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Why High Level Simulation

Challenges:

* Design Size/Complexity with Many module and design
interdependencies.

Solution Requirements

» Achieve the most reliable, smart, efficient and expeditious to deliver
first-time-working silicon on time.

* Find and fix all bugs in design early before tapeout. Cost of fixing them
increase exponentially with time as design evolve.

Proposed Solution:

» SystemVerilog provides key technologies. Complex synchronization
and timing mechanism, concurrent proccess allowing to simulate real
and dynamic tests.

» SystemVerilog support OO methodology allowing development of
reliable and reusable test environments.

NYILLRYAY
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Test environment

Testbench — Testbench

A complete verification k D
environment applying stimulus and
checking the response of a design
to implement one or more
testcases. A testcase can be
verified using a directed testbench 4 )
or constrained-random testbench
with functional coverage. DUT

*Verification Methodology Manual for SystemVerilog

SYNOPSYS
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The Simplest Verilog Testbench

module FSM_module (

input Clock,

input Reset,

output reg [1:0] state,
output reg out

I/l Timescale: #1=1ns, resolution 10ps
“timescale 1ns/10ps

module FSM_Testbench;

I/l Inputs ):

reg Clock; ’

rog Reset, endmodule

/I Outputs

wire [1:0] state;

wire out; @

/I Device Under Test >

FSM_module DUT( VCS
/I Inputs
.Clock(Clock),
.Reset(Reset), @
/I Outputs
.State(state), .
.out(out) S| mv

)

I Clock element @

always #5 Clock = ~Clock;
Chronologic VCS simulator copyright 1991-2008
Contains Synopsys proprietary information:

/I Input stimulus

initial begin Compiler version B-2008.12; Runtime version B-2008.12; Dec 20 05:08
Clock = 0; 2010
/I Reset
#10 Reset = 1, State: 1 Output: 0
#20 Reset = 0; State: 2 Output: 1
#10 . State: 0 Output: 0
/I Monitor State: 1 Output: 0
$dum_pvars"; § State: 2 Output: 1
$monitor ( "State: %d Output: %d", state, out); $finish called from file "../rtl/simple_verilog.v", line 37.
#ATO.; $finish at simulation time 8000
$finish; VCS Simulation Report
end Time: 80000 ps

endmodule CPU Time:  0.020 seconds;  Data structure:size: 0)0Mb
Mon Dec 20 05:08:19 2010

SYNOPSYS'
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The Simplest Verilog Testbench

I/l Timescale: #1=1ns, resolution 10ps
“timescale 1ns/10ps

module FSM_Testbench;

Il Inputs

reg %Iock; A ux vars. tO

reg Reset; .
interface

/I Outputs

wire [1:0] state; St/m U/US

wire out;

module FSM_module (
input Clock,
input Reset,
output reg [1:0] state,
output reg out

);

endmodule

/I Device Under Test

FSM_module DUT(
/I Inputs
.Clock(Clock),
.Reset(Reset),
/I Outputs
.State(state),
.out(out)

DUT
Instantiation

);

/I Clock element

always #5 Clock = ~Clock; <|:‘ C/OCking device

/I Input stimulus

initial begin
Clock = 0;
/I Reset
#10 Reset = 1;
#20 Reset = 0;
- | #10
VCD File Out U\ #o
0 $dumpvars;
_Dlsplay $monitor ( "State: %d Output: %d", state, out);
#40;
Changes [/ stnish;
© Synopsys 2010 9

) VCS

Simulation
Executable

/

\_

Chronologic VCS simulator copyright 1991-2008
Contains Synopsys proprietary information:
Compiler version B-2008.12; Runti i

2010

State: 1 Output: 0 .
State: 2 Output: 1 MOI’)ItOI’
State: 0 Output: 0

State: 1 Output: 0 Output

State: 2 Output: 1
$finish called from file "../rtl/s
$finish at simulation time

VCS Simulation Report
Time: 80000 ps
CPU Time: 0.020 seconds;
Mon Dec 20 05:08:19 2010

Data structure size: 0.0Mb

5:08

~

/

SYNOPSYS'
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Value Change Dump

Usar (unknown)@igoae140 Date: 12420/2010 Total Time Range: 0 - 7500 Page 1 of 1
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File:

verilog.dump

Can be loaded into
Discovery
Visualization
Environment (DVE).
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Other Features

* Tasks:
/task reset_test; \

$display(“Task reset_test: asserting and checking reset\n”);
reset_p <=1,

#40 reset_p <= 0;
If( fsm.state != 0)

$strobe( “\n***Time: %04d State: %02d. Failed\n”, $time, fsm.state );
kendtask

* Functions
/function even_parity; \

input [7:0] data;
integer i;
for (i=0; i<8; i= i+1) begin
even_parity = even_parity * datali];

end

Qndfunction J

SYNOPSYS
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SystemVerilog for Verification

* Clocking Blocks
» Classes Verification Expect Checks

* Methods, Properties (OOM) Concurrency
and Control

* Functional Coverage

NYLUSYAY
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The SystemVerilog Test Environment

Top level
harness file

{

© Synopsys 2010

[

Checks
completeness

v

smd Self Check Bammmss

Observes data
from DUT

Checks
correctness

Identifies
transactions

N

14

\

> Test

program

™~

interface

NYILLRYAY
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Clocking Block

“The clocking block construct identifies clock signals and
captures the timing and synchronization requirements of
the blocks being modeled”

/clocking bus @(posedge clockl); \
default input #10ns output #2ns; I/ Clocking Skew
input data, ready, enable = top.meml.enable;
output negedge ack; // Defaults Overriden
input #1step addr; // Defaults Overriden
dclocking
Nl /
signal sampled here signal driven here
A &

clock

- |

J <
input skew \i output skew

* Source IEEE Std. 18000

SYNOPSYS
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Interface Block

finterface #(WIDTH=8) simple_bus; // Definition \

logic req, gnt; » Variables & Nets are
logic [WIDTH-1:0] addr, data, inout and ref by default.
logic [1:0] mode,;
logic ready, data; _
_endinterface Y. * An interface can have
~ ~ parameters, constants,
module memMod(simple_bus a, input logic clk); variables, functions, and
5 /I Access the simple_bus interface ) tasks.
( dul Mod(i f ' logic clk) )
module cpuMod(interface a, input logic clk); . :
/I Access the simple_bus interface The type_s of elements in
N y an interface can be
/" module top; // Interface Instantiation \ declared, or the types can
logic clock; be passed in as
simple_bus sb_intf; arameters
memMod mem1 (.a(sb_intf), .clk(clock) ); P '
cpuMod cpul (.a(sb_intf), .clk(clock) );

endinterface
N /

SYNOPSYS
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Clocking & Interfaces directions

/interche bus_A (input clk); \ e mod port allows
logic [15:0] data;
logic write; to declare
modport test (input data, output write); . .
modport dut (output data, input write); d|reCt|On
Kendinterface J eXpI |C|t|y
/program test( bus_A.test a, bus B.testb); \
o  Clock block
clocking cd1l @(posedge a.clk); . :
input data = a.data; sees direction
output write = a.write; .
inout state = top.cpu.state; as Seeln_g from
outside the

endclocking
- J block.

SYNOPSYS
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Program Block

@gram fifo_test ( \

tput logic rst_n; : : )
moutcle + Simplify the creation
output logic [15:0] data_in; and maintenance of
input [15:0] data_out;
output logic push_req_n, pop_req_n, diag_n; testbenches.
input empty, full, almost_empty,
almost_full, half_full, error; . . i

1/ declarations Can be instantiated

// instantiations and |nd|V|duaIIy

/I tasks...

// initial block connected.

{dprogram /

*Since the program block drives data to the DUT input and reads data from the DUT output, the port directions in
the programblock are opposite to those of the DUT.

SYNOPSYS
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Constrained Random Stimulus

////////////////////////////////////////////////////////////////// \
/Il Definition: Random Write Data Class e rand kewNord
W T L T : e :
Identifies signals as
class random_write_data; randomizable
rand logic [ WIDTH-1:0] data [ DEPTH]; :
rand logic [15:0] data_rate; data field
constraint reasonable {
data > 0; i
data_rate dist { [1:8] := 10 , [128:135] := 10, » dist construct
912:519) =1 } specify ranges and

} :
k}ndclass / weights

 Can be instantiated
int result;

random_write_data r = new; In a program block
result = r.randomize();

SYNOPSYS
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Verification Expect Checks

 Assertions:

— Immediate assertions

 Follows simulation semantics, same as procedural
block. False if evaluates to X,Z or 0.

— Concurrent assertions

« Based on clock semantics, use sampled values of
variables. Expression is tied to clock definition.

* While an immediate assertion describes a logic behavior at an instant of
time, a concurrent assertion detects a behavior over a period of time.

NYILLRYAY
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Immediate assertions

[ label : assert (expression) statementl; else statement2; j
/ \ » Action blocks or
task req_test;
time statement can be null
|f .(fsm.state == REQ) :
assert (reql || req2) ;  Failure block can
/l Do Nothing have one of the
else begin _
t = $time: following: $fatal,
#5 Serror(“assert failed at time %0t”, t) $error $Warning
end ’ ’

\\endtask J $i n fO |




Concurrent assertions

[ label : assert property ( property statement) statementl; else statement2; j

module fsm_module ()

if (state == REQ)

// Do Nothing
else begin
t = $time;

end

end
Kendmodule

assert property ( @(posedge clk)

#5 $error(“assert failed at time %0t”, t)

\ * If variable used is clocking

;et.l.ways @ (posedge clk) begin block input then is sampled

by it (the actual value is
produced by the block).
Req |-> ##[1:2] Ack ) ; » Characterized by property
keyword, specify design
behavior

* properties can be

/ defined as sequences

© Synopsys 2010 22
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Expect statement

[ label : expect property ( property statement) statementl; else statement2; j

/ task mytask; \

* Similar syntax to

if (exprl) begin concurrent assertion but
expect ( @(posedge clk) a ##1 b ##1 c ) must occur within
Paes_Diock) procedural block.
else
fail_block();
end * It blocks until evaluation.

\endtask /

SYNOPSYS
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Classes, Properties & Methods

« A class is a type that includes data and subroutines
(functions and tasks) that operate on those data.

/class Packet: \
bit [7:0] command,;

bit [40:0] address;
bit [4:0] packet id;
integer status;
function new();
command = IDLE;
address = 41'b0;
packet _id = 5’bx;
endfunction

function integer current_status();
current_status = status;

endfunction
Qndclass J
SYNOPSYS
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Classes, Properties & Methods

virtual class device;
task driveRamData(input logic [7:0] data);
vintf.CBcntrir.ramData <= data;
endtask
function logic [7:0] getBusData();
return vintf.CBcntrlr.busData;
endfunction
function logic [5:0] getRamAddr();
return vintf.CBcntrlr.ramAddr;
endfunction
function logic [7:0] getRamData();
return vintf.CBcntrlr.ramData;
endfunction
function logic getRdWr_N();
return vintf.CBcntrlr.rdWr_N;
endfunction
extern virtual function logic getCe_N();
extern virtual task waitCe_N();
endclass

 We can define
virtual methods that
will be defined in
derived classes

a N

class deviceO extends device;
function logic getCe_N();
return vintf.CBcntrlr.ce0_N;
endfunction
task waitCe_N();
@vintf.CBcntrir.ceO_N,;
endtask

\e\ndclass

_/

SYNOPSYS



Concurrent Processes

fork . .
ﬂork CPU 0 \ * Fork/join blocks are
repeat(256) begin th e prlm ary

cpuO.randomize();

cpuO.request_bus(); mechanism for
cpu0.writeOp(); .

cpuO.release_bus(); creating concurrent
cpuO.request_bus();

cpu0.readOp(); processes.

cpuO.release_bus();
cpuO.delay_cycle();

end
lfork CPU 1 / \

repeat(256) begin fork
cpul.randomize();

cpul.request_bus(); statement1;
cpul.writeOp(); statement2;
cpul.release_bus();

cpul.request_bus(); statementN,

cpul.readOp();

cpul.release_ bus(); join
cpul.delay cycle(); K J
end /
\;m'n
SYNOPSYS
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Functional Coverage

e |s a user-defined metric that measures
how much of the design specification has
been exercised.

— It is user-specified and is not automatically
iInferred from the design.

— It Is based on the design specification,
Independent of the actual design.

NYILLRYAY
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The SystemVerilog functional coverage
constructs

« Coverage of variables and expressions, as well as cross
coverage between them.

« Automatic as well as user-defined coverage bins

 Associate bins with sets of values, transitions, or cross
products

 Filtering conditions at multiple levels

* Events and sequences to automatically trigger coverage
sampling

« Procedural activation and query of coverage

« Optional directives to control and regulate coverage

NYILLRYAY
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covergroups & coverpoints

ﬁgroup range @(negedge, memsys_test_top.dut.Umem.adx% ° For example we
a: coverpointmemsys_test _top.dut.Umem.busAddr {
bins m_statef] = {[0:255]}; can check that

} an entire address

Endgroup ]
space Is tested.
enum logic [1:0] {IDLE, START, WRITEO, WRITE1} st;
covergroup cntlr_cov @vintf.CBmemsys; e Orwe can also
b: coverpoint memsys_test_top.dut.Umem.state { .
bins t0 = (IDLE => IDLE); check valid
bins t1 = (IDLE => START): 4
bins t2 = (START => IDLE); trans!tlons for
bins t3 = (START => WRITEO); certain state
bins t4 = (WRITEO => WRITEL); .
bins t5 = (WRITE1 => IDLE); machine.

bins bad_trans = default sequence;
}
woup
| -
: NYiLRYAY
: Predictable Success
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HTML Report

Testbench Group List

dashboard | hierarchy | modlist | groups | tests | asserts

Total Groups Coverage Summary
SCORE WEIGHT

1

Total groups in report: 2

SCORE WEIGHT  GOAL MAME

1 100 memsys_test top.testbench:range
1 100 memsys_test top.testbench::cntlr_cov

dashboard | hierarchy | modlist | groups | tests | asserts

(CEZN EIUE7N ORGNN BONENN 40%  50%  60% 70%

NYILIRYAY
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Example:
Typical system scenario

[ SRAM }% [ Arbiter }

f ) 4 N CPUO
SRAM
\ < Memory
p " Controller | < @
i SRAM ) \ )
CPU1

[ SRAM }H
* Example taken from VCS®/VCSI™ Testbench Tutorial Suite

NYILIRYAY
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Arbiter

* Implements round-robin arbitration algorithm between two
CPUs.

« CPUs drive a request through request[n].

* Arbiter queues the request and determine which CPU gains
access (grant[n]).

request [1:0]

a) De'EN

CPUO Places a
Request

{ 10

Arbiter grant
access to CPUO

SYNOPSYS
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Testing: Defining a program

program arb_test( input clk, input [1:0] grant_p, output logic [1:0] request_p, output logic reset_p);

task reset_test;
Swrite("Task reset_test: asserting and checking reset\n“);
reset p <=1,
repeat (2) @(posedge clk);
reset_p <=0,
request_p <= 2'b00;
reset_check: expect(@(negedge clk) grant_p == 2'b00) $display($time, “Passed”)

else $display($time, " Failed™);
endtask

task drive_test1,
Swrite("Task drive_test1: driving request and checking grant for CPUQ \n");
@(posedge clk) request_p <= 2'b01;
@(posedge clk);
grant_h: expect(@(negedge clk) grant_p == 2'b01) $display($time, “Passed”)
else $display($time, " Failed");
@(posedge clk) request_p <= 2'b00;
@(posedge clk);
grant_l: expect(@(negedge clk) grant_p == 2'b00) $display($time, “Passed”)

else $display($time, " Failed");
endtask

SYNOPSYS
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Testing: Defining a program (contd.)

task drive_test2;
Swrite("Task drive_test2: driving request and checking grant for CPU1 \n");
@ (posedge clk) request_p <= 2'b10;
@ (posedge clk);
grant_h: expect(@(negedge clk) grant_p == 2'b10) $display($time, “Passed”)
else $display($time, " Failed") ;
@ (posedge clk) request_p <= 2'b00;
@(posedge clk);
grant_|: expect(@(negedge clk) grant_p == 2'b00) $display($time, “Passed”)

else $display($time, " Failed");
endtask

SYNOPSYS
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Testing: Defining a program (contd.)

task drive_test3;
Swrite("Task drive_test3: driving request and checking grant for both: CPU0 and CPU1'\n");
@(posedge clk) request_p <= 2'b11;
@ (posedge clk);
expect(@(negedge clk) grant_p == 2'b01) $display($time, “Passed”)
else $display($time, " Failed");
@(posedge clk) request_p <= 2'b10;
@ (posedge clk);
expect(@(negedge clk) ##[0:2] grant_p == 2'b10) $display($time, “Passed”)
else $display($time, " Failed");
@(posedge clk) request_p <= 2'b00;
@ (posedge clk);
expect(@(negedge clk) grant_p == 2'b00) $display($time, “Passed”)
else $display($time, " Failed");
endtask

initial begin
reset_test();
drive_test1();
drive_test2();
drive_test3();
$finish;

end

endprogram

SYNOPSYS
© Synopsys 2010 36 Predictable Success



Testing: Top level module (contd.)

module arb_test top;
parameter clock_cycle = 100 ;
reg clk ;
wire reset ;
wire [1:0] request ;
wire [1:0] grant ;
arb dut(
.clk (clk),
reset ( reset),
.request ( request ),
.grant ( grant)
);
arb_test testbench(
.clk( clk),
.reset_p(reset),
.request_p( request),
.grant_p( grant)
);
initial begin
clk = 1'b0;
forever begin

#(clock_cycle/2) clk = ~clk ;

end
end
endmodule

© Synopsys 2010 37

« Top level module
Instantiate
program and dut.

« Stand alone regs
and wire apprach
for sampling

* Reg based
clocking element
doesn’t relate
any design
elements.
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Verification Results

Chronologic VCS simulator copyright 1991-2008
Contains Synopsys proprietary information.
Compiler version B-2008.12; Runtime version B-2008.12; Dec 21 09:52 2010

Task reset_test: asserting and checking reset
200 Passed

Task drive_testl: driving request and checking grant for CPUQO
400 Passed
600 Passed

Task drive_test2: driving request and checking grant for CPU1
800 Passed
1000 Passed

Task drive_test3: driving request and checking grant for both CPUO and CPUL1
1200 Passed
1500 Passed
1700 Passed

$finish called from file "arb_test.v", line 61.

$finish at simulation time 1700
VCS Simulation Report
Time: 1700

CPU Time: 0.010 seconds: Data structure size: 0.0Mb
Tue Dec 21 09:52:11 2010

SYNOPSYS'
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Memory Controler block

» Reads requests from the system bus and generates control
signals for the SRAM devices

 Reads data and transfers it back to the bus

Testbench
reset
¥
i [ rdWr_N
dxStrb
s - | ramAddr{5:0]
busAddr{7:0] | , | c€O_N
- MEMORY el N
CONTROLLER [
busRdWr_N - | | ce2 N

_b ce3_N
- ———— ramData[7:0]

SYNOPSYS
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Timing Diagrams

Valid Read Operation Valid Write Operation

reset I | aas l—_|
PR S - /I8 SIS S5 SN SN S U NS IR |

gkl B a8 o @ & E busAdd | 1 K wali i X

busDat X vali X busDat X vali X
SO BRSNS e B e T RS B R e
S T B R B R enfifi— g 0 &€ gl W[ v s

bk 30 w7 gepl g ow @ peser ¢ 00 W e

Y i e (D o NN S . vah X
gd‘M_N ‘ ' ' ‘ ‘ . . . . . ' ' . ' ¢ ' '

rdWr

SYNOPSYS
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Timing Diagrams

Validat \/alid Nata tn
SEEUNY | Read Operation Validate Address &  Jysms Operation

Address Select Write |
; - : : 4 : Operatipn I

S _I | PP SRS SRR - AN JED. SR <) | 7 A
s = £ BN E ol 2 o wse I ]
busAdd P ¢ \XwaiiA) i LA (P busAdd | ¢ [ X vali P
busDat e (AN X vali X busDat X vali X

busRdWr_N busRdWr \ y :
R N S { : \ Rl THEE SEeY S S e el AR

ramDat / Xvalyx ramDat / X vali ‘ X

T

F 3 g : 7 o = = = n 5 L l
ramAdd | X o =M B = 5 romAdd P ¢ F ¢ Nieai P J:

reset

aWE N — f : - : - - -
coe N I T I I B rdWr
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Testing: the Interface

interface cntrlr_intf(input clk);

 We create an

wire reset ;

wire [7:0] busAddr ;
wire [7:0] busData ;
wire busRdWr_N ;
wire adxStrb ;

wire rdWr_N ;

wire ce0_N ;

wire cel_N;

Set of wires or

Interface to
manage the
Interconnection
of our devices.

 We define the

busses

wire ce2_N ;

wire ce3_N ;

wire [5:0] ramAddr ;

wire [7:0] ramData ;

clocking CBcntrir @(posedge clk);
output reset,busAddr,busRdWr_N,adxStrb;

inputrdWr_N,ce0 N,cel N,ce2 N,ce3 N,ra

inout busData,ramData;
endclocking
endinterface

© Synopsys 2010 42

sampling nature
of our signals by

creating clocking
Valid
Sampling block
relationship
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Testing: the Top level module

module cntrir_test_top;

parameter clock_cycle = 100 ; ° We use the
bit clk ; .
cntrir_intf intf(clk): Interface to
cntrlr_test test_program(intf);
cntrlr dut( Create
clk (clk ) connections
reset (intf.reset),
busAddr ( intf.busAddr ), between the
.busData ( intf.busData ),
busRdWr N ( intf.busRdWr N), program and
.adxStrb (intf.adxStrb ), D UT

dWr_N (intf.rdWr_N),
.ce0_N (intf.ce0_N),

« Clock inputs the
) clockblocking

initial begin
clk = 1'b0; module.
$monitor("copi %d : %d", intf.ramAddr,$time);
forever begin
#(clock_cycle/2) clk = ~clk;

end
end
endmodule
| )
© Synopsys 2010 43 i S‘/"UPS‘/S
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Testing: Simulating SRAMSs

virtual class device;
task driveRamData(input logic [7:0] data);
vintf.CBcntrir.ramData <= data;
endtask
function logic [7:0] getBusData();
return vintf.CBcntrir.busData;

class deviceO extends device;
function logic getCe_N();
return vintf.CBcntrlr.ceO_N,;
endfunction
task waitCe_NJ();
@vintf.CBcntrir.ce0_N,;

endfunction

function logic [5:0] getRamAddr(); endtask
return vintf.CBcntrlr.ramAddr; endclass

endfunction

class devicel extends device;
function logic getCe_NJ();
return vintf.CBcntrlr.cel_N;

function logic [7:0] getRamData();
return vintf.CBcntrlr.ramData;

endfunction |
function logic getRdWr_N(); endfunction
return vintf.CBcntrlr.rdWr_N; task waitCe_N();
endfunction @vintf.CBcntrir.cel_N;
extern virtual function logic getCe_N(); endtask
endclass

extern virtual task waitCe_N();
endclass

SYNOPSYS
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Testing: Creating a Program

program cntrlr_test (cntrlr_intf intf);

‘include "device.v*

device0 dO = new;

devicel d1 = new;

device2 d2 = new;

device3 d3 = new;

virtual cntrlr_intf vintf;

initial begin
vintf = intf;
@vintf.CBcntrlr;
resetSequence();
resetCheck();
checkSimpleReadWrite();
checkAllAddresses();
$finish;

end

Class
instantiation

Test cases

SYNOPSYS
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Testing: Reset Sequence & Test

//reset sequence

task resetSequence ();
Swrite("Task resetSequence entered\n");
vintf.CBcntrir.reset <= 1'b1,
vintf.CBcntrir.ramData <= 8'bzzzzzzzz;
repeat (2) @vintf.CBcntrlr;
vintf.CBcntrir.reset <= 1'b0;

endtask

/ICheck state of controller after reset
task resetCheck ();
$write("Task resetCheck entered to check reset values\n");
//all chip enables must be deasserted
expect(@(vintf.CBcntrlr) ##[0:10] vintf.CBcntrir.ceO_N === 1'b1);
assert (vintf.CBcntrlr.cel N == 1'bl);
assert (vintf.CBcntrlr.ce2_N == 1'bl);
assert (vintf.CBcntrlr.ce3_N == 1'bl);
endtask

SYNOPSYS
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Testing: Read & Write Operations

I/ 'low level task to drive a read onto the: bus

task readOp (bit [7:0] adx);
$write("Task readOp : address %0h\n", adx);
vintf.CBcntrilr.ousAddr <= adx;
vintf.CBcntrir.ousRdWr_N <= 1'b1;
vintf.CBcntrlr.adxStrb <= 1'b1;
@vintf.CBcntrlr vintf.CBcntrir.adxStrb <= 1'b0;

endtask

/llow level task to drive a write onto the: bus

task writeOp (bit [7:0] adx, bit [7:0] data);
Swrite("Task writeOp : address %0h data %0h\n", adx, data);
@vintf.CBcntrlr
vintf.CBcntrir.ousAddr <= adx;
vintf.CBcntrlr.busData <= data;
vintf.CBcntrir.adxStrb <= 1'b1;
vintf.CBcntrir.ousRdWr_N <= 1'b0;
@vintf.CBcntrlr vintf.CBcntrilr.adxStrb <= 1'b0;
vintf.CBcntrir.ousRdWr_N <= 1'b1;
vintf.CBcntrir.ousData <= 8'bzzzzzzzz;

endtask

SYNOPSYS
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Testing: More Checkers

//IChecker to Verify sram write on a particular task checkAllAddresses ();
/I device meets the timing device dev;
task checkSramWrite ( device device _id, bit [7:0] index;
bit [5:0] adx, bit [7:0] data); bit [7:0] data;
expect (@(vintf.CBcnitrlr) ##[1:5] $write("Task checkAllAddresses entered\n");
device_id.getRamAddr() == adx); for (inti=0; i< 256; i++) begin
expect (@ (vintf.CBcntrlr) ##[0:2] $write("Expect6: Index %0d time %0d\n", i, $time);
device_id.getRamData() == data); index = i;
assert(device_id.getRdWr_N() == 1'b0); data = 8'h5a,;
assert(device_id.getCe_N() == 1'b0); writeOp (index, data);
assert(device_id.getRamData() == data); case (index[7:6])
assert(device_id.getRamAddr() == adx); 2'b00: dev = d0;
@vintf.CBcntrlr 2'b01: dev = d1;
assert(device_id.getRdWr_N() == 1'b1); 2'b10: dev = d2;
$write("Task checkSramWrite: 2'b11: dev = d3;
Address %0h data %0h\n", endcase
vintf.CBcntrlr.ramAddr, vintf.CBcntrir.ramData); checkSramWrite (dev, index[5:0], data);
assert(device _id.getCe_N() == 1'bl); readOp(index);
assert(device_id.getRambData() == data); checkSramRead (dev, index[5:0], data);
assert(device_id.getRamAddr() == adx); end
endtask endtask
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How to get full example

* The files for this tutorial can be accessed
In the following directory:
$VCS HOME/doc/examples/testbench/sv/
tutorial.

* Don't forget to check out full system
testbench for more on threading and
coverage tests.

NYILLRYAY
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Bonus Track
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Coverage-Driven Verification

Phases of random stimulus based verification

Preliminary Broad-Spectrum Corner-case
Verification Verification Verification

Difficult to reach
Corner-case
Verification

% Coverage

Build verification
environment

SYNOPSYS'
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Verification Methodology Manual (VMM)

« Encapsulate testbench components in OOP Class

N Test

Testcase program; >

% Coverage

e S
Self Check Environment
| - - Class

* VMM enabled

Sponsored by

synorsys ARM

SYNoPSYS
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What Does VMM Provide?

. Philosophy
— One environment many tests
— Coverage-driven

c . 4 )
E * Modeling Approach « Coding Standards
g B ;I'/ra.nsactlons — Data & Transactions
<) — Variant Data — Transactors
f;: — Transactor Control — Verification Environments
&) — Transactor Interfacing
— Simulation Control « Building Blocks
k — Transaction Interface
— Message Service

*VMMenable g — Event Notification

SYNOPSYS
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Simulation with VCS
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Outline

 VVCS Introduction
— VCS Basics
— DVE GUI Basic

* HDL Debug with DVE

— Overview

— Controlling the Simulation
— Waveform Features

— Features for Debugging

SYNOPSYS
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VCS INTRODUCTION
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Agenda

 VVCS Basics
« DVE GUI Basic
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VCS MX Supports Two Major Flows

» 2-step flow for pure-Verilog users
— Compilation, Simulation

» 3-step flow for mixed-language users
— Analysis, Compilation, Simulation

 Why have 2 flows?
— VHDL requires bottom-up analysis

— Many Verilog users are familiar with
traditional “Verilog-XL" flow

© Synopsys 2010 59
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VCS MX Setup

* ${VCS HOME} should point to the root of the VCS
Installation
setenv VCS HOME /tools/vcs/vcs2009.06-3
export VCS HOME=/tools/vcs/vcs2009.06-3

* Optionally add ${VvCS HOME}/bin to your path

* ${LD LIBRARY PATH} should point to the

license server
— Optionally, you could use $ { SNPSLMD LICENSE FILE}

NYLUSYAY
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Flow Overview: Mixed-Language A
3-Step Flow (UUM)

Map VHDL Logical Libraries
—SYyNopsys_sim.setup

*Analyze all Verilog source
—Command: vliogan

Map Logical Libraries
Synopsys sim.setup

Analyze Source Files

vliogan <files.v>

vhdlan <files.vhd> | <*Analyze VHDL source

syscan <files.cpp> —-boﬁon%up
‘1‘ — Command: vhdlan
Elaborate/Compile Design . : :
vcs <option> <design top> COmplle the d@SIgn
l —Command: vcs
 Simulate Simulate the design
simv <option> —Command: simv

NYILLRYAY
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VCS MX Setup File A

example synopsys_sim.setup file

-— Example synopsys sim.setup
-- see ${VCS HOME}/bin/synopsys sim.setup

—-—- Logical Library Mappings

WORK > TB_LIB

TB LIB : /prj/libs/tb 1lib
DUT LIB : /prj/libs/dut 1lib
IP BLOCK : ${VENDOR LIB PATH}

-— Simulator Variable Settings
ASSERT STOP = ERROR

ASSERT IGNORE = WARNING

TIME RESOLUTION = 10 ps

SYNOPSYS
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Flow Overview: Pure Verilog v

2-step Flow

Compile the design

— Specify all Verilog
source code

Elaborate/Compile Design

vcs <options> <files.v> — Command: vcs
l Simulate the design
Simulate — Command: simv

simv <options>

*Notes:
— No setup file is needed

— Verilog has no concept
of logical libraries

SYNOPSYS
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Generating the executable A

vcs entity or config or module <options>

e Elaboration and compile in a single step

* Elaboration
— Binds the design hierarchy
— Final reference resolving
e Compile
— Code generation, Optimizations

— Creates statically linked simulator executable
(simv)

SYNoPSYS’
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Common MX Elaboration options A

-0 <simv_name> - output user defined simulation name
-ucli - enable command line interface
+incdir+<directory> - search paths for “include

-I <logfile> - creates runtime logfile

-R - runs the simv immediately after compile
-gui - starts simv in DVE after compile

-P pli.tab - compiles user-defined system tasks
-sverilog - Selects Verilog version IEEE1800

<.c|.o files> - Adds C or object files to compile or link

-debug_all | -debug | -debug_pp - enable debug capabilities

use ‘vcs —help’ other options

SYNOPSYS
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VCS Compilation Command Format g

% vcs [compile _time_options] source_files

e compile_time_options
— Controls how VCS compiles the source files
— Critical for debug and performance

* source_files

— Verilog source files: DUT and Testbench (SystemVerilog)
— Vera
— C/C++ source files

* Generates default executable binary named “simv”

SYNOPSYS
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Handling Different Verilog Versions g

* VCS supports several Verilog versions

— You can get caught in legacy code
* “byte” is a reserved keyword in SystemVerilog

« Tell VCS which version by file extension:

% vcs -sverilog +verilog2001ext+.v2k +verilog1995ext+.v95 Assumes SV
% vcs +v2k +systemverilogext+.sv +verilog1995ext+.v95 Assumes v2k
% vcs +verilog2001ext+.v2k +systemverilogext+.sv Assumes v95

SYNOPSYS
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Interactive Mode

* Interactive is single user mode

e Starting from a compilation

% vcs <universal> <options> -R —gui -debug all

-R Starts simulation immediately after compilation
-gui Enables DVE to start at runtime, stops at time O

* Run the Simulation (either Verilog or MX)
— Batch/regression mode

% simv

— Interactive mode: with DVE simulation GUI
% simv —guli <options>

| SYNoPSYS’
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Performance Considerations
What Affects Simulation Speed?

* Excessive I/O
* Inefficient PLI
* Enabling debug features
* Coding styles

« Complile time options
« 32-bit vs. 64-bit

Regression

Waves (-debug_pp)

Full Debug (-debug_all)

Performance

Visibility
NYiLRYAY
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Additional Resources

G IEEE -
* Help for executable commands e ﬁéiﬁi‘!&l
%> command name -help SR G GUTBE
H %
« VCS/MX Documentation = e | &

(Start with chapter “Migrating to VCS MX”.)

%> vecs —doc

SYSTemve”IOg Verification
for Verification R aodongy
A Guide fo Leaming SystemVerilog

* SNUG Papers and Tutorials |
http://www.snug-universal.org/papers/papers.htm

B
1 ~

e Self service using the Knowledge Database
http://solvnet.synopsys.com

CHRIS SPEAR

° Examples QueStiOnS and Help:
${VCS HOME}/doc/examples

VCS_Support@Synopsys.com

NYILIRYAY
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Agenda

 VVCS Basics
« DVE GUI Basic
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Discovery Visual Environment
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Discovery Visual Environment
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Testbench Thread Debugging

SystemVerilog Testbench

e Effective debugging of threads and inter-process communication
— Put breakpoints on lines, threads activation, semaphore & mailbox statuses
— Display class contents and any other dynamic objects
— Automatically updates as simulation progresses
— Waveform support of global and static variables

Simu‘lator Signal Scope Trace Window Help

Local "watch” Fijze 1 = a3

] [P Stisten®

. (il jo off z = Gn B
window o [[Be M;j} %&IHEE:EI

SeEoRE | File name | Context] design_env:1 7| [£]
orig-ea-from- |[yrple [ alue [

2
3
orig-eg-from- |l—— - R PepiE. d5
e wesir. v | e s source code
7
8

4] oeBMB &7 7] =

jernaer Testbench

int a;

=[Nl class vip_master
fg | virtual vip if bus);

w 9 B, S ]
Thread —T - R

11 endclass
0 2l 12
browser = B ctaee dueion )
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Discovery Visual Environment
Two methods of debugging

1. Interactive Debug
— Source browsing, line stepping, breakpoints, etc

2. Post-simulation Debug
— Generate a VPD (VCD+) containing all waveforms

— Debug simulation after-the-fact
* Speeds up the overall debug process!
* Instant access to all values at all times during the simulation

— Makes better use of your simulation licenses
e Standalone GUI does not use a simulation runtime license

NYILLRYAY
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Selected Online DVE Training Videos

* Testbench debugging with DVE:
https://solvnet.synopsys.com/retrieve/023564.html

 DVE Flows : RTL Debug
https://solvnet.synopsys.com/retrieve/025671.html

* DVE : Driver Tracing
https://solvnet.synopsys.com/retrieve/021729.html

* DVE FAQ

https://solvnet.synopsys.com/retrieve/019017.html
SYNOPSYS'
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Documentation g

e User reference manual in html| format

— Now viewable in any web-browser with easy expand/collapse listings, tabs for
Index, Contents, Search and Favorites

— Point browser to SVCS_HOME/doc/UserGuide/userguide_html
— vcs —doc

* Release notes (DVE)
— SVCS_HOME/gui/dve/doc/DVEReleaseNotes.txt

e Quick start example

— SVCS_HOME/gui/dve/examples/tutorial/quickstart/quickStart.html
— Help-> Tutorial (for Mixed HDL)

° Wlthln DVE' gEile Edit Wiew 3ISimulator Zignal Scope Trace ﬂindawlﬂTﬂa :
| txis- BB e[S BT X[ overer D R
or = Akt 8 &2 | |EBMBE- Aok St Yerlog Exarple
— 1.2 | CesEiied e
$ vcs -—-doc zid=1* = j|3|3j E‘I* = iLI;tonal for Mixed Example
| Hierarchy Variable — DL:tl ' | —

SYNOPSYS
© Synopsys 2010 78 Predictable Success



Agenda

* QOverview

e Controlling the Simulation
* Waveform Features

* Features for Debugging

SYNOPSYS

© Synopsys 2010 79

Predictable Success



DVE™

Discovery Visual Environment

Design Debug Productivity
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[ assertions =~ Ial\ =l Iall\me = Icurranl Ellie Iend = @ filures ¢ incorpletes  successes  all
Narne | Instance | Start | End | Delta Reason | Failures | Successes | Ir2]
#-0 loop_A[17]min_g 0 _max_e_Oassert arbiter_req_granted |wb_dma_test topdututarh_ularb_ut 24660 24860 Q (lgrants[17]) |3 13 o
#- loop_A[8]min_g 0 max_e_Oassert arbiler_req_granted wh_dma_test topdututarb_utlarb_ut [27380 27380 Q (lgrants[8]) |2 12 [
<+| L/ looo Al7lmin o 0 max e Oassert arbiter rea aranted wb_dma lest toodutularb ularb ul 131480 31460 0 florantsi 7l 16 | 18 LOILI

- Offending ' {!grants[7])°

SVA_CHECKER_ERROR : ASSERT ARBITER : Arbitration Error ### ARE Assertion: Channel Arbiter Error!

slave.sv, 319 : @ (this.sigs.sck);

" /glebal fappad/vesnx_2006.06-5P2-6/packages/sva/assert_arbiter.sv”, 4B2: wh_dua_test_top.dut.ul.arb_ul.arb_ul.leep A[17].nin_g 0_nax_c_0.asse
offending '{'grants[17])"

SVA_CHECKER_ERROR : ASSERT ARBITER

severity 0 : time 47240000000000ns : wh

Arbitration Error ### ARE Asserticon: Channel Arbiter Error! severity 0 time 48300000000000ns

= |

: : HE : 1 wbh -
4] | 3

Log AHistany

dve> '

Ready ‘led%} unnamed$$_8.unramed$d_ 32 b;&is.unnamed$3732.unnamed$3740 ‘ 50140

Docked windows inside workspace boundaries
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Intuitive and Easy to Use
uickly Find Bugs

— RTL or Gate

— Assertions

— Testbench

Supports

— Interactive and
Post-simulation analysis
Multiple Languages

— Verilog

— VHDL

— C/C++

— SystemC

— SystemVerilog

— OpenVera
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Context Sensitive Menus (CSM)

« Point at an object

— Signals, instances, ports, panes, and assertions.
— Configure main toolbar

* Click Right Mouse Button (RMB) down

— Menu appears with relevant options

2l Assertions

=] |an

Ll Ifrll ime _I I(‘,'J"'-’(?F'li

 Click on choice

Ing

7] min X e 0assert_arbiter_req_granted |wb
-V Ic Copy ssert_arbiter_req_granted  |wb
+/Ilc  Trace Assertion ssert arbiter rea aranted  |wb
Name f ] Assertion Attempts... e I* LI
= Showuroe —
SVA_ Add To Waves » ﬂ New Wave View Br
slev  AddTo Lists | Recent (0) Ctri+4
ll/ ]
g Add To Groups » - Create new group
SVA_ Sgnchronlze Selection ! Wave. 1
4 | Delete All Breakpoints
\Log AE o  set Breakpoint..

© Synopsys 2010 81
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Object Selection

* Objects
— Instance, Signal, Class, Assertion, etc...

 Drag and Drop

— Point at an object in a pane or window
— Hold LMB down
— Drag object to a new location and release

* Select Multiple Items

— LMB and Control key (to add or remove an item to selection)
— LMB and Shift key (to group select)
— LMB and drag to select a group of objects

SYNOPSYS
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Invoking DVE

Interactive Mode

« Starting from compilation

$ vcs source.sv —R —gul -debug all

-R Runs executable immediately after compilation (optional)

-gui Enables DVE

-debug Enables command line debugging (no line stepping)

-debug_all Enables command line debug including line stepping (optional)
-ucli Forces runtime to go into UCLI debugger mode (optional)

« Start DVE from existing simulation executable

o

% simv —guil

SYNOPSYS
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Invoking DVE

Post-Processing Mode

e Launch DVE GUI

$ dve &

 Open database (vcd,vpd)

— Click the Open Database icon
dialog b =
open dialog box [i-|

* Open simulation file

2% Open Database

Loak in: IJhome.ﬂorramirIEDIDNcs_examplesnab_exampleI LI L rj( e 5

@.

[ DvEfles
D (=04

(1 sie. claictiv
D irter.wpd

e | [on |
File type: I Database Files  wpd;” ved;® durng ) ;I Cancel |

Desigrator: I\ﬂ

Time range from: I tg:l Time Fange |
A

' | Simulator  Sighal  Seope  Trace  Window  Help

FRebuild and Start

© Synopsys 2010 84

4 Simulation Setup |Z| |E| [g|

Simulator executabile:

I Shorneforramir 201 0fes_examplestab_e<amplefsimy ;I Browse. . |

Simulator argurnents:

Interactive WFD file:

Iinter.vpd Browse... |

Current directory:

Im:;me.ﬁorramir.l?ljlDNcs_exampIes.ﬂah_example Browse... |

[ Start the simulation

L

[ Enable periodic waveform upcate

Fieset | ak I Cancel 2aply | Tips ==

SYNoPSYS'
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DVE Top Level Window Close window

or pane

Movable otor Signal Scope Trace Window Help 18 %]
columns IET T IEVE=PIE Y
x| |
de_txsz we & (ch sel==CH N0} ;
2t0 S5'hle 5 Ll
& de_adr0 we & (ch_sel
Hierarchy |Type l;l Variable |Va|ue |T‘, 5B Bl 2t0 5'hle
S uo (wb_drra_rf) - ch_csr(31:0] ..006 0866 Wiy o Inout g = EN & de_sdrl we & (ch_sel==
: / &4 ch_txsz[31:0] ..000 003b Willz It Assertion B0 1'hl B0 3'hle
: . v 1= Buffer
“{F check_HW_hand... Module = v @ Linkage bn ptr inv = CH EN & {{ch sel==CH N0} & Pone_all) | ndnr;
sFut (wb_drra_ch_rf) Module n Wire/Signal St0 1'hl 5'hle  5'h00 St0 W
#Fu2 (wb_dra_ch_rf)  Madule 0 RegfVariable [ this ptr set = CH EN & ptr_set & (ch sel==CH NO);
@} ua (wb_dma_ch_rf) Module E‘;‘%gr'ﬁgate gt 1'hl st 5'hle  5'RO0
s u4 (wb_drma_ch_rf) Module E & Parameter 0 4 1)
= = CSE L=+
w{TFus (wb_drma_ch_rf) Module E t%nstﬂm e P et
. . < Funit -
wFus (wb_cf ch_rf) Madule #--Boh_anu[ati. .. © Others ch vl <= 41 CH EN & HAVE_ARS & |
[ Module -2 ch_ami1[31:.. ..c82aabd WIF 315 <al> SE0 1'hl 1'hl
Ao ule [+ sw_pointer[... ..ade 38bc Wire... 275 (rest_en & dma_rest) |
- & ch_stop St Reg(.. e Sti L st0 s a L . ) Lon )
B ch_dis St Reg... ch—:”_?e ——(E]:l‘_l’\:lfl & ar f— one_a & Slrcsr[ WIME ARZ] & .SI:csr[_‘i'lll
~— ILI - int_ St0 Wire S | 3
< H-B-whb_rf_din[.. . hzZzz Zzzz Wire.. | |z4fmbluskefexamplesfwb_drm_vcs_sv_vk_zooﬁ111C’:Hsourcefverilogfwb_drre_dut-‘wb_drre ch rf.v|10'.-' v Reuse
wb_drra_test_top.dutug.uo R il |>|_I wb_dma_oh_rfv | / \
' » Con=sole
H| psserions j IaII j Iattin"e j Icurrent j fo Iend j A C O alle completes =
Narme Instance Start End s Successes | [E] Hierarchy
i leop_A[19].min_g_0_max_e_0Oassert_arbiter_req_granted |wb_dma_fest_topdututarb_ularb_ul 66020 (lgrants[19]) |2 g . Data
- loop_A[Tmin_g_0_rex_e_0assert_arbiter_req_granted |wb_dra_test_topdututarb_utarb_u1|99580 Go580 0 (lgrants[7]1 |1 g B
. £% signal Groups
MNarre filter: I* j Instance filtler: |* j #Aftermpts - failures: |10 j successes:r ED it S erTaad
| VO3S Cowverage Metrics: during simulaticn line, cond, F3M, tgl was mconitored E "
____ EE
T Toggle console Local
atien Eep . passsuizy
window on/off Ed Watch
59,250 seconds; Data structure sizet X
22:14 2008 B As=erticn
|
. panes /
|
Reacy | wb_drma_test topdutud.ud b_vcs_vmm.\vmm_xactor::wait_if_stopped The simulator is not active: NAA ﬁ@ ’ /J

SYNOPSYS'
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Agenda

* Overview

e Controlling the Simulation
* Waveform Features

e Features for Debugging

SYNOPSYS'
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Interactive Simulation Control - (1/3)

e Simulation execution

— Click the continue icon + I to “start/continue”

— Click the stop icon ® to stop

— Enter a uclicommand 7
* ucli% run (run until break point)
* ucli% run 100 (run for 100 time units)
* ucli% run 100ms (run for 100 ms)
* ucli% stop -assert chkRstSeq -any (assertion break point)
* ucli% run -posedge wb_ack_i (run until positive of wb_ack_i)

— Use simulator controls to set a simulation break point and run

e “Step Time” I

* “Go To Time” —l
|JJ| 17625600 x 10ps| | [ 1000 |

NYLUSYAY
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Interactive Simulation Control - (2/3)

 Simulation controls

— Click step icon ## to simulate to next executable line
— Click next icon * to step over tasks and functions
— Click restarticon & to reset simulation to time zero

— ucli commands

e ucli% step
e ucli% next
e ucli% restart

* Finishing the simulation

— Tcl command “finish” works the same as Sfinish system task

SYNOPSYS
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Interactive Simulation Control - (3/3)

* Stepping source (-debug_all)
¢ Start/ Continue
o¢ Step over tasks and functions
™ Simulate next executable line
@ Step into active thread (testbench specific)
& Step into any testbench thread (testbench specific)
(i Step out of tasks and functions
& Restart simulation

s Stop simulation

DWVE — ToplLevel.1 — [Hier.1]

El Eile Edit Wiew Simulstor Signal Scope Trace Window Help

I 50 xis v @@ ® | o L BE < 5| #h[ion_any AR Crahuesd D
B2t [ertpgea| | EBBE-E-«-AE-|taa [aaaaqaae

SYNoPSYS'
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Interactive Debug — Source Window

Overview

Set Breakpaoint

Disable Breakpoint

Delete Breakpoint

Properies...

DWE - TopLevel 3 - [Source.Z

- Simwb_dma_test_top.thiwb_dma_ctrl_bfmamain : wb_dma_ctrl_bfm.s

V]
=1 x|

Delete All Breakpoints

Breakpoints...

|T Line Mumber

Breakpoint

CSM

Source file
& location

© Synopsys 2010

—=® 184

File Edit Wiew Simulatcr Signal Scope Trace Window Help

1 22240 x1sv|”|ﬁ@ﬁl§|ﬂéﬁ By 7 < | BB g4 ~| o,

(4] cruBmRGe |£3[aveee o ([B)2 (G|l a @ s
EEEE-0-«-2B-|: & [ acaaal s e e 7|

171

174

177
178

180
181
182
183
184
185

187

188
1856

o180

1]

if f{drep] bhegin

'hi
continue;
end

else begin

1

Saformat (txt,

Breakpoint
enabled

Breakpoint
Disabled

this.log.text (tut)

this.leg.end magi);

end // 1if

fF Wew transacticon receive

£ Zetting initial walues for the while

done = 0;
"hi

thiz.req next = tr.req:

YhO0000000
tr.copylthis.curr tx):

this.zend

ThO0011000

Current

executing line

we_log: : TEACE _2EV)) begin
to DUT'\n%s", tr.psdisplay(”

Value
Annotation

separate

mbluske!exampIes!wb_dma_vcs_sv_vkjD061 113fsourcessvibiwb_dma_tb/erviwb_dma_ctrl_bfm.sv I 1 %!V Reuse

Working with

window

whb_dma_cirl_bfm sv I

Ready

90
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Agenda

* Overview

e Controlling the Simulation
* Waveform Features

* Features for Debugging

SYNOPSYS
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Zoom gestures:

Zoom in 2X (up-right)
Zoom out 2X (down-right)
Zoom full (up or down)
Last zoom (down-left)
Next zoom (up-left)

Wave Window

OV erv I ew Find: ‘wave,
Eind: |Wb" j Find Mext |
™ Match case W Wrap around Close

I~ Match whole wordfpnly T Search backwards

v Use: || -

Field:

<Ay =

3| Wb v| L j

Ay Ed
Rising
Falling

: e
Failure

Name | value | 153005000 S 153015000 153020000
--wb_dma_mast LICCRSS
e-glk SO>St Value..

—addr_o[31:0] 32'h0000 0410 i - 0 00000474 3 00000478 e . 0000 0420 0000 0424
--wishboneMstChecks

-1 WB_MAS 3_25 Success
-1 WB_MAS 3_75_4 Success
1 WB_MAS 3_75_5 Suceess
b= CLK_| S5t
~p-5TB_0 St
i@ MAX_LATENCY[31. . 50
- D-ACK_| St0
é--t»ADD_O[StO] 32'h0000 0410 . : h S i (0000 0424

- ® ADD_WIDTH[31:0] 32 2
40000000 160000000 180000000 !,
L IJ.I [ L BB L [

ol 201222500 x 10ps EEIEN

o bl ear Semin

on |£1ODDD 0o |6000CI oo |80000 0o |1DDDD Qoo |12000 0oo |1

4

Wave 1

Ready

SYNoPSYS
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Wave Window
Managing Signals

* Viewing signals
— Select object (signals, scopes or assertions)

* Click the wave icon g& to add objects to a wave
window

* Use CSM and select B Add 1o waves | item
* Double click on a failing assertion summary tab
* Or drag and drop object to open wave window
* Grouping signals
— Select object (signals, scopes or assertions)

e Use CSM and select

* Or drag and drop object to open signal groups pane

* Or drag and drop object to desired group in open wave
window

© Synopsys 2010 93
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MNarne Walle

Wave Window

Insertion Bar

Middle mouse
button

on group or signal name L oo o

— MMB on new group to add sighals to a

new group —Group1

— MMB on existing group to append signals _%

Towb0 we..

to end of existing group - owo0_oy.

— MMB on signal name to insert signals B0 .
after desired signal

Mame Walue

* Add signals as normal e

- G:roupz
— Add waves icon o wo0_al.

- CSM E""-owD_cy_._“
— Hotkey (default: Ctrl+4) oworp

SYNOPSYS
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Agenda

* Overview

e Controlling the Simulation
* Waveform Features

* Features for Debugging

SYNOPSYS
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User Defined Radices

« User Defined Radices
Toolbar menu: Signal -> Set Radix->User-Defined->Edit

* Import or export user types: | IDLE 11'b00000000001 | -- file format

DYE - TopLevel.2 — [wave.1]

B File Edit View Simulator Signal Scope Trace Window Help i =
[ 344177600 x 10ps |2 | B[ & B2 W X | gafstate - o, s B & |« +[rivEde kR BB EEREEN

I & a o BRE o0& %<
= = 3]
Mame |V5"ue | Edit User—Defined Radix
- rewrite_hold St N | ool |
[ write_r SO>St e Delete
-2 dma_done_all St Value | Display -]
- ie tHsz_we =t =
+-readrl_ont_next[29 30'h0000 0004 11 bUUUUUUUUUW READ
~-ode_adrl_we St 11'00000000100 WRITE
< [ state[10:0] READ->WRITE 11'h00000001000 UPDATE
W 1 state[10:0] 11'00000010000 LD DESCH
.- 0 nexl_state[10:0]  11'h004—>11'h002 11'b00000100000 LD _DESC2
B rst St | | 11'h00001000000 LD_DESC3
S OmO_we St 2000000 100000000~ 7|1500000p0 | |1TRIONTOOKOU0 LD_DEC4
‘I P a_ s I:_ n _I’I I r-:\l [ (I | [ [ | [ | [ | [ 1 11'bC|D1OC|ODC|DC|O LDDEC_5
=T 11'601000000000 WB
| BB Wave 11'p10000000000 [PaUSE =
Ready [1 [state[10:0]} test ud.u2 g [« | ol
. . . Impaort... | Export... | Addﬂuwl Delete Hawl
To create a user-defined radix, click New, I I |
. oK I Cancel Apphy Tips ==
enter a radix name, then press Return.

SYNoPSYS
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Waveform Compare Tool

« Compare two signals, scopes or designs

— Toolbar menu: Signal -> Compare

« Anew signal is created for each design 1 design 2
compare point

waveform Compare

ll#= =w]Any Eage T [ R i R R Rl L L MMCASN MK —

@ 6 @] __IJ

—Compare selection

Reference waveform: Test waveforn :

4 R
Ffz5 Elles p— S2500 — Design: | Sim=test_1_600.vpd x| Design: |v1=test_1_234567.vpd =]
Narme vae [ P02 198800
: Group1 Signals/Scopes: Signals/Soopes:
3 - ¥

Simwb_dma_test_fopdutul.ud.ch_sel[4:C [\/1:wb_drm_test_top.dut.uO.uO.ch_seI[4:0]

8 ch_sel[4:0]<=ch_sel[4:0] misrratch

-B- ch_sel[4:0] S'hilc

-B- ch_sel[4:0] 5'h10

H- 1% ch_sel[4]<>ch_sel[4] NA

.8 oh_sel[3]<>ch_sel[3]

b= oh_sel[3]

tb-oh_sel[3]

—- ch_sel[2]<=ch_sel[2]
-B-oh_sel[2]
feb-oh_sel[2]

-1 ch_sel[1]<>ch_sel[1]

- ch_sel[0]<=ch_sel[0]

4 | bl | bl
foset:l 0 xi1s Offset:l 0 xi1s

| Load Ref Signals/Scopes I " Same signals/scopes as Reference

—Results summary

Compare results Summarny:

- New Group
Number of signals compared: 1

Number of values compared: 148

Slg nals Number of mismatches found: 12

being
compared

More Opticns >>| )14 | Cancel | Al Reset Tips==>

Example — Comparing Interactive simulation signal (design 1)
to post processed reference simulation (design 2)

NYILLRYAY
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Searching for Objects

Toolbar menu: Edit -> Search for Signals/ Instances or click | #*
— Viewing objects

il

Search for Signals/instanceas

« Select objects Searchior: [ab_’ | search
_ _ I Match case W Match whole word only Stop
° nght click to v Use: |Wildcards -]

aCtivate CSM @ SignalsMariables  Scopes ¢ Modules/Entitis

. - In design: All Datah -
Select window type | "é=e" | Al Datebases ] Wildcard OR RegEx
_e g Wave CORES j Support

C— Input
© Qutput = test Ul check_pass_through Oowb_ack | Wire{Port In)
ot Wire(Part In)
't Assertion vrmm—
4 Buffer Wire(Part In)

@ |inkage . - oL Gy C N Cony
- YWiredSignal ~B-test.ul. check_pass_through_Oowh_data i[3
0 Reg/Variable ----D—test.uD.check_pass_thmugh_[ll.wb_data_a[i Show Source

0 Adaregate ~b-test.ul.check_pass_through_0.wh_err | show Schematic

T Event Show Path Schematic

& Parameter - B-test.ul.check pass throuoh Owh err o
L q I

= Constant _

;3‘212&5 225 objects were found. Add To Lists

Seleat All

© Synopsys 2010 98
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Tracing Drivers & Loads

 Problem
— A number of signals exhibiting less than desirable values
e Solution

— Perform a “backtrace”

— Displays a list of active drivers/loads at specified time

— Trace back to the earliest unwanted signal transition or value

— Identify signal responsible for the erring behavior

— Reapply procedure, and eventually locate source of misbehavior
« Displaying Drivers/Loads

— In any DVE analysis window highlight or select a signal

— Then simply click either the Bie driver or & load icon

— Orin a Wave or list window double click on signal

— Then use next $&F and previous §# instances icons

NYiLRYAY
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Driver / Load Pane

DWVE-To
E File Edit View Simulator Signal Scope Trace Window Help ;|i|5||
™ 12ese0 xis - || @@ | S & B 0 <[5 s RN CTHHEO S

|+ 3] EIREEERE R EEE  EEIEL LT ™ G EEE

Current

(e) @)
I | | Instance
x| | SR e 2
i Seesl|=T |
Hierarchy | TYFJI:I AT | 1 1ype I;K
: T lze
—ﬂuo (Wb_eima_rh) . © ch_dis Reg(Far... B
2 B 10 (wb_dma_ch.. M. CBint Wire(F'o..._ﬁ T e srert] Gemr e -
- “{Fcheck_HW_ha... M... $rBowb_T_din[3...  Wire(Po.. assign ch ==l = !'dna busy ? ch sel d : ch sel 13
H:Em (wb_drma_ch.. M. +-C-wh_rf adr[7.. Wire{Po..
iﬂuz(wb_dma_ch... M - C-ywh fowe Wire(Po.. 560 SIEEEEEEPE SIS AR
23 (wh_dma_ch... M. ~B-wb_f_re wirs(Po.. =74
— — . ch seld D Wirei Po 571 fased s oAarhid e
#{Fu4 (wb_dma_ch.. M.. e o : Previous Driver / Load
e T et :
B gdma_busy wWire(Po... nstance == ane
I:wb_dma_test_top.dut.uo.uo jlﬁj o I ;l = e

2 2000000000000ns | ETrace:IN;I ™ Add Trace o Wave Window
Stop poilnt &3 0@ 22240 s;

Links: I Source. 1

22240000000000ns | (Trace:I Signals/Drivers/Loads | value| Time

22240000000000ns | (Trace:I - r-ch_sel_r[4:0] NA 128560

22240000000000ns | (Trace:I & = if(Irst) ch_sel_r 10; A 128 fveri ma_duth
22240000000000ns | (Trace:I (/NI i @i if(de_start) ch_sel_r <= #1 ch_sel_d; N& 128860 565 Jfsource/verilogiwt_dma_dutiw
slave.swv, 296 : Zerich_sel[4:0] NA 108550

slave.svw, 294 :

i i - massign ch_sel = ldma_busy ? ch_sel_d : ch_sel_r; 2n'07 128560 567 fsourcefverilogiwb_dma_dutiy
1 driveris) found for signa - - - = - - -~

. . Z-roch_sel[4:0] NA - 128660
1 driwver(s) found for signa .
1 driver(s) found for signa = assign ch_sel = ldma_busy 7 ch_sel_d:ch_sel_r; 2h'07T 1285660 667 Ssource/verilogiwb_dma_dutiv
2 driver(s] found for signa = ch_stop NA 128580
_Ij “-pioh_stop <= #1 CH_EN & ch_csr_we & wh_rf_din["... NA 128560 354 fsourcefverilogiwb_dma_dutiy
1] | *
WLog AHistony
dve> | A | o
Ready @) viwb_dma_test_lopdutul ©d$$_2 unnamed$$_s.unnamed$$_39 | 128560s
© Synopsys 2010 10
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Schematic Window

DVE - Toplevel.? - [Schematic1  gates]
B File Edit View Simulator Signal Scope Trace Window Help
30275 ¥ 1ps| | = B | & dh M 4
: Eo of oE S RS

B purple

M hiue
green
yellow
orange

B =d

]

Example of a design view

1 nota  |gates =51 = leglleg Synﬂpsyse
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)]

Path Tracing

DVE - ToplevelZ? — [Schematic.l  th_watchhour]
B File Edit ¥iew Simulator Signal Scope Trace Window Help

=
0275 x 1ps| | F B | & | & BB X | 4 M 4 =)
B cof r BREm Radgq O

e” . s bxl_Imer

th_watch. WATCH WATCHBLK.CORE.DISPLAY *p1@/1 (23] e i

waalth. pa@
| | mir

L=t

Hierarchy Crossing Up:
th watch WaATCH WATCHBLE. CORE. min

Met: e s

sl

I p— A D watch.sew b_vctarumre: 8
— Xample or a pat view
th_watch hour ‘

Ready 1 th_watch WATCHWATCHBLE, CORE.min |, Mis MA EER

SYNoPSYS
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‘ Lab Timel

 We will finish with a 30 min lab to test the
basics.

Individual work.

When finish you check out:
— $VCS_HOME/doc/examples/testbench/sv/tutorial

« We will be around for at least 60 min for
guestions.

SYNOPSYS
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What Is the Device Under Test?

A router:

16 X 16 crosspoint switch

din [15:0] —

frame_n[15:0] ———C

valid_n [15:0] ———O

reset_ n ——Q

clock

router

—> dout [15:0]

O——— frameo_n [15:0]

O—— Vvalido_n [15:0]

© Synopsys 2010 10
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A Functional Perspective

iInputs outputs
frame_n[0] —__ port port ~_— frameo_nJ[0]
valid_n[O] 0 0 valido _n[0]
dinfo] = >~ dout[0]

1 1

2 2

3 3

4 4

© Synopsys 2010 10
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The Router Description

» Single positive-edge clock
 |nput and output data are serial (1 bit / clock)

» Packets are sent through in variable length:

—Each packet is composed of two parts
« Header
« Payload

« Packets can be routed from any input port to
any output port on a packet-by-packet basis

* No internal buffering or broadcasting (1-to-
N)

NYILLRYAY
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Input Packet Structure

« frame n:

— Falling edge indicates first bit of packet
— Rising edge indicates last bit of packet

e din:

— Header (destination address & padding bits) and payload

« valid _n:

— valid_n s low if payload bit is valid, high otherwise

clock _l

dinfi] { x

valid_n[i] {x

frame n[i] |

© Synopsys 2010
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Output Packet Structure

« Output activity Is indicated by:
frameo n, valido n, and dout

« Data is valid only when:

— frameo_n output is low (except for last bit)
— valido_n output is low

« Header field is stripped

clock ] |_| I_l i

doutfi] ¢ x X x X doX di X x X x X dy d3: :dn_3 x Xd ,¥Xd X x
valido_n[i] { x - \ X
frameo_n[i] ~ \

NYILLRYAY
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Reset Signal

* While asserting reset n, frame n and
valid n must be de-asserted

* reset n s asserted for at least one clock cycle

» After de-asserting reset n, wait for 15 clocks
before sending a packet through the router

clock _| |_| |J
reset_n \_/ a
frame_n[i] \_l_
> 15 clock cycles——
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‘ Lab Timel

 We will finish with a 30 min lab to test the
basics.

Individual work.

When finish you check out:
— $VCS_HOME/doc/examples/testbench/sv/tutorial

« We will be around for at least 60 min for
guestions.

SYNOPSYS
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