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Section 1
Assertions

1.1 Introduction (informative)

System Verilog adds features to specify assertions (or properties) of a system. An assertion specifies a specific
behavior of the system. There are two kinds of assertions: concurrent or immediate.

Immediate assertions follow event semantics for their execution and get executed like a statement in a proce-
dural block. Immediate assertions are primarily intended to be used with simulation.

Concurrent assertions are based on clock semantics and use sampled values of variables. One of the goals of
SystemVerilog assertions is to provide a common semantic meaning for assertions so that they may be used to
drive various design and verification tools. Many tools, such as formal verification tools, evaluate circuit
descriptions using a cycle-based semantic which typically relies on aclock signal or signals to drive the evalu-
ation of the circuit. Any timing or event behavior between clock edges is abstracted away. Concurrent asser-
tions incorporate this clock semantics. While this approach generally simplifies the evaluation of a circuit
description, there are a number of scenarios under which this cycle-based evaluation provides different behav-
ior from the standard event-based evaluation of SystemVerilog.

This section describes both types of assertions.

1.2 Syntax

The following statements are part of module_or_generate item and interface_and_generate item.

concurrent_assertion_items::=
property_declaration
| sequence_declaration
| concurrent_assert_statement
| concurrent_cover_statement

The following are part of statement_item

procedual _assertion_items::=
concurrent_assert_statement
| concurrent_cover_statement
| immediate_assert_statement

1.3 Immediate assertions

The immediate assertion statement is a test of an expression performed when the statement is executed in the

Copyright 2003 Accellera. All rights reserved. 1



Accellera
SystemVerilog 3.1/draft 1 Extensions to Verilog-2001

procedural code. The expressionistreated as acondition likeinani f statement. The syntax of the immediate
assertion statement is as follows.

immediate assert statement::=
assert ( expression ) action_block
action_block::=
statement_or_null [ else statement_or_null ]
statement_or_null::=
statement

Syntax 1-1—Immediate assertion syntax

The statement associated with the success of the assert statement is called pass statement, and is executed if
the expression evaluates to true. As with thei f statement, if the expression evaluatesto ' X', 'Z’ or '0’, then
the assertion fails. The pass statement may, for example, record the number of successes for a coverage log,
but may be omitted altogether. If the pass statement is omitted, then no user specified action is taken when the
assert check expressionistrue. The statement associated with el se iscalled afail statement, and is executed if
the assertion fails (i.e. the expression does not evaluate to a known, non-zero value) and can be omitted. The
optional assertion label (identifier and colon) creates a named block around the assertion statement (or any
other SystemVerilog statement) and can be displayed using the %nformat code.

assert_foo : assert(foo) $display("%n passed”); else $display("%nfailed");

Note: The pass and fail statements are executed in the reactive region. This is explained in the scheduling semantics
section of System Verilog.

Since the assertion is a statement that something must be true, the failure of an assertion shall have a severity
associated with it. By default, the severity of an assertion failure is “error”. Other severity levels may be spec-
ified by including one of the following severity system tasksin the fail statement:

— $f at al isarun-time Fatal, which terminates the simulation with an error code. The first argument passed
to $f at al shall be consistent with the argument to $finish.

— $error isaRun-timeError.
— $war ni ng isaRun-time Warning, which can be suppressed in a tool-specific manner.

— $i nf o indicates that the assertion failure carries no specific severity.
The syntax for these system tasks is shown in section 16.4 of System Verilog3.0 LRM.
Need software cross reference above

All of these severity system tasks shall print a tool-specific message indicating the severity of the failure, and
specific information about the specific failure, which shall include the following information:

— Thefile name and line number of the assertion statement,

— Thehierarchical name of the assertion, if it is labeled, or the scope of the assertion if it is not labeled.

For simulation tools, these tasks shall also include the simulation run-time at which the severity system task is
called.

Each system task can also include additional user-specified information using the same format as the Verilog
$di spl ay.
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If more than one of these system tasksisincluded in the el se clause, then each shall be executed as specified.

If an assertion fails and no el se clause is specified, the tool shall, by default, call $er r or, unless a tool-spe-
cific command-line option is enabled to suppress the failure.

If the severity system task is executed at atime other than when the assertion fails, the actual failure time of the
assertion can be recorded and displayed programmatically. For example:

time t;

al ways @ posedge cl k)
if(state == REQ

assert(reql || req2);
el se begin

t = $tine;

#5 $error("assert failed at time %t",t);
end

If the assertion fails at time 10, the error message will be printed at time 15, but the user-defined string printed
will be “assert failed at time 10”.

The display of messages of warning and info types can be controlled by atool-specific command-line option.

Since the fail statement, like the pass statement, isany legal SystemVerilog procedural statement, it can also be
used to signal afailure to another part of the testbench.

assert (nyfunc(a, b)) countl = count + 1; else ->eventl;
assert(y == 0); else flag = 1;

1.4 Concurrent assertions

Concurrent assertions describe behavior that spans over time. The evaluation model is based on a clock such
that a concurrent assertion is evaluated only at the occurrence of a clock tick. The values of variables used in
the evaluation are the sampled values. This way, a predictable result can be obtained from the evaluation,
regardless of the simulator’s internal mechanism of ordering events and evaluating events. This model of exe-
cution also corresponds to the synthesis model of hardware interpretation from an RTL description.

The values of variables used in assertions are sampled in the preponed region of any time sot and the asser-
tions are evaluated during the observe region. Thisis explained in the scheduling semantics section of System
Verilog.

The timing model employed in concurrent assertion specification is based on clock ticks, and uses a general-
ized notion of clock cycles. The definition of aclock is explicitly specified by the user, and can vary from one
expression to another.

A clock tick is an atomic moment in time and implies that there is no duration of timein aclock tick. It isalso
given that a clock may tick only once at any simulation time. In an assertion, the sasmpled value is the only
valid value of avariable at a clock tick. Figure 1-1 shows the values of a variable as the clock progresses. The
value of signal req islow at clock ticks 1 and 2. At clock tick 3, the value is sampled as high and remains
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high until clock tick 9. The value of variabler eq at clock tick 9 islow and remains low.

clock ticks 19 10 11 12 13 14

req

Figure 1-1—Sampling a Variable on Simulation Ticks

An expression is always tied to a clock definition. The sampled values are used to evaluate value change
expressions or boolean sub-expressions that are required to determine a match with respect to a sequence
expression.

Note:

— Itisimportant to ensure that the defined clock behavior is glitch free. Otherwise, wrong values may get
sampled.

— Thetwo words “clock tick” and “sampling event” are used synonymousdly in this document.

The clock expression that controls evaluation of a sequence may be more complex than just a single signal
name. An expression such as (clk && gate) could be used to represent a gated clock. Other more complex
expressions are possible. In order to ensure proper behavior of the system and conform as closely as possible
to truly cycle-based semantics, the signals in a clock expression must be glitch-free and may only transition
once at any simulation time.

1.5 Sequences

A sequenceisalist of SystemVerilog boolean expressionsin alinear order of increasing time. These boolean
expressions must be true at those specific points in time for the sequence to be true over time. A boolean
expression at apoint in timeis asimple case of a sequence with time length of one unit.To determine a match
of a sequence, the boolean expressions are evaluated at each successive sample point to satisfy the sequence. If
all expressions are true, then a match of the sequence occurs.

A sequence expression describes one or more sequences by using regular expressions that concisely specify a
range of possibilities of when an expression needs to hold true. These sequential regular expressions can actu-
ally describe a set of one or more sequences that satisfy the sequential expression.

The basic composition of a sequence consist of a boolean expression concatenated by another boolean expres-

sion. The concatenation specifies a delay between the two boolean expressions. The following is the syntax for
sequence concatenation.
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sequence phrase ::=

[cycle _delay range] sequence element { [cycle delay range] sequence element }
seguence_element ::=

[event_control] sequence_element {, function_blocking_statement }

| expression [bolean_abbrev]

| (sequence_phrase) [sequence_abbrev]

| sequence_instance [sequence_abbrev]

| sequence_expr
cycle delay range::=

## constant_expression

| ## [ constant_range_expression ]
constant_range_expression ::=

constant_expression

| constant_expression : constant_expression

| constant_expression : $

Syntax 1-2—Sequence concatenation syntax

In this syntax:
— constant _range_expr essi on isacompile-time constant expression that resultsin an integer value

— constant _range_expr essi on can only be 0 or greater and true unconditionally evaluates to true
boolean value.

— The keyword $ is used to indicate the end of simulation. For formal verification tools, $ isinterpreted as
infinity.

— When arange is specified with two expressions, the second expression must be greater or equal to the first
expression.

The context in which a sequence occurs determines when the sequence is evaluated. The first element in a
sequence is checked at the first occurrence of the clock at or after the event that triggered evaluation of the
sequence. Each successive element (if any) in the sequence is checked at the next subsequent occurrence of
the clock.

A ‘## followed by an optional range specifies that the sequence _expr should occur later than the ‘current’
cycle. A range of 1 indicates that the next element should occur a single cycle later than the ‘ current’ cycle. A
range of O specifies that the next element should occur in parallel with the ‘current’ cycle.

When arange specifier appears at the start of the sequence without *;’, itsmeaning isidentical to asif the;’ is
prepended to the sequence. The semantics are the same.

Thefollowing are examples of unary delay expressions. A unary delay, i.e. an expression with delay as the pre-
fix, must be enclosed in parenthesis. * t r ue isused to indicate that the expression is true.
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(##0 a) neans a

(##1 a) neans ‘true ##1 a

(##2 a) neans ‘true ##1 ‘true ##1 a

(##[0:3]a) nmeans(a) or (‘true ##1 a) or (1 ##'true ##1 a) or
(‘true ##1 ‘true ##1 ‘true ##1 a)

Note:

— “true isnot provided by the language, but is used as an expression macro that always returnstrue. It can
be defined as
‘define true 1

An example of adelay expressionis asfollows:

a ##2 b meansa ##1 ‘true ##1 b
A sequence;

req ##1 gnt ##1 !req
This sequence specifiesthat r eq be true on the current clock tick, gnt will be true on the first subsequent tick
and r eq will be false on the next tick after that. The ‘##1' operator specifies one clock tick separation. The
number of samplesis prepended to the expression in the sequence, asin

req ##22 gnt

This specifies that req will be true on the current sample, and gnt will be true on the second subsequence sam-
ple, as shown in figure Figure 1-2.

0 sl 2
clk [ | | L1
req [ |1
gnt [

Figure 1-2—Concatenation

Thefollowing specifiesthat ‘b’ will be true on the Nth sample after ‘a

a ##N b /1 check b on the Nth sanple
To specify concatenation of overlapped sequences, where the end point of one sequence coincides with the
start of the next sequence, avalue of 0 is used as shown below.

a ##1 b ##1 c // first sequence seql

d ##1 e ##1 f // second sequence seq2

seql ##0 seq2 // overl apped concatenation
In the above example, ¢ is the endpoint of sequence seql, and d is the start of sequence seq2. When concate-
nated with O sampling, ¢ and d must occur at the same time, resulting in the concatenated sequence being is
equivalent to:

a ##1 b ##1 c&&d ##1 e ##1 f

In cases where the concatenation can occur anytime between two pointsin time, atime window can be speci-
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fied asfollows:
req ##[4:32] gnt

In the above case, signal gnt must be true at some sampling event between sampling events ranging from 4 to
32 after the current sample.

The time window can extend to the end of simulation in the example below.
req ##[4:$] gnt

A sequence can be unconditionally extended by using t r ue.
a ##1 b ##1 c ##3 'true

After signa c, the signal length is extended by 3 sample events. Such adjustments in the length of sequences
are required when complex sequences constructed by combining simpler sequences.

1.6 Declaring sequences

Sequences can be reused by declaring them as objects of type sequence with optional parameters:

sequence_declaration ::=
sequence sequence_identifier [ sequence formal_list] ;
{ sequence_decl_item}
sequence_spec ;
endsequence [ : sequence_identifier ]
sequence formal_list ::=
(formal_list_item { , formal_list_item})
sequence_decl_item ::=
variable_declaration
| sequence_declaration
sequence_spec ;=
sequence phrase

Syntax 1-3—Declaring sequence syntax

The event_control specifies the clock for the sequence.

Formal parameters are used to parameterize a sequence expression. A formal parameter is untyped, and is used
for syntactic replacement of a name or an expression in the sequence.

An actual parameter may replace
— anamethat is not a definition name
— expression

— event control expression
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Note that variables referenced within a seq that are not formal arguments to the sequence are resolved hierar-
chically from the scope in which the seq isinstantiated.

sequence sl;

@ posedge cl k) a ##1 b ##1 c;
endsequence
sequence s2

@ posedge cl k) d ##1 e ##1 f;
endsequence
sequence s3;

@nededge cl k) g ##1 h ##1 i;
endsequence

In this example, sequences sl and s2 are sampled on each successive posedge clk. The sequence s3 is sampled
on negedge clk.

Another example of sequence declaration with arguments is shown below:

sequence s20_1(data, en);
('frame && (data==data_bus)) ##1 (c_be[0:3] == en);
endsequence

A sequence can be referred by its name. A hierarchical name can be be used consistent with the System Ver-
ilog naming conventions. A sequence can be referenced in a property, an assert statement or a cover state-
ment.

A sequence ( referred as sub-sequence) may be defined within a sequence for local scoping. A sub-sequence
can only be used within the defined sequence, and is not visible outside the scope of the sequence.

sequence p_addr(din,d_en, cyg);
sequence s20_1(data, en);
('frame && (data==data_bus)) ##1 (c_be[0:3] == en);

endsequence
cyg [* 4] ##2 s20_1(din,d_en);
endsequence
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1.7 Sequence operations

1.7.1 Repetition in sequences

SystemVerilog 3.1/draft 1

Following is the syntax for sequence concatenation (sequence phrase from concatenation has been extended

with repetition clauses).

sequence_element ::=

| expression [bolean_abbrev]

| sequence_expr
boolean _abbrev ::=

repeat_operator

| nth_event_operator

| counting_operator
sequence_abbrev ::=

repeat_operator
repeat_operator ::=

[ * constant_range_expression |
nth_event_operator ::=

*= constant_range_expression |

counting_operator ::=

[ *> constant_range _expression |

[event_control] sequence_element {, function_blocking_statement }

| (sequence_phrase) [sequence_abbrev]
| sequence_instance [sequence_abbrev]

Syntax 1-4—Sequence concatenation syntax

The repetition counts are specified with range and must be literals or constant expressions.

Three kinds of repetition are provided:

— consecutive repetition, where a sequence is concecutively repeated with one cycle delay between the repe-

titions

— nhon-concecutive exact repetitions, where a boolean expression is repeated with one or more cycle delays
between the repetitions and the resulting sequence terminates at the last boolean expression

— non-concecutive count repetitions, where a boolean expression is repeated with one or more cycle delays
between the repetitions and the resulting sequence may proceed beyond the last boolean expression, but

before the occurence of the boolean expression

To specify the repetition of an expression within a sequence, the expression may simply be repeated, as.

a ##1 b ##1 b ##1 b ##1 c

or the number of repetitions may be specified with “[*N]”, as:
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a ##1 b [*3] ##1 c

A repeat specifies that the item or expression should occur a specified number of times. Each repeated item is
concatenated (with adelay of 1 clock tick) to the next repeated item. A repeat of N specifies that the sequence
should occur N timesin succession - e.g.,

a [*3] means a ##1 a ##1 a
The syntax allows combination of adelay and a repeat in the same sequence. The following are both allowed:

‘true ##3 (a [*3]) means ‘true ##1 ‘true ##1'true ##1 a ##1 a ##1 a
(‘true ##2 a) [*3] means (“true ##2 a) ##1 (‘true ## 2 a) ##1 (‘true ##2 a)
whichmeans ‘true ##1 ‘true ##1 a ##1'true ##1'true ##1 a ##1'true ##1'true ##1 a

A sequence can be repeated as follows:
(a ##1 b) [*5]
issame as:
(a ##1 b ##1 a ##1 b ##1 a ##1 b ##1 a ##1 b ##1 a ##1 b)

A repetition with a range of maximum and minimum number of times can be expressed with [* min:max]. As an
example, the following two expression are equivalent.

(a ##1 b)[* 1.5]

(a ##1 b)

or (a ##1 b ##1 a ##1 b)

or (a ##1 b ##1 a ##1 b ##1 a ##1 b)

or (a ##1 b ##1 a ##1 b ##1 a ##1 b ##1 a ##1 b)

or (a ##1 b ##1 a ##1 b ##1 a ##1 b ##1 a ##1 b ##1 a ##1 b)

The following two expression are also equivalent.

(a*[0:3] ##1 b ##1 c)

(b ##1 c)

or (a ##1 b ##1 c)

or (a ##1 a ##1 b ##1 c)

or (a ##1 a ##1 a ##1 b ##lc)

To specify potentially infinite number of repetitions, $ is used. So,
a ##1 b [*1:$] ##1 c

means ‘& is true on the current sample, then ‘b’ will be true on every subsequent sample until ‘c’ istrue. On
the samplein which ‘c’ istrue, ‘b’ does not have to be true.

Therules for specifying repeat counts are summarized as:

— Each form of repeat count specifies a minimum and maximum number of occurrences
— expr [*n:m], where n is the minimum, m is the maximum

— expr [*n] isthe same as expr [*n:n]

— The sequence as a whole cannot be empty

— If nis 0, then there must be either a prefix, or a post fix concatenation term
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The“[*N]” notation indicates consecutive repetition of an expression. It is also possible to specify non-consec-
utive exact repetition of a boolean expression with:

a ##1 b [*= m n:max] ##1 c
Thisisequivalent to:
a ##1 (('b [*0:$] ##1 b)) [*min:max]) ##1 c

Adding the range specification to this allows the construction of useful sequences containing a boolean expres-
sion that istrue for at most N samples:

a ##1 b[*= 1:N] ##1 c //a followed by at nost N occurrences of b, followed by c
A non-consecutive count repetition extends the non-consecutive repetiton by extra samples where the boolean
expression is not true.

a ##1 b [*> m n:max] ##1 c

Thisis equivalent to:
a ##1 (('b [*0:$] ##1 b)) [*min:max]) ##[0:$] !'b ##1 c

1.7.2 Value change functions

Three functions are provided to detect changes in values between two adjacent clock ticks: $r ose, $f el | and
$st abl e.

value _change functions.:=
$rose (expression )
| $fell ( expression)
| $stable (expression)

Syntax 1-5—Value change function syntax

A value change expression at a clock tick detects the change in value of an expression from the value of that
expression at the previous clock tick. The result of a value change expression is true or false, and can be used
as a boolean expression.

$r ose returnstrue if the least significant bit of the expression changed from 0 to 1. Otherwise, it returns false.
$f el | returnstrueif the least significant bit of the expression changed from 1 to 0. Otherwise, it returns false.

$st abl e returnstrueif the value of the expression did not change. Otherwise, it returns false.

Figure 1-3 illustrates two examples of value changes:

— value change expression el isdefined as $r ose (req)
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— value change expression e2 isdefinedas $f el | (ack)

i

clock ticks 9 10 11 12 13 14

req

ack

el

e2

Figure 1-3—Value Change Expressions

The clock used for sampling the events is different than the simulation ticks. Assume, for now, that this clock
is defined in this language elsewhere. At clock tick 3, e1 occurs because the value of r eq at clock tick 2 was
low and at clock tick 3, the value is high. Similarly, e2 occurs at clock tick 6 because the value of ack was
sampled as high at clock tick 5 and sampled aslow at clock tick 6.

1.7.3 AND operation

The binary operator and is used when both operand expressions are expected to succeed, but the end times of
the operand expressions may be different.

sequence_expr ::=
segquence_element and sequence_element

Syntax 1-6—and operator syntax

The two operands of and are sequence expressions. The requirement for the success of the and operation is
that both the operand expressions must succeed. The operand expressions start at the same time. When one of
the operand expressions succeeds, it waits for the other to succeed. The end time of the composite expression
is the end time of the operand expression that completes |ast.

Whent el andt e2 are sequences, then the expression:

tel andte2
— Succeedsif t el and t e2 succeed.

— Theend timeisthe end time of either t el ort e2, whichever terminates | ast.
First, let us consider the case when both operands are single sequence evaluations.

An example isillustrated in Figure 1-4. Consider the following expression with operator and where the two
operands are sequences.
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(tel ##2 te2) and (te3 ##2 ted ##2 teb)

Figure 1-4—ANDing (and) Two Sequences
clk 1 2 3 4 5 6 7 8 9 10 11 12 13 14

e ||

te2

te3 | !

ted

te5

[}
[}
1
1
1
[}
|}
[}
tel ##2 te2 l*———*A

te3 ##2 ted ##2 teb

|
I<_
|
1
(tel ##2 te2) and 1
(te3 ##2 ted ##2 teb) re

Here, the two operand sequencesare (t el ##2 te2) and (te3 ##2 ted ##2 teb). Thefirst oper-
and sequence requires that first t el evaluates to true followed by t e2 two clock ticks later. The second
sequence requires that first t e3 evaluates to true followed by t e4 two clock ticks later, followed by t €5 two
clock ticks later. Figure 1-4 shows the evaluation attempt at clock tick 8.

This attempt results in a match since both operand sequences match. The end times of matches for the individ-
ual sequences are clock ticks 10 and 12. The end time for the entire expression is the last of the two end times,
so amatch is recognized for the expression at clock tick 12.

Now, consider an example where an operand segquence is associated with arange of time specification, such as:
(tel ##[1:5] te2) and (te3 ##2 ted ##2 teb)

The first operand segquence consists of an expression with atime range from 1 to 5 and impliesthat whent el
evaluatesto true, t e2 must follow 1, 2, 3, 4, or 5 clock ticks later. The second operand sequence isthe same as
in the previous example. To consider all possibilities of a match, following steps are taken:

1) Thefirst operand sequence starts five sequences of evaluation.
2) The second operand sequence has only one possibility of match, so only one sequence is started.

3) Figure 1-5 shows the attempt to examine at clock tick 8 when both operand sequences start and
succeed. All five sequences for the first operand sequence match, as shown in atime window, at clock
ticks 9, 10, 11, 12 and 13 respectively. The second operand sequence matches at clock tick 12.

4) To compute the result for the composite expression, each successful sequence from the first operand
sequence is matched against the second operand sequence according to the rules of the and operation
to determine the end time for each match.

The result of this computation is five successes, four of them ending at clock ticks 12, and the fifth ends at
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clock tick 13. Figure 1-5 shows the two unique successes at clock ticks 12 and 13.

clk 1 2 3 4 5 6 7 8 9 10 11 12 13 14

e ||

te2

te3 |

ted

te5

tel ##[1:5] te2 '*‘IFA A A A A:

te3 ##2 ted ##2 teb e e i *‘

1

]
(tel ##[1:5] te2) and [ R e ’A A
(te3 ##2 ted #42 teb) ~

Figure 1-5—ANDing (and) Two Sequences Including a Time Range

Ift el andt e2 are sampled booleans (not sequences), the expression succeedsift el andt e2 are both eval-
uated to be true.

An example is illustrated in Figure 1-6 to show the results for attempt at every clock tick. The expression
matches at clock tick 1, 3 and 8 because botht el andt e2 are simultaneously true. At all other clock ticks,
the and operation fails because either t e1 ort e2 isfalse.

clock 1 2 3 4 5 6 7 8 9 10 1 12 13 14

tel |

te2

| L] L[] |
etansez A Y A Y VYV AVYVYYA

Figure 1-6—ANDing (and) Two Boolean Expressions
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1.7.4 Intersection (AND with length restriction)

The binary operator i nt er sect is used when both operand expressions are expected to succeed, and the end
times of the operand expressions must be the same.

sequence_expr ;=
sequence_element inter sect sequence_element

Syntax 1-7—intersect operator syntax

Thetwo operands of i nt er sect are sequence expressions. The requirements for the success of the
i nt er sect operation are:

— Both the operand expressions must succeed.

— Thelength of the two operand sequences must be the same.

The additional requirement on the length of the sequencesis the basic difference between and and
i ntersect.

For each attempted evaluation of sequence_expr, there could be multiple matches. When there are multiple
matches for each operand sequence expression, the results are computed as follows.

— A match from the first operand is paired with a match from the second operand with the same length.

— If no such pair isfound, theresult of i nt er sect isno match.

— If such pairs are found, then the result consists of matched sequences, one for each pair. The end time of
each match is determined by the length of the pair.

1.7.5 OR operation

The operator or isused when at least one of the two operand sequences is expected to match.

sequence_expr ::=
sequence_element or sequence_element

Syntax 1-8—or operator syntax

The two operands of or are sequence expressions.

Let us consider these operand expressions as val ues, events and sequences separately to illustrate the detail s of
or operations. For the expression
tel or te2

when the operand expressionst el and t e2 are events or values, the expression matches whenever at least
one of two operandst el andt e2 isevaluated to true.

Figure 1-7 illustrates or operation usingt el and t e2 as simple values. The expression does not match at

clock ticks 7 and 13 because t el and t e2 are both false at those times. At all other times, the expression
matches, as at |east one of the two operandsis true.
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clock 1 2 3 4 5 6 7 8 9 10 1 12 13 14

tel | |

te2

L L[] ||
etoez A A A A AAY AAAALAYA

Figure 1-7—ORing (or) Two Sequences

Whent el and t e2 are sequences, then the expression:

tel or te2
matches if at least one of the two operand sequencest el and t e2 match. To evaluate this expression, first,
the successfully matched sequences of each operand are cal culated and assigned to a group. Then, the union of
the two groups is computed. The result of the union provides the result of the expression. The end time of a
match is the end time of any sequence that matched.
An exampleisillustrated in Figure 1-8. Consider an expression with or operator where the two operands are

sequences.
(tel ##2 te2) or (te3 ##2 ted ##2 teb)

clk 1 2 3 4 5 6 7 8 9 10 1 12 13 14

tel | |

te2

te3 |

ted

te5

tel ##2 te2

te3 #42 ted ##2 te5 R N U ,‘

|

|
(tel ##2 te2) or |

(te3 ##2 ted ##2 teb) .4____‘____,‘

Figure 1-8—ORing (or) Two Sequences

Here, the two operand sequences are; (tel ##2 te2) and (te3 ##2 ted ##2 teb). Thefirst
sequence requiresthat t el first evaluatesto true, followed by t e2 two clock ticks later. The second sequence
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requiresthat t e3 evaluatesto true, followed by t e4 two clock ticks later, followed by t €5 two clock ticks
later. In Figure 1-8, the evaluation attempt for clock tick 8 is shown. The first sequence matches at clock tick
10 and the second sequence matches at clock tick 12. So, two matches for the expression are recognized.

Consider an example where an operand sequence is associated with time range specification, such as:
(tel ##[1:5] te2) or (te3 ##2 ted ##2 teb)

The first operand sequence consists of an expression with a time range from 1 to 5 and specifies that when
t el evaluatesto true, t €2 must betrue 1, 2, 3, 4 or 5 clock ticks later. The sequences from the second oper-
and require that first t e3 must be true followed by t e4 being true two clock ticks later, followed by t €5
being true two clock ticks later. At any clock tick if an operand sequence succeeds, then the composite expres-
sions succeeds. As shown in Figure 1-9, for the attempt at clock tick 8, the first operand sequence matches at
clock ticks 9, 10, 11, 12, and 13, while the second operand matches at clock ticks 12. The match of the com-
posite expression is computed as a union of the matches of the two operand sequences, which results in
matches at clock ticks 9, 10, 11, 12, and 13.

clk 1 2 3 4 5 6 7 8 9 10 1 12 13 14

tel | |

te2

ted

te5

]
]
1
1
te3 | |
1
1
1
]
]
1
1
1

r———|-——=—-=- == == a
|
|

tel ##[1:5] te2 e A A A

[ N N U ]

te3 ##2 ted ##2 te5 e~ - —- - - - ,A

(165 #42 104 142 (65) ~= A A A A

Figure 1-9—ORing (or) Two Sequences Including a Time Range

1.7.6 first_match operation

The first_match operator matches only the first match of possibly multiple matches for an evaluation attempt
of a sequence expression. This alows you to discard all subsequent matches from consideration. In particular,
when the sequence expression is a sub-expression of alarger expression, then applying the first_match opera-
tor has significant effect on the evaluation of the embedding expression.

Sequence_expr ::=
first_match ( sequence phrase)

Syntax 1-9—first_match operator syntax
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The operand expression can be a sequence expression. sequence_expr isevaluated to determine the match
for the (fi rst _mat ch (sequence_phrase) ) expression. For a given evaluation attempt, the composite
expression matchesif sequence_expr resultsin at least one match of a sequence, and failsto match if none
of the sequences from the expression result in amatch. Following the first successful match for the attempt, the
first_mat ch operator stops matching subsequent sequences for sequence_expr. For an attempt, if there
are multiple matches with the same end time as the first detected match, then all those matches are considered
as the result of the expression.

Please notethat f i r st _mat ch appliesto each attempt for the sequence individually.
Consider an example with a variable delay specification as shown below.

sequence t1;
tel ##[2:5]te2;
endsequence
sequence tsl
first_match(tel ##[2:5]te2);
endsequence

Each attempt of sequence t1 can result in matches for up to four following sequences:

tel ##2 te2
tel ##3 te2
tel ##4 te2
tel ##5 te2

However, sequence tsl can result in amatch for only one of the above four sequences. Whichever of the above
four sequences matches first becomes the result of sequence tsl.

1.7.7 Conditions over sequences

Sequences of events often occur under the assumptions of some conditions for correct behavior. A logical con-
dition must hold true, for instance, while processing a transaction. Also frequently, occurrence of certain
events is prohibited while processing a transaction. Such situations can be expressed directly using the follow-
ing construct:

sequence_expr::=
boolean_expr throughout sequence_element

Notice the equence is corrected to sequence

Syntax 1-10—throughout construct syntax

bool ean_expr is an expression which must evaluate true at every clock tick while monitoring
sequence_expr. If a sequence for sequence_expr starts at time t1 and ends at time t2, then
expr essi on must hold true from time t1 to t2. If either the sequence expression does not match or the bool-
ean expression becomes false while the sequence is being evaluated, the composite sequence does not match
and a property stated over this composite sequence would declare afailure.
Thet hr oughout construct is an abbreviation for writing:

(bool ean_expr) [*0:$] intersect sequence_expr

Consider the exampleillustrated in Figure 1-10. If a constraint were placed on the expression as shown below,
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then the checker bur st _r ul el would fail at clock tick 9.

sequence burst_rul el;
@ posedge ntl k)
$f el | (burst_node) ##0
(!'burst_mnode) throughout (##2 ((trdy==0)&&(irdy==0)) [*7]);
endsequence

mclk 1 2 3 4 5 6 7 8 9 10 1 12 13 14

burst_mode

irdy

trdy

(trdy==0) and
(irdy==0)

burst_rulel it it i it Aty Al *v

6|7 8

Figure 1-10—Match with throughout Restriction Fails

In the above expression, the value of signal bur st _node is required to be low during the sequence (from
clock tick 2 to 10), and is checked at every clock tick during that period. At clock ticks from 2 to 8, signal
burst _node remains low and matches the expression at those clock ticks. At clock tick 9, signal
bur st _node becomes high, thereby failing to match the expression for bur st _r ul el.

If signal bur st _node were to be maintained low until clock tick 10, the expression would result in a match
as shown in Figure 1-11.

mclk 1 2 3 4 5 6 7 8 9 10 1 12 13 14

burst_mode

irdy

trdy

(trdy==0) &&
(irdy==0)

burst_rulel f*-—r -~ -7 |T~ -~ "7° ’A

Figure 1-11—Match with throughout Restriction Succeeds
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1.7.8 Sequence occurrence within another sequence

The containment of a sequence expression within another sequence is expressed as follows:

sequence_expr ::=
sequence_element within sequence_element

Syntax 1-11—Sequence within another sequence syntax

Thewi t hi n construct is an abbreviation for writing:
(1 [*0:$] (sequence_exprl) ##[0:$] 1 ) intersect sequence_expr2
The sequence Sequence_expr 1 must occur entirely within the sequence Sequence_expr 2.

Thatissequence_expr 1 must satisfy the following:

— The start point of sequence_expr 1 must be between the start point and the end point (start and end
point being inclusive) of sequence_expr 2.

— Theend point of sequence_expr 1 must be between the start point and the end point (start and end
point being inclusive) of sequence_expr 2.

1.7.9 Detecting and using endpoint of a sequence

There are two ways in which acomplex sequence can be decomposed into simpler sub-expressions.

To use sequence as asub-expression, or a part of the expression is by simply referencing its name. The eval-
uation of a sequence expression that references a sequence expression is performed the same way as if the
sequence expression was a lexical part of the expression. In other words, the sequence expression is
“invoked” from the expression where it is referenced. An example is shown below:

sequence s;
a ##1 b ##1 c;
endsequnce
sequence rul e;
@ posedge syscl k)
trans ##1 start_trans ##1 s ##1 end_trans);
endsequence

Sequencer ul e isequivalent to:

sequence rul e;

@ posedge syscl k)

trans ##1 start_trans ##1 a ##1 b ##1 c ##1 end_trans ;
endsequence

Any form of syntactic cyclic dependency of the sequence names is disallowed. The example below illustrates
dependency of sl on s2, and s2 on s1, which creates a cyclic dependecncy.
sequence s1;
@rose syscl k) (x ##1 s2);
endsequence
sequence s2,;
@rose sysclk) (y ##1 sl);
endsequence
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Another way to use the sequence expression isto detect its end point in another sequence. The end point of a
sequence is reached whenever there is amatch on its expression. The occurrence of the end point can be tested
in any sequence expression by using the method ended.

boolean_expr_op ::=
seq_name.ended

Syntax 1-12—ended operator syntax

ended isamethod on a sequence. The result of its operation is true or false. When method ended is applied in
an expression, it tests whether sequence seq_name has reached the end point at that particular point in time.
The result of ended does not depend upon the starting point of seq_name.

An example is shown below:

sequence el

@ posedge syscl k) $rose ready ##1 procl ##1 proc2 ;
endsequence
sequence rul e;

@ posedge syscl k) reset ##1 inst ##1 el.ended ##1 branch_back;
endsequence

In this example sequence expression el must end successfully one clock tick after inst. If the method ended
wasn’'t there, sequence expression el must start one clock tick after inst. Notice that method ended only tests
for the end point of €1, and has no bearing on the starting point of el.

1.7.10 Boolean implication (Sequences based on boolean condition)

This construct allows a user to monitor sequences based on satisfying some criteria. Most common uses are to
attach a precondition to a sequence, where the evaluation of the sequence is based on the success of a condi-
tion.

Syntax 1-13—if Boolean implication syntax

property_implication ::=
boolean_expr => [not] sequence_spec
| boolean_expr |=> [not] sequence_spec

This clause is used to precondition monitoring of a sequence expression and is allowed at the property level.
The result of the implication is either true or false. Also, nesting of implication is not allowed. The condition
bool ean_expr must be satisfied in order to monitor sequence_expr . If the condition bool ean_expr

fails then sequence_spec is skipped for monitoring and results is true. bool ean_expr is a logica
expression that resultsin true or false, and sequence_spec is a sequence expression that can result in one
or more matches.

Two forms of implication are provided: overlapped using operator => , and non-overlapped using operator |=>.
For overlapped implication, if the expression evaluates to true, then the first element of the sequence_expr is
evaluated on the same clock tick. For non-overlapped implication, the first element of the sequence_expr is
evaluated on the next clock tick So,

boolean_expr |=> [not] sequence_spec
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isequivalent to:
boolean_expr ##1 ‘true => [not] sequence_spec

If the condition is evaluated to true, then the evaluation of sequence_spec is conducted. The result of the
implication becomes true as long as thereis at |east one match of sequence_spec.

If not is used on the consequent, the result of sequence _spec isreversed.

Consider a bus operation for data transfer from a master to atarget device. When the bus enters a data transfer
phase, multiple data phases can occur to transfer a block of data. During the data transfer phase, a data phase
completes on any rising clock edge on whichi r dy isasserted and either t r dy or st op is asserted. Note that
an asserted signal here implies avalue of low. The end of a data phase can be expressed as.

property data_end;

@ posedge ntl k)

dat a_phase => ((irdy==0)&&($fell (trdy)||$fell(stop))) ;
endproperty

Each time a data phase completes, a match for dat a_end is recognized. The attempt at clock tick 6 isillus-

trated in Figure 1-12. The values shown for the signals are the sampled values with respect to the clock. At
clock tick 6 dat a_end ismatched because st op gets asserted whilei r dy is asserted.

mclk 1 2 3 4 5 6 7 8 9 10 1 12 13 14

data_phase

irdy

trdy (high)

stop

data_end A

Figure 1-12—Conditional Sequence Matching

dat a_end can be used to ensure that f r are is de-asserted within 2 clock ticks after dat a_end occurs.
Further, itisaso required that i r dy gets de-asserted one clock tick after f r ane gets de-asserted.

A property is written to express this condition as shown below.

‘define data_end (data_phase &&((irdy==0)&&($fell (trdy)||S$fell(stop))))
property data_end_rul el;

@ posedge ntl k)

‘data_endl => ##[1:2] $rose(frane) ##1 $rose(irdy);
endproperty

property data _end rul el firstevaluatesdat a_end at every clock tick to test if its valueistrue. If

the value is false, then that particular attempt to evaluate dat a_end_r ul el is considered true. Otherwise,
the following sequence expression is evaluated. The sequence expression:
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##[ 1. 2] $rose(franme) ##1 $rose(irdy)

Specifies looking for the rising edge of f r ane within two clock ticks in the future. After f r ame toggles
high, i r dy must also toggle high after one clock tick. Thisisillustrated in Figure 1-13. Sequence dat a_end
is acknowledged at clock tick 6. Next, f r anme toggles high at clock tick 7. Since this falls within the timing
constraint imposed by [ 1: 2], it satisfies the sequence and continues to monitor further. At clock tick 8,i r dy
isevaluated. Signal i r dy transitions to high at clock tick 8, satisfying the sequence specification completely
for the attempt that began at clock tick 6.

mclk 1 2 3 4 5 6 7 8 9 10 11 12 13 14

data_phase

|
:
. |
irdy 1
1
trdy (high) :

stop

frame

|

1

|
data_end A

1

|

-

data_end_rulel

Figure 1-13—Conditional Sequences

Generally, assertions are associated with preconditions so that the checking is performed only under certain
specified conditions. As seen from the previous example, the => operator provides this capability to specify
preconditions with sequences that must be satisfied before continuing to match those sequences. L et us modify
the above example to see the effect on the results of the assertion by removing the precondition for the
sequence. Thisis shown below and illustrated in Figure 1-14.

property data_end_rul e2;

@posedge ntlk) ##[1:2] $rose(frame) ##1 $rose(irdy);
endproperty
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mclk 1 2 3 4 5 6 7 8 9 10 11 12 13 14

data_phase

irdy

trdy (high)

stop

frame
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data_end A

data_end_rule2 v v v v;[l:Z]

_A_

Figure 1-14—Results without the Condition

The propertyis evaluated at every clock tick. For the evaluation at clock tick 1, therising edge of signal f r ane
does not occur at clock tick 1 or 2, so the property fails at clock tick 1. Similarly, thereisafailure at clock ticks
2, 3, and 4. For attempts starting at clock ticks 5 and 6, the rising edge of signal f r ame at clock tick 7 alows
checking further. At clock tick 8, the sequences complete according to the specification, resulting in a match
for attempts starting at 5 and 6. All later attempts to match the sequence fail because $r ose f r ane does not
occur again. That also means that thereisno match at 5, 6 and 7.

As one can see from Figure 1-14, removing the precondition of checking event dat a_end from the assertion
causes failures that are not relevant to the verification objective. It becomes important from the validation
standpoint to determine these preconditions and use them in the assertion to filter out inappropriate or extrane-
ous situations.

Multi-way conditions are expressed by disjunction, using the or operator asillustrated by the example below.

sequence s(len);
(('trans [*1:$] ##1 trans) [*len]);
endsequence
property word_trans;
@ posedge cl k)
(((I'p == BLK1) and s(BLK1)) or
((I'p == BLK2) and s(BLK2)) or
((I'p == BLK3) and s(BLK3)) or
(((I'p!'=BLKL) || (I p!=BLK2) || (I p! =BLK3)) and s(BLK _DEFAULT)));
endproperty

1.7.11 Sequential implication (sequences based on sequential conditions)

A sequential implication can also be specified using either operator => or operator |=> from the preceding sec-
tion. The syntax is:
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property_implication ::=
sequence_spec => [not] sequence_spec
| sequence_spec |=> [not] sequence_spec

Syntax 1-14—Sequential implication syntax

sequence_expr_cond can be any sequence expression.

The following points should be noted for sequential implication.
— sequence_expr_cond can result in multiple successful sequences.
— If no sequence succeeds, implication succeeds vacuously by returning true.

— For each successful match of sequence_expr_cond, sequence_exprl is separately evaluated, beginning at
the end point of the match.That is, the end point of matching sequence from sequence_expr_cond coin-
cides with start point of sequence_exprl

— All matches of sequence_expr_cond must also match sequence_exprl.

— Nesting of sequential implication is not allowed.

The two forms of implication: overlapped using operator => , and non-overlapped using operator |=> behave
with the same difference as described for the boolean implication. For overlapped implication, the first ele-
ment of the sequence exprl is evaluated on the same clock tick as the end point of a match for
sequence_expr_cond. For non-overlapped implication, the first element of the sequence_expr is evaluated on
the next clock tick. So,

sequence_expr_cond |=> sequence_exprl
isequivalent to:
sequence_expr_cond ##1 ‘true => sequence_exprl

An example of sequential implication is:
(a ##1 b ##1 c) => (d ##1 e)

If the sequence (a##1 b ##1 c) matches then the sequence (d ##1 €) must also match. On the other hand, if the
sequence (a##1 b ##1 c) does not match, then the result is true.

Consider now:
(a ##[1:3] b ##1 c) => (d ##1 e)

In the above example, all matches of (a##1:3] b ##1 c) must match (d ##1 €). If there are no matches of (a
##]1:3] b ##1 c), then there is a vacuous success for the property.

The following example illustrates chaining of sequential implications.

property plé6;

(wite_en & data_valid) ##0

(wite_en & (retire_address[0:4]==addr)) [*1] =>

##[3:8] wite_en & !data_valid & (wite_address[O0: 4] ==addr);
endproperty
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1.8 Manipulating data in a sequence

The use of System Verilog variables implies that only one copy exists. Therefore, if data values need to be
checked in pipelined designs, then for each data entering the pipeline we may need a separate variable to store
the predicted output of the pipeline for later comparison when the result actually exits the pipe. We can build
such a storage by using an array of variables arranged in a shift register to mimic the data propagating through
apipeline. However, in more complex situations where the latency of the pipeis variable and out of order, this
construction could become very complex and error prone. In other words, we need variables that are local to
and are used within a particular transaction check which can span an arbitrary interval of time and may overlap
with other transaction checks. Such a variable must thus be dynamically created when needed within an
instance of a sequence and removed when the end of the sequence is reached.

The dynamic variable creation and destruction can be achieved using the local variable declaration in seg-
uuence or property definition:

sequence_element ::=
[event_control] sequence_element {, function_blocking_statement }

Syntax 1-15—variable declaration syntax

Thetype of variableis explicitly specified. The variable may be assigned any where in the sequence, and reas-
signed later in the sequence. For every attempt, a new instance of variablei denti fi er is created for the
sequence_expr. The variable value may be tested like any other System Verilog variable.

For example, assume a pipeline that has a fixed latency of 5 clock cycles. The data enters the pipe on
pi pe_i nwhenval i d_i nistrue and the value computed by the pipeline appears 5 clock cycles later on the
signal pi pe_out 1. The data as transformed by the pipe is predicted by a function that increments the data.
The following sequence expression verifies this behavior.

property e;

int x;

(valid_in,(x = pipe_in)) => ##5 (pipe_outl == (x+1));
endproperty

Variables can be used in sequences or properties as examples show here.
sequence dat a_check;

int x;

a ##1 'a, x = data_in ##1 !'b*[0:inf] ##1 b && (data_out == Xx);
endsequence
property data_check_p

int x;

a ##1 l'a, x = data_in |=> !b*[0:inf] ##1 b && (data_out == Xx);
endproperty

Furthermore, one can write local variables on repeated sequences and accomplish accumulation of values, as
in
sequence rep_v;
int x;
“true,x = 0 ##0
('a*[0:inf] ##1 a, x = x+data)*[4] ##1 b ##1 c && (data_out == Xx);
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endsequence

There are special considerations on using local variables in parallel branches using operators or, and, and
inter sect.

1) Variablesassigned on parallel threads cannot be accessed in sibling threads. For example,
sequence s4;
int x;
(a##l b, (x = data) ##1 c) || (d ##1 (e==x)); // illegd
endseguence

2) Inthecaseof or, it istheintersection of the variables (names) that passes on past or. More precisely, a
local variable passes on past the or if and only if, either
a Theloca variable exists at the start of or, or
b. The local variableis sampled in both branches of or.
Note that both &) and b) can hold. Note that both a. and b. can hold. All succeeding threads out of or
branches continue as separate threads, carrying with them their own latest samplings of the local
variables. These threads do not have to have consistent valuations for the local variables. For
example,
sequence s5;
int X,y;
((@a##1 b, x = data, y = datal ##1 c) or (d ##1 ‘true, x = data##0 (e==x))) ##1 (y==data2);
Il'illegal sincey isnot in the intersection
endseguence
sequence s6;
int x,y;
((@a##1 b, x = data, y = datal ##1 c) or (d ##1 ‘true, x = data##0 (e==x))) ##1 (x==data2);
//'legal since x isin the intersection
endseguence

3) Inthecaseof "&&" and "intersect", the symmetric difference of the local variables that are sampled in
the two joining threads passes on past the join. More precisely, alocal variable passes on past the join
iff either
a. Thelocal variable exists at the start of the"& &" or "intersect” and is sampled in neither branch. Or,
b. Thelocal variableis sampled in exactly one of the branches.

The value passed on isthe latest sampled value. The two joining threads are merged into one thread at
thejoin.

sequence s7;

int x,y;

((a##1 b, x = data, y = datal ##1 c) and (d ##1 ‘true, x = data ##0 (e==x))) ##1 (x==data2);
/l'illegal since x common to both threads

endseguence

sequence s8;

int x,y;

(a##l b, x = data, y = datal ##1 c) and (d ##1 ‘true, x = data##0 (e==x))) ##1 (y==data?);
/l'legal sincey isinthe difference

endseguence

4) Theintersection and difference of the sets of names should be computed statically at compile time.

1.9 System functions

| ADDDASFUNCTIONS

In addition to accessing values of signals at the time of evaluation of a boolean expression, the past values can
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be accessed with the $past function.

$past (expression [, number_of ticks] )

Syntax 1-16—$past function syntax

The argument number_of _ticks specifies the number of clock ticksin the past. If nhumber_of ticksis not spec-
ified, then it defaults to 1. $past returns the sampled value of the expression that was present
number_of_ticks prior to the time of evaluation of $past .

If the specified clock tick in the past is before the start of simulation, the returned value from the $past func-
tionis‘x’.

Another useful function provided for the boolean expression is $count ones, to count the number of 1sin abit
Vector expression.

$countones ( expression )

Syntax 1-17—$countones function syntax

The‘x’ and ‘'z’ value of abit is not counted towards the number of ones.

1.10 The property definition

A property defines a behavior of the design. A property can be used for verification as an assumption, a
checker or a coverage specification. In order to use the behavior for verification, an assert or cover statement
must be used. A property declaration by itself does not produce any result.
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To declare a property, the pr oper t y construct is used as shown bel ow.

property_declaration ::=
property property_identifier [ property formal_list];
{ property_decl_item}
property_spec ;
endproperty [: property_identifier ]
property_formal_list ::=
(formal_list_item { , formal_list_item} )
property_decl_item ::=
variable_declaration
| sequence_declaration
property_spec ::=
[disableiff ( expression) ] [not] property_expression
property_expression ::=
sequence_spec
| property_implication
property_instance ::=
property_identifier [ (actua_arg_list) ]

Syntax 1-18—property construct syntax

A property declaration is parameterized, like a sequence declaration. When a property is instantiated,
actual arguments can be passed to the property. The property gets expanded with the actual arguments by
replacing the formal arguments with the actual arguments. The semantic checks are performed to ensure that
the expanded property with the actual argumentsislegal.

Theresult of aclocked_sequence for every evaluation attempt is true or false. Thisis accomplished by implic-
itly tranforming sequence_expr to first_match(sequence_expr). That is, as soon as a match of sequence_expr
is determined, the result is considered to be true, and no other matches are required for that evaluation attempt.

Thedi sabbl e i ff clauseallows you to specify asynchronous resets. For a particular attempt, if the boolean
expression becomes true at any time during the evaluation of the attempt, then the attempt for the property is
considered to be a success.

Thenot clause states that the expression associated with the property must never evaluate to true. Effectively,
it negates the property expression. For each attempt, clocked sequence results in either true of false, based on
whether there isamatch for the sequence. Thenot clause reverses the result of clocked_sequence. It should be
noted that there is no complementation or any form of negation for the sequence itself.

This allows for the following examples:

property rulel;

@ posedge clk) a => b ##1 c ##1 d;
endproperty
property rul e2;

disable iff (foo) not

@clkev) a => b ##1 c ##1 d;
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endproperty

A property can be referenced by its name. A hierarchical name can be be used consistent with the System Ver-
ilog naming conventions.

Sequences can be declared within a property for their local usage in the property. These sequences are not
accessible outside the property.

1.11 Multiple clock support

Although the syntax allows to specify event control with any sequence, semantically only a restricted set of
sequences and properties may contain multiple clocks. Two cases are allowed:

1) Concatenation of sequence_elements, where each element may have a different event control

2) The antecedent of an implication on one event control, while the consequent on another event control

1.11.1 Detecting and using endpoint of a sequence

Description of matched method on a sequence.

1.12 Concurrent Assertions
A property by default is not evaluated for checking the expression. A verification statement states the verifica-
tion function to be performed on the property. The statement can be one of the following:

— assert to specify the property as a checker to ensure that the property holds for the design

— cover to monitor the property evaluation for coverage

concurrent_assert_statement ::=

assert ( property_instance) action_block

| assert ( sequence_instance) action_block
concurrent_cover_statement ::=

cover ( property_instance) statement_or_null

| cover (' sequence instance) statement_or_null

Syntax 1-19—Verification directive syntax

Theassert statement isused to enforce a property as a checker. When the property for the assert statement
is evaluated to be true, the pass statements of the action block are executed. Otherwise, the fail statements of
the action block are executed. For example,

property abc(a,b,c);
disable iff (a==2) not @l k (b ##1 c);
endproperty
env_prop: assert abc(rst,inl,in2) pass_stat else fail _stat;

When no action is needed, anull statement (i.e. ;) isspecified. The default for else_stat is$error. If else_statis
specified, it overrides the default action.
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The action_block may not include any concurrent assert statement.

To monitor sequences and other behavioral aspects of the design for coverage, the same syntax is used with the
cover statement. The tools can gather information about the evaluation and report the results at the end of
simulation. When the property for the cover statement is successful, the pass statements may specify a cover-
age function, such as monitoring all paths for a sequences.

The assert and cover statements can be referenced by its optional name. A hierarchical name can be be used
consistent with the System Verilog naming conventions. When a name is not provided, a tool shall assign a
name to the statement for the purpose of reporting.

Coverage results are divided into two: coverage for properties, coverage for sequences.

For sequence coverage, the statement appears as:

cover ( sequence_instance) statement_or_null

For property coverage, the statement appears as

cover ( property_instance) statement_or_nulll

Results of coverage statement for a property shall contains:
— Number of times attempted

— Number of times succeeded

— Number of times failed

— Number of times succeeded because of vacuity(limited)
— Each attempt with attemptI D and time

— Each success/failure with attemptld and time

statement_or_null gets executed every time a property succeeds.

Vacuity rules are applied only when implication operator is used.

A property succeeds non-vacuously only if the consequent of the implication contributes to the success.

Results of coverage directive for a sequence shall include:
— Number of times attempted
— Number of times matched (each attempt can generate multiple matches)

— statement_or_null gets executed for every match. If there are multiple matches at the same time, the state-
ment gets executed multiple times, one for each match.

— Each attempt with attemptld and time
— Each match with clock step, attemptld and time

1.12.1 Using concurrent assertion statements outside of procedural code

A concurrent assertion statements can be used directly within amodule as amodule_item or within interface as
aninterface_item. A concurrent assertion statement is either an assert or acover statement.

For example:

modul e top(input bit clk);
reg a,b,c;
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property rul e3;

@ posedge clk) a => b ##1 c;
endproperty
al: assert rules3;

éﬁanodule
rul e3 is a property declared in module top. The assert statment al starts the checking the property from
begining to the end of simulation. The property is aways checked. Similarly,

modul e top(input bit clk);
reg a,b,c;
sequence seq3;

@ posedge cl k) b ##1 c;
endsequence
cl: cover seq3,;

;e.n;jrmdul e
The cover statement cl1 start coverage of the sequence seq3 from begining to the end of simulation. The
sequence is always monitored for coverage.

1.12.2 Embedding concurrent assertions in procedural code

A concurrent assertion statement can also be embedded in a procedural block as a statement_item. For exam-
ple,

property rul e;
a ##1 b ##1 c;
endproperty

al ways @ posedge cl k) begin
<st at ement s>;
assert rule;

end

A procedural assertion statement is equivalent to a declarative statement in syntax.

If the statement appears in an always block, the property is aways monitored. If the statement appears in an
initial block, then the monitoring is performed only on the first clock tick.

Two inferences are made from the procedural context: clock from the event control of an always block, and the
enabling conditions.

A clock isinferred if the statement is placed in an always block with an event control abiding by the following
rules:

— clock to be inferred must be placed as the first term of the event control as an edge specifier (posedge
clock_name or negedge clock_name)

— clock_name must not be used anywhere in the always statement
For example:

property rli,;
q'!=d,

endproperty

al ways @ posedge ntl k) begi n
g <= di;
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ri p: assert rl,
end

The above property can be checked by writing statement r1 p outside the always block, and declaring the
property with the clock as:

property r1;
@ (posedge ntlk)qg != d;
endproperty
al ways @ posedge ntl k) begi n
q <= di;
end
rilp: assert ri,

The clock for an assertion statement is determined in the decreasing order of priority
1) explicitly specified clock for the assertion
2) inferred clock from the context of the code code when embedded
3) default clock, if specified
A default clock is specified using the clocking construct.
If the clock is explicitly specified with a property, then it overrides the inferred clock, as shown below:

property r2;
@ posedge sclk)(q !'= d);
endproperty
al ways @ posedge ntl k) begin
g <= di;
r2_p: assert r2,
end

In the above example, ( posedge scl k) isthe clock for property r2.

Another possible inference made from the context is the enabling condition for a property. Such derivation
takes place when a property is placed in an if-else block or a case block.The enabling condition assumed from
the context is used as the antecedent of the property.

property r3;

@ posedge sclk)(q !'= d);
endproperty
al ways @ posedge ntl k) begi n

if (a) begin
g <= di;
r3_p: assert r2;
end
end

The above exampleis equivalent to:

property r3;
@ posedge sclk)a => (q !'=d);
endproperty
r3_p: assert r3;
al ways @ posedge ntl k) begi n
if (a) begin
q <= di;
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end
end

Similarly, enabling condition is also inferred from case statements.

property r4;
@ posedge sclk)(q !'= d);
endproperty
al ways @ posedge ntl k) begi n
case (a)begin
1:begin q <= di;
r4p: assert r4
end
default: ql <= di1
endcase
end

The above example is equivalent to:

property rd4;
@ posedge sclk)(a==1) => (q !=d);
endproperty
r4_p: assert r4;
al ways @ posedge ntl k) begi n
case (a)begin
1:begin q <= di;
end
default: ql <= di;
endcase
end

The inference of enabling conditions is performed for the property definition, assert directive and cover direc-
tive.

1.13 Grouping assertions as a library

The syntax for library groupings is as follows:

template_declaration ::=

template template_identifier [( template_formal_list )] ;

{ template_item_declaration }

endtemplate [ : template_identifier ]
template_formal_list ::=

task_formal_arg { , task_formal_arg }
task_forma_arg ::=

formal_identifier [= boolean_expr | sequence_expr | event_expr | string]
template_item_declaration ::=

property_decl

| property_directive

| seq_decl

| clocking_decl
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Syntax 1-20—Library groupings syntax

This sub-section describes how to group statements to construct alibrary of properties and expressions. Such a
group is called t enpl at e which is given a name and can be instantiated with parameters. When instantiated
with parameters, the parameters provide the binding to the actual design objects or other definitions specified
elsewhere in the description.

Formal parameters are used parameterize a description. A formal parameter is untyped, and is used for syntac-
tic replacement of a name or an expression in the template body.

The default values for aformal parameter can be specified by using an equal sign with the left-hand side of the
equal sign asthe formal parameter name and right-hand side as the default value. For example,

tenmpl ate hold(exp, min =0, max = 15, clKk);
sequence @ posedge cl k) ova_e_hold = ( past(exp)==exp)*[m n: max] );
endt enpl at e

The body of the template may contain:
— property and sequence declarations
— directives

— clock domain declarations
Note: A clock domain declarion using clocking_decl has been described in elsawhere in System Verilog LRM.

Need a cross reference above

A t enpl at e isinstantiated with the following syntax:

template instantiation ::=
template_identifier [instance_name] [(list_of port_connections)];

Syntax 1-21—template instantiation syntax

An actual parameter may replace a name or an expression. However, the replacement of a definition nameis
disallowed.The actual parameters can be given as an ordered list, as anamed list. In an ordered list, the param-
eters are listed in the same order as in the template definition.
For example, the hold template defined above can be instantiated with:

hol d ordered(counter, 2, 5, rose clKk);
Or it can be instantiated with:

hol d named(.exp(counter), .mn(2), .nmax(5), .clk(rose clk));
The template instance name is optional. When the name is not specified, the name is the global sequence num-
ber of the instance in the form seq_number. For example, the first template instance compiled would be
assigned the namettil.

A template instantiation creates a named scope. As template instances are expanded, the names of declarations
in the template body are constructed by using hierarchical naming scheme (appending the definition name with
the template instance name and a dot character). Such an expansion of aname uniquely identifiesits definition.
The following example illustrates the name expansion of definitions.
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templ ate range();
sequence @ posedge cl k2) crange_en = (enable => (minval <= expr) );
range_chk: assert (crange_en);

endt enpl ate

range t1();

range t2();

property termcheck = (enable => (p_low ; p_end));

The definitionscr ange_en and r ange_chk are expanded as shown below.

sequence @rose clk2) tl.crange_en = ( enable => (mnval <= expr) );
t1l range_chk: assert (t1l.crange_en);

sequence @ (rose clk2)t2.crange_en = ( enable => (mnval <= expr) );
t2.range_chk: assert (t2.crange_en);

property termchk = (enable => (p_low ; p_end;))

An expression defined within atemplate can be referenced outside the templ ate via a standard hierarchical ref-
erence.

The actual parameters may not resolve all signals specified within the template. When the template is instanti-
ated, the parameters and the unresolved signals get bound to the design objects in the instantiating scope.

If aformal parameter is specified with a default value in the template definition, then the corresponding actual
parameter may be optionally omitted. In the example below, the forma parameter max is not supplied when
the template is instantiated. The default value of 15 for max declared in the templateis used.

tenmpl ate hold(exp, mn =0, max = 15, clKk);

sequence @rose clk) e_hold = ( ($past(exp) == exp) * [mn:max] );
endt enpl ate
hol d hol d_i nstance(s, 5, , rose clk);

If the default parameter value is not declared in the template definition, omission of the corresponding actual
parameter value in the template instantiation will result in an error.

1.14 Binding properties to scopes or instances

To facilitate verification separate from the design, it is possible to specify properties and bind them to specific
modules or instances Following are the goals of providing this feature.

— It alows verification engineers to verify with minimum changes to the design codeffiles.
— It allows a convenient mechanism to attach verification |P to a module or an instance.

— No semantic changes to the assertions are introduced due to this feature. It is equivalent to writing proper-
tieswith XMRs.

— It disallows design code to be attached along with the property.

With this feature, a user can bind a program, where the program contains a group of properties, to a module or
an instance.
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The syntax of the bi nd construct is:

bind_directive ::=

bind module_instance_name program instantiation ;
module_instance_name ::=

name of a module or instance
program instantiation ::=

program_name program_instance_name ( port_arguments)

Syntax 1-22—bind construct syntax

A program contains non-design code (either testbench or properties) and executes in the verification phase
(The details of the program construct are being discussed in sv-ec committee)

Example of binding to a module:

bi nd cpu fpu_props fpu_rules_1(a,b,c);

— cpuisthe name of module.
— fpu_propsisthe name of the program containing properties fpu_rules 1 isthe program instance name.
— Ports (a, b,c) get bound to signals (a,b,c) of module cpu .

— Every instance of cpu gets the properties.

Example of binding to a specific instance of a module:
bi nd cpul fpu_props fpu_rules_1(a,b,c);
— cpulisthe name of module instance (cpul is an instance of module of module cpu)
— fpu_propsisthe name of the program containing properties.
— fpu_rules_1 isthe program instance name.
— Ports (a, b,c) get bound to signals (a,b,c) of module instance cpul.
— Only cpul instance of cpu gets the properties.

By binding a program to a module or an instance, the program becomes part of the bound object. The names of
assertion related declarations can be referenced using the System Verilog hierarchical naming conventions.
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