Verification Academy

Introduction to the UVM

Object Oriented Programming

Ray Salemi
Senior Verification Consultant

info@verificationacademy.com | www.verificationacademy.com GMSHE



Ray Salemi — Senior Verification Consultant 4

FPGA
Simulation

A Complete
Step-by-Step
Guide

The UVM Primer

An [ntoduction w the
Lindyersad Verfication Medodology

Ray Salenni

Ray Salemi

Introduction to Introduction to
Advanced Verification the UVM

© 2014 Mentor Graphics Corporation, all rights reserve:



SystemVerilog for VHDL Engineers
Object Oriented Programming
SystemVerilog Interfaces
Packages, Includes, and Macros
UVM Test Objects

UVM Environments

Connecting Objects

Transaction Level Testing

The Analysis Layer

10. UVM Reporting

11. Functional Coverage with Covergroups
12. Introduction to Sequences

1.
2.
3.
4.
5.
6.
7.
8.
9.




Object Oriented Programming

An Old Hardware Concept




Object Oriented Programming

An Old Hardware Concept




Object Oriented Programming

An Old Hardware Concept




Data Encapsulation in VHDL : Records

WSk = run 1
# *+* Mote: 1000
#* Time: 0 ns Iteration: 0 Instance: Srecord_example

LIEBRARY icaes;
USE iese.std_logic 1164.211;
USE iese.std_logic arith.=all;
WSk T
ENTITY reocord example IS
tvpe rectangle £ i=s record
length :: integer;
width : integer;
2rd reoord;
END ENTITY record sxample;

ARCHITECTURE example OF record example IS
shared wvariakble rectangle:rectangle T
shared wvariakle area:integer;

EEZIN
process bhegin
rectangle. length = 50;
rectangle.width = Z0;
area = rectangle.length * rectangle.width;
report integer!' imageiareal;
wait
end prodgsss;

END ARCHITECTURE sxampls;
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Encapsulation in SystemVerilog

LIEBREARY iess;
USE iese.std_logic 1164.211;
USE iese.std_logic arith.=all;

ENTITY record example IS

width : integer;
arnd reoord;
END EMNTITY record example;

ARCHITECTURE example OF record exampls IS

BEZIN
process begin
rectangle. length = 50;
rectangle.width = 20;
area = rectangle.length * rectangle.width;
report integer' imageiaresal;
wait
end procsess;

END ARCHITECTURE sxampls;

type rectangle t i record M
length @ integsr;

module class_ _szampls
shared wariable rectangle:rectangles_t; M rectangls_t rectangls;
shared wvariakble area:integer;

class rectangle t;
int length:
int width:

function newi(int 1, int w);
length = 1;
width = w;

endfunct ion

function integsr area;
return length * width;
endfunct ion
endolass

initial kegin
rectangle = new(50, 207 ;
fdisplavirectanglse.araa) ;
[SNatal

endmodul e
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Terminology

class rectangle t:;
int length:
int width:

function new(int
length = 1:
width

endfuncti

1
=
3
S
5
(S
7
8
9

10 function integer area:;
11 return length * width:;
12 endfunction

13 endclass
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Differences in SystemVerilog Classes

class rectangle L
int length;
int width:

function new(int 1, int
length = 1;
width = I
endfunaot ion

function integer area;
return length * width;
endfunction

endalass

module class example

rectandgle € rectandgle;
initial begin
rectangls =

newi 50, 207 ;
sdisplavirectangle. are
end

erdmodinl <

=
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Advantage of Classes: Extension

class rectangls_t;

int length;
int width;

function new(int 1, int w);
length = 1;
width = W
endfunat ion

function integer area;

return length * width;
endfunat ion

endolass

class square t extends rectangle t;

function new(int side);

super . newl(=side,side) ;
endfunct ion

endalass

module class sexamplese
rectangle t rectangle;
squatre_t squatre;
initial kegin
rectandglse

= new(50,20%0;

Sdisplay("rectangls area: 304",
squatre = newi 507 ;
Sdisplayi("squares area:

erucd

endmodule

rectangle.arsal ;

E04A", sgquare.areal);

A Square is a Rectangle with
the same length and width
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What Can | Do with Objects?

gen
(generator)

—|_stimufll—

Behavioral
TLM
DUT

——Liesuligl—

reader

function woid calc beh result {(input _tran t) :
result = (c.a ¥ ©t.b)] + [(t.o ¥ ot.d) o

endfunction ./ woid
e i R LT

gen
(generator)

e L T B m e n e e e _._--L_\_|

reader
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Randomizing Objects

logie[15:0]
logiclZ:0)
enum {read,

rand addr__t addr:
rand data_t data:;
rand mem _op_ t mem op:

1
2
3
<4
5
6
7
8
9

function
addr =
data =
mem__op

endfunction

function string convertZ2string () ;
ska
$sformat (s, "addr S0h data %0h op %s",addr, data, mem op) :;
return s:

endfunction // conve 2string
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Randomizing

28 module top:;

29 mem_op op:

30

31 initial begin

32 = new() :

33 epea (5) begin

34 ert (op.randomize () ) :
35 i ToRp! — s",op.convert2string) ;
36

37

38

# Loading work.top
# op - addr bgl9
# op -=> addr 3980
# op -=» addr clf2
# op -=> addr 8309
# op -=> addr 7e&9
VS5IM 3=
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Constraining Randomization

D] initial begin

28 op = new():;

29 repeat (5) begin

30 assert (op.randomize() with {mem op == read:}) :
31 $display ("ol z ss" ,op.convertZ2string) :

S 2 end

33 end

34 endmodule
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Add Constraints by Extending Classes

E 4 memory op 24 (class readfop extends memory_  op:;
: 25 constraint read only < {mem op
26 |endclass /,/ read op

module top:;
read op op:

initial begin
new () ;
(5) begin
assert (op.randomize () ) :
$display ("op -= Ss",op.convert2string) ;
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Summary

« SystemVerilog uses classes to encapsulate data and
functionality

* You can create families of classes. Child classes
Inherit functionality from their parents.

« SystemVerilog can randomize objects. You can
control the randomization with constraints.
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