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Simulation

* Behavioral level simulation

* System level simulation

* Functional level simulation

circuit model

Simulation = modelling + analysis > >
pattern > DUT > -
generator —»| || logic
> »- analyzer
Modelling
* Logic level simulation ‘
* RT-level simulation
simulator
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Simulation problems
Module Regression System
1400 1400 debug test integration
1200 [ ] processor 1000 | ovent- :
l:l ASIC driven |
1000 :
800 100 !
600 ‘gv ,
[
400 265 270 10 :
200 | ., s0 78 |
— |
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CPU years per chip [Chrysalis] [Quickturn] time
Times for formal verification (Avant! ‘99) Cadence Incisive
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Simulators

* Time-driven:
all components of the digital logic system are evaluated at every time step

* Event-driven:
system input events are kept in an time-ordered event queue

Simulation delay models

* Unit-delay (RTL simulator)
* Zero-delay

* delta-delay (VHDL) -- &-delay, A-delay
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Unit-delay simulation model

4% Begin simulation cycle )

F Evaluate expressions and add J

events (future values) to the buffers

[C Update values for the next cycle )

Y

( Finish simulation cycle )

YES ;
Has the halting condition been met? »——»| Nothing
left to do

AT

A
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x1l <=
x2 <=

a and b;
not c¢;

x1

oo
<

x2

y <= x1 xor x2;

Unit-delay simulation model (example)

t t+lns t+2ns

g
|

time
[ns]

(=t [xa=t] [y=0]

event
queues
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Zero-delay simulation model

Begin simulation cycle )

=

AT

A

YES :

Add new event to the queue

Y

Are there more events
scheduled for this moment?

§NO
( Finish simulation cycle )

[ Immediately evaluate and update

YES

_ | Nothing
/

. "yt 2
Has the halting condition been met~ left to do
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Zero-delay simulation model (example #1)
xl <= a and b; ;; *"*‘%*‘*"*F**‘**‘%*‘**‘4*‘**‘*%‘*’
X2 <= not c; e e e R e
y <= x1 xor x2; )ccl ____3____3_____3__
x2 S T o
a x1 Yy f f : : :
b@y L
¢ . ¢ Lt v
c x2 f f 3 | __ time
wont | [B=L] o=t Te=0T [xa=1] [x2=1] [g]
aueues || =0 [e=0] [xi=1] x2=1 [y=0)
x1=1| |x2=1| |y=0 |
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Zero-delay simulation model (example #2)

xl <= a and b; g e e e
x2 <= not c; c -
<= x1 xor x2; ‘ : : : f
Y x1 A e s— ———

x2 ———
x1 y [

a : ! :
b@y S D D

Lt ot ot [ [ 4
c x2

o Wp=t] [p=i] st Ty=i] (0=t [ne)
queues | c=0 | [x1=1] [y=1] [e=0] | y=0 |

‘ c=0 ‘ ‘ c=0 ‘ ‘x2=1\
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(I
Delta-delay (VHDL) simulation model
(Initialization. All processes are resumables)
4% Begin simulation cycle )
4>( Resume processes )
v
C Evaluate and assign variables.
Evaluate signal assignments and
add results to the signal drivers.
Wait until processes are suspended.
[C Update signal values j
Evaluate wait conditions and add
resumable processes to a queue
|
<Are there events to be processed? NO
A8\< Are they at time “now”? >
YES : Nothin
Next event before time’high? > 9
< 5 9 NO | left to do
AT 4—( Finish simulation cycle )
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Delta-delay (VHDL) simulation model (example)

x1 <= a and b; g R e e
X2 <= not c; c ——--------f-------
<= x1 xor x2; ‘ : 1
Y x1 3 —
x2 —
a x1 y
b y : : :
Tt CEHA CoE+2A
C 2 : : : >
X 3 3 3 time
|b=1] |x1=1] | y=0] [ns]
event ‘

o
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VHDL simulation scheme
Process execution
Simulation begins
statement E
statement D
statement C
Updating Process statement B
signals execution statement A
1 A1 A2 A3 A4 A5 A-time
Simulation ends
Simulation time
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Drivers and delay modelling

Waveform generation

y <= ‘0’ after 0 ns, '1l’ after 20 ns, '0’ after 50 ns;
¢ 30 ns pulse at 20 ns after the simulation starts

* events should be listed in the increasing order of time

Transport and inertial delays
y <= transport inp a after 20 ns;

¢ the new value is added to the list of events at the scheduled point in time; if there are other
entries in the list, scheduled at a later point in the time, these entries will be cancelled
y <= inp _a after 20 ns;

¢ ashorter pulse than 20 ns will be suppressed
y <= reject 10 ns inertial inp a after 100 ns;

¢ definition of minimum pulse width 10 ns
y <= reject 0 ns inertial inp a after 20 ns;

* equivalent to transport delay
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Delta delay example #1
time Iset | x y | reset | stm.
-- SR flip-flop 20 ns \ 1 1 (1)
x <= not (y and lset); -- (1) 20 ns + 1A 0 7 1 1 2)
y <= not (x and reset); -- (2)
20 ns + 2A 0 1 | 1 (1)
20 ns + 3A 0 1 0 1 -
30 ns _ 1 0 1 (1)
30 ns + 1A 1 1 0 1 -
40 ns 1 1 0 | (2)
40 ns + 1A 1 1 _ 0 (1)
40 ns + 2A 1 \ 1 0 (2)
40 ns + 3A 1 0 1 0 -
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Delta delay example #2
time Iset | x y | reset | stm.
-- SR flip-flop + delays 20 ns \ 1 1 )
X <= not (y and lset) 22 ns 0 7 1 1 2)
after 2 ns; -- (1)
y <= not (x and reset) 24 ns 0 1 L 1 (1)
after 2 ns; -- (2) 24 ns + 1A 0 1 0 1 -
30 ns ) 1 0 1 (1)
30 ns +1A 1 1 0 1 -
40 ns 1 1 0 | (2)
42 ns 1 1 _ 0 (1)
44 ns 1 \ 1 0 (2)
44 ns + 1A 1 0 1 0 -
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Delta delay example #3

o time Iset | x y | reset | stm.

* Dangers of default initialization
Ons _ \_ \_ _ (1),(2)
-- SR flip-flop & oscillation Ons+1A 1 S 1 (1),(2)
x <= not (y and lset); -- (1) 0 ns +2A 1| L 1 1(1)(2)
y <= not (x and reset); -- (2) 0 ns + 3A 1 N 1 (1),(2)
etc. 1 1 (1),(2)
Ons _ _ _ _ (1),(2)
Ons +1A 1 \_ \ 1 (1),(2)
0 ns + 2A 1 _ _ 1 (1),(2)
0 ns + 3A 1 \ \_ 1 (1),(2)
etc. 1 1 (1),(2)
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Preparing for VHDL simulation
* VHDL source -->

* VHDL Analyzer (vhdlan in Synopsys, vcom in ModelSim) -->
* VHDL intermediate format (analyzed code in library WORK) -->

* VHDL Simulator (scsim and GUI scirocco in Synopsys, vsim in ModelSim)
* VHDL Elaborator (scs in Synopsys, vsim in ModelSim) -->
* Processes interconnected by nets (internal format) -->
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Elaboration

) —

VHDL Elaboration

Processes interconnected
by nets (signals)

3
g Communication channel ©
. — 35
- ° 2 X
g |8 _[vi2v11 1[vo| 8| 3
8 vViZiv | VTV > $
S t12[t11] .. [ t1 ] t0 S
= —_
Q S
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Compilation and elaboration

entity
STANDARD - std_logic_1164 architecture
TEXTIO unsigned package
\ l / / configuration
Elaboration
hierarchical expansion
elaboration of generics and declarative parts
binding of components
storage allocation of objects
initial values assignment of objects
Initialization
explicit signals computed (resolved)
implicit signals assigned —— R.eady T[O start
processes executed until suspended simulation
simulation time set to O (ns, ps, ...)
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Kernel processes

Kernel processes

Sequential ‘

Sequential and parallel simulation

Parallel

I

A
simulation
step

[

Update signals
and resume
processes

i

Wait until all processes
have been stopped

yes yes

(

A
simulation
step

[

Update signals
and resume
processes

v

i

no no

no

no

7
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* Unit Under Test (UUT) represents a design itself

Functional Models

* A testbench may make use of FM and BFM models

* Functional Model (FM) is a model of a component which represents both the
interfaces and the internal operation or structure of the component

* Bus Functional Model (BFM) is a subset of the FM in that it only models the bus
interfaces and bus transactions of the component

* Testbench (TB) is a VHDL component which instantiates the UUT

7
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BFM Modeling

* |Instruction file command format

* Architectural command format

» |
Instruction Data fil
fle | READFILE (optional) || COMMAND
: PROCESS | PROCESS
|
4 control : X control
|
|

Bus protocol

I
I
I
I
I
I
I
I
I Bus protocol
I

I

formatted block formatted block
instructions (processesy instructions (processesl
I |
concurrent concurrent
' statements Bus ! statements -BUS
| ’ interface | ’ interface
| etc.) | | components) |
I I | |
L — e e — - 4 L - — - - — — — — - 4
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Testbench
Purposes:

* Stimuli generator(s)
* Verifier against UUT specification

* Report generation (human interface)
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What to test?
How to test?

How to verify?

UUT validation plan

uuT

TB architecture
block diagram

Components
Concurrent statements
Interconnect signals

TB - TestBench

UUT - Unit Under Test

Testbench design methodology

List of errors to be
detected by TB

UUT protocol errors
Environment errors

TB design

Coding

FM - Functional Model
BFM - Bus Functional Model
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UART Testbench
DATA (7 downto 0)
PROCESSOR B controls UART M
(BFM) - (UUT)
interrupts

A

itv/frami
< parity/framing errors

clock

Receive data

-

UART

(BFM or
process)
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Testbench architecture elements

* UUT (any level)

* Set of models which emulate
the bus interfaces and bus transactions to the UUT

* A clock generator for the system

* A bus verifier to perform timing and protocol checks (+ reports)

* Rationale:
* The UUT is the whole purpose of the testbench
* BFMs represent the environment to the UUT
* Clocks represent another environment to the UUT
* Bus verifier performs automatic verification function
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Result validation methodology

7 Testbench \ Testbench

A

/ )\ \

, y |

Y

~
=~ - -

Simulation #1

e
e

-

A

SYNTHESIS ™.

Comparison

\ System to be /’ Resulting
N synthesized 3 netlist
N (RTL code) e (logic gates)

~

.

Simulation #2

~
- —

-
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Design refinement validation

* Large projects & multiple teams

e one team -- one module
¢ behavioral --> RTL --> gate level

* Validating intermediate steps?

* the same test bench for all teams
* refining & replacing the module under design

* interactive / intelligent test benches
* test sequence extraction
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Design refinement validation

(D @
Test bench
(2) (F)
O @ 1 behavioral
E Module #1 Module #2 Module #3 vl

1
Module #1 Module #2 Module #3 RTL

gate
Module #1 Module #2 > Module #3 = level
L ® L ®

initial

Team #1 Team #2 Team #3 team 1, step 1

team 2, step 2

CIOIGIC)

final
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