |ogic [31:0] address bus type;

addr ess_bus_type address_bus;: 411:;:: 200"

= address_bus_type' (i);

co(?desi gn
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Declaration and I nitialization

—1

||nt i ndex = 1;

one-line declar ation and
initialization does not
gener ate an event

I nt 1 ndex;
initial index = 1;

<
-

This generates an event
at timeO

wre w=a & b:

<=

Wire can be declared
and continoudly assigned
In oneline

wre w
assign w = a & b;

ﬁ:{ Samethingin 2 lines

>
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Arrays
Structures
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Packed and Unpacked Arrays

» Unpacked
— Can be any datatype

— Access only one element at atime
* Whole arrays can be copied

— Usesarange: int Mem[1023:0]
— Cusessize: int Mem[1024]

« Packed
— All bit-level types:reg, wre, logic, bit
— Access whole array or dlice as a vector

) . © 2001 Co-Design Automation, Inc.
co=des gn Tutorial presented at HDL con 2/28/2001 - SUPERLOG Public Subset

. automation



Packed and Unpacked Arrays

unpacked bit a [3:0];
array of > | E ::> .
bits %/ :
a2
Don’t get them mixed up um( ®
packed \
arrayof 0 >[bit [3:0] p; Tl
oy m— v e
L AOBIt L Mhit [15:0] memory [1023: 0]
memory menory[i] = ~menory[i]; '
IOl Packed indexes
menory[i][15:8] = O; il‘—r can be diced
) . © 2001 Co-Design Automation, Inc.
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Multidimensional Arrays

2D array int a[7:0][7:0]: dfflrbitr?ry
C . Imensions
a[x][y] = 0; possible

bit ucube [ maxx: 0] [maxy: 0] [ maxz: 0] ;
3D array#> bit [maxz:0] pcube[ maxx: 0] [ maxy: 0] ;

Unpacked indexes
scube[ x] [y][2] = 5 ~— must be specified
pcube[x][y] = 0; |

Packed - = '1: :
| pcube[ x] [y] [1:0] = 1<:: Last packed index

dirrgs?ffgpﬁ{yi% -Tpcube[ x] [y][2: 0] ++; may be a part select

Complex data structures are easily defined

) . © 2001 Co-Design Automation, Inc.
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Array Literals

. |int Al2:0] ={0,1,2}; <,': like

JLLELZEIN0T oy int nines[1:9] = {9{9}}; concatenation

Assignment ®>A = {3, 4, 5};

real R[1:0][1:0]

Bracesreflect ', _ 111 54 5) {5.0,0.5}}:

array layout [ V1

byt e Frame[ W DTH: 1] [ HEl GHT: 1]
= {W DTH{ { HEl GHT{ 8’ hA5}}}};
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Array Initialization

typedef bit [24:0] nydata t;

Packed:> mydata_t [0: 3] data_pack = {
array 25' d2, 25' d4, 25' d78, 25' d27};

{}=concatenation

e ::> mydata_t data dense[0:3] =

{
2, 4,78, 27} : <

{}=array element
initialization

Careful! Array
initialization with {} means

different thingsfor packed
and unpacked arrays

© 2001 Co-Design Automation, Inc.
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Strings

string sl1, s2;

s1 = "": <::< null string

—— Theformat string

S2 =

sl = {sl, s2}; <::< concatenation

$di spl ay("s1=%, s2=%", sl, s2); i display

bealiteral

if (s1 == s2) Thestring datatypeisavariable size
packed array of characters, indexed
from Oto $, with the special property

that an element of thearray isalso
of type string

“Strings are an extension to both Verilog and C
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Enumerated Data Types

t ypedef enum {bashful, doc, dopey, grunpy,

happy, sl eepy, sneezy} dwarf_type; — |
dwarf _type dwarf;

enum {yes, no=0, maybe} choi ce;

choi ce = maybe;
$di spl ay("dwar f =% choi ce=%", dwarf, choice );
$di spl ay("dwar f =% choi ce=%", dwarf, choice );

dwar f =dopey choi ce=maybe
dwar f = 2 choi ce= 2

dwar f =dwar f _type' (2); <:|:|| Must use cast

dwar f =dwar f _t ype' (no);
myi nt =i nt' (happy) ;

© 2001 Co-Design Automation, Inc.

COQ(j e S'i g N Tutorial presented at HDL con 2/28/2001 - SUPERL OG Public Subset

<€

automation



Unique enum Elements

t ypedef enum {
r street, r_alley, r_square Enum elements must be

} roads_e; uniqueto the current scope
t ypedef enum {

g rectangle, g square, g triangle
} geonetric_e;

|f ambiguous elementsare

begin: enl required, put the enums
enum { street, alley, square } roads_e; into separ ate scopes
end (blocks, modules, or

begi n: en2

enum { rectangle, square, triangle }
geonetric_e;
end

Interfaces)

enl.roads_e = square;
en2. geonetri c_e = square;
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Structures

t ypedef struct {
real FO, F1,;
int 10, I1;
| nstruction IR
} reg_bank;

structure

type reg bank is
record

FO, F1 : Real:
10, I'1 : Integer;
| R I nstruction;

end record;

VHDL
Record

<d_

Likein C but without
the optional structure

tags beforethe {

® Flexible datatypes, compact

co(?desi Zn
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More Structures

t ypedef struct {
byte R G B;
} RGB;

<.':f| constant

const RG BLUE = {0, 0, 255};

RGB Frane[ 640: 0] [ 480: 0] ; <l:< array of struct

Frame[x][y] = BLUE; < struct copy

nodul e Xforn(input RGB pi Xin,
out put RGB pi xout);

endnodul e
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Unions

typedef union { << union

irgf,ﬂ nf again, likein C
} u_type;

u_type u; estructs and unions can be
S assigned asawhole
initial
begi n : «Can be passed through
u.n = 27, Nt tasks/functions/ports asa whole
$di spl ay("n=%", u.n); o _
u.f = 3.1415: @ real ecan contain fixed size packed or
$display("f=%",u.f); unpacked arrays
enifl ni sh(0); .pointers
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Struct and Union Example

t ypedef struct {

bit is real;

union { int i; real f;} n;
} nunber type;

nunber _type num

initial
begi n
assign_real (num -3.1415);
print num num ;

assign_int(num 1024);
print num num ;

$finish(0);
end

task printnunm(input nunber _type nun;
if (numis_real)
$di spl ay("nunm=% (real)", numn.f);
el se
$di splay("nunme% (int)", numn.i);
endt ask

task assign_real (out put nunber type num
i nput real f);
begi n
numis real = 1;
numn.f = f;
end
endt ask

task assign_int(output nunber type num

input int i);
begi n
numis real = 0;
numn.i = i;
end
endt ask

co(des1 gn
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Dynamic Types

t ypedef struct { task assi gnnun{out put nunber _type num input dynamc d);
bit is valid: i f (g.$_type ==int || d. $type == real)
. ) egin
dynam ¢ dat[ a, numdata = d;
} nunber_type; numis_valid = 1;
end
nunber _type num el se
numis valid = 0;
initial endt ask
begi n_ task printnun(input nunber_type nun;
assi gnnun( num - 3. 1415); if (numis_valid)
pri nt nun( num ; case (num data. $type)
real : $display("num=% (real)", real'(numdata));
assi gnnun{ num 1024); int: $display("nume% (int)", int'(numdata));
. endcase
print nunm( num ; el se
$di splay("data is not valid");
$finish; endt ask
end
Task call be called
with different
: : argument types
* Polymor phism in SUPERL OG g yp

© 2001 Co-Design Automation, Inc.
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Varargsand Structure Literals

typedef struct { byte header;

bit [31:0] payload; } cell _type;

task cal c_check_sum (out put unsigned byte checksum
cell _type cell;
checksum = 0;
for (int i =0; i
begi n

< $varargc; i++)

checksum += cel | . header;
end
endt ask

) B —

——— varargs

cell = cell type' ($varargv[i]); <‘,:<cast varargto cel type

unsi gned byte checksum
cell type c2;

cell type cl = {8 ha7, 32' hfeeble
c2 = {8 ha0, 32' hbeefeale };

cal c_check_sumchecksum cl);
cal c_check_sum(checksum c1, c2);

Task can be called with
variable number of arguments

i Y
co(des1 gn
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Pointers
Queues

L]
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Pointers

o SUPERLOG pointers point to any datatype

— Pointers can also reference any SUPERLOG object in a
design
o tasks, functions, processes, module instances
* More efficient to pass a pointer to alarge structure
than copying it

» Uses safe pointers to make code easier to debug
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Safe Pointers

* A SUPERLOG safe pointer always pointsto avalid
reference or isnull

* Runtime warnings are generated for
— Dereferencing an uninitialized or null pointer

— Deallocating memory when other pointers still have
references

e Can beturned off later to iImprove performance
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Pointer Syntax

* ref means "create areference to"
— Declaration:ref 1 nt 1ptr;
— Note: Cannot mix pointer declarations with regular variables
— Inanexpression: i ptr =ref 1;
— Worksthesameas & inC
» deref means "the object pointed to by"
— Inanexpression: deref i1 ptr = 1;
— Worksthesameas*i ptr =inC
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Pointers and Structures

* Pointersto structures need separate typedefs
A structure can have a pointer to its own type

]
t ypedef struct
ypi nt n: { structurefor a

ref nunber type next; linked list
} nunber _type;

task printlist(input ref nunber type pstart);
automatic ref nunber type p = pstart;
whi | e( p)

begi n walk through
$di spl gy(";/al ue=%l", p->n); <.|: the linked list
p = p->next;

end
endt ask

) . © 2001 Co-Design Automation, Inc.
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Pointer Differencesto C

C SUPERLOG
main () { t ypedef struct {
i nt val ue;
typedef stryct tmp { char c:
Lﬂgrvi!ue, (: ref struct_type next;
: struct _type;
struct tnp *next; snlkyuT“ : - P
} struct _type; eﬁ@g

struct type st;

struct_type st; ref struct_type p;

struct _type *p;

p = ref st;
Py 1 p->val ue = 17;
p->val ue = 17; $di spl ay("val ue=%", p->val ue);

pr!ntf("valuez@@\n", p=>valle); $di spl ay("val ue=%", (dref p).value);
printf("value=%\n", (*p).value); $fi ni sh(0):

exit(0);
}

p = &st;
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Pointersand Arrays

 Pointers can reference an unpacked array element
— The array name is not an pointer asin C

* Only pointersto an array can be incremented and
decremented

int a[1:10]; // declares an array of integers

ref int p; /'l declares that p wll point to an integer
p =ref a[l]; // sets pointer to address of af1]

pt++; /'l increnents pointer to address of af?2]
deref p =1; // sane as a[2] =1

) . © 2001 Co-Design Automation, Inc.
co=des gn Tutorial presented at HDL con 2/28/2001 - SUPERLOG Public Subset

. automation




Dynamic Memory Allocation

t ypedef struct {
I nt n;
bit [31:0] field;, = astructureas
} data_type; ~ ] adatatype
1| pisarefto
ref data type p, p2; <= data type

p = $all oc(data_type);

p->n = 27 <<:

a second r ef
p2tothesame::> p2 = p;
location

) . © 2001 Co-Design Automation, Inc.
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Dynamic Memory Deallocation

Statement Safe Mode Action Safe Mode Warning

All pointersto memory | Other pointers to memory
f :
$tree(p) set to null displayed

All pointers to memory
del et
$del ete(p) set to null

p = NULL;

02 = NULL: Memory leak

Safety has a performance hit
Enabled/disabled by the ssmulator
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Queues

bit [7:0] myq[O: $] ;<|_|_ define a queue of

8 bit logic items

out = mal0li <o st
herigh
out = myq[$]; <ﬁ accr:fstt itee:%g t
: —— linsert n at the left
nyg = {n, myq[0:$] } < ° side of the queue
+==1 append n on the
nyq = {nyq, n}; <|—|— right

myq[X]=

eaqueueisavariable
length array

*myq[0] myq[1] ... myq[9]

Queue manipulation
syntax issimilar to

concatenation and bit
select in packed arrays

¢ Concise, Simple, Power ful. I ntuitive Syntax.

@

automation
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More Queues

typedef struct {bit [9:0] addr;

bit [51:0] data; | :
} packet ; | | <4—| Define a queue of packets

packet gp [0: $];

gp = gp[1: %] ; <F# Deletethe left most item

qp[ 0: $- 1] ; <;,:< Delete theright most item

ap

n_items = gp. $num — Get therllrjlrengjreuo;itemsin

for (int i=0; i<qgp.S$num i++)<: To step through the queue
apli] = ... use an integer index

ap = {}; <;: Delete the whole queue
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Queue Asalist

if ( (pos + 1) == g.$num)

append g = {q, n};
I el se
insert q = {q[0:pos], n, g[pos+1:$]};

endt ask

task qginsertafter(input int n, input int pos);
begi n
if ( (pos > q.$num || (pos < 0) )
begi n
$di spl ay(" ERROR out of bounds");
return;
end

Task toinsert
n after position
pos

Il

g[n,n-1] istaken to be {}
q[0:1] : 2 items

g[0:Q]: 1 item
g[0,-1] : Oitems

task ginsertafter(input int n, input

q = {q[0:pos], n, qg[pos+1:3$]},;
endt ask

I nt pos);

- 1SameTask in 3

~N lines

® Queue oper ations can be encapsulated in tasks

© 2001 Co-Design Automation, Inc.
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Queue Asa Fixed Length Shift Register

nmodul e shiftreg(input bit clk,
I nput logic [7:0] in,
output logic [7:0] out );

par anet er i nt delay = 24;
logic [7:0] g [O: $];

initial Fill up the
repeat (delay) q = {8' bx, q}; < queue
al ways @ posedge cl k)
begi n
out = q[ $]; Push and Pop
g ={in, q[0:%-1]}; <n|: items
end
endnodul e
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Queuesfor Verification

g Transactions
“ml ‘ ‘ ‘ ‘ Ffffm

?fffffffffd{lﬁf

o
. DD %’iyﬁ
Stimulus Compare
eneration : Response
— 3| Desgn >

Data Stream

Transactions span many clock cycles
Queues accommodate variable latencies from input to output
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Queues and Pointers

t ypedef struct {
int fieldi; Response
int field2;
} packet_s; bl ock_p b_p;
t ypedef ref packet s bl ock p;
bl ock_p bp_q[0:$]; //gl obal al way's
. begi n
Stimulus @ posedge clk iff bp_g. $num
b_p = bp_q[0];
bl ock_p b_p; bp_q = bp_q[1:9$]; Pop
recei ve_bl ock(b_p);
al ways $free(b_p);
begi n end
b p = $all oc(packet _s);
bp_q = {bp_q, b_p}; Push
send_bl ock(b_p);
end

Move pointersinstead of data
Performance gained from high level abstraction
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Operators

a<=b + c;

bump j Xt
operators if (++c > 17) c=0;

s =1 << n;

*All the operatorsyou
would expect from Verilog
and C

Si
sig_ |

I
X X

Mmux ’\:\'>i>i = (s)?b: a;

The power of C and Verilog
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Branch and L oop Constructs

if (a <0) return(-a); . \
el se return(a); <::< if else
for (i=0; i <= max; i=i+1) |
do_calc(i): <::< for
while (a != c) 4 : asin
i <ﬁ while _
LR Verilog 1995
repeat (n)
@ posedge cl k) ; <# repeat
forever |
ol k++; <# forever Yy,
do - - -
a = next(a,b,c); do whilelikein C
while (a !'= 0);
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Event Control

byte i;
initial

repeat (256) #10 i = $random

always @witten i)
$di spl ay("i has been assigned to %l,

al ways @ changed i)

$di splay("i changed value to %", i);

always @(i)
Isthe same as

always @(changed i)

“Useful for Transaction based designs
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Event Control

e Can be used to trigger an event
— Static variables
e Can not be used to trigger an event

— Automatic variables
— Imported C variables

@ vari abl e) /| event contr ol
wai t (vari abl e)

assign O = vari abl e; /| continuous assi gnnment

np inst(.,variable,,); // input to nodule or primtive
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Always Block Enhancements

workslike always @b or c)
in Verilog il

al ways_conb
a=>b &c;

salways comb
if(ck) q = d; salways latch
« alwayswith an
_ : implicit sensitivity
Better control of Synthesis, more security list

al ways | atch
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Comparison of Sensitivity List Styles

—

Sensitive to all the

a=>b &c;
the block only starts
evaluating on the

first changeof b or c | ogi ¢ a;
al ways @*)
a=>b &c;

Shorthand
form

| ogi c a; |
| bor o) < 0 g |
Initially x, because always @b or ©) signalson theright

N~
_—

SUPERLOG

behavior: the signal evaluatesat time 0

isevaluated at time 0

and whenever b or ¢ Verilog style assign

for wires

wre w,
assign
w=0>0b & c;

| ogi c a;
Proper wired logic al ways_conb < : always_comb also
a=>b &c;

change

N~
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Simulation vs. Synthesis Results

* Synthesis pragmas cause results to diverge
« SUPERLOG adds verifiable synthesis constructs
* priority case

— Tests each case condition in order and makes surethereis
at least one branch taken

e unigue case

— Tests all case conditions and makes sure that one and only
one condition matches
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Priority and Unique Case

priority casez (b) L TN mp—
4' p0000: $wite("zero") <4_ number has no match
4' b???1: $wite("odd");
endcase

uni que casez (b) Ry
4' b0000: $write("zero"); < ze?o;nnaﬁ:/?n
4' b???1: $wite("odd");
4' b???0: $wite("even");
default: $wite("other");
endcase

Simulation pre and post synthesis agree

“No need for 'parallel_case' synthesis pragmas
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Priority and Unique If

uni que i f means

uni que ?f (tt[0]) that theel se i f
$dlsplay( even”) conditions do not
else if (t[1]) overlap

$di spl ay("bi g");
el se $di splay("small odd");

priority if gives warning *Functions same as
if thereisno final else priority/unique case

but the else condition
happens

“Extraerror checking
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Jumps

« Use break and continue in loopsjust likein C

f orever
begi n
n=mn+ 1; | continue starts
If ( (n%3) == 0 ) continue; < the next loop
$display("n is %", n); iteration
1 f (n == 22) break;
end <<:E:¥7;\\\\\
Cak b,
wor ks with: Oop
for

whi | e

f orever

r epeat
do whil e
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Functions

function | ogic [15:0] func% input keywcler
| .Ogl ¢ m : : optional
bit [15:0] inl, in2);
: \'/|: begin end is optional
return ::b>eg| " . . X —] in task and functions
keyword en:‘jeturn((l nl + in2) m ;

endf uncti on

can havevoid function void print(int n);
functions C
(or usetasks) endf uncti on

SUPERL OG functions can have output arguments
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Recur sive Functions

nodul e t op;

| nt n;

lnitial
begi n

$di spl ay("The factorials from1l to %",

for (n=0; n <= MAX; n =n + 1)

$di spl ay(" %! =9@", n, factorial(n)):

end

function automatic int factorial (int n);
1 f (n==0) return(l);
el se return(factorial(n-1) * n);

endf uncti on
reCUr .
endnodul e ‘<:t:{i::::giﬁii7

MVAX) ;

Recursive functions and tasks are possible
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Tasks With Return

nodul e pri nesear ch;
paraneter int max = 20;
i nt prines[ mx: 0] ;

I nt next;
initial
begi n
int i;
prinmes[0] = 2; next = 1;
for (i=3; next<=max; i =1 + 2)

test _prime(i);
end

task test prinme (input int try this);
I nt 1 =0;
while ( (i < next) && ( (2 * prines[i]) <=try this ) )

If ( try this %prines[i++] == 0 ) return;
$di splay("%l is prine", try_this); return
eng{;gﬁs[next++] = try this; kemeWd
endnodul e
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Pr ocess Statement

al ways @ posedge cl k) $display("tick...");

<::’< Monitor the clock

initial
begi n
$display("% W are at tine zero", $tine)
process forever #10 clk = !clk; SUEIL PG s e
$display("% W are still at tinme zero", gener ate the clock
$tine);
end
O W are at tine zero ||
O W are still at tine zero <::_| Ul
:: EE N process islikeafork
tick... without thejoin or the
tick... & in Unix
tick...
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Retriggerable Always Block

> time
al ways @ ev)
begi n ' g Y
#10 $di splay("A done"); A A A

end
gvent =
guallowed U

al ways @ev) process RVB
begi n
#10 $di spl ay("B done");
end

Impossiblein Verilog
Usewith automatic tasksto create re-entrant code
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Public versus Private | nterface Constructs

e Only basic interface definitions presented in this
tutorial

* Advanced communication capabilities and OO
features, contained within full interfaces, currently
available only under NDA

* Please contact Co-Design Automation for afull
Interface definition
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What |Is an I nterface?

int i; . int i;
logic [7:0] a: At the simplest wire [7:0] a;
level an interface Cntert —

typedef struct { istoawire e T
IQ;'C’[?:O] a: what a struct isto wire [7:0] a;
} s_type; avariable endi nterface
wire w,

intf if1;

mdA a (w iT1); You can think of a

wireasa built in

Interface

“Encapsulates communication like a struct encapsulates data
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Systems Without the I nterface Constr uct

| I I I |

1

=
=

nodul e mem control (
input wire clk, global _reset,
inout wire [63:0] data_bus,
input wire ctl1, ctl2, ctl3,

schematics map plL_ input bit prel, pre2, pres,

‘ﬂ*i"*jlii : {nput wire a0, al, f_pdec,
:' ¢¢ E toave_rllog — 1. input wire f_dsj, f_dip,
[ L" netlist f dil, g_ty0, g tyl, g ty2,

Asin Verilog: Hierarchy isonly
In the modules and not in the

Interfaces which are all exploded
INto separate wires

co(?desi Zn
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| nter faces Reduce | nter connection T ext

interface systembus_intf;
wire [63:0] data_bus;
wre ctll, ctl2, ctl3,
bit prel, pre2, pre3,

nodul e mem control (
interface system bus,
interface nenory interface,

Concise, maintainable and readable code
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Interfaces Keegp the Code Maintainable

No need to edit dozens of files of intermediate levelstoinsert just one signal
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Modports

I nt

interface iface i;
bit sigl,

si g2;
I nt er nal ;

nodport nodeA( out put sigl,
si g1,

nodeB( i nput

endi nterface

I nput sig2),
out put sig2);

<

nodul e nodA(iface_i.nodeA iface);

I face.sigl <= 0;
w <= i face.sig2,

endnodul e

Specifiesthe
accessibility and
direction of
interface signals

I face.sig2 <= 1;

endnodul e

nodul e nodB(iface_i.nodeB iface);

modA

modB

co(des1 gn
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Finite State M achines
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Simple FSM Example

*Simple FSM example
ofinds serial pattern 101
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Explicit Style

nodul e FSM 1( output |ogic found_ 101,
input logic serial, clk, reset);

paraneter bit [1:0] SO =0, S1 =1, S2 = 2;
bit [1:0] nextState: <: need current and next
bit [1:0] currentState; state variables

al ways @reset or serial or currentState) begin

found 101 = O;
next State = current St at e; <:: case statement for the
if(reset) nextState = SO;
el se case(current State) states
SO: if (serial == 1) nextState = S2;

S2: if (serial == 0) nextState = S1; el se nextState = S2; 18 lines

S1: begin nextState = SO;
if (serial == 1) found_101 = 1; end

endcase
end

al ways @ posedge cl k) currentState <= next State;
endnodul e
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Transition Based Style

nmodul e FSM 5( out put | ogic found 101,
i nput logic serial, clk, reset);
state {S0, S1, S2} S;

al ways @ posedge reset)
transition (S) default:->> S0;
endtransition

describe
(ransitions, ratner
than gales

al ways @ posedge clk iff !lreset)
transition (S)
SO:if (serial == 1) SO _S2 ->>S2;
S2:if (serial == 0) S2_S1 ->> S1;
S1:S1_S0 ->> SO;
endtransition

al ways _conb found 101 <= S. S1 && seri al;

endnodul e

Easily Human and machine under standable, compact
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Hierarchical State M achines

e Structured state machine declaration
state { STA, {sl, s2, s3} STB,
{ {4, s5,s6}cl and {s7,s8}c2 }STC

}hfsmi;
\\Cmc
Ul‘rent States

STC_ ™

A @STB Nﬁ@cl
(o (@ @ (®(®

@CZ

assi gn out =hf sml. STB; <:J~ Equivalent
assign out=hfsml.sl || hfsnml.s2 || hfsm s3; statements
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Vending Machine FSM Example

typedef l_l/J>typedef enum { none, ten, five } coin_type;

nodul e vend ( input coin_type coin,
i nput bit clk,
output bit fifteen );

L~
states ——Tstate {s0, s5 s10, s15} st;

al ways @ posedge cl k)
transition(st)

L sO: if (coin ==ten) tl1 ->>s10; fifteen <= 0;

astate F:"> else if (coin ==five) t2 ->> s5; fifteen <= 0;
sb5: if (coin ==ten) t3 ->> s15; fifteen <= 1;

else if (coin == five) t4 ->> s10; fifteen <= 0O;

s10: if (coin ==ten) t5 ->> s15; fifteen <= 1;

else if (coin == five) t6 ->> sl15; fifteen <= 1;

s15: t7 ->> s0; fifteen <= O;

endtransition

endnodul e
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Vending Machine Testbench

al ways #100 cl k = !clk;

vend V (coin, clk, fifteen);

initial
begi n
fork @/.st.tl;, @.st.t2;
@/.st.t3; @.st.t4;
@/.st.t5;, @/ st.t6;
@.st.t7; join

$finish(0);

end

al ways insert_coin(tossup());

Checking the Coverage

function coin_type tossup();
switch($randon() % 3)
case 1: return(five);
case 2: return(ten);
default: return(none);
endswi t ch
endf uncti on

task insert_coin(input coin_type c);

begi n
coin <= c;
if (c == five) sum+= 5;
if (c ==ten) sum+= 10;

@ posedge cl k) coin <= none;

@ posedge clk) if (sum>= 15) begin
if (fifteen !'= 1) $display("ERRCR");
sum = 0;

end

else if (fifteen == 1)
$di spl ay(" ERROR") ;

end
endt ask

co(des1 gn
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C Interoperability
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SUPERL OG C Interoperability

« SUPERLOG and SYSTEMSIM includes the
capability to import and export C objects and
tasks/functions, in a manner that allows easy mixing
of C and SUPERLOG/Verilog code. Thisalso
eliminates the use of the PL| within the ssimulator,
making the mechanism easy to use and fast.

e Thiscapability isnot described in the tutorial but
Information may be obtained from Co-Design
Automation.
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The Co-Design Automation Product Line

Streamlining Design, Accelerating Verification

HSLIPERL.OG
HW, SW, Architecture, Verification C/ C++ HDL
* Methodology
o SYSTEMSIM performance
SYSTEM EX M ulti-lingual P..alrser % o M ul t| I | ngua|
Design Elabor ator Fast/Interactive E .
Smusia S| = SoC flexibility
CEZQRS;L[&:J':; Ex::aDcl;ion Egtiaccjcri;n SUPERCHARGER -(7;5- . I n tegr atl on Of
CBlend™ Technology s .
Verification Solvers -g key funCtI Ons
Constraints HDL C/C++

SYSTEMEX: Enabling SUPERL OG SYSTEM SIM: Performance,
abstraction Flexibility, Evolution
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The SYSTEMSIM Unifying Simulator

Performance AND Interactivity

— Unigque Compiled Code/ Interpreted SYS I E M Sl M
Supercharger enables fast, flexible ssimulation
Multi-lingual Par ser I
Integrated verification & system design :

—  Allows simulation/verification/system Fast/Interactive
abstraction all within single simulator Simulation Kernel
Unique C/ HDL Interleaving SUPERCHARGER I

— CBlend enables no-pli C, Verilog, SUPERLOG
mixing for speed and ease of use CBlend™ Technology I
Fully functional Verilog drop-in capability Verification Solvers I

— Language, PLI, debug, third party interfaces

Debug/ Standard Interfaces

Fast ssmulation with integrated verification and
seamless C/C++ interleaving, driven by SUPERLOG
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SUPERL OG Abstraction to I mplementation

Fast, Abstract Code May Now Be Synthesized
HSLIPERL.OG

et2chi
g % P

U

SYSTEMEX

Design Elaborator

Constraint HDL C/C++
Extraction Extraction Extraction : e
1 VOLARE
Synthesis Tools Get2Chip’sVolare

Architectural Synthesizer
reads SUPERL OG directly
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Co-Design Automation At Large

Aiming to open SUPERL OG for public standardization
—

EDA

SUPERLOG General L anguage roviders Customer Industry Steering Standards
announced AUty experts éoommence proven steering group Or ganization
interest interested e flows group ratification Ratification
utilization
OCOBBOVe
cofdesign = DA Rz
H / Nor‘tel \ CONSORTIUM
L Transmeta  Micronas
o S & SEJUENCE | ] SVﬂl]FSVS||n -Sync
get28hip niovas Ericsson Selko-Epsom GGereleiz) Q K
iue. Silicon Forest i N . ”
%ﬁ Research, Inc. ‘ TOSh' ba .E
+ 3 to be announced Some | nitial SUPERLOG Customers
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SUPERLOG In Action - Ericsson

Seamless algorithm to implementation flow + linked verification,
provides modeling accuracy and methodology productivity

The process of Successive
Refinement allowed Ericsson to
develop high level algorithm

H models, test them quickly, and
then switch in individual block
Implementations and ensuring

minimal regressions

ERICSSON =

SUPERLOG
M odel

SUPERLOG/C
Verification Environment

00 O

SUPERLOG
(Verilog) RTL
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SUPERLOG In Action - Nortel Networks

Nortel’s Networking Verification Environment
Several X faster than compar able envs., shorter learning curve

Test _ _
Generation = Verilog = Pr otocol
LL . LL
Blocks m Design m Checks
II
'Data Tagging Queues

“Co-Design's SUPERL OG language enables faster
design creation and effective verification, but in a ﬁﬂMEL
practical, evolutionary manner."

Anders Nordstrom, ASIC Development HEWI}HHE-

Manager, Nortel Networks, Inc.
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TheFirst SUPERLOG “ Tape-Out”

SUPERLOG & SYSTEMSIM proven in customer design

e Complex DSP device - paralld,
echo cancellation agorithm

FreeHand Communication AB ° Project used combination of C
— DSP solutions on silicon (CBlend) and SU PERL OG

e |P provided to Freehand
customer who taped out product

* Device completed on time with
first iteration success

“By eliminating interface overhead, SY STEMSIM has enabled a clean and highly efficient
Integration of our DSP Instruction Set Simulator (ISS) model. The resulting ease of use and
performance benefits will accelerate our development cycle by a significant factor.”

Harald Bergh, CEO, FreeHand Communication AB
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CapabilitiesNOT INCLUDED In This Tutorial

SUPERL OG Publication Stages
—

Complex System Verification
Verilog Verilog C C Structures Features Features
Verilog9s 2000 Additions Programmmglnteroperability (Queues, (Interfaces, (Asserts,
Features Processes Contral, Coverage,
etc.) etc.) etc)
= |

* Verification capabilities including test generation, result checking,
coverage and property specification.

e Object Orientated features including the use of class
« Communication Orientated features and other interface capabilities
* Various other programming and system abstraction features
* Some Verilog 2000 features
For Morelnformation On These Please Contact Co-Design Automation.
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Order Of Magnitude Productivity Enhancements

Practical Productivity

I ‘ I ‘ Time Saved

Direct Performance Overall Productivity
* Concise RTL implementation * Integrated algorithm modeling
 PLI eimination « Efficient testbench creation
* Simulation speed acceleration * Rapid debug
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More |nformation?

Please Contact:

Co-Design Automation, Inc.

Tel: 18776 CODESIGN

Email: info@co-design.com

Web: www.co-design.com
www.superlog.org

HSLIPERL.OG
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