Accellera
Extensions to Verilog-2001 SystemVerilog 3.1

Correcting usage of terms, grammatical errors and omissions

These changes are related to the use of terms “sequence” vs. “sequence expression”, “named” vs. “defined”
and “declaration” vs. “definition”, grammatical errors and omissions.

1.1 Page 198, Section 17.1

There are two kinds of assertions: concurrent and immediate.

— Immediate assertions follow simulation event semantics for their execution and are executed like a
statement in a procedural block. Immediate assertions are primarily intended to be used with simula-
tion.

— Concurrent assertions are based on clock semantics and use sampled values of variables. One of the
goals of SystemVerilog assertionsisto provide acommon semantic meaning for assertions so that they
can be used to drive various design and verification tools. Many tools, such asformal verification tools,
evaluate circuit descriptions using a cycle-based semantics, which typically relies on a clock signal or
signalsto drive the evaluation of the circuit. Any timing or event behavior between clock edgesis

| abstracted away. Concurrent assertions incorporate this clock semantie semantics. While this approach
generally simplifies the evaluation of acircuit description, there are anumber of scenarios under which
this cycle-based evaluation provides different behavior from the standard event-based evaluation of
SystemVerilog.

1.2 Page 198, Section 17.2

The immediate assertion statement is atest of an expression performed when the statement is executed in the
procedural code. The expression is non-temporal and is interpreted the same way as an expression in the con-

| dition of aprocedural treated-as-aeeneition-astn-an if statement. That is, if the expression evaluatesto X, Z or
0, then it isinterpreted as being fal se and the assertion is said to fail. Otherwise, the expression isinterpreted as
true and the assertion is said to pass.

The immediate assert statement is a statement_item and can be specified anywhere a procedural statement is
specified.

The action_block specifies what actions are taken upon success or failure of the assertion. The statement asso-
ciated with the success of the assert statement is the first statement. It is called the pass statement and is exe-
cuted if the expressron evd uates to true. valhdal ! ! d

Lee@%hentheassertrentar% The pass statement can, for example record the number of successes for acov-
erage log, but it can be omitted atogether. If the pass statement is omitted, then no user-specified action is
taken when the assert expression is true. The statement associated with elseis called afail statement and is exe-
cuted if the expression eva uates to fal se assertion-faHs. Fhat-is-the-expression-does-hot-evatuate-te-akhewn;
nen-zere-valde: The dse statement can aso be omitted. The action block is executed immediately after the
evaluation of the assert expression.

1.3 Page 200, Section 17.3

A clock tick isan atomic moment in time that itself spans no duration of time. anre-mphiesthat-thereishe-dura-
tron-of-thme-H-acloek-tiek: A clock shall tick only once at any simulation time, and the sampled values for that

srmulatron ti me are used for evaluation of concurrent assertrons ttersals&gwenthate&eteeleshatp&eteenty

assertron the sempled vaI ue |s the onIy valrd val ue of avarrable ata cI ock tick. Frgure 17 1 shows the vaI ues
of avariable as the clock progresses. The value of signal r eq islow at clock ticks 1 and 2. At clock tick 3, the

value is sampled as high and remains high until clock tick 6. The sasmpled value of variabler eq at clock tick
| 6islow and remains low until clock tick 10. Netice-that—at-€ctoek-tick-9-the-simulation-value-transitionste
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- : - Notice that the simulation value transitions to high at clock tick 9.
However, the sampled value at clock tick 9 islow.

An expression used in an assertion 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 of a sequencewith

respect-to-a-seguHenee-expresston.
Note:

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

o O O LoD v - Vv v c o ci Ci

variable that appearsin the expression for a clock aso appears in an expression within an assertion, the
values of the two usages of the variable can be different. The current value of the variableis used in the
clock expression, while the sampled value of the variable is used in the expression within the assertion.

The clock expression that controls evaluation of a sequence can be more complex than just a single signal
name. An expressionsuchas(cl k && gati ng_signal) and(clk iff gati ng_si gnal) couldbe usedto
represent a gated clocks. 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 signalsin a clock expression
must be glitch-free and should only transition once at any simulation time.

1.4 Page 201, Section 17.4

The expressions used in sequences are evaluated over sampled values of the variables that appear in the
expression. The outcome of the evauation of an expressions is boolean and is interpreted the same way as an
expression isinterpreted in the condition of a procedural if statement. That is, if the expression evaluates to X,
Z, or0,thenitisinterpreted as being false. Otherwise, it istrue.

1.5 Page 201, Section 17.4.1

The following types are not allowed:
— non-integer types (t+re-shortreal, real and realtime)

1.6 Page 201, Section 17.4.1

The following example shows some possible forms of comparison of ever members of structures and unions:

1.7 Page 202, Section 17.4.3

All operators that are valid for the types described in Section 17.4.1 are allowed with the exception of assign-
ment operators er and increment and decrement operators. SystemVerilog includes the C assignment operators,
such as +=, and the C increment and decrement operators, ++ and --. These operators cannot be used in expres-
sions that appear in assertions. This restriction prevents side effects.

1.8 Page 204, Section 17.5
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Properties are often constructed out of sequential behaviors. The sequence feature provides the capability to
build and manipulate sequential behaviors. The simplest sequentia behaviors are linear. A linear sequenceisa
finite list of SystemVerilog boolean expressionsin alinear order of increasing time. The linear sequenceissaid
to match along a finite interval of consecutive clock ticks provided the first boolean expression evaluates to
true at the first clock tick, the second boolean expression evaluates to true at the second clock tick, and so
forth, up to and including the last boolean expression evaluating to true at the last clock tick. A single boolean
expression is an example of a simple linear sequence, and it matches at a single clock tick provided the bool-
ean expression evaluates to true at that clock tick.

More complex sequential behaviors are described by SystemVerilog sequences. A sequence is a regular
expression over the SystemVerilog boolean expressions that concisely specifies a set of zero, finitely many, or
infinitely many linear sequences. If at least one of the linear sequences from this set matches along a finite
interval of consecutive clock ticks, then the sequence is said to match along that interval.

A property may involve checking of one or more sequential behaviors beginning at various times. An
attempted evaluation of a sequence is a search for a match of the sequence beginning at a particular clock tick.
To determine whether such amatch exists, appropriate boolean expressions are eval uated beginning at the par-
ticular clock tick and continuing at each successive clock tick until either amatch isfound or it is deduced that
no match can exist.

Sequences and-seguence-expressions can be composed by concatenation, analogous to a concatenation of lists.
The concatenation specifies adelay, using ##, from the end of the first sequence until the beginning of the sec-
ond sequence.

1.9 Page 204, Section 17.5

A ## followed by anumber or range specifies the delay from the current cycle to the beginning of the sequence
that follows. The delay ##1 indicates that the beginning of the sequence that follows is one clock tick later
than the current cycle. The delay ##0 indicates that the beginning of the sequence that follows is at the same
clock tick asthe current cycle.

When used as a concatenation between two sequences, the delay is from the end of the first sequence to the
beginning of the second sequence. The delay ##1 indicates that the beginning of the second sequence is one
clock tick later than the end of the first sequence. The delay ##0 indicates that the beginning of the second
sequence is at the same clock tick as the end of the first sequence.

1.10 Page 204, Section 17.5

The following are examples of delay expressions. ‘ t r ue isaboolean expression that always evaluatesto true;
and is used for visua clarity. It can be defined as:

1.11 Page 205, Section 17.5

In the above example, ¢ is must be true at the endpoint of sequenceseql, andd ismust be true at the start of
sequence seq2. When concatenated with O clock tick delay, ¢ and d must be true eeceur at the same time,
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resulting in a concatenated sequence equivalent to:

1.12 Page 205, Section 17.5

a ##1 b ##1 c // first sequence seql
d ##1 e ##1 f // second sequence seq2

segl ##0 seg2// overlapped concatenation
(a ##1 b ##1 c) ##0 (c ##1 d ##1 e) /] overl apped concatenation

1.13 Page 205, Section 17.5

Inthe above case, signal r eq must betrue at the current clock tick, and signal gnt  must be true at some clock
tick between 4th and 32nd after the current clock tick.

1.14 Page 208, Section 17.6

Inthisexample, sequencess1 ands2 areevauated on each successive posedge events of cl k. The sequence
s3 isevauated on successive the negedge eventsof cl k.

Another example of sequence declaration, which includes arguments, with-argurents is shown below:

1.15 Page 208, Section 17.6

To use a named sequence as a sub-sequence of another sequence, simply reference its name. The evaluation of
a sequence that references a named sequence is performed in the same way as if the named sequence were con-
tained asalexica part of the referencing sequence, with the formal arguments of the named sequence replaced
by the actua ones and the remaining variables in the named sequence resolved according to the scope of the
declaration of the named sequence. An example is shown below:

1.16 Page 208, Section 17.7.1

Operator precedence and associativity isarelisted in Table 17-1, below. The highest precedence is listed first.

1.17 Page 209, Section 17.7.1, Table 17-1

The operatorsin Table 17-1 must be in bold font.

1.18 Page 209, Section 17.7.2

The number of iterations of a repetition can either be specified by exact count or be required to fall within a
finite range. If specified by exact count, then the number of iterationsis defined by a non-negative integer con-
stant expression. If required to fall within afinite range, then the minimum number of iterationsis defined by a
non-negative integer constant expression and the maximum number of iterations is either defined by a non-
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negative integer constant expression or is $, indicating a finite, but unbounded maximum.

If both the minimum and maximum numbers of iterations are defined by non-negative integer constant expres-
sions, then the minimum number must be less than or equal to the maximum number.

Three kinds of repetition are provi ded:

— consecutive repetition ( [ )W i hrely i e
between-the-repetitions Consecutrve repetrtron specifies frnrtely many |terat|ve matches of the operand
sequence, with adelay of one clock tick from the end of one match to the beginning of the next. The over-
al repetition sequence matches at the end of the last iterative match of the operand

— goto repetrtr on ( : ession-isrepeated-wi ays-betw
| 0 i Hhatesdf 0 63 Goto repetition speci-
fies finitely many |terat|ve matches of the operand boolean expr ion, wrth adelay of one or more clock
ticks from one match of the operand to the next successive match and no match of the operand strictly in
between. The overall repetition sequence matches at the last iterative match of the operand.

non-consecutive repetition (

‘ butebeferetheeeeurreneeeeﬁtheebeeteaneemassen Non consecutrve repetrtron specrfres f|n|tely many

iterative matches of the operand boolean expression, with a delay of one or more clock ticks from one
match of the operand to the next successive match and no match of the operand strictly in between. The
overall repetition sequence matches at or after the last iterative match of the operand, but before any later
match of the operand.

repe&HThe effect of consecutrve repetrtron of a sub sequence within a sequence can be achreved by
explicitly iterating the sub-sequence, as.
a ##1 b ##1 b ##1 b ##1 c

[ Nls-as: Using the consecutive repetition operator [ * 3],
which indicates 3 iterations, this sequential behavior is specified more succinctly:
a ##1 b [*3] ##1 c

secutrve repetr t| on specrfresthat the operand sequence must match a specrfred number of t| mes. Eaenrepeated

A ! e A repeat of N specifies that the
sequence must occur N times in succession. The consecutive repetition operator [ * N] specifies that the oper-
and sequence must match [ *N] timesin succession. For example:

1.19 Page 210, Section 17.7.2

Using 0 as the repetition number, an empty sequence results, as.
a [*0]

An-empty-sequence-shal-beHega-
An empty sequence is one that does not match over any positive number of clocks. The following rules apply

for concatenating sequences with empty sequences. The empty sequence is denoted as empty and a sequence is
denoted as seq.

— (empty ##0 seq) does not result in amatch

— (seq ##0 empty) does not result in amatch

— (empty ##n seq), where n is greater than O is equivaent to (##(n-1) seq)

— (seq ##n empty), where n is greater than O is equivalent to (seq ##(n-1) ‘true)

Copyright 2003 Accellera. All rights reserved. 5
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For example,
b ##1 ( a[*0] ##0 c)

produces no match of the sequence.

b ##1 a[*0: 1] ##2 c

isequivalent to
(b ##2 c) or (b ##1 a ##2 c)

1.20 Page 210, Section 17.7.2

Whieh Thisisthe same as;

1.21 Page 210, Section 17.7.2

. es vatentA repetmon W|th arange of m n minimum and
max maX|mum number of |terat|ons can expreesed with the consecutive repetition operator {\courier [ *
m n: max] .

As an example,
(a ##2 b)[*1:5]

isequivalent to

1.22 Page 210, Section 17.7.2

- Similarly,

isequivalent to
(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 ##iel c)

f|n|te but unbounded number of |teraI|ons the doIIar signs$is used For example the repetition
a ##1 b [*1:8$] ##1 ¢

means-a—istrue-en-the-eurrent-sample-then-b—shal-betrue-on-every-subsequent-sample-unt-cistrue: Onthe
sample-i-whieh-c—istrue-b—doesneot-have to-be-true: matches over an interval of three or more consecutive
clock ticks if a istrue on the first clock tick, ¢ is true on the last clock tick, and b is true at every clock tick
strictly in between the first and the last.

1.23 Page 211, in Section 17.7.2

6 Copyright 2003 Accellera. All rights reserved.
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Specifying the number of iterations of a repetition by exact count is equivalent to specifying arange in which
the minimum number of repetitions is equal to the maximum number of repetitions. In other words, seq[ * n]
isequivalentto seq[ *n: n] .

The goto repetition (non-consecutive exact repetition) takes a boolean expression rather than a sequence as
operand. It specifies the iterative matching of the boolean expression at clock ticks that are not necessarily con-
secutive and ends at the last iterative match. For example,

a ##1 b [->2:10] ##1 c

matches over an interval of consecutive clock ticks provided a istrue on thefirst clock tick, ¢ istrue on the last
clock tick, b istrue on the penultimate clock tick, and, including the penultimate, there are at least 2 and at
most 10 not-necessarily-consecutive clock ticks strictly in between the first and last on which b is true. This
sequence is equivalent to:

a ##1 (('b[*0:$] ##1 b) [*2:10]) ##1 c

The non-consecutive repetition is like the goto repetition except that a match does not have to end at the last
iterative match of the operand boolean expression. The use of non-consecutive repetition instead of goto repe-
tition alows the match to be extended by arbitrarily many clock ticks provided the boolean expression isfalse
on all of the extra clock ticks. For example,

a ##1 b [=2:10] ##1 c

matches over an interval of consecutive clock ticks provided a istrue on thefirst clock tick, ¢ istrue on the last
clock tick, and there are at least 2 and at most 10 not-necessarily-consecutive clock ticks strictly in between the

first and last on which b is true. This sequence is equivalent to:
a ##1 (('b [*0:$] ##1 b) [*2:10]) ##1 'b[*0:$] ##1 c

1.24 Page 212, in Section 17.7.3
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$sampled(expression [ , clocking_event] )

$rose (expression [, clocking_event] )

$fell ( expression [ , clocking_event] )

$stable ( expression [ , clocking_event] )

$past (expressionl [, number_of_ticks] [ , expression2] [, clocking_event] )

1.25 Page 212, in Section 17.7.3

— if used in an action block of asinghy-eteeked singly-clocked assertion, the clock of the assertion is
used.

1.26 Page 212, in Section 17.7.3

When these functions are used at or before the first clock tick, determined by the clocking event, or before the
first clock tick, the result of these functions are computed by comparing the current sampled vaue of the
expression to X.

1.27 Page 214, in Section 17.7.3

When expression2 is specified, the sampling of expressionl expression is performed based on its clock gated
with expression2. For example,

1.28 Page 214, Section 17.7.4

Whentel andte2 aresequences, then the expression composite sequence:
tel andte2

— SueeeedsMatch if t el andt e2 sueeeed match.

— Theend timeisthe end time of either t el or t e2, whichever terminates matcheslast.

The following example is an expression with the and operator, where the two operands are sihglte-sequenee
evaldatiens-simple linear sequences.

1.29 Page 215, Section 17.7.4

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-expressten composite sequence is the tast
later of the two end times, so a match is recognized for the expressien-composite sequence at clock tick 12.

In the_ foIIow_i ng example, an the firs_t _ope_rand sequence has a concatenation operator with range from 1to 5 is

(tel ##[1:5] te2) and(te3 ##2 ted ##2 teb)

The first operand sequence requiresthat t el evaluate to true and that t e2 evaluateto true 1, 2, 3, 4, or 5 clock
tickslater. The second operand sequence is the same as in the previous example. To consider all possibilities of
amatch of the composite sequence, the following steps can be taken:

8 Copyright 2003 Accellera. All rights reserved.
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1) Five threads of evd uamon are started for the f|ve possible linear sequences associated with the first
sequence operand ‘ . y valuation.

2) The second operand sequence has only one associated linear sequence, so only one thread of evaluation |s
started for it ‘ y J
started.

3) Figure 17-5 shows the evaluation attempt beginning at clock tick 8. All five linear sequences for the first
operand sequence match, as shown in a time window, so there are five matches of the first operand
seguence, ending at clock tlcksg 10, 11, 12 and 13, respectlvely The second operand sequence matchesat
clock tick 12 Fi A . . .

4) Each match of the first operand sequence is combined with the single match of the second operand
sequence, and the rules of the and operation determme the end t|me of the resulting match of the

The result of this computation is five matches of the composite sequence, four of them ending at clock tick 12
and the fifth ending at clock tick 13. Figure 17-5 shows the matches of the composite sequence ending at clock
ticks 12 and 13.

1.30 Page 216, Section 17.7.4

Iftel andte2 aresampled booleans (not sequences), the expression (t el and t e2) matches sueeeeds if
tel andte2 arebothevaluate to true evaluated-to-betrue.

An exampleisillustrated in Figure 17-6, which shows the results for attempts at every clock tick an-attemptat

every-cloek-tiek. The expressien sequence matches at clock tick 1, 3, 8, and 14 because botht el andt e2
are simultaneously true. At all other clock ticks, the and operation fails because eithert el orte2 isfase.

1.31 Page 217, Section 17.7.5

The two operands of inter sect are sequences expressions. The requirements for the match sueeess of the inter -
sect operation are

1.32 Page 217, Section 17.7.5

Copyright 2003 Accellera. All rights reserved. 9
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An attempted evaluation of an inter sect sequence can result in multiple matches. The results of such an attempt
can be computed as follows.

— Matches of the first and second operands that are of the same length are paired. Each such pair results
in amatch of the composite sequence, with length and endpoint equal to the shared length and endpoint
of the paired matches of the operand sequences.

— If no such pair isfound, then there is no match of the composite sequence.

Figure 17-7 is similar to Figure 17-5, except that and has been replaced by intersect. In this case, unlike in
Figure 17-5, thereis only asingle match at clock tick 12.

1.33 Page 218, Section 17.7.6
The two operands of or are sequence-expressions sequences.

1.34 Page 218, Section 17.7.6

The two operands of or are sequences expressiens.

If the operandst el and t e2 are expressions, then
tel orte2

matches at any clock tick on which at least one of t el and t e2 evaluates to true.

Figure 17-8 illustrates an or operation for which the operands t el and t e2 are expressions. The composite
sequence does not match at clock ticks 7 and 18 becauset el and t e2 are both false at those times. At al other
clock ticks, the composite sequence matches, as at least one of the two operands eval uates to true.

Whentel andte2 aresequences, then the expression sequence
tel orte2

matches if at least one of the two operand sequencest el and t e2 matches. Each match of either t el or t e2
constitutes a match of the composite sequence, and its end time as a match of the composite sequence is the
same as its end time as a match of t el or of t e2. In other words, the set of matches of tel or te2 isthe
union of the set of matches of t e1 with the set of matches of t e2.

The following example shows a sequence with operator or where the two operands are sequences.

10 Copyright 2003 Accellera. All rights reserved.
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1.35 Page 219, Section 17.7.7

Here, the two operand sequences are: (tel ##2 te2) and (te3 ##2 ted4 ##2 teb). Thefirst sequence
requiresthat t el first evaluatesto true, followed by t e2 two clock ticks later. The second sequence requires
that t e3 evaluates to true, followed by t e4 two clock ticks later, followed by t e5 two clock ticks later. In
Figure 17-9, 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 composite sequence expression are rec-
ognized.

In the following example, the first operand sequence has a concatenation operator with range from 1to 5
(tel ##[1:5] te2) or(te3d ##2 ted ##2 teb)

The first operand sequence requiresthat t el evaluate to true and that t e2 evaluateto true 1, 2, 3, 4, or 5 clock
ticks later. The second operand sequence requires that t e3 evaluate to true, that t e4 evaluate to true 2 clock
ticks later, and that t e5 evaluate to true another 2 clock ticks later.

The composite sequence matches at any clock tick on which at least one of the operand sequence matches. As
shown in Figure 17-10, 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 tick 12. The composite sequence therefore has one
match at each of clock ticks 9, 10, 11, and 13 and has two matches at clock tick 12.

1.36 Page 220, Section 17.7.7

The first_match operator matches only the first mateh of possibly multiple matches for an evaluation attempt
of aits operand sequence expression. This allows all subsequent matches to be discarded from consideration.
In particular, when the a sequence expression is a sub-expression sub-sequence of a larger sequence expres-
sten, then applying the first_match operator has significant effect on the evaluation of the embedding-expres-
sten enclosing sequence.

An evaluation attempt of first_match seq results in an evaluation attempt for the operand seq beginning at the
same clock tick. If the evaluation attempt for seq produces no match, then the evaluation attempt for
first_match seq produces no match. Otherwise, the match of seq with earliest ending clock tick is a match of
first_match seg. If there are multiple matches of seq with the same ending clock tick as the earliest one, then all
those matches are matches of first_match seq.

Copyright 2003 Accellera. All rights reserved. 11
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1.37 Page 220, Section 17.7.7

sequence t1;
tel ##2:+51t+e2 [2:5] te2;
endsequence
sequence tsl,;
first_match(tel ##[2:5}te2 [2:5] te2);

endsequence

1.38 Page 221, Section 17.7.7

Each attempt of sequencet 1 can result in matches for up to four of the following sequences:

1.39 Page 221, Section 17.7.7

However, sequencet s1 can result in a match for only one of the above four sequences. Whichever match of
the above four sequences ends matehes first is a match becemes-theresuit of sequence tsl.

1.40 Page 221, Section 17.7.7

Each attempt of sequencet 2 can result in matches for up to four of the following sequences:
a ##2 b
a ##3 b
c ##1 d
c ##2 d

celts . e cncp it . "
thme: Sequencet s2 matches only the earllest end| ng match of these sequenc&s If a, b c,

and d are expressions, then it is possible to have matches ending at the same time for both
a ##2 b
c ##2 d

H-this-case-firs—mateh-resdhtsH-two-seguenees: If both of these sequences match and (¢ ##1 d) does not

match, then evaluation of t s2 results in these two matches.

1.41 Page 221, Section 17.7.8

The construct expr throughout seq isan abbreviation for:
(exp) [*0:$] intersectseq

The composite sequence (exp throughout seq) matches along afinite interval of consecutive clock ticks pro-
vided seq matches along the interval and exp evaluates to true at each clock tick of the interval.
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The following exampleisillustrated in Figure 17-11.

1.42 Page 222, Section 17.7.8

Figure 17-12 illustrates the evaluation attempt for sequence bur st _rul el beginning at clock tick 2. Since
signal bur st _node is high at clock tick 1 and low at clock tick 2, $f el | (bur st _node) istrueat clock tick
2. To complete the match of bur st _rul el, the value of bur st _node is required to be low throughout a
match of the sub-sequence (##2 ((trdy==0)&&(irdy==0)) [*7]) beginning at clock tick 2. This sub-
sequence matches from clock tick 2 to clock tick 10. However, at clock tick 9 bur st _node becomes high,
thereby failing to match according to the rules for throughout.

If signal bur st _node were instead to remain low through at least clock tick 10, then there would be a match
of bur st _rul el from clock tick 2 to clock tick 10, as shown in Figure 17-12.

1.43 Page 222, Section 17.7.9

17.7.9 Sequence eeetrreree contained within another sequence

1.44 Page 222, Section 17.7.9

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

1.45 Page 223, Section 17.7.9

The within construct:
— withirsequence—expr2

The construct Seq1 within SEQ2 is an abbreviation for:
(1[*0: $] ##1 Seql ##1 1[*0:$]) intersect SEQ2

The composite sequence S€Q1 within S€2 matches aong a finite interval of consecutive clock ticks provided
Seg2 matches along the interval and Seq1l matches along some sub-interval of consecutive clock ticks. That
is, the matches of Seg1 and Seq2 must satisfy the following:

— The start point of the match of Seq1 must be no earlier than the start point of the match of Seg2.
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— The end point of the match of Seq1 must be no later than the end point of the match of Seq2.

For example, the sequence
Ptrdy[*7] within (($fell irdy) ##1 !irdy[*8])

matches from clock tick 3 to clock tick 11on the trace shown in Figure 17-12.

1.46 Page 223, Section 17.7.10

There are two ways in which a complex sequence can be decomposed into simpler sub-sequences sub-expres-
SHERS.

1.47 Page 223, Section 17.7.10

One is to instantiate a named sequence by referencing its name. Evaluation of such a reference requires the
named sequence to match starting from the clock tick at which the reference is reached during the evaluation
of the enclosing sequence. For example:
sequences;
a ##1 b ##1 c;
endsequence
sequencer ul e;
@ posedge syscl k)
trans ##1 start_trans ##1 s ##1 end_trans);
endsequence

Sequence s is evaluated beginning one eyele tick after the eceurrence evauation of start _trans inthe
sequencer ul e.

Another way to use the sequence expression is to detect its end point in another sequence. The end point of a
sequence is reached whenever there-isamateh-enttsexpression Hhasawmatehthe ending clock tick of amatch
of the sequence is reached, regardless of the starting clock tick of the match. The eeeurrenee reaching of the
end point can be tested in any sequence expression by using the method ended.

The syntax of the ended method is:
sequence_identifier.ended

ended isamethod on a sequence. The result of its operation is true or false. When method ended is applhied
evaluated in an expression, it tests whether its operand sequence seg—narme has reached the its end point at that
particular point in time. The result of ended does not depend upon the starting point of the match of its oper-
and sequence seg—hame. An example is shown below:

1.48 Page 224, Section 17.7.10

In this example, sequence expression el must ene-sdeeessfuthy match one clock tick after inst. If the method
ended is replaced with an instance of sequence €1, amatch of el must start one clock tick after inst. Notice that
method ended only tests for the end point of e1, and has no bearing on the starting point of e1.

ended can be used on sequences that have formal arguments. For example with the defiritronsdecl arations
sequence e2(a, b, c);
@ posedge sysclk) $rose(a) ##1 b ##1 c;
endsequence
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sequence rul e2;
@ posedge syscl k) reset ##1 inst ##1 e2(ready, procl, proc2). ended
##1 branch_back;

endsequence

rate2 rul e2 is equivaent torute2ar ul e2abelow:
sequence e2_instanti at ed;
e2(ready, procl, proc2);
endsequence
sequence rul e2a;
@ posedge syscl k) reset ##1 inst ##1 e2_instanti ated. ended ##1 branch_back;
endsequence

There are additional restrictions on passing local variables into an instance of a sequence to which ended
ended is applied. See Section 17.8.

1.49 Page 224, Section 17.7.11

The implication construct specifies that the checking of a property is performed conditionally on the match of
a sequential antecedent.

This clause is used to precondition monitoring of a property expression and is allowed at the property level.
The result of the implication is either true or false. The left-hand side operand sequence _expr is called the
antecedent, while the right-hand side operand property_expr is called the consequent.

The following points should be noted for | - > implication:

— From a given start point, the antecedent antecedent sequence_expr can have zero, one, or more than one
successful match.

— If there is no match of the antecedent antecedent sequence_expr from agiven start point, then evaluation of
the implication from that start point succeeds vacuously and returns true.

— For each successful match of antecedent antecedent sequence expr, the eenseguent consequent
property_expr is separately evaluated. The end point of the match of the antecedent antecedent
sequence_expr is the start point of the evaluation of the eenseguent consequent property_expr.

— From a given start point, evaluation of the implication succeeds and returns true if and only if for every
match of the antecedent antecedent sequence_expr beginning at the start point, the evaluation of the eense-
guent consequent property_expr beginning at the endpoint of the match succeeds and returns true.

Two forms of implication are provided: overlapped using operator | - >, and non-overlapped using operator
| =>. For overlapped implication, if there is amatch for the antecedent antecedent sequence_expr, then the end
point of the match is the start point of the evaluation of the consequent property_expr. For non-overlapped
implication, the start point of the evaluation of the consequent property_expr is the clock tick after the end
point of the match. Therefore:

1.50 Page 226, Section 17.7.11

property dat a_end_r ul el first evaluatesdat a_end_exp at every clock tick to test if itsvalueistrue. If the
value is fase, then that particular attempt to evaluate dat a_end_rul el is considered true. Otherwise, the
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following sequence expressien is evaluated. The sequence expressien:

1.51 Page 227, Section 17.7.11

An example of implication where the antecedent is a sequence expressien follows:
(a ##1 b ##1 c) |-> (d ##1 e)

1.52 Page 228, Section 17.8

itisdesiredto samplex = e atthe match of b, the sequence expressien can be rewritten as
a ##1 (b[*->1], x = e) ##1 c[*2]

1.53 Page 228, Section 17.8

The dynamic creation of a variable and its assignment is achieved by using the local variable declaration in a
sequence or property declaration defirition and making an assignment in the sequence.

1.54 Page 228, Section 17.8

As an example the of local variable usage, assume a pipeline that has a fixed latency of 5 clock cycles. The
data enters the pipe on pi pe_i n whenval i d_i n istrue, and the value computed by the pipeline appears 5
clock cycleslater on the signal pi pe_out 1. The dataas transformed by the pipe is predicted by a function that
increments the data. The following seguenee-expressien property verifies this behavior:

1.55 Page 229,230 Section 17.8

Local variables can be passed into an instance of a defined named sequence to which ended ended isapplied
and accessed in a similar manner. For example
sequenceseq2a,;
intvl, c ##1 sub_seq2(vl).ended ##1 (dol == vl1); // vl is now bound to Iv
endsequence

There are additional restrictions when passing local variables into an instance of a defined named sequence to
which ended ended is applied:

Page 230

2) Inthe declaration of the defired named sequence, the formal argument to which the local variable is bound
must not be referenced before it is sampled.

The second restriction is met by sub_seq2 because the sampling-assignment v = data_in occurs before the ref-
erencetotv | vindata_out == |v.

If alocal variable is sampled assigned before being passed into an instance of a defired named sequence to
which ended ended is applied, then the restrictions prevent this sampled assigned vaue from being visible
within the defired named sequence. The restrictions are important because the use of ended ended means that
there is no guaranteed relationship between the point in time at which the local variable is sampled assigned
outside the defired named sequence and the beginning of the match of the instance.

A local variable that is passed in as actual argument to an instance of a defired named sequence to which
ended ended is applied will flow out of the application of ended to that instance provided both of the follow-
ing conditions are met:

1) Thelocal variable flows out of the end of the defired named sequence instance, as defined by the local vari-
able flow rules for sequences. (See below and Annex H.)
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2) The application of ended to thisinstance is a maximal boolean expression. In other words, the application
of ended ended cannot have negation or any other expression operator applied to it.

1.56 Page 228, Section 17.8

The use of static SystemVerilog variablesimpliesthat only one copy exists. Fherefere If datavalues need to
be checked in pipelined designs, then for each quantum of data entering the pipeline, a separate variable can be
used to store the predicted output of the pipeline for later comparison when the result actually exits the pipe.
This storage can be built by using an array of variables arranged in a shift register to mimic the data propagat-
ing through a the pipeline. 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. H-etherwerds Therefore, variables
are needed that are local to and are used within a particular transaction check that can span an arbitrary interva
of time and can 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 sequenceis reached.

1.57 Page 228, Section 17.8

it is desired to sample assign x = e at the end of the match of b b[ - >1] , the sequence expression can be
rewritten as

1.58 Page 229, Section 17.8

5) When valid_in is true, x is assigned to the value of pipe_in. Preperty—e-istrue-if If five cycles later, x
pipe_outl is equal to (x+1), then property e is true. Otherwise, property e is false. Property—eistfalsetf

6) When valid—nval i d_i nisfase, property-ee evauatesto true.

1.59 Page 230, Section 17.8

Both conditions are satisfied by sub_seq2 and seg2a. Thus, in seq2a thevaluein vl v inthe comparison
dol == v1 isthevaue sampledinto assignedtol v insub_seq2 by theassignment|v = data_i n. How-
ever, in
sequenceseq2b;
intvl, c ##1 !sub_seq2(vl).ended ##1 (dol == v1); // v1 undefined
endsequence

the second condition is violated because of the negation applied to sub_seq2(v1). ended. Therefore, v1
does not flow out of the application of erded-ended to thisinstance, and so the referencetovl indol == vl
isto an unsampled variable.

In asingle cycle, there can be multiple matches of a sequence instance to which erded-ended is applied, and
these matches can have different valuations of the local variables. The multiple matches are treated semanti-
cally the same way as matching both disuncts of an or (see below). In other words, the thread evauating the
instance to which ended-ended is applied will fork to account for such distinct local variable valuations.

Note that when alocal variable is aforma argument of a sequence declaration definition, it isillegal to declare
the variable, as shown below.
sequence sub_seq3(Iv);

int lv; // illegal since |v is a formal argunent
a ##1 'a, Ilv = data_in ##1 !b*[0:$] b[*0:$] ##1 b && (data_out == lv);
endsequence
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There are special considerations when using local variables in sequences involving the branching operators or,
and, and intersect. The evaluation of a composite sequence constructed from one of these operators can be
thought of asforking two threads to evaluate the operand sequencesin parallel. A local variable may have been
assigned a value before the start of the evaluation of the composite sequence. Such alocal variable is said to
flow in to each of the operand sequences. The local variable may be assigned or reassigned in one or both of
the operand sequences. In general, there is no guarantee that evaluation of the two threads results in consistent
values for the local variable, or even that there is a consistent view of whether the local variable has been
assigned a value. Therefore, the values assigned to the local variable before and during the evaluation of the
composite sequence are not always alowed to be visible after the evaluation of the composite sequence.

In some cases, inconsistency in the view of the local variable's value does not matter, while in others it does.
Precise conditions are given in Annex H to define static (i.e., compile-time computable) conditions under
which asufficiently consistent view of the local variable's value after the eval uation of the composite sequence
is guaranteed. If these conditions are satisfied, then the loca variable is said to flow out of the composite
sequence. An intuitive description of the conditions for local variable flow follows.

1) Variables assigned on parallel threads cannot be accessed in sibling threads. For example:

sequence s4;

int Xx;
(a ##1 b, (x = data) ##1 c) or (d ##1 (e==x)); // illegal
endsequence

the case of or,a Iocal varrable flows out of the composrte sequence if and only if it flows out of each of the
operand sequences. If the local variable isnot assigned before the start of the composite sequence and it is
assigned in only one of the operand sequences, then it does not flow out of the composite sequence.

| sa%phngeeHheJreeawanabtae Each thread for an operand of an or that matches its operand sequence
continues as a separate thread, carrying with it its own latest assignments to the local variables that flow
out of the composite sequence. These threads do not have to have consistent valuations for the local
variables. For example:

sequencesb;
intx,y;
((a ##1 b, x = data, y = datal ##1 c)
or (d ##1 ‘true, x = data ##0 (e==x))) ##1 (y==data2);
/1 illegal since y is not in the intersection
endsequence
sequences6;
intx,y;
((a ##1 b, x = data, y = datal ##1 c)
or (d ##1 ‘true, x = data ##0 (e==x))) ##1 (x==data2);
/1 legal since x is in the intersection
endsequence

passrngea@ast%hefem#erthee In thecase of and and mtersect ancaI varrablethat flows out of at least
one operand shall flow out of the composite sequence unlessit is blocked. A local variable is blocked from
flowing out of the composite sequence if either:

| @ Thelocd variable is sarmpled assigned in and passes-threugh-each-braneh-ef-thejein flows out of each

operand of the composite sequence. Or,

18 Copyright 2003 Accellera. All rights reserved.



Accellera
Extensions to Verilog-2001 SystemVerilog 3.1

b) vari i i j 'Thelocal

The value of alocal variable that flows out of the composite sequence is the latest assigned vaue. The
threads for the two operands are merged into one at completion of evaluation of the composite sequence.
sequences’;

intx,y;

((a ##1 b, x = data, y = datal ##1 c)

and (d ##1 ‘true, x = data ##0 (e==x))) ##1 (x==data?);

/1 illegal since x is common to both threads
endsequence
sequencesS8;

intx,y;

(a ##1 b, x = data, y = datal ##1 c)

and (d ##1 ‘true, x = data ##0 (e==x))) ##1 (y==data?);

/1 legal sincey is in the difference
endsequence

1.61 Page 233, Section 17.11
Title should be

Freproperty-defirttten-Declaring properties

1.62 Page 233, Section 17.11

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, assume or cover
statement must be used. A property declaration by itself does not produce any result.

1.63 Page 234, Section 17.11

A property is declared with optional formal arguments, asin a sequence declaration. When a property isinstan-
tiated, 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. Fhe-semantie-Semantic checks are performed to
ensure that the expanded property with the actual argumentsislegal.

The result of property evaluation is either true or false. There are seven kinds of preperties property: sequence,
negation, digunction, conjunction, if...else, implication, and instantiation.

1.64 Page 235, Section 17.11

2) A property isanegation if it has the form
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not pr operty_expr

For each eva uation attempt of the property, there is an evaluation attempt of property_expr. The keyword
not states that the evaluation of the property returns the opposite of the evaluation of the underlying
property_expr. Thus, if property_expr evaluates to true, then ret not property_expr evaluatesto false, and
if property_expr evauates to false, then not property_expr evaluates to true.

3
4)
5)
6)

7) Aninstance of a defired named property can be used as a property_expr or property_spec. In general, the
instance is legal provided the body property_spec of the defined named property can be substituted in
place of the instance, with actual arguments substituted for formal arguments, and result in a legal
property_expr or property_spec, ignoring local variable declarations. Thus, for example, if an instance of a
defined named property is used as a property_expr operand for any property-building operator, then the
defined named property must not have a disable iff clause. Similarly, clock events in a defired named
property must conform to the rules of multiple clock support when the property is instantiated in a
property_expr or property_spec that also involves other clock events.

1.65 Page 236, Section 17.11

The expression of the disableiff is called the reset expression. The disableiff clause alows asynchronous resets
to be specified. For an evaluation of the property_spec, thereis an evaluation of the underlying property_expr.
If duriag prior to the completion of that evaluation the reset expression becomes true, then the overall evalua-
tion of the property_spec is true. Otherwise, the evaluation of the property_spec is the same as that of the
property_expr. The reset expression is tested independently for different evaluation attempts of the
property_spec. Nesting of disableiff clauses, explicitly or through property instantiations, is not allowed.

Thisallows for the following examples:
propertyrul el;
@ posedgecl k) a |-> b ##1 c ##1 d;
endpr operty
property rul e2;
@ cl kev) disableiff (foo) reta |->not (b ##1 c ##1 d)
endpr operty

Property rul e2 negates the sequence (b ##1 c ##1 d) inthe consequent of the implication resut-of-the
wpheation{a—-> b ##1 ¢ ##1 d) fereveryattempt. cl kev specifiesthe clock for the property.

1.66 Page 237, Section 17.11

A named property can be instantiated by referencing its name. referenreed-by-Hastantiating-tshame: A hierar-
chical name can be used, consistent with the SystemVerilog naming conventions. Like sequence declarations,

variables used within a property that are not formal argumentsto the property are resolved hierarchically from
the scope in which the property is declared.

1.67 Page 237, Section 17.11.1

SystemVerilog allows recursive properties property-definitions. A defired named property is recursive if its
declaration involves an instantiation of itself. Recursion provides a flexible framework for coding propertiesto
serve as ongoing assumptions, checkers, or coverage monitors.
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1.68 Page 238, Section 17.11.1

More generally, several properties preperty-definitions can be mutually recursive. For example
property check_phasel;
sl |-> (phasel_prop and (1’ bl |=> check_phase2));
endpr operty
property check_phasez;
s2 |-> (phase2_prop and (1’ bl | => check_phasel));
endpr operty

There are three restrictions on recursive property declarations definitions.

RESTRICTION 1: The negation operator fiet not cannot be applied to any property expression that instantiates
arecursive property. In particular, the negation of a recursive property cannot be asserted or used in defining
another property.
Here are examples of illegal property declarations definitions that violate Restriction 1.

propertyi | | egal _recursion_1(p);

not pr op_al ways( not p) ;

endpr operty

propertyi | | egal _recursion_2(p);

p and(1' bl |=> notillegal _recursion_2(p));

endpr operty

RESTRICTION 2: The operator disableiff cannot be used in the declaration definition of arecursive property.
Thisrestriction is consistent with the restriction that disable iff cannot be nested.

Hereis an example of an illegal property declaration defirition that violates Restriction 2:
propertyi | | egal _recursi on_3(p);
disableiff (b)
p and(1' bl |=> illegal _recursion_3(p));
endpr operty

Theintentof i I | egal _recursi on_3 can bewritten legaly as

property | egal _3(p);

disableiff (b) prop_al ways(p);

endpr operty
sincel egal _3 isnot arecursive property.
RESTRICTION 3: If p is arecursive property, then, in the declaration definitien of p, every instance of p
must occur after a positive advance in time. In the case of mutually recursive properties, al recursive instances
must occur after positive advancesin time.

Hereis an example of an illegal property declaration defirition that violates Restriction 3:

1.69 Page 239, Section 17.11.1

Recursive properties can deal-with represent complicated requirements, such as those associated with varying
numbers of data beats, out-of-order completions, retries, etc. Here is an example of using a recursive property
to check complicated conditions of this kind.

1.70 Page 239, Section 17.11.1

— Each write transaction can have between 1 and 16 data beats, and each data beat is 8 bits. Thereis amodel
of the expected write data that is available at acknowledgment of a write request. The model is a 428-bit
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128-bit vector. The most significant group of 8 bits represents the expected data for the first beat, the next
group of 8 bits represents the expected data for the second beat (if there is a second beat), and so forth.

1.71 Page 239, Section 17.11.1

| — The last data vakid beat is indicated by signal | ast _dat a_valid together with data_valid and
dat a_val i d_t ag. For simplicity, this example does not represent the number of data beats and does not
check that | ast _dat a_val i d issignaled at the correct beat.

— At any time after acknowledgement of the write request, but not later than the cycle after the last data valid
beat, a write transaction can be forced to retry. Retry isindicated by the signal retry r et ry together with
signa retry_tag toidentify the relevant write transaction. If a write transaction is forced to retry, then
its current data transfer is aborted and the entire data transfer must be repeated. The transaction does not

| rereguest re-request and its tag does not change.

— Thereisno limit on the number of times awrite transaction can be forced to retry.

| — A writetransaction completes the cycle after the last data vatie beat provided it is not forced to retry in that
cycle.

Hereis code to check these conditions:
property check_wite;
logic [0:127] expected_data; // |ocal variable to sanple nodel data
logic [3:0] tag; // local variable to sanple tag
disable iff (reset)
(
wite_request & wite_request_ack,
expect ed_data = nodel _data,
tag = wite_request_ack_tag
)
| =>
check_write_data_beat (expected_data, tag, 4’ h0);
endpr operty

1.72 Section 17.12

Note for the editor: In this section, the use of ## alone without a numeric operand has been changed to ##1.
This change isincluded in the following edits.

1.73 Page 241, Section 17.12.1

Multiply-clocked sequences are built by concatenating singly-clocked sequences using the single-delay con-
catenation operator ##1. This operator is non-overlapping and synchronizes between the clocks of the two
sequences. The single delay indicated by ##1 is understood to be from the endpoint of the first sequence,
which occurs at atick of the first clock, to the nearest strictly subsequent tick of the second clock, where the
second sequence begins.

For example, consider
@ posedgecl kO) sig0 ##1 @posedge clkl) sigl

| A match of this sequence starts with a match of si g0 at posedge cl k0. Then ## ##1 moves the time to the
nearest strictly subsequent posedge cl k1, and the match of the sequence ends at that point with a match of
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sigl.Ifcl kO andcl k1 are not identical, then the clocking event for the sequence changes after ##1 ##. If
cl kO andcl k1 areidentical, then the clocking event does not change after ##1 ## and the above sequence is
equivalent to the single-clocked sequence

@ posedgecl kO) sig0 ##1 sigl

When concatenating differently-clocked, the maximal singly-clocked subsequences usigthe-multi-clock-con-
catenation-eperator—+##,-both-eperands-are required to admit only non-empty matches. Thus, if s1, s2 are
sequences expressiens with no clocking events, then the multiply-clocked sequence

@ posedgecl k1) sl ##1 @posedge cl k2) s2

islegal only if neither s1 nor s2 can match the empty word. The clocking event pesedge-etkt posedge cl k1
applies throughout the match of s1, while the clocking event posedge cl k2 applies throughout the match of
s2. Sincethematch of s1 isnon-empty, thereisan end point of this match at posedge cl k1. The ##1 ## syn-
chronizes between this end point and the first occurrence of posedgecl k2 strictly after it. That occurrence of
posedgecl k2 isthe start point of the match of s2.

The restriction that maximal singly-clocked subsequences not match the empty word

to-operands-that-denet
rateh-the-empty-werd-when-usig-##-ensures that any multiply-clocked sequence has well-defined starting

and ending clocking events and well-defined clock changes. If cl k1 and cl k2 are not identical, then the fol-
lowing sequence
@ posedgecl kO) sig0 ##1 @ posedgecl k1) sigl[*0:1]

isillegal because of the possibility of an empty match of sigi[*0:1], which would make ambiguous whether the
ending clocking event is posedge clkO or posedge clk1.

Differently-clocked or multiply-clocked sequence operands cannot be combined with any sequence operators
other than ##1the-multi-clock-coneatenation-operator##. For example, if ¢l k1 and cl k2 are not identical,

then the following all are illegal-the-felowingtsiHegal:
(@posedgecl k1) x ##1 y) ##0 (@ posedgecl k2) z[*1:$])

(@posedgecl k1) x ##1 y) ##2 (@ posedgecl k2) z[*1:$])
(@posedgecl k1) x ##1 y) intersect intersect (@ posedgecl k2) z[*1:9%])

1.74 Page 242, Section 17.12.2

Multiply-clocked sequences are themsel ves multiply-clocked properties. For example,
@ posedgecl k0) sig0 ##1 @ posedgecl k1) sigl

1.75 Page 242, Section 17.12.2

The non-overlapping implication operator |[=> can be used fregly to create a multiply-clocked property from an
antecedent sequence and a consequent property that are differently- or multiply-clocked. The meaning of mul-
tiply-clocked non-overlapping implication is similar to that of singly-clocked non-overlapping implication.
For example, if s0, s1 are sequences expressions with no clocking event, then in

1.76 Page 243, Section 17.12.2

@ posedgecl kO) sO |-> @posedgecl k1) sl ##1 @ posedgecl k2) s2

isillegal, but
@ posedgecl kO) sO |-> @posedgecl k0O) sl ##1 @ posedgecl k2) s2

1.77 Page 243, Section 17.12.2

Since |-> overlaps the end of its antecedent with the beginning of its consequent, the clock for the end of the
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antecedent must be the same as the clock for the beginning of the consequent. For example, if cl kO and cl k1
are not identical and s0, s1, s2 are sequences expresstons with no clocking events, then

1.78 Page 243, Section 17.12.2

The if/if...else operators overlap the test of the boolean condition with the beginning of the if clause property
and, if present, the else clause property. Therefore, whenever using if or if...else, theif and el se clause properties
must begin on the same clock as the test of the boolean condition. For example, if cl kO and cl k1 are not
identical and s0, s1, s2 are sequences expressiens-with no clocking events, then

1.79 Page 243, Section 17.12.3

Throughout this subsection, ¢, d ¢, d denote clocking event expressionsand v, w, X, y, z V, W, X, Y, Z denote

sequences expressiens with no clocking events.

1.80 Page 243, Section 17.12.3

For example,
@c) x|=> @c) y##l @d) z

can be written more simply as
@c) x|=> y##1l @d) z

because clock c is understood to flow across |=>.
Clock flow eliminates the need to write clocking events in positions where the clock is not alowed to change.
For example,

@c) x|-> @) y##l @d) z

1.81 Page 244, Section 17.12.3

@c) x|-> y##l @Qd) z

to reinforce the restriction that the clock not change across |->. Similarly,
@c) if(b) @c) w##1l @d) xelse@c) y##1 @d) z

can be written as
@c) if(b) w##l @d) xelsey##1 @d) z

1.82 Page 244, Section 17.12.3

For example, in
@c) wH#l (x##1 @d) vy) |=> z

w, X, zare clocked at ¢ and y is clocked at d. Clock ¢ flows across ##1, across the parenthesized sub-sequence
(y ##1 @(d) 2), and across |=>. Clock c aso flows into the parenthesized sub-sequence, but it does not flow
through @(d). Clock d does not flow out of its enclosing parentheses.

As another example, in
@c) v|=> (w##l @d) x) and (y##1 2

v, W, Y, zareclocked at c and x isclocked at d. Clock c flows across |=>, distributes to both operands of the and
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(which isaproperty conjunction due to the multiple clocking), and flows into each of the parenthesized subex-
pressions. Within (w ##1 @(d) x), ¢ flows across ##1 but does not flow through @(d). Clock d does not flow
out of its enclosing parentheses. Within (y ##1 2), ¢ flows across ##1.

| Similarly, the scope of aclocking event flows into an instance of a named éefined sequence or property, and, if
the instance is a sequence, aso flows left-to-right across the instance. However, a clocking event in the decla-
| rationdefinition of asequence or property does not flow out of an instance of that sequence or property.

1.83 Page 245, Section 17.12.4

1) multiple-clock sequence

sequencenul t _s;
@ posedgecl k) a ##1 @ posedgecl k1) s1 ##1 @ posedgecl k2) s2;
endsequence

2) property with a multiple-clock sequence

property mul t _p1;
@ posedgecl k) a ##1 @ posedgecl k1) s1 ##1 @ posedgecl k2) s2;
endpr operty

3) property with a named multiple-clock sequence

property mul t _p2;
mult_s;
endpr operty

4) property with multiple-clock implication

property mul t _p3;
@ posedgecl k) a ##1 @ posedgecl k1) s1 | => @ posedgecl k2) s2;
endpr operty

1.84 Page 245, Section 17.12.4

7) property using clock flow and overlapped implication:
property mul t _p7;
@ posedgecl k) a ##1 b |-> ¢ ##1 @ posedgecl k1) d;
endpr operty

Here, a, b, and ¢ are clocked at posedge cl k.

1.85 Page 246, Section 17.12.4

property nult_p8;
@ posedge clk) a ##1 b |->
if (c)
(1 | => @posedge cl k1) d)
el se
e ##1 @posedge cl k2) f
endpr operty

1.86 Page 246, Section 17.12.5

| Local variables can be passed into an instance of a named defired sequence to which matched is applied. The
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same restrictions apply as in the case of ended. Values of local variables sampled in an instance of a named
defined sequence to which matched is applied will flow out under the same conditions as for ended. See Sec-
tion 17.8.

1.87 Page 246, Section 17.12.5

Loca variables can be passed into an instance of a defined sequence to which matched is applied. The same
restrictions apply as in the case of ended. Values of local variables sampled in an instance of a named defined
sequence to which matched is applied will flow out under the same conditions as for ended. See Section 17.8.

1.88 Page 254, Section 17.14

Resolution of clock for a sequence declarationdefinition assumes that only one explicit event control can be
specified. Also, the named sequences used in the sequence declarati ondefinition can, but do not need to, con-
tain event control in their definitions.

1.89 Page 254, Section 17.14

These example sequences are used in Table 17-3 to explain the clock resolution rules for a sequence declara-
tiondefiattien. The clock of any sequence when explicitly specified isindicated by X. The absence of a clock
Otherwise, it isindicated by a dash.

Table 17-3: Resolution of clock for a sequence declaration gefirition

Oncethe clock for a sequence declarationdefinition is determined, the clock of aproperty declarationdefinition
is resolved similar to the resolution for a sequence declarationdefinition. A single clocked property assumes
that only one explicit event control can be specified. Also, the named sequences used in the property declara-
tiondefiattien can contain event control in their declarationsdefinitions. Table 17-4 specifies the rules for prop-
erty declarationdefinition clock resolution. The property has the form:

Table 17-4: Resolution of clock for a property declaration eefirttien

1.90 Page 256, Section 17.14.1

Throughout this subsection, s, s1, s2 s, s1, s2 denote sequences expressiens-without clocking events; p, p1,
p2 p, p1, p2 denote property expressions without clocking events; m mi, n2 m, mi, m2 denote multiply-
clocked sequences, q, q1, g2 d, g1, g2 denote multiply-clocked properties property-expressions; and ¢, c1, c2
C, C1, c2 denote non-identical clocking event expressions.

1.91 Page 257, Section 17.14.1

— The set of semantic leading clocks of a property instance is equal to the set of semantic leading clocks of
the multiply-clocked property obtained from the body of its declaration definitiron by substituting in actua
arguments.

1.92 Page 535, Section H.2.1

The abstract grammar for clocked sequencesis
S::=@hb) R// "clock™ form

| ( S) // "parenthesized" form

| ( S##1 S) // "concatenation” form
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1.93 Page 536, Section H.2.3.1

e( R=>P) (( Ri##1 1) |-> P) .

*( S=> Q) ((aa##1 @1) 1) |-> Q)

1.94 Page 538, Section H.3.1

o( SIHHL D)---> ( SL#HL D) .
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