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SystemVerilog Random Constraints -
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class packet;

Language Is declarative: rand bit[15:0] len;
constraint valid_len {
— Symbols len inside {[0:1500]};
- hard-coded into constraint }
endclass

* must be resolved prior to run-time
class long packet extends packet;

. constraint long len {
BIOCkS' len > 1000; // AND valid_len
— Operate together via Boolean Y

AND connective endclass
len >= 0 && len <= 1560 && len > 1000 class error_packet extends packet;
: : : constraint valid_1
— Overridden through inheritance /7 override en 1
len inside {[1501:1600]};
Manipulation }
endclass
Performance

Example from [2]
SNUG 2014




SystemVerilog Random Constraints e
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class packet;

Language rand bit[15:0] len;
constraint valid len {
Blocks len inside {[0:1500]};
: : : : )
Manipulation via extension: endclass
— Inhe”tance Chaln IS known class long packet extends packet;
— Test bench hierarchy is known constraint long_len {
_ len > 1000; // AND valid len
— UVM Factory used to override }
In new test endclass
- Re'CompiIe Is performed class error packet extends packet;
constraint valid len ({
// override
Performance len inside {[1501:1600]};
— Fast, tightly integrated in simulator }

endclass

— Anything else imparts penalty

Example from [2]
SNUG 2014
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Questions

« Extending global/static classes?

« Changes to random variable?

— Verification engineer

— Designer working on a bug fix?

« Wouldn't it be nice to just set it

on the command line?

Synopsys Users Group

class global config;
rand sim mode;
constraint valid c {
dist {
0 :
1 :
2
}
}

function new/() ;

40, // “normal”

50, // “err injection”

10 // special case

std: :randomize (sim mode) ;
end
endclass

// Single global instance in sim
global config cfg = new;

Constraints are Set in Code with Some Flexibility

SNUG 2014
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Dynamic Constraints

do not confuse working within

e UNG AN

Implementation

with making

SACRIFICES:-

Picture from [3]

Performance Review




Dynamic Random Constraints -
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class packet;
lvm_rand#(bit[15:0]) len;
function new();

« A string parsed at run-time

— Associated with lvm_rand object len = new(“PACKET_LEN”, this);
) ) len.push(“inside [©:1500]");
_ Dynamlcally Changed via endfunction // default constraint
UVM Resource Database endclass
class long packet extends lvm_test;
. Symbols are: function void build phase();
) i set_constraint(“”,“PACKET_LEN”,
— Hard coded into the constraint “inside [1000:1500]”);
— Variable/function reference illegal endfunction
set_constraint(“”, “PACKET_LEN”, endclass
“inside [min:max]”); class error_packet extends lvm_test;

function void build phase();
set _constraint(“”, “PACKET_LEN”,
“inside [1501:1600]”);
endfunction
endclass

— String composition is OK
set_constraint(“”, “PACKET_LEN”,

$sformatf(“inside [%0d:%0d]”,
min, max));

SNUG 2014 7



Dynamic Random Constraints -
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« A string parsed at run-time
« Symbols

« Command line connection
— Load into uvm_config_db

> simv +uvm_set config string=\
ok “PACKET_LEN”,“1510”

> simv +uvm_set config string=\
k2 C“PACKET _LEN”,\
“dist {1:=1, 1000:=1,

1500:=1}"

> simv +uvm_set_config string=\
ok “PACKET_LEN”,\
“inside [ ‘h3e8:15°037 20]”

« Performance

SNUG 2014

class packet;
lvm_rand#(bit[15:0]) len;
function new();
len = new(“PACKET_LEN”, this);
len.push(“inside [©:1500]");
endfunction // default constraint
endclass

class long packet extends lvm_test;
function void build _phase();
set_constraint(“”,“PACKET_LEN”,
“inside [1000:1500]”);
endfunction
endclass

class error_packet extends lvm_test;
function void build phase();
set _constraint(“”, “PACKET_LEN”,
“inside [1501:1600]”);
endfunction
endclass




Dynamic Random Constraints -
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« A string parsed at run-time
« Symbols

« Command line connection
— Load into uvm_config_db

— Lazy set up
> simv +PACKET_LEN=1510

> simv +PACKET_LEN=\
“dist {1:=1, 1000:=1,
1500:=1}"
> simv +PACKET_LEN=\
“inside [‘h3e8:15°037 20]”

« Performance

SNUG 2014

class packet;
lvm_rand#(bit[15:0]) len;
function new();
len = new(“PACKET_LEN”, this);
len.push(“inside [©:1500]");
endfunction // default constraint
endclass

class long packet extends lvm_test;
function void build _phase();
set_constraint(“”,“PACKET_LEN”,
“inside [1000:1500]”);
endfunction
endclass

class error_packet extends lvm_test;
function void build phase();
set _constraint(“”, “PACKET_LEN”,
“inside [1501:1600]”);
endfunction
endclass




Dynamic Random Constraints -
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class packet;
lvm rand# (bit[15:0]) len;
function new/() ;

A string parsed at run-time

° SymbO|S len = neW(“PACliKET_LEN”, this) ;
len.push (“inside [0:1500]");
° Command ||ne ConneCtiOI’] endfunction // default constraint
endclass

class long packet extends lvm test;

Performance function void build phase ()

set constraint (“”,“PACKET LEN”,
“inside [1000:1500]");

— A penalty is assessed for each

uvm_resource_db access endfunction
— This penalty may become too endclass
cumbersome for simulation class error packet extends lvm test;
. function void build phase();
— Where and how dynamic set constraint (“”, “PACKET LEN”,
constraints are applied are key “inside [1501:16001");
endfunction
endclass

Constraints are Optimized for Flexibility

SNUG 2014 10
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Clocking Example —

Random initial delay and customized phase

module tb;
import uvm_pkg::*; g j 22 - ["n‘.j

import lvm_pkg::*;
bit test clk; WETE_________J
lvm_rand #(int) test_clk_del; f*TEST'CLDCH.|

lvm_rand #(int) test_clk_phase_ps; L [ test clk

initial begin
test_clk del = new("TEST_CLK DEL");
test clk phase ps = new("TEST CLK PHASE PS");
test clk del.push("10");
test clk phase ps.push("1000");

m_do_config settings(); // copied from uvm root
test clk = 0; // initial value
fork
#(test _clk del.current())
forever #(real'(test clk phase ps.current()) / 1¢00.0)
test_clk = ~test_clk;
join
end
endmodule

SNUG 2014 11



Clocking Example —

Random initial delay and customized phase

> simv

Sl
éJTESTCLGCK

- [ test_clk

» simv +UVM_SET_CONFIG_STRING="*","TEST CLK DEL",'inside [1:5]' \
+UVM_SET_CONFIG_STRING="*","TEST CLK_PHASE PS",'1250°

i [EE3A A
Mame |
;wTEETELDCK

L [ test_clk

SNUG 2014 12



Clocking Example —

Random initial delay and random phase

module tb;

fork
#(test _clk del.current())
forever #(real'(test clk phase ps.next()) / 16000.0)
test_clk = ~test_clk;

join
end
endmodule
Mame
-.[TEST cLoCK
L. test clk

» simv +UVM_SET_CONFIG_STRING="*","TEST CLK DEL",'inside [1:2]" \
+UVM_SET_CONFIG STRING="*","TEST CLK PHASE PS","inside [400:1400]"

SNUG 2014 13
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Implementation

« Container classes — SV
— Random value
— Constraint

* Front-end components
— Parser — C++
— Constraint factory — SV

* Global dictionary — UVM resource database

SNUG 2014
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Constraints

Observation 1 (simple, obvious)

« SystemVerilog constraints are declarative

class packet extends uvm_sequence_item; : .
rand int len; Instantiate K
rand byte data[len]; Pkt
constraint valid c { len < 1024; }

endclass

inherit

class short packet extends packet;
constraint valid c { len < 10; }
endclass

« Pertinent only when instantiated
— No instance of short_packet = only original constraint on packet

Constraints must be instantiated to have an effect

SNUG 2014 16
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Observation 2 (probably only a little less obvious)

« SystemVerilog constraints work over references

class short pkt seq extends uvm_sequence;
rand packet pkt; // reference to an instance of type packet
constraint valid c { pkt.len < 10; }

endclass

« Compilation-time rules apply to the referenced class
— pkt must be of class lineage type packet

— len must be a public member of packet

— len must be of type to compare to a constant int value = 10

Constraints may be separate from the randomized value

SNUG 2014 17



Separate the Random Value
Dynamic constraints implementation

Synopsys Users Group

class LengthVal;
rand int val;
constrant valid c {

class packet extends val < 1024;
uvm_sequence_item; }
rand Lengthval len; endclass
rand byte data[];
endclass
inherit
class LengthVval2 extends LengthVal;
constrant valid c {
val < 10;
} // overriding constraint
endclass
SNUG 2014 18



Separate the Constraint
Dynamic constraints implementation
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class LengthCon;
LengthVal r_ref;
constrant valid c {
r_ref.val < 1024;

class packet extends
uvm_sequence_item; }
rand LengthVal len; endclass
rand byte data[];
endclass

inherit

class Lengthval;
rand int val;
LengthCon c_ref;
endclass class LengthCon2 extends LengthCon;
constrant valid c {
rand _ref.val < 10;
} // overriding constraint
endclass

SNUG 2014 19
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Contalner-ize
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Dynamic constraints implementation

class packet extends
uvm_sequence_item;
rand MyVal#(int) len;
rand byte data[];
endclass

class MyCon#(type T = int);
MyVal#(T) r_ref;
int max;
constrant valid c {
r_ref.val < max;

}

endclass

class MyVal#(type T = int);
rand T val;
MyCon#(T) c_ref;
endclass

inherit

SNUG 2014

class MyCon2#(type T = int)
extends MyCon#(T);
constrant valid c {
rand _ref.val < ??;
} // overriding constraint
endclass

20



Random Container @

Range constraint: from min — max, inclusive

class Myval#(type T = int); ™ class MyCon#(type T = int);
rand T val; references MyVal#(T) r_ref;
MyCon#(T) c_ref; ! int min, max;
endclass constrant valid c {
r_ref.val >= min;
r_ref.val <= max;
}
endclass
SNUG 2014 21
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Container Inheritance Stacks <

static T s

param sy
Randomized Value

« Parameterized base class

rand T val
con_base#(T) c_ref;

 Static layer has only API

« Dynamic layer accesses
global resource database

SNUG 2014

Synopsys Users Group

COO

e SO constraint

<o,
Réé;‘s-e)&??
A

param
Constraint

Parameterized base class
val base#(T) v_ref;

Constraint layer applies
single constraint type

22



Constraint Container Types

 Const — constant value
val == 4

o Range-—conﬂguousrange
val inside [1:4]

d InSIde - Value Set Con_base#(T)
val inside { 1, 2, 4 }

« Dist — weight value set

val dist { 1 := 10, 2:= 10,
4 := 80 }

« Seq - linear value seguence
val seq [ 0, 4, 1 ]

/,
Synopsys Users Group

con_const#(T)

con_range#(T)

con_inside#(T)

con_dist#(T)

con_seq#(T)

See paper for grammar

SNUG 2014
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Implementation
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« Contalner classes — SV
— Random value
— Constraint

* Front-end components
— Parser — C++
— Constraint factory — SV

* Global dictionary — UVM resource database

SNUG 2014 24




Front-end Processing
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class A;
rand MyVal#(logic [4:0]) val;
function new;

val = new; @ 0
val.push(“10”); @
endfunction
endclass

O

“inside [0:1024]"

IS

« Have a class with a random value
0 Want to directly put a constraint (default)
Q Want to magically put a new constraint

SNUG 2014 25




Constraint Instantiation

Directly through push API
10 Has value 10
: con_const#(logic [4:0]) t;

Constraint Factory

 Instantiate and return must be in SystemVerilog

SNUG 2014 26




Constraint Instantiation

Directly through push AP Tem——"

“q 0y IS constant
>
DPI Layer

2 Instantiate ccin_const#gloglc [4:0]) t;
t = new(10);

« Lex/Bison generated parser

Parser

Constraint Factory

SNUG 2014 27




Front-end Processing
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class A;
rand MyVal#(logic [4:0]) val;
function new;

val = new; @———
val.push(“10”); @
endfunction

endclass

O
M “inside [0:1024]"

« Have a class with a random value
— Want to directly put a constraint (default)
Q Want to magically put a new constraint

SNUG 2014 28




Constraint Sources

Synopsys Users Group

dynamic

UVM static oS
Resource DB

param = G,

Randomized Value

GAVA\Y . i i |
Command Dynamic constraints only
ik « Val has:
Processor
— Name
— Scope

* Lookup scope.name In

global resources for:
“inside [0:1024]”

SNUG 2014 29



Constraint Instantiation

Dynamic via global access

Synopsys Users Group

“inside [0:1024]"

Is contiguous range

1. Parse

Has min value “0”
Has max value “1024”
Parser

DPI Layer

con_range#(logic [4:0]) t;

2. Instantiate

t = new(0, 1024);

Constraint Factory

 Found constraint instantiated the same as direct access

SNUG 2014
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Performance Considerations

Simple test bench

1 Agent hoent

1 Sequence

Driver

32
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Performance Considerations y

Simple test bench
Agent

1 Agent
1 Sequence

N Random packets

— 500 x

— 5,000 x

— 50,000 x

— 500,000 x

— 5,000,000 x
 Tests

— Distribution

— Inside set
— Inside range

Y
(o]

Driver ---f---r= > $display

See paper for more detail

SNUG 2014 33
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« Cost is significant for fully interchangeable constraints
— UVM database access!

Cumulative Simulation Time

m SystemVerilog TB  ®m Dynamic TB

- 100,000.00
~160 minutes
10,000.00
~16 minutes
1,000.00
[2)
=
- 100.00 1)
(8}
o]
0
- 10.00
- 1.00
- 0.10
Q Q QL \} Q Q Q Q Q Q Q Q Q Q
N - Q- Q- Q () Q > Q° %) 23 Q- \R Q-
A N (%) (OQ QO &(1/ 9\ (%) OZ)Q \) A 2s) 2 QDQ \)
5 S SNC AN P N LR e
A <N N < A <>

Test and number of randomizations

SNUG 2014 34




Performance

« We found solver performance comparable

Cumulative Solver Time

1000
SystemVerilog TB o
- 100 | Outperforms
= o
a
£ 10
g
7
S
O 1
L
§ ®
c
8 o1 _ |
' . Dynamic TB
¢ o ¢ Outperforms
0.01 . | |
0.01 0.1 1 10 100 1000
SystemVerilog TB (s)

SNUG 2014

& Test
—MID

1000

100

10

Dynamic Constraints TB (KB)

Gnug

Synopsys Users Group

Solver Memory Usage

SystemVerilog TB

Outperforms
2
2

& Test
¢ ——MID

Dynamic TB

Outperforms

10 100 1000

SystemVerilog TB (KB)
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. . A t
» Instantiate dynamic rand once e

 Push default constraint

 Interchange once

pkt.next()
pkt.clear_dynamic();

dynamic

static e,

Seqr

pal’am e é‘z_’se»ﬁ’rb
Driver

Randomized Value

Compile once, simulate many times

SNUG 2014 36




Performance Guidance

Compile once, simulate many times

« Allow 1 interchange = same as SystemVerilog constraints

Cumulative Simulation Time

m SystemVerilog TB ~ m Dynamic TB Optimization #2

1000
- 100
%)
=
- 10 o
3]
()
n
1
- 0.1
Q Q Q Q Q Q Q Q Q Q QL Q Q QO Q
bQ QQ QQ QQ Q OJQ QQ QQ QQ QQ @Q QQ QQ QQ QQ
,\'\ Y Qs Q° Q Vv - Q- Q- Q- &) 2R Q- Q- Q-
Q7N o S LIEPUI Q7 o o
N <V <>

Test and number of randomizations
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Interchangeable Constraints

« SystemVerilog constraints
— Set in code with some flexibility

« Dynamic constraints

— Set in a string providing lots of flexibility

— Pass via global resource database or command line
* Implementation

— Template library of “standard” constraints

— Template random value class

— Front-end to instantiate constraint on-the-fly
* Performance

— Set a default, override on command-line

— Compile once, run many times

SNUG 2014 38
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