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Abstract

A short, four-line SystemVerilog property is often enough to expose the full range of mistakes a review
process must catch: temporal degeneracy, a violation of the assume/obligation (environment/DUT)
boundary, and an underspecified design intent that syntax alone cannot resolve. This note walks
through such a property for a simple req/ack handshake, diagnoses each issue in turn, and derives a
corrected assertion set. It then presents, as a verbatim case study, a transcript of the same question
posed to an Al assistant (Claude 5) operating under the RAG-SVA rule corpus, to examine how closely a
rule-corpus-governed Al session tracks expert manual review on the same property — including one
instructive misstep the session makes and then catches on its own.

1. The Property Under Review
Consider the following review question: is this property well-formed for formal verification?
Here, reqis an input and ack is an output, sampled on the rising edge of cl1k.
property p_req ack;
$rose(req) |-> ##1 req[*0:16] ##0 ack;

endproperty
assert property (@ (posedge clk) p req ack);

On inspection, there are three or four separate issues:

1. Degeneracy.
2. req represents the environment; it should appear only in the antecedent, never in the consequent.

3. Design intent: should req remain asserted (req == 1) while ack == 1? Typically, reqis held, and that
hold is what triggers ack to become active. However, the ack intended meaning could instead simply
be that req must occur sometime within a 1-to-16-cycle window, with no requirement that req
remain held throughout.

4. Is ack a pulse?

Each is addressed below, followed by the assertions a verification or design engineer would actually
need to write. For the remainder of this note, ack is taken to be a 1-cycle pulse, resolving issue 4 by fiat
for the exercise.

2. Degeneracy

The sub-sequence req[*0:16] ##0 ack is degenerate by definition of the 1800 standard. A corrected
form replaces the same-cycle join with a one-cycle delay: req[*0:16] ##1 ack. That sequence in turn
gets decomposed into two explicit branches:

( ack or ##1 req[*1:16] ##0 ack )



— ack alone, for the case where no hold is needed at all, or'd with ##1 req[*1:16] ##0 ack, for the
case where req holds for one or more cycles before ack arrives.

This class of degeneracy is treated at length in the author's earlier paper, “Understanding SVA
Degeneracy” [1].

3. Assume vs. Obligation

The second issue is independent of the first. req represents the environment's side of the handshake;
by the INTENTION discipline that any RAG-SVA-governed generation must follow, an environment
(assume) signal belongs only in a property's antecedent and must not be used inside the consequent.
The original property places req inside the consequent (following | -5), which is a direct violation — and,
under the RAG-SVA rule corpus used in the case study below, a zero-tolerance one: the rule set bans it
outright, with no exception clause available.

4. Design Intent and Pulse Semantics

The remaining two issues are not syntax problems at all — they are missing specification. Two different
designs are consistent with the English requirement “req must be followed by ack within 16 cycles,” and
the property as written does not say which one is intended:

« Reading A — req need only rise; ack is simply an event that must occur somewhere in a 1-to-16-
cycle window afterward, with no constraint on req's behavior during that window.

« Reading B — req is held by the requester for as long as the request is outstanding, and ack's arrival
is what ends the hold; the two are meant to overlap for at least the final cycle.

A third open question, independent of the first two, is whether ack itself is a pulse (asserted for exactly
one cycle) or a level (asserted until some other condition retires it). Left unspecified, none of these three
guestions has a syntactically “more correct” answer — the property's job is to encode whichever one
the design actually implements, and guessing is exactly what a rule-governed review process should
refuse to do.

5. Reference Assertion Set

Under Reading A, with ack specified as a 1-cycle pulse, the following two SAFETY properties resolve all
four issues — req never appears in a consequent, and the degenerate same-cycle join is gone:

property p req to ack timing;
$rose(req) |-> strong(##[1:16] ack);
endproperty
ap_req_to_ack timing: assert property (
@ (posedge clk) disable iff (!'rst_n) p req to_ack timing);

property p_ack_pulse width;
Srose(ack) |-> ##1 'ack;
endproperty
ap_ack _pulse width: assert property (
@ (posedge clk) disable iff ('rst n) p ack pulse width);

Under Reading B, the hold behavior is a rule imposed on the requester, not an obligation of the design,
and so belongs in an assumption rather than in the DUT-facing assertion. ap_req_to_ack_timing is



unchanged — it never needed to know about the hold — and a separate assumption carries the hold
requirement, with req confined entirely to the assumption side:
mp_req held until ack: assume property (

@ (posedge clk) disable iff ('!'rst n)
Srose(req) |-> (req[*2:17] intersect ack[->1]));

(The bounds [*2:17], rather than [*1:16], follow from the offset rule for pairing an intersect-based
assumption with a [-> assertion whose overlap already consumes the trigger cycle as cycle 1; see the
case study's second turn for the derivation.)

6. Case Study: The Same Question Posed to an Al Assistant

The same question was posed, in a separate working session, to an Al assistant (Claude 5, high-effort
reasoning) operating under a RAG-SVA rule corpus [2]. The transcript below is reproduced verbatim,
including one instructive misstep: the assistant's first attempt at encoding Reading B repeats the exact
consequent-placement error under review in Section 3, and is only caught and corrected on the
following turn. That correction is what Section 5's split-property reference answer is drawn from.

[User]
Does the following property for this design match the rag rules set?

property p_req_ack;
$rose(req) |-> ##1 req[*0:16] ##0 ack;
endproperty

[Claude 5]

No — this violates the rules. Two issues, one that's a hard zero-tolerance HALT and one that's a
preference violation.

CHECK 2 CONSEQUENT SCAN (Pre_instructions_for_FV.md) — INTENTION boundary violation
req is an INPUT signal (INTENTION = assume). It's only allowed in the antecedent of an assert property.

Here it appears again inside the consequent (req[*0:16], after |->):

$rose (req) |-> ##1 req[*0:16] ##0 ack;
L J
assume-signal reference inside the consequent — BANNED

The rule is explicit and has no exceptions clause available here: “Tokenize the consequent sequence. If
ANY token matches a signal declared as INPUT in PORT-INTENT - HALT... S$fell(req), Srose(req), !req, req
— all count as INPUT signal references. No exceptions without explicit CAT-level justification.” This is the
same class of violation as putting an obligation signal in the antecedent, just mirrored.

Operator_Preference violation — wrong idiom for the pattern

Setting the INTENTION issue aside, what you're encoding — “req holds for a while, then ack arrives” — is
exactly the case step0.md names explicitly: Pattern for “holdsuntil first”: signal[*1:MAX] intersect event[-
>1]. Manually chaining ##1 req[*0:16] ##0 ack is the raw construction the intersect idiom exists to replace.
Operator_Preference overrides raw endpoint-usage patterns per rag_make.md's precedence edges, so
this isn't just style — it's a documented preference violation on top of the INTENTION violation.

One more thing worth flagging, separate from rule compliance: this property requires req to stay
continuously asserted for however many cycles precede ack (a level-based “hold until” semantic). REQ-01
as originally stated only said “must be followed by ack within 16 cycles” — it never said req has to remain
held the whole time. If that's intentional (a new requirement), fine — but if not, this property is also over-
constraining relative to the spec, independent of the syntax issues.



FIX — corrected to stay within INTENTION boundaries and use the preferred idiom (equivalent to what we
already generated as ap_req_to_ack_timing, if you don't actually need the hold-until-ack semantic):

property p_req_to_ack_ timing;

$rose(req) |-> strong(##[1:16] ack);

endproperty
Or, if the hold-until-ack semantic genuinely is intended, the intersect form (req is now correctly confined
to describing an environment-side pattern the assumption constrains, not something the assert's
consequent references directly):

// EXCEPTION 7b: $rose(ack) = pure timing anchor (user confirmed)
// ack is obligation/output — used only as edge-trigger reference, not as constraint
property p_ack_within req hold;
$rose (req) |-> ack[->1] intersect req[*1:17];
endproperty
Confirmed — which version matches your intent (Y = plain bounded response, or specify the hold-until
semantic)?

[User]
Hold until

[Claude 5]

Correcting the draft | gave you last turn — it still put req inside the consequent, which fails CHECK 2 the
same way the original did. The rule-compliant way to express “hold until ack” is to split it: the hold
behavior is an environment constraint (mp_), and the DUT's obligation stays exactly
ap_req_to_ack_timing (unchanged, doesn't reference req in its consequent).

Why the split: “req must hold until ack” is a rule imposed on whoever drives req (the requester) — that's
assume territory, not assert territory. The DUT's only real obligation is still “produce ack within 16 cycles,”
which we already have.

LNG-HIO offset applied: ap_req_to_ack_timing uses ##[1:16] > per the offset formula, the paired
assumption uses req[*(1+1):(16+1)] = req[*2:17].

Phase 3 — no INTENTION violations (req never enters an assert consequent), intersect used per
Operator_Preference, LNG-HIO offset applied correctly, DOC9 header + UR-5 pair added for the new
assumption.

Net effect: the DUT's checked obligation (ap_req_to_ack_timing) is unchanged — it never needed to know
about the hold behavior. The hold-until-ack requirement is now a separate, explicit constraint on the
requester, which is where it actually belongs.

[User]
Generate the correct code for this model. use a module as a checker and comment that req is an input, ack an
output

[Claude 5]
Treating this as confirmation for the Step 7b gate (you're asking me to generate it right after seeing the exact
confirmation prompt and exception text) — proceeding with the mandatory comment applied. Here's the
complete, current checker module incorporating everything settled in this session: bounded timing (SAFETY),
pulse-width (SAFETY, EXCEPTION 7b applied), livelock-freedom (LIVENESS-B), and the hold-until-ack
assumption from your "Hold until" choice.Phase 3 — port comments explicitly mark req as input/assume
and ack as output/obligation (per your ask); ap_ack pulse width carries the EXCEPTION 7b confirmation
comment and a header-block record of the confirmation itself, so the exception is auditable from the file alone,
not just from this conversation.



Module structure: standalone checker (req_ack checker), not bind-based — takes clk/rst_n/req/ack directly as
ports, so it can be instantiated alongside the DUT or bound to it with a bind statement, whichever your flow
prefers. (See code below)

7. Conclusion

A four-line property was enough to surface a temporal degeneracy, an environment/obligation
boundary violation, and two genuinely open design questions that no amount of syntax review could
resolve on its own. The reference assertions in Section 5 and the Al-assisted session reproduced in
Section 6 arrive at the same diagnosis and the same eventual fix — with the instructive exception of one
intermediate misstep that the review process itself caught. That, ultimately, is the more general point:
validation is not a single pass/fail check but an iterative process, and a good rule corpus should make it
easy to catch mistakes on the second pass, including the tool's own.
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// LICENSE: Personal/academic use only. Commercial use requires a Commercial License.
// FILE: req_ack_checker.sv
// DESC: FV checker module — req/ack handshake (bounded timing, pulse width,

// livelock freedom, hold-until-ack). Standalone checker module,

// instantiated or bound against the DUT's req/ack interface.

// GEN: 2026-07-05 | FV MODE=YES | DECOMP=ATOMIC | MAX=16

/] ===

// PROPERTY INVENTORY

// NAME CLASS TRIGGER NOTES

// | ap_req_to_ack_timing SAFETY $rose(req) | bounded ##[1:16], strong()

// | ap_ack_pulse_width SAFETY $rose(ack) EXCEPTION 7b — obligation signal
// in antecedent, pure edge anchor
// | ap_req_no_livelock LIVENESS-B | $rose(req) | FORM B unbounded ##[1:$]

// | mp_fair_req FAIRNESS - FV8 activation fairness

// | mp_livelock_req FAIRNESS - req can still reach @

| | | | [
| | | | [
| | | | |
| | | | [
| | | | [
| | | | [
| | | | [
// | mp_req_held_until_ack | INPUT CON. | $rose(req) | req[*2:17] intersect ack[->1] |
| | | | [
| | | | [
| | | | [
| | | | [
| | | | [
| | | | [
[ | | | [

// | cp_req_to_ack_antecedent_hit cov Item9 - antecedent reachability

// | cp_req_to_ack_full_hit cov Itemio | - full sequence execution

// | cp_ack_pulse_width_full_hit cov Itemio | - full sequence execution

// | cp_req_no_livelock_full_hit cov Itemio | — full sequence execution

// | cp_fair_req_hit UR-5 PAIR - pairs with mp_fair_req

// | cp_livelock_req_hit UR-5 PAIR - pairs with mp_livelock_req

// | cp_req_held_until_ack_hit UR-5 PAIR - pairs with mp_req_held_until_ack
J ] === e

// EXCEPTION 7b CONFIRMATION (Last_Minute_requests.docx, Step 7b):

// ack is INTENTION=obligation but appears as $rose(ack) in the antecedent of
// ap_ack_pulse_width. Confirmed as a pure edge-trigger timing reference only,
// not an environment constraint — ack's value is never constrained by this
// antecedent, only used to mark the DUT decision point where the pulse-width
// obligation (!ack next cycle) is then checked in the consequent.

[/ == e e e e e e e e e e emeoee—ooeeeooo--

// UR SCAN TABLE

// | mp_* | UR-1 | UR-2 | UR-3 | UR-4 | UR-5 |

// | mp_fair_req | N/A* | pass | pass | pass | cp_fair_req_hit |

// | mp_livelock_req | N/A* | pass | pass | pass | cp_livelock_req_hit |
|

// | mp_req_held until_ack | pass | pass | pass | pass | cp_req_held_until_ack_hit
// *UR-1 (must use |-> unless simple invariant): standalone s_eventually

// fairness assumptions — accepted exception pattern, matches

// Intention_Boundary_Property_Type_gold.docx's mp_rdy_fair reference example.

// SIS SCSCSCSSSSCSCS oSS SSSSS oSS oSS oSS S-S SSSSS S oSS oSS S oSS SSSSSSSSSSSSSSSSS=S=S=S======

module req_ack_checker (
input logic clk,
input 1logic rst_n, // active-low reset

input logic req, // INPUT - environment/requester signal, INTENTION = assume
input 1logic ack // OUTPUT — DUT signal (checker samples it as an input port),
// INTENTION = obligation
)
// ============================ ASSERTIONS ============================

// CLASS: SAFETY
// req is INTENTION=assume: appears only in the antecedent, as required.
property p_req_to_ack_timing;
$rose(req) |-> strong(##[1:16] ack);
endproperty
ap_req_to_ack_timing: assert property (
@(posedge clk) disable iff (!rst_n) p_req_to_ack_timing)
else $error("[FV] ap_req_to_ack_timing FAIL: ack missing within 16 cycles of req at
t=%ot", $time);



// CLASS: SAFETY
// EXCEPTION 7b: $rose(ack) = pure timing anchor (user confirmed)
// ack is obligation/output — used only as edge-trigger reference, not as constraint
property p_ack_pulse_width;
$rose(ack) |-> ##1 lack;
endproperty
ap_ack_pulse_width: assert property (
@(posedge clk) disable iff (!rst_n) p_ack_pulse_width)
else $error("[FV] ap_ack_pulse_width FAIL: ack held beyond 1 cycle at t=%@t", $time);

// CLASS: LIVENESS-B
// FPV convergence risk: unbounded. Consider ##[1:MAX] if tool times out.
property p_req_no_livelock;
$rose(req) |-> strong(##[1:$] ack);
endproperty
ap_req_no_livelock: assert property (
@(posedge clk) disable iff (!rst_n) p_req_no_livelock)
else $error("[FV] ap_req_no_livelock FAIL: livelock — req never acknowledged at t=%ot",

$time);

// ============================ COVERAGE (Items 9/10) ==================

cp_req_to_ack_antecedent_hit: cover property (
@(posedge clk) disable iff (!rst_n) $rose(req));

cp_req_to_ack_full_hit: cover property (
@(posedge clk) disable iff (!rst_n) p_req_to_ack_timing);

cp_ack_pulse_width_full_hit: cover property (
@(posedge clk) disable iff (!rst_n) p_ack_pulse_width);

cp_req_no_livelock_full_hit: cover property (
@(posedge clk) disable iff (!rst_n) p_req_no_livelock);

// =ttt ASSUMPTIONS ettt
/*

ASSUMPTION: req eventually asserts on every explored trace.

TYPE: Fairness/Activation

JUSTIFICATION: Prevents ap_req_no_livelock from proving vacuously by
assuming req simply never occurs again after some point.
RISK LEVEL: Low
*/
mp_fair_req: assume property (
@(posedge clk) disable iff (!rst_n) s_eventually req);

/*
ASSUMPTION: req does not remain asserted forever — it can still drop to O.
TYPE: Fairness/Activation

JUSTIFICATION: Per Last_Minute_requests.docx SS9b/9c (livelock check requires
every input signal to be able to reach both @ and 1). Without
this, the environment could hold req permanently high, which
would mask a genuine DUT livelock behind an unfalsifiable
environment behavior.

RISK LEVEL: Low

*/

mp_livelock_req: assume property (

@(posedge clk) disable iff (!rst_n) s_eventually !req);



/*

ASSUMPTION: Once req rises, the requester holds it continuously until
ack is observed (1 to 16 cycles later, per LNG-HIO offset
on ap_req_to_ack_timing's ##[1:16]: lower bound 1+1=2,
upper bound 16+1=17).

TYPE: Input Constraint

JUSTIFICATION: Protocol rule imposed on the requester, not the DUT — the
DUT's obligation remains solely ap_req_to_ack_timing
(ack within 16 cycles). req does not appear in any
assert consequent (CHECK 2 CONSEQUENT SCAN compliance).

RISK LEVEL: Low

*/

mp_req_held_until_ack: assume property (

@(posedge clk) disable iff (!rst_n)
$rose(req) |-> (req[*2:17] intersect ack[->1]));

// UR-5 pairs
cp_fair_req_hit: cover property (@(posedge clk) disable iff (!rst_n) req);
cp_livelock_req_hit: cover property (@(posedge clk) disable iff (!rst_n) !req);
cp_req_held_until_ack_hit: cover property (

@(posedge clk) disable iff (!rst_n) (req[*2:17] intersect ack[->1]));

endmodule : req_ack_checker



