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*  UVM is a library of classes and resources based on those classes
* We use them to create testbenches.

Creating tests with the Factory, so we can run multiple test in one compilation

l ‘l SUNY - New Paltz /

Division of Engineering Programs

UVM Tests and Components 1



EGC455

Design and Verification of SOC

Va

Creating Tests with the Factory

if [file exists "work"] {vdel -all}

vlib work

veom -f dut.f

vleg -f th.f

vopt top -o top_optimized +acc +cover=sbfec+tinyalu(rtl).

vsim top_optimized -coverage +UVM_TESTMAME=random_test

set NoQuitOnFinish 1

onbreak {resume}

log /* -r

run -all

coverage exclude -src ../, ./ tinyalu_dut/single_cycle_add_and_xor.vhd -line 49 -code s

coverage exclude -src ../../ tinyalu_dut/single_cycle_add_and_xor.vhd -scope /top/DUT/add_and_xor -line
149 -code b

coverage save random_test.ucdb

vsim top_optimized -coverage +UVM_TESTNAME=add_test

set NoQuitOnFinish 1

onbreak {resume}

log /* -r

run -all

coverage exclude -src ../../ tinyalu_dut/single_cycle_add_and_xor.vhd -line 49 -code s

- /.. /tinyalu_dut/single_cycle add_and_xor.vhd -scope /top/DUT/add_and xor -line

SUNY — New Paltz
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4 Setting up UVM top module

module top;
import uvm_pkg::*;

‘include "uvm_macros.svh"

import tinyalu_pkg::*;
‘include "tinyalu_macros.svh"
// instantiate bfm and DUT
tinyalu_bfm bfm();
tinyalu DUT (.A(bfm.A), .B(bfm.B), .op(bfm.op), .clk(bfm.clk), .reset_n(bfm.reset_n),
.start(bfm.start), .done(bfm.done), .result(bfm.result));
// instead of passing the bfm to top level object as before, we use config database from UVM resource
initial begin
uvm_config_db #(virtual tinyalu_bfm)::sct(null, "*", "bfm", bfm); // pass bfm using config_db
run_test(); // Another feature of the UVM package; uses the command run input to run our test

end

endmodule : top

SUNY — New Paltz
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class random__test extends uvm_ test;

‘uvm_component_utils(random_test); /* macro to register phase.raise_objection(this);

random_test with the factory */
random_tester_h =

new(bfm);

coverage_h = new(bfm);

virtual tinyalu_bfm bfm;

function new (string name, uvm_component parent);
. ) scoreboard_h = new(bfm);
super.new(name,parent);

if(luvm_config_db #(virtual tinyalu_bfm)::get(null,
fork

"#" "bfm", bfm)) // get bfm out of db using static function get
coverage_h.execute();

statal("Failed to get BFM");

endfunction : new scoreboard_h.execute();

// run phase is like execute task previously jomn_none

task run_phase(uvm_phase phase);

random_tester random_tester_h;

random_tester_h.execute();
coverage coverage_h;

phase.drop_objection(this);

scoreboard scoreboard_h;
endtask : run_phase

SUNY - New Paltz endclass
Elect. & Comp. Eng.

- I

class add_test extends uvm_ test; phase.raise_objection(this);

‘uvm_component_utils(add_test);
add_tester_h = new(bfm);
virtual tinyalu_bfm bfm; coverage_h = new(bfm);
scoreboard_h = new(bfm);
function new (string name, uvm_component parent);

super.new(name,parent); fork
if(luvm_config_db #(virtual coverage_h.execute();
tinyalu_bfm) : :get(null, " "bfm" | bfm)) scoreboard_h.execute();
$fatal("Failed to get BEM"); join_none

endfunction : new

add_tester_h.execute();
task run_phase(uvm_phase phase); phase.drop_objection(this);
add_tester add_tester_h; endtask : run_phase
coverage coverage_h;

scoreboard scoreboard_h; endclass

' }l SUNY - New Paltz j
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class random_ tester;
virtual tinyalu_bfm bfm;
function new (virtual tinyalu_bfm b);
bfm = b;

endfunction : new

bit [2:0] op_choice;

op_choice = $randomy;

case (op_choice)
3'b000 : return no_op;
3'b001 : return add_op;
3'b010 : return and_op;
3'b011 : return xor_op;
3'b100 : return mul_op;
3'b101 : return no_op;
3'b110 : return rst_op;
3'b111 : return rst_op;

endcase // case (op_choice)

endfunction : get_op

protected virtual function operation_t get_op();

protected virtual function byte get_data();
bit [1:0] zero_ones;
zero_ones = $random;
if (zero_ones == 2'b00)
return 8'h00;
else if (zero_ones == 2'b11)
return 8'hFF;
else
return $random;

endfunction : get_data

=

virtual task execute();

byte unsigned iA;

) g
byte unsigned iB;
()pcrati(m_t op_set;

shortint  result;
bfm.reset_alu();
repeat (1000) begin : random_loop
op_set = gct_op();
iA = get_data();
iB = get_data();
bfm.send_op(iA, iB, op_set, result);
end : random_loop

#500;

endtask : execute

endclass : random_ tester

l )l SUNY - New Paltz
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class add_tester extends random_tester;

function new (virtual tinyalu_bfm b);
super.new(b);

endfunction : new

function operation_t get_op();
bit [2:0] op_choice;
return add_op;

endfunction : get_op

endclass : add_tester

UVM Tests and Components
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class scoreboard;

virtual tinyalu_bfm bfm;

function new (virtual tinyalu_bfm b);
bfm = b;

endfunction : new

task execute();
shortint predicted_result;
forever begin : self_checker
@(posedge bfm.done)
#i;

case (bfm.op_set)

=

if ((bfm.op_set = no_op) && (bfm.op_set | = rst_op))

if (predicted_result != bfm.result)
$error ("FAILED: A: %0h B: %0h op: %s
result: %0h",
bfm.A, bfm.B, bfm.op_set.name(),

bfm.result);

end : self_checker

endtask : execute

add_op: predicted_result = bfm.A + bfm.B;
and_op: predicted_result = bfm.A & bfm.B;
xor_op: predicted_result = bfm.A " bfm.B;

mul_op: predicted_result = bfm.A * bfm.B;

endcase // case (op_set)

SUNY — New Paltz
Elect. & Comp. Eng.

class coverage;
virtual tinyalu_bfm bfm;
byte unsigned A,
byte unsigned B;
operation_t op_set;
covergroup op_cov;

coverpoint op_set {

bins multi_cycle = {mul_op};

b

endgroup

bins singlc_cyclc[] = {[add_op : xor_op], rst_op,no_op};

bins opn_rst[] = ([add_op:mul_op] => rst_op);
bins rst_opn[] = (rst_op => [add_op:mul_op]);

bins sngl_mul[] = ([add_op:xor_op],no_op => mul_op);

bins mul_sngl[] = (mul_op => [add_op:xor_op], no_op);

bins twoops[] = ([add_op:mul_op] [* 2]);
bins manymult = (mul_op [* 3:5]);

Elect. & Comp. Eng.
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COVErgroup zeros_or_ones_on_ops;

all_ops : coverpoint op_set {
ignore_bins null_ops = {rst_op,

no_op};}

a_lcg: coverpoint A {
bins zeros = {'h00};
bins others= {['h01:'hFE]};
bins ones = {'hFF};

}

b_lcg: coverpoint B {
bins zeros = {'h00};
bins others= {['hO1:'hFE]};
bins ones = {'hFF};

‘ SUNY - New Paltz

Elect. & Comp. Eng. /

op_00_FF: cross a_leg, b_leg, all_ops { \
bins add_00 = binsof (all_ops) intersect {add_op} &&
(binsof (a_leg.zeros) | | binsof (b_leg.zeros));
bins add_FF = binsof (all_ops) intersect {add_op} &&
(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins and_00 = binsof (all_ops) intersect {and_op} &&
(binsof (a_leg.zeros) | | binsof (b_leg.zeros));
bins and_FF = binsof (all_ops) intersect {and_op} &&
(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins xor_00 = binsof (all_ops) intersect {xor_op} &&
(binsof (a_leg.zeros) | | binsof (b_leg.zeros));
bins xor_FF = binsof (all_ops) intersect {xor_op} &&
(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins mul_00 = binsof (all_ops) intersect {mul_op} &&
(binsof (a_leg.zeros) | | binsof (b_leg.zeros));

bins mul_FF = binsof (all_ops) intersect {mul_op} &&

(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins mul_max = binsof (all_ops) intersect {mul_op} &&

(binsof (a_leg.ones) && binsof (b_leg.ones));

lgnorc_hins ()thcrs_only = l)insof(a_lcg.othcl's) && binsof(l)_lcg.()thcrs); J
b

UVM Tests and Components 6
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/ endgrou \
group

function new (virtual tinyalu_bfm b);
op_cov = new();
Z€ros_or_ones_on_ops = new();
bfm = b;

endfunction : new

task execute();
forever begin : sampling_block

(@(negedge bfm.clk);
A= bfm.A;
B = bfm.B;
op_set = bfm.op_set;
op_cov.sample();
zcros_or_oncs_on_ops.samplc();

end : Sampling_block

endtask : execute

) endclass : coverage

Elect. & Comp. Eng. j

Compiling and Referencing the
UVM

s https://newpaltz. knowmia.com/K9sA

¢ UVM is a library of classes and resources based on those classes
* We use them to create testbenches.

¢ Creating tests with the Factory, so we can run multiple test in one compilation

l )l SUNY — New Paltz

Division of Engineering Programs /
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Using the UVM

* Import uvm_pkg::* into all modules and packages

* Include uvm_macros.svh at the top of packages

' ﬁISLNYhemeu

W Elect. & Comp. Eng.

Referencing the UVM

package memory_pkg;
import uvm_pkg: :%;
“include "uvm_macros.svh"

“include "tester.svh"
*include "monitor.svh"
*include "scoreboard.svh"
endpackage // memory_pkg

Reference the UVM name space and
include the macro definitions

' ﬁISLNYhemeu

W Elect. & Comp. Eng.
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The root of all action

UVIM Components

AY SUNY — New Paltz
¥ Elect. & Comp. Eng.

 Contain methods that
the UVM calls

* We fill in the methods

* Launched automatically
by the UVM

uvm_component: Mother of all action

Extended by uvm_cmdline_processor

;Bff Extended by uvm_report_object
b}

+} D€ Extended by uvm munllur

Extended by uvm_port_component_base
Extended by uvm_root

Extended by uvm_scoreboard

Extended by uvm_sequencer_base
Extended by uvm_test

Extended by uvm_tim_fifo_base #(Class u
Extended by uvm_tim_fifo_hase #(class u

IR IR L IR R R R
EEL T

UVM Tests and Components
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uvm_components use Phases

The UVM instantiates
all components in
their own threads and
calls the phase

methods in order.

uvm_component

Elect. & Comp. Eng.

l ‘l SUNY - New Paltz

UVM Instantiates Test

Test Instantiates other Components

ComponentA

Component B

Component C

l ‘l SUNY - New Paltz

Elect. & Comp. Eng.

UVM Tests and Components
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UVM calls phase methods in order First
the build_phase() method

ComponentA

Component B

Component C

l ‘l SUNY - New Paltz

Elect. & Comp. Eng.

The connect method is next. . .etc

ComponentA

Component B

Component C

l ‘l SUNY - New Paltz

Elect. & Comp. Eng.

UVM Tests and Components
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The run_phase() method does the work

ComponentA

Component B

Component C

l ‘l SUNY - New Paltz

Elect. & Comp. Eng.

The uvm__test is an uvim_component

= offf Extended by uvm_report_object
= 0ff Extended by uvm_cmdline_processor
;)DE' Extended by uvm_component
=0 Extended by uvm_agent
_ﬂgﬁ' Extended by uvm_driver #{class uvm_sequen...
+ B9 Extended by uvm_env
+ 82 Extended by uvm_monitor
+ B2 Extended by uvm_port_component_base
+ 0 Extended by uvm_root
+ 0 Extended by uvm_scoreboard
+ 00 Extended by uvm_sequencer_base
=88 Extended by uvm_test |
_yg].f‘ Extended by uvm_tim_fifo_base #(class uvm_r..
+§E Extended by uvm_tim_fifo_base #(class uvm_s.

SUNY - New Paltz
Elect. & Comp. Eng.

UVM Tests and Components
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Running Multiple Tests

UVM Tests

71
72
73
74
75
76
77
78
79

Running Tests with the UVM

BBV B

1| if [file exists work] {vdel -all}
? vlib work
¥ vliog -f compile.f
4 vsim top +UVM_TESTNAME=cat
5 set NoQuitOnFinish 1
¢ onbreak {resume}
? run -all
L] vsim top +UVM_TESTNAME=dog
0 run =all
33 #
34 # UVM-1.1b
35 # (C) 2087-2012 Mentor Graphics Corporation
36 # (C) 20@7-2012 Cadence Design Systems, Inc.
37 # (C) 2ee6-2012 Synopsys, Inc.
38 # (C) 2811-2012 Cypress Semiconductor Corp.
39 #
a0 *
a # UVM_INFO @ @: reporter [RNTST] Running test cat...
42 # UVM_INFO @ 6: uvm test_top [cat] The cat says 'meow’
=4l S5I.rop ne car says reow

UVM-1.1b

(C) 2007-2012 Mentor Graphics Corporation
(C) 2007-2012 Cadence Design Systems, Inc.
(C) 2006-2012 Synopsys, Inc.

(C) 2011-2012 Cypress Semiconductor Corp.

UVM_INFO @ @: reporter [RNTST] Running test dog...

UVM_INFO @ O:

uvm_test_top [dog] En espanol, el perro dice 'guau, guau'

SUNY - New Paltz
Elect. & Comp. Eng.

UVM Tests and Components
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Running Tests with the UVM

if [file exists work] {vdel -all}
vliib work

vliog —f compile.f

vsim top +UVM_TESTNAME=cat

set NoQuitOnFinish 1

onbreak {resume}
run -all
vsim top +UVM_TESTNAME=dog
run —all
33 #
3s # UVM-1.1b
35 # (C) 2007-2012 Mentor Graphics Corporation
36 # (C) 2007-2012 Cadence Design Systems, Inc.
37 # (C) 2006-2012 Synopsys, Inc.
3a # (C) 2011-2812 Cypress Semiconductor Corp.
30 #
I =
a1 # UVM_INFO @ @: reporter [RNTST] Running test cat...
a2 2 UM _INFO @ @: uvm test top [cat] The cat Says -meow.
70 #
71 # UVM-1.1b
72 # (C) 2007-2012 Mentor Graphics Corporation
73 # (C) 2087-2012 Cadence Design Systems, Inc.
74 # (C) 2006-2012 Synopsys, Inc.
75 # (C) 2011-2012 Cypress Semiconductor Corp.
76 #
77 #
78 # UVM_INFO @ @: reporter [RNTST] Running test dog...
79 # UVM_INFO @ ©: uvm_test_top [dog] En espanol, el perro dice 'guau, guau'

SUNY - New Paltz

Elect. & Comp. Eng. J

a

b SUNY — New Paltz

Elect. & Comp. Eng. J

The UVM has a Built-in Factory

We create classes that extend
uvim_test

We call out the classes with the
UVM_TESTNAMEplusarg

We start the test with the
run_test()task (defined in
uvm_pkg)

run_test()uses the UVM
factory to create and launch a
test object.

UVM Tests and Components

11/29/2021
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Creating a Test

;;D'El:‘ Extended by uvm_report_ohject
+0ff! Extended by uvm_cmdline_processor
:'DE:‘ Extended by uvm_component
=0 Extended by uvm_agent
+ BB Extended by uvm_driver #{class uvm_sequen..,
+0ff Extended by uvm_env
gﬂﬁ' Extended by uvm_monitor
+ B! Extended by uvm_port_component_base
+/ 0¥ Extended by uvm_root
+ 0ff Extended by uvm_scoreboard
_gnﬁ Extended by uvm_sequencer_base
_-_,DE' Extended by uvm_test
+0ff Extended by cat
+0ff Extended by dog

Tests are classes that extend uvm__test

SUNY - New Paltz
) Elect. & Comp. Eng. j

Creating a'Test

1 class cat extends uvm_test;

2 “uvm_component_utils(cat)

3

4 function new(string name, uvm_component parent);
s super.new(name, parent);

& endfunction : new

7

8 task run_phase(uvm_phase phase);

9 phase.raise_objection(this);

10 super.run();

11 “uvm_info("cat","The cat says 'meow'", UVM_INFO);
12 phase.drop_objection(this);

13 endtask

14 endclass : cat

SUNY - New Paltz
) Elect. & Comp. Eng. j
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Creating a'Test

© BN m W A W N e

class cat extends uvm_test;
“uvm_component_utils(cat)

function new(string name, uvm_component parent);
super.new(name, parent);
endfunction : new

task run_phase(uvm_phase phase);
phase.raise_objection(this);
super.run();
“uvm_info("cat","The cat says 'meow'", UVM_INFO);
phase.drop_objection(this);
endtask
endclass : cat

p

SUNY - New Paltz
Elect. & Comp. Eng.

[ |

Creating a'Test

© BN MW A W N e

class cat extends uvm_test;
“uvm_component_utils(cat)

function new(string name, uvm_component parent);
super.new(name, parent);

endfunction : new

task run_phase(uvm_phase _
phase.raise_objection(this);
super.run();
“uvm_info("cat","The cat says 'meow'", UVM_INFO);
phase.drop_objection(this);

endtask
endclass : cat

p

SUNY - New Paltz
Elect. & Comp. Eng.

UVM Tests and Components
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Creating a'Test

© BN m W A W N e

class cat extends uvm_test;
“uvm_component_utils(cat)

function new(string name, uvm_component parent);
super.new(name, parent);
endfunction : new

task run_phase(uvm_phase phase
phase.raise_objection(this);
super.run();
“uvm_info("cat","The cat says 'meow'", UVM_INFO);
phase.drop_objection(this);
endtask
endclass : cat

p

SUNY - New Paltz
Elect. & Comp. Eng.

Creating a'Test

© BN MW A W N e

class cat extends uvm_test;
“uvm_component_utils(cat)

function new(string name, uvm_component parent);
super.new(name, parent);
endfunction : new

task run_phase(uvm_phase phase
phase.raise_objection(this);
super.run();
“uvm_info("cat","The cat says 'meow'", UVM_INFO);
phase.drop_objection(this);
endtask
endclass : cat

p

SUNY - New Paltz
Elect. & Comp. Eng.

UVM Tests and Components
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UVM Objections

“Hey, 'm working here!”

ass 21 estends wws Test

1

2 .- ampereet <t ilsl cet

3

- - T L el AR B - v R i [ R
{ B ¢ ey A— [ S8 S

6 L . L ——

7

s task run_phase(uvm_phase phase);

° phase.raise_objection(this);

10 A ——

1 wen =Ty -ar T™e ot says — S TRt O
2 phase.drop_objection(this);

13 ot as e

14 Lo SHRE 2 1Y -t

All threads have veto power over stopping the simulation
If any thread has a raised objection, the simulation continues

SUNY - New Paltz
Elect. & Comp. Eng.

Creating a'Test

class cat extends uvm_test;
“uvm_component_utils(cat)

function new(string name,
super.new(name, parent);
endfunction : new

task run_phase(uvm_pha
phase.raise_objection(this);

© BN MW A W N e

10 super.run();

11 “uvm_info("cat","The cat says 'meow'", UVM_INFO);
12 phase.drop_objection(this);

13 endtask

14 endclass : cat

b

SUNY - New Paltz
Elect. & Comp. Eng.

UVM Tests and Components
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Creating a'Test

class cat extends uvm_test;
“uvm_component_utils(cat)

function new(string name, uvm_component parent);
super.new(name, parent);
endfunction : new

task run_phase(uvm_phase phas
phase.raise_objection(this)

© BN m W A W N e

10 super.run();

11 “uvm_info("cat","Th ys 'meow'", UVM_INFO);
12 phase.drop_objecfion(this);

13 endtask

14 endclass : cat

SUNY - New Paltz
Elect. & Comp. Eng.

Creating a'Test

class cat extends uvm_test;
“uvm_component_utils(cat)

function new(string name,
super.new(name, parent)
endfunction : new

© BN MW A W N e

task run_phase(uvm_phase p e);
phase.raise_objection(this);
10 super.run();
11 “uvm_info("cat","The cat says 'meow'", UVM_INFO);
12 phase.drop_objection(this);
13 endtask
14 endclass : cat

p

SUNY - New Paltz
Elect. & Comp. Eng.

UVM Tests and Components
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Creating a'Test

class dog extends uvm_test;

1
2

3 “uvm_component_utils(dog)

a

s function new(string name, uvm_component parent);

& super.new(name, parent);

T endfunction : new

8

o task run_phase(uvm_phase phase);

10 phase.raise_objection(this);

1 super.run();

12 “uvm_info ("“dog","En espanol, el perro dice 'guau, guau'", UVM_INFO);
13 phase.drop_objection(this);

14 endtask

1s

16 endclass : dog

SUNY - New Paltz
Elect. & Comp. Eng.

Running the Test: Top Level

import uvm_pkg: :*;
import cat_dog_pkg::i*;

module top;

w oa W om e

initial run_test();

endmodule

1 if [file exists work] {vdel —-all}
2 vlib work

3 vliog —f compile.f

] vsim top +UVM_TESTNAME=cat

s set NoQuitOnFinish 1

s onbreak {resume}

7 run —all

8 vsim top +UVM_TESTNAME=dog

0 run —all

I

SUNY - New Paltz
; Elect. & Comp. Eng. J

UVM Tests and Components
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Driving Simulation with the
UV

| I SUNY - New Paltz

¥ Elect. & Comp. Eng. /

Interfaces: Portal to the Class World

Classes don’t have port lists.
How can we communicate with them?

| I SUNY — New Paltz

¥ Elect. & Comp. Eng. /

UVM Tests and Components 21
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How do we connect the interface to the test?

wr_data_reg
ENB data
dd l addr .
rd rd
o | )
Ll 1
wr : wr
al »
Ll B
clk clk
- »
ovm_test memory_if memory

| &I SUNY - New Paltz

Elect. & Comp. Eng.

We use a package variable

package memory_pkg;
import uvm_pkg: :%;

virtual interface memory_if global_mif;

*include "uvm_macros.svh"
“include "quiet_test.svh"
“include "verbose_test.svh"
endpackage: memory_pkg

OO ®NGOWLIWNE

| &I SUNY - New Paltz

Elect. & Comp. Eng.

UVM Tests and Components
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Pass the interface to package

import uvm_pkg: :%;
import memory_pkg: :x;

module top;

endmodule: top

memory_if mi();
memory dut (mi.mem_mp);

initial begin
string test_name;

memory_pkg: :global_mif = mi;

run_test();
end

) SUNY - New Paltz

Elect. & Comp. Eng.

© NGV AW e

42 endclass :

class quiet_test extends uvm_test;
“uvm_component_utils(quiet_test)
virtual interface memory_if mif;

function new(string name, uvm_component parent);
super.new(name, parent);

endfunction :

endfunction :

virtual task run_phase(uvm_phase phase);
int nloops=5;
[3:@] tiny_addr;

phase.raise_objection(this);

/

quiet_test

unction wvoil ild_p
super.build_phase{phase);

memory_pkg: :global_mif;
build_phase

Creating a'Test

) SUNY - New Paltz

Elect. & Comp. Eng.
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Creating a'Test

1 class quiet_test extends uvm_test;
§ “uvm_component_utils(quiet_test)
; virtual interface memory_if mif;
‘62 function new(string name, uv

8 super.new(name

1: endfunction : new

"

virtua unction void build_phase{uvm_]
13 super.build_phase{phase);

14 mif = memory_pkg::global_mif;
endfunction : build_phase

virtual task run_phase(uvm_phase phase);
int nloops=5;

19 logic [3:@] tiny_addr;

20

phase. raise_objection(this);

dt /.
41
42 endclass : quiet_test
43
—

SUNY - New Paltz
Elect. & Comp. Eng.

Creating a'Test

1 class quiet_test extends uvm_test;

; “uvm_component_utils(quiet_test)

; virtual interface memory_if mif;

‘6) function new(string name, uvm_component parent);
8 super.new(name, parent);

lz endfunction : new

-

virtua unction vold build_phase{uvm_phase phas
13 super.build_phase(phase)
14 mif = memory_pkg::global_mi
endfunction : build_phase

SUNY - New Paltz
Elect. & Comp. Eng.

17 virtual task run_phase(uvm_phase phase);
18 int nloops=5;
19 logic [3:@) tiny_addr;
20
21 phase.raise_objection{(this);
d /
o= i e |
42 endclass : quiet_test
43

UVM Tests and Components
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virtua

dt 7

endfunction :

class quiet_test extends uvm_test;
“uvm_component_utils(quiet_test)
virtual interface memory_if mif;

function new(string name, uvm_component parent);
super.new(name, parent);

new

unction void build_phase{uvm_]
13 super.build_phase{phase);
14 mif = memory_pkg::global_mif;

endfunction : build_phase

virtual task run_phase(uvm_phase phase);
int nloops=5;
19 logic [3:@] tiny_addr;

phase. raise_objection(this);

42 endclass : quiet_test

Creating a'Test

SUNY - New Paltz
Elect. & Comp. Eng.

ra

memory_pkg.sv

top.sv

quiet_test.svh

SUNY - New Paltz
Elect. & Comp. Eng.

Getting the interface in build_phase()

o w AW e

e e A e S e P e NP e e e e e IS

9
10
11
12

package memory_pKkg;

“include "“uvm_macros.svh"

import uvm_pkg: :1%;

virtual interface memory_if global_mif;

initial begin
memory_pkg::global_mif = mi;
run_test();

end

12
13
14
1s

P PP PR
. -

virtual function void build_phase(uvm_phase phase);
super.build_phase(phase);
mif = memory_pkg::global_mif

endfunction : build_phase

Y s P

Take the interface out of the global variable in the package.

/
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ra

Stimulating the DUT in the run_phase()task

i VIrtoal task run_phase (Uvm_phase phases:

int nloops=5;
logic [3:8] tiny_addr;

phase.raise_objection(this);

mif.wr = 1'b1;

for (int i=®; i< 'h1@; i++) begin
@{negedge mif.clk);
mif.wr_data_reg = i;
mif.addr = i;

end

uvm_report_info("MEMORY TEST", spsprintf("Running %@d loops",nloops));

repeat (nlocops) begin
@(negedge mif.clk);
mif.wr = Srandom;
mif.rd = ~mif.wr;
tiny_addr = $random;
mif.addr = {12'd@, tiny_addr};
if (mif.wr) mif.wr_data_reg = $random;
end
@(negedge mif.clk);
phase.drop_objection(this);
endtask // run

. P T e . e
e

SUNY - New Paltz
Elect. & Comp. Eng.

Stimulating the DUT in the run_phase()task
1 virtual task run_phaSe(ldvm_phase phase);
18 int nloops=5;
19 logic [3:@] tiny_addr;
20
21 phase.raise_objection{this);
22 mif.wr = 1'b1;
23 for (int i=0@; i< 'h1@; i++) begin
24 @(negedge mif.clk);
25 mif.wr_data_reg = i;
26 mif.addr = i;
27 end
28
29 uvm_report_info(""MEMORY TEST", spsprintf(“Running %@d loops",nloops));
30
31 repeat (nloops) begin
32 @(negedge mif.clk);
33 mif.wr = Srandom;
34 mif.rd = ~mif.wr;
35 tiny_addr = $random;
36 mif.addr = {12'd@, tiny_addr};
37 if (mif.wr) mif.wr_data_reg = $random;
38 end
39 @(negedge mif.clk);
40 phase.drop_objection(this);
41 endtask // run
& b o _—_;- prN— P

SUNY - New Paltz
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Creating a New Test

1 class verbose_test extends quiet_test;

2

3 “uvm_component_utils(verbose_test

a

s function new(string name, uvm_component parent

6 super.new(name, parent);

7 endfunction : new

8

9 virtual task run_phase(uvm_phase phase);

10 int nloops=5;

11 logic [3:@] tiny_addr;

12

- phase.raise_objection(this);

14 mif.wr = 1'bl;

s for (int i=@; i< 'h1@; i++) begin

16 @(negedge mif.clk);

17 mif.wr_data_reg = i;

18 mif.addr = i;

19 “uvm_info("TESTER", $psprintf("addr: %2h data: %2h rd: %lb wr:%lb"™,

20 mif.addr, mif.data, mif.rd, mif.wr),UVM_INFO);

21 end

22 — - a2 P O - oertins oot
—— e =t o

SUNY - New Paltz
Elect. & Comp. Eng.

Creating a New Test

BN AW N e

9
10
1
12
13
14
15
16
17
18
19
20
21
22

class verbose_test extends quiet_test;
‘uvm_component_utils(verbose_test)

function new(string name, uvm_component parent);
super.new(name, parent);
endfunction : new

virtual task run_phase(uvm_phase phase);
int nloops=5;
logic [3:@] tiny_addr;

phase.raise_objection(this);
mif.wr = 1'bl;
for (int i=@; i< 'h1@; i++) begin
@(negedge mif.clk);
mif.wr_data_reg = i;
mif.addr = i;
“uvm_info("TESTER", $psprintf("addr: %2h data: %2h rd: %lb wr:%lb",
mif.addr, mif.data, mif.rd, mif.wr),UVM_INFO);

end
e e PSP Y

AP gl

- et
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Creating a New Test

1 class verbose_test extends quiet_test;

2

3 “uvm_component_utils(verbose_test)

2

5 function new(string name, uvm_component parent);

6 super.new(name, parent);

7 endfunction : new

8

9 virtual task run_phase(uvm_phase phase);

10 int nloops=5;

11 logic [3:@] tiny_addr;

12

13 phase.raise_objection(this);

14 mif.wr = 1'bl;

15 for (int i=@; i< 'h1@; i++) begin

16 @(negedge mif.l:lk);

17 mif.wr_data_reg = i;

18 mif.addr = i;

19 “uvm_info("TESTER", $psprintf("addr: %2h data: %2h rd: %1b wr:%lb",
20 mif.addr, mif.data, mif.rd, mif. wr) UVM_INFO);
21 end

B o P o e, PPN PP~ o AP g

SUNY - New Paltz
Elect. & Comp. Eng.

VSIM 25 vsim +UVH_TESTNAME=quiet_test top
# vsim +UYM_TESTNAME=quiet_test top

#
VSIM 3> run -all

Running the quiet_test

UVM-1.1b
(C) 2007-2012 Mentor Graphics Corporation

--— UVM Report Summary ——-—

u» Report counts by severity
UVM_INFO - 3

UYM_WARNING : 0
UVM_ERROR : ]

UYM_FATAL - 0

*% Report counts by id
[HEMOR\’ TEST]

LQuesta UVMI] 2

L[RNTST] 1

CTEST_DONE] 1

ExRERRTRRTRIRRTRRERRTRRTRRRR

Time: 440 ns Tteration: 55 Instance:

(C) 2007-2012 Cadence Design Systems. Inc.
UYM_INFO @ 0: reporter C[RNTST] Running test quiet_test...

UVM_INFO @ 320: uvm_test_top [MEMORY TEST] Running 5 looj
UVM_INFO verilog_src/uvm—1.1lb/src/base/uvm_ob jection. svh(1120) @ 440: reporter [TEST_DONE]1 'run' phase

#% Note: $finish : /tools/menteor/questasl10.lc_1l/questasim/linux/../verilog_src/uvm—1.1b/src/base/uvm

stop

SUNY - New Paltz
Elect. & Comp. Eng.
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Running the verbose_ test

QuestaSims do run.ds

QuestaSim vlog 10.1c_1 Compiler 2012.09 Sep 2 2012
Top level modules:

top
vsim +UVM_TESTNAME=verbose_test top
®##% Note: (vsim—3812) Design is being optimized...
1

U¥M-1.1b
(C> 2007-2012 Mentor Graphics Corporation
{C> 2007-2012 Cadence Design Systems. Inc.

UVM_INFO verilog_src/questa_uvm_pkg-1.2/src/questa_uvm_pkg.sv(215) @ 0: reporter [Questa UYM1 QUESTA
UVM_INFO verilog src/questa_uvm_pkg-1.2/src/questa_uvm_pkg.sv(217) @ 0: reporter [Questa UVMI
UVM_INFO @ 0: reporter LRNTST] Running test verbose_test...

UYM_INFO ./bench/verbose_test.svh(20) @ 20: uvm_test_top LTESTER] addr: 00 data: xx rd: O wr

UVM_INFO ./bench/verbose_test.svh(20) 40: uvm_test_top [TESTER] addr: 01 data: 00 rd: O wr
UYM_INFO ./bench/verbose_test.svh(20) 60: uvm_test_top L[TESTER] addr: 02 data: 01 rd: O wr
] wr

EHHEERIRTXRT R R R R R RS

UVM_INFO ./bench/verbose
_INFO ./bench/verbose

@
@
test.svh(20) @ 80: uvm_test _top LTESTER] addr: 03 data: 02 rd:
e
INFO ./bench/verbose @

test.svh(20)
test .svh(20)

100: uvm_test_top LTESTER] addr: 04 data: 03 rd: ¢  wr:l
120: uvm_test_top [TESTER] addr: 05 data: 04 rd: 0  wr:l

SUNY — New Paltz
¥ Elect. & Comp. Eng.

Steps to Create a UVM Test

* Create a test object by extending uvm_test
* Create a package variable that will hold the interface

* In the top level, instantiate the interface and put a copy of the
interface into the package variable

* In the test’s build_phase()task, get the interface out of the
package variable

* Stimulate the DUT in the run_phase()task

A\ SUNY — New Paltz

¥ Elect. & Comp. Eng. J
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/

UVM Components

component

b SUNY — New Paltz

Division of Engineering Programs

*  https://ww \\.}()ululw.('r)m/ watch?v=H7hlurC1 BPg
* UVM Components are foundation of testbench structure

¢ Step 1: Extend the uvm_component class or child class to define your

*  Step 2: Use the ‘uvm_component_utils() macro to register this class with factory
¢ Step 3: Provide at least the minimum Uvm_component constructor
*  Step 4: Override the UVM phase methods as necessary

®  Much simpler

® No bfm from top level
® No run task

® Key here is phases

® Built phase: create three
lower-level components

UVM calls their build
phases

® Connect phase
® Run phase
® Has build phase: pulls

down bfm

SUNY — New Paltz
Elect. & Comp. Eng.

class random__test extends uvm_ test;

"uvm_component_utils(random_test); /* register factory //

random_tester tester_h;
coverage  coverage_h;

scoreboard scoreboard_h;

function void build_phase(uvm_phase phase);
tester_h = new("tester_h", this);
coverage_h = new("coverage_h", this);
scoreboard_h = new("scoreboard_h", this);

endfunction : build_phase
function new (string name, uvm_component parent);

super.new(name,parent);

endfunction : new

endclass

UVM Tests and Components

11/29/2021
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class random_tester;
‘uvm_component_utils (random_ tester)

virtual tinyalu_bfm bfm;

super.new(name, parent);

endfunction : new

virtual function operation_t get_op();

bit [2:0] op_choice;

op_choice = $random;

case (op_choice)
3'b000 : return no_op;
3'b001 : return add_op;
3'b010 : return and_op;
3'b011 : return xor_op;
3'b100 : return mul_op;
3'b101 : return no_op;
3'b110 : return rst_op;

3'b111 : return rst_op;
endcase // case (op_choice)

endfunction : get_op

function new (string name, uvm_component parent);

¢ build phase: instead of constructor,

to get bfm in config

® Run phase

—

virtual ~ function byte get_data();

bit [1:0] zero_ones;

zero_ones = $random;

if (zero_ones == 2'b00)
return 8'h00;

else if (zero_ones == 2'b11)
return 8'hFF;

else
return $random;

endfunction : get_data

function void build_phase(uvm_phase phase);
if(luvm_config_db #(virtual
tinyalu_bfm)::get(null, "*","bfm", bfm))
$fatal("Failed to get BEM");

endfunction : build_phase

a

task run_phase(uvm_phase phase);

byte unsigned iA;
byte unsigned iB;

J
opcration_t op_sct;

shortint  result;

phase.raise_objection(this);
bfm.reset_alu();
repeat (1000) begin : random_loop
op_set = get_op();
iA = get_data();
iB = get_data();
bfm.send_op(iA, iB, op_set, result);
end : random_loop
#500;
phase.drop_objection(this);
endtask : run_phase

endclass : random_ tester

class add_tester extends random_tester;
‘uvm_component_utils(add_ tester)

function new (string name, uvm_component parent);
super.new(name, parent);

endfunction : new

function operation_t get_op();
bit [2:0] op_choice;
return add_op;

endfunction : get_op

endclass : add_tester

SUNY — New Paltz
Elect. & Comp. Eng.
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4 Coverage

® Same set up
¢ basic constructor
® Build phase
® Run phase

class coverage extends uvm_component;
‘uvm_component_utils(coverage)
virtual tinyalu_bfm bfm;
byte unsigned A;
byte unsigned B;
operation_t op_set;
covergroup op_cov;

coverpoint op_set {

bins single_cycle[] = {[add_op : xor_op], rst_op,no_op};

bins multi_cycle = {mul_op};

bins opn_rst[] = ([add_op:mul_op] => rst_op);
bins rst_opn[] = (rst_op => [add_op:mul_op]);
bins sngl_mul[] = ([add_op:xor_op],no_op => mul_op);
bins mul_sngl[] = (mul_op => [add_op:xor_op], no_op);

bins twoops(] = ([add_op:mul_op] [* 2]);

bins manymult = (mul_op [* 3:5]);

h
’H endgroup
A\SUNY — New Paltz
P Elect. & Comp. Eng.
COVErgroup zeros_or_ones_on_ops;
all_ops : coverpoint op_set {
ignore_bins null_ops = {rst_op, no_op};} }

a_leg: coverpoint A {
bins zeros = {'h00};
bins others= {['h01:'hFE]};
bins ones = {'hFF};
b_leg: coverpoint B {
bins zeros = {'h00};
bins others= {['h01:'hFE]};
bins ones = {'hFF};
op_O00_FF: cross a_leg, b_leg, all_ops {
bins add_00 = binsof (all_ops) intersect {add_op} &&(binsof (a_leg.zeros) | | binsof (b_leg.zeros));
bins add_FF = binsof (all_ops) intersect {add_op} &&(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins and_00 = binsof (all_ops) intersect {and_op} &&(binsof (a_leg.zeros) | | binsof (b_leg.zeros));
bins and_FF = binsof (all_ops) intersect {and_op} &&(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins xor_00 = binsof (all_ops) intersect {xor_op} &&(binsof (a_leg.zeros) | | binsof (b_leg.zeros));
bins xor_FF = binsof (all_ops) intersect {xor_op} &&(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins mul_00 = binsof (all_ops) intersect {mul_op} &&(binsof (a_leg.zeros) | | binsof (b_leg.zeros));
bins mul_FF = binsof (all_ops) intersect {mul_op} &&(binsof (a_leg.ones) | | binsof (b_leg.ones));
bins mul_max = binsof (all_ops) intersect {mul_op} &&(binsof (a_leg.ones) && binsof (b_leg.ones));
ignore_bins others_only =binsof(a_leg others) && binsof(b_leg.others);

endgroup

UVM Tests and Components
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function new (string name, uvm_component parent);
super.new(name, parent);
op_cov = new();
7€ros_or_ones_on_ops = new();

endfunction : new

function void build_phase(uvm_phase phase);

$fatal("Failed to get BEM");
endfunction : build_phase
task run_phase(uvm_phase phase);
forever begin : sampling_block
(@(negedge bfm.clk);
A= bﬁ‘n,A;
B = bfm.B;
op_set = bfm.op_set;
op_cov.sample();
zeros_or_ones_on_ops.sample();

end : sampling_b]ock

=

if(luvm_config_db #(virtual tinyalu_bfm)::get(null, "*","bfm", bfm))

UVM will get the
build phase and run
phase going on it
own.

Phase objective not
needed since
stimulus are not

being generated.

endtask : run_phase

endclass : coverage

SUNY - New Paltz
Elect. & Comp. Eng.

uvm_component;

parent);

endfunction : new

endfunction : build_phase

class scoreboard extends

‘uvm_component_utils(scoreboard);
virtual tinyalu_bfm bfm;

function new (string name, uvm_component

super.new(name, parent);

function void build_phase(uvm_phase phase);

if(luvm_config_db #(virtual
tinyalu_bfm)::get(null, "*","bfm", bfm))

$fatal("Failed to get BEM");

SUNY — New Paltz
Elect. & Comp. Eng.

task run_phase(uvm_phase phasc);
shortint predicted_result;
forever begin : self_checker
(@(posedge bfm.done)
1,
case (bfm.op_set)

add_op: predicted_result = bfm.A + bfm.B;
and_op: predicted_result = bfm.A & bfm.B;
xor_op: predicted_result = bfm.A ” bfm.B;
mul_op: predicted_result = bfm.A * bfm.B;

endcase // case (op_set)

if ((bfm.op_set != no_op) && (bfm.op_set !=
rst_op))
if (predicted_result = bfm.result)
$error ("FAILED: A: %0h B: %0h op: %os
result: %0h",
bfm.A, bfm.B, bfm.op_set.name(),
bfm.result);
end : self_checker

endtask : run_phase

endclass : scoreboard

UVM Tests and Components
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class add_test extends random_ test; add_test ]everages everything from

\uvm_componcnt_utils(add_tcst); random_test i.e. build phase, run
phase. It does need its own

add_tester tester_h; constructor. All it needs tester_h

variable to be set up.

function new (string name, uvm_component parent);
super.new(name,parent);
endfunction : new

endclass

| bl SUNY - New Paltz

Elect. & Comp. Eng. J

Other verification methodologies

| bl SUNY - New Paltz

Division of Engineering Programs /

UVM Tests and Components 34



EGC455

Design and Verification of SOC

UVM versus OVM

® The Universal Verification Methodology (UVM) is a standardized

methodology for verifying integrated circuit designs.

® UVM is derived mainly from the OVM (Open Verification

Methodology)

® OVM is based on the eRM (e Reuse Methodology) for the e
Verification Language developed by Verisity Design in 2001.

SUNY — New Paltz
Elect. & Comp. Eng.

ra

Configuring components in OVM and UVM

class my env extends ovm env:

function void build():
ahb cfg = ahb config::type id::create("ahb cfg");
ahb cfg.width = 16;
// set additional fields
set_config_object("*","ahb_cfg",ahb_cfg) ;
endfunction

endclass
class my ahb agent extends ovm component;
function void build():
ovm_object cfg;
ahb_config my cfg:
assert (get_config_object ("ahb_cig",cfg,0);
if ('$cast(my cfg, cfg))
ovm report error(...);
endfunction

endclass

class my env extends uvm env;

function veoid build();
ahb cfg = ahb_config::type_id::create("ahb_cfg");
ahb cfg.width = 16;
// set additional fields
uvm config dbd{ahb config)::set(
this,"ahb agent","ahb cfg",ahb cfg);
endfunction

endclass

class my ahb_agent extends uvm component;

function void build():
ahb config my cfg;
if {luvm config db::ahb config::get(
this, "", "ahb cfg",my cfg);
“uvm_error(...)

endfunction

endclass

\
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ra

task run();
seq.start( m_wvirtual sequencer );
global_stop_request() ;

Comparing end of test in OVM and UVM

task run phase( uvm phase phase );
phase.raise objection( this );
seq.start( m_virtual_ sequencer );
phase.lower_objection( this );

endtask
endtask
task run_phase( uvm_phase phase );
task run(); phase.raise objection( this , "started sequence"
ovm_test_done.raise cbjection(); Vi
seq.start( m_wvirtual_sequencer ); seq.start( m_virtual_ sequencer );
ovm_test_done.drop_objection(); phase.drop_objection( this , "finished
endtask sequence") ;
endtask

SUNY - New Paltz
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