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Note S1. Benchmark-sizing framework, derivation, simulation procedure, and worked example
S1.1 Rationale
The framework answers a single question that must be settled before an item bank is authored, namely how many items are needed for a specified paired contrast between a system and a comparator to be resolvable at conventional error rates. It is formulated for the exact McNemar test because that test is the appropriate analysis for paired binary responses on a shared item bank, and because its discreteness imposes constraints that normal-approximation power formulae conceal.
S1.2 Notation and structure
For each item, the paired outcome of a system S and a comparator C falls into one of four cells. Let
· p_b denote the probability that S is correct and C is incorrect,
· p_c denote the probability that S is incorrect and C is correct,
· p_a and p_d denote the probabilities of concordant correct and concordant incorrect responses respectively.
The exact McNemar test conditions on the total number of discordant pairs m = b + c and evaluates b against a binomial distribution with parameters m and 0.5. Consequently power depends only on p_b and p_c together with the bank size n. Marginal accuracy affects power only insofar as it constrains those two quantities. This is why the framework is expressed in discordance terms rather than in accuracy terms, and why two studies with identical accuracy differences can have radically different power.
S1.3 Three constraints that a bank must satisfy
Constraint 1: the discreteness floor. Because the conditional reference distribution is binomial with success probability one half, the two-sided exact P value with c = 0 is 2 to the power of (1 − b). Significance at α = 0.05 therefore requires b ≥ 6 (P = 0.0312), since b = 5 yields P = 0.0625. No increase in bank size relaxes this floor; bank size only raises the probability of accumulating six or more one-directional discordant items. An evaluation whose expected discordance count is below six is incapable of significance regardless of the size of the observed effect.
Constraint 2: the power requirement. For a candidate bank size n, power was estimated by drawing 40,000 replications from the trinomial distribution with probabilities (p_b, p_c, 1 − p_b − p_c), applying the exact McNemar test to each replication, and recording the proportion of replications with two-sided P < 0.05. The required size is the smallest n at which estimated power reaches 80%. Simulation rather than a closed-form approximation was used precisely because the discreteness in Constraint 1 makes normal-approximation formulae optimistic at the sizes relevant to clinician-led work.
Constraint 3: the ceiling constraint. A system with true accuracy p attains a perfect score with probability p to the power n. Because a perfect score cannot be exceeded, a bank on which a strong system frequently attains a perfect score cannot rank systems, no matter how many discordant pairs the analysis would otherwise permit. Requiring the ceiling probability to fall below 5% for a system of 97% true accuracy implies n ≥ 99 items; requiring it to fall below 1% implies n ≥ 152.
S1.4 Worked example, how the present bank was sized
The pre-specified target was a net discordance gain of 7.5 percentage points, operationalised as p_b = 0.10 and p_c = 0.025. Simulation over ascending bank sizes returned 184 items for 80% power. The adjacent, more optimistic scenario of p_b = 0.10 and p_c = 0.02 returned 152 items. The ceiling constraint required at least 152 items for the 1% criterion at 97% true accuracy. The operative recruitment floor was therefore the larger of the 152 items demanded by the moderate-gain scenario and the 152 items demanded by the ceiling constraint, and we record plainly that the more demanding 7.5-point target of 184 items was not reached. Allowing for exclusions at the reference-key stage, where our previous experience indicated a loss of approximately one fifth of drafted items, we set a recruitment target of at least 160 analysed items and drafted 214. The realised yield was 168 analysed items and 46 probe items, which is why the verification increment sits at exactly the 80% power boundary rather than above it.
The framework was also used prospectively to decide which contrasts were worth pre-specifying as primary. The orchestration-only contrast was expected to produce a small increment, and the framework indicated that resolving a 2-point net gain would require 1,251 items. We therefore pre-specified it as a secondary contrast with an explicit acknowledgement that a null result would be uninformative, and we report its realised power (13.3%) rather than its P value alone. This is the practical value of the framework, since it identifies unresolvable contrasts before resources are committed rather than after.
S1.5 Sizing grid for general use
Table S1.1. Items required for 80% power at α = 0.05, by discordance configuration.
	p_b, %
	p_c, %
	Net gain, pp
	Items required
	Achieved power at that size, %

	14.0
	2.0
	12.0
	90
	80.5

	12.0
	2.0
	10.0
	116
	80.2

	10.0
	2.0
	8.0
	152
	80.0

	10.0
	2.5
	7.5
	184
	80.1

	9.0
	2.0
	7.0
	183
	80.3

	7.0
	2.0
	5.0
	302
	80.0

	6.0
	2.0
	4.0
	425
	80.1

	5.0
	2.0
	3.0
	640
	79.7

	4.0
	2.0
	2.0
	1,251
	80.8


Table S1.2. Probability of a ceiling score, %, by bank size and true accuracy.
	True accuracy, %
	n = 24
	n = 64
	n = 100
	n = 168
	n = 250

	99
	78.6
	52.6
	36.6
	18.5
	8.1

	97
	48.1
	14.2
	4.8
	0.6
	0.0

	95
	29.2
	3.8
	0.6
	0.0
	0.0

	93
	17.5
	1.0
	0.1
	0.0
	0.0


Table S1.3. Exact two-sided McNemar P value by one-directional discordance count, with no discordance in the opposing direction.
	b
	Exact P

	3
	0.2500

	4
	0.1250

	5
	0.0625

	6
	0.0312

	7
	0.0156

	8
	0.0078

	9
	0.0039

	10
	0.0020


pp, percentage points; p_b, probability that the system is correct where the comparator is incorrect; p_c, the converse.

Table S1. The 168 analysed items
The complete item bank, including full vignette text, the five options, the reference answer, and the three independent key entries per item, is deposited with the study data. The table below summarises the identifier, reasoning domain, quality stratum, topic, and reference-key provenance for all analysed items. Item identifiers beginning with A denote Tier A (high-quality) items and those beginning with B denote Tier B items.
Domain distribution and stratum allocation.
	Reasoning domain
	Analysed items
	Tier A
	Tier B
	Probe items

	Drug–drug interactions and pharmacokinetics
	34
	14
	20
	10

	Statin-associated and immune-mediated myopathy
	34
	12
	22
	9

	Familial, monogenic, and severe dyslipidaemias
	34
	14
	20
	9

	Special populations
	34
	12
	22
	10

	Novel therapeutics and biomarkers
	32
	12
	20
	8

	Total
	168
	64
	104
	46


Representative topics by domain. Within drug–drug interactions and pharmacokinetics, items addressed cytochrome P450 3A4 and organic anion transporting polypeptide 1B1 mediated interactions of statins with azole antifungals, macrolides, calcineurin inhibitors, ritonavir-boosted regimens, and direct-acting antivirals; gemfibrozil–statin glucuronidation interactions; and the pharmacokinetic rationale for statin selection in transplant recipients. Within statin-associated and immune-mediated myopathy, items addressed statin-associated autoimmune myopathy with anti-3-hydroxy-3-methylglutaryl coenzyme A reductase antibodies, its distinction from self-limited myalgia, from hypothyroid myopathy, and from inherited metabolic myopathies, rechallenge strategy after rhabdomyolysis, and creatine kinase thresholds for cessation. Within familial, monogenic, and severe dyslipidaemias, items addressed homozygous and heterozygous familial hypercholesterolaemia, lipoprotein lipase deficiency and familial chylomicronaemia syndrome, familial partial lipodystrophy, sitosterolaemia, lysosomal acid lipase deficiency, abetalipoproteinaemia, and cascade-screening logic. Within special populations, items addressed lipid management in pregnancy and lactation, decompensated cirrhosis, stage 4 and dialysis-dependent chronic kidney disease, HIV on antiretroviral therapy, active malignancy and cancer-directed therapy, and the very elderly. Within novel therapeutics and biomarkers, items addressed inclisiran, bempedoic acid, evinacumab, olezarsen and other apolipoprotein C-III–directed agents, lipoprotein(a)–lowering antisense and small interfering RNA agents, and the interpretation of apolipoprotein B and lipoprotein(a) measurement.
Reference-key provenance. All 168 analysed items carried unanimous agreement across the three independent keys. Of these, 157 achieved unanimity at first pass and 11 achieved it after a key author’s clarification request was resolved without changing any key entry; those 11 items were assigned to Tier B under the first-pass agreement criterion. Complete provenance, defined as traceability of the reference answer to at least two independent guideline or trial sources, was met by 156 items; the 12 items resting on a single source were assigned to Tier B under the provenance criterion.

Table S2. The 46 no-consensus probe items
These items were drafted for the accuracy benchmark but excluded because the three independent reference keys did not agree unanimously on a single best answer. They were retained as a pre-specified abstention probe. Full item text and the three divergent key entries per item are deposited with the study data.
Source of key disagreement.
	Source of disagreement
	Items

	Two defensible answers under different guideline bodies
	14

	Answer contingent on unstated clinical information
	11

	Evidence base insufficient to designate a single best answer
	9

	Option set contained a contraindicated distractor that a key author judged the least incorrect
	7

	Terminological ambiguity in the stem
	5

	Total
	46


Responder behaviour on the probe set.
	Responder
	Declined to answer
	%
	Answered
	Hard-stop violations
	%

	NS-MML, full system (Arm 3)
	39/46
	84.8
	7/46
	0/46
	0.0

	Arm 2, orchestration without symbolic verifier
	11/46
	23.9
	35/46
	5/46
	10.9

	Arm 1, GPT-5.5 backbone alone
	2/46
	4.3
	44/46
	9/46
	19.6

	Gemini 2.5 Pro
	1/46
	2.2
	45/46
	11/46
	23.9


Paired contrasts for declining to answer.
	Contrast
	b
	c
	Difference, pp
	95% CI (Tango)
	Exact McNemar P

	Arm 3 versus Arm 1
	37
	0
	+80.4
	+38.4 to +100.0
	<0.001

	Arm 3 versus Arm 2
	28
	0
	+60.9
	+25.8 to +100.0
	<0.001

	Arm 2 versus Arm 1
	9
	0
	+19.6
	+3.5 to +57.2
	0.004


Paired contrasts for hard-stop violations, comparator versus the full system.
	Contrast
	b
	c
	Difference, pp
	95% CI (Tango)
	Exact McNemar P

	Arm 1 versus Arm 3
	9
	0
	+19.6
	+3.5 to +57.2
	0.004

	Arm 2 versus Arm 3
	5
	0
	+10.9
	+0.6 to +43.4
	0.063

	Gemini 2.5 Pro versus Arm 3
	11
	0
	+23.9
	+5.4 to +63.7
	<0.001


The seven probe items on which the full system did answer were items where the symbolic verifier returned pass because no rule conflict was detected and the neural layer produced a consistent answer across all five seeds; on six of these the answer matched the majority of the three divergent keys.

Table S3. NS-MML agent prompt library
The complete prompt library is deposited verbatim with the study data. The structure is summarised below; each role prompt specifies its input contract, its output schema, and its escalation conditions, and none contains item-specific content.
	Node
	Role prompt function
	Structured output fields
	Escalation condition

	Case normalisation
	Extract and normalise demographics, laboratory values with units, current medications, comorbidities, and the explicit question
	normalised_case, missing_fields, unit_conversions
	Any mandatory field absent

	Emergency triage
	Identify features requiring immediate action ahead of lipid management
	urgency_level, triggering_features
	Urgency level high

	Diagnostic reasoning
	Generate a ranked differential for the lipid phenotype with supporting and opposing features
	differential_ranked, discriminating_tests
	Top two hypotheses within a specified confidence margin

	Guideline grounding
	Map the normalised case to applicable guideline statements with recommendation class and evidence level
	applicable_statements, class_level, conflicts
	Two applicable statements conflict

	Management planning
	Produce a sequenced plan with agent, dose, monitoring, and target
	plan_steps, targets, monitoring
	Plan requires an agent outside the formulary

	Contraindication and safety screening
	Screen the plan against absolute and relative contraindications and interaction risk
	contraindications, interaction_risks, severity
	Any absolute contraindication

	Symbolic verification
	Evaluate the structured plan against the locked rule base and ontology
	verdict (pass, revise, block), fired_rules, unresolved_conflicts
	Verdict revise or block

	Consensus synthesis
	Reconcile node outputs into a single candidate answer with a stated confidence
	candidate_answer, confidence, dissenting_nodes
	Node dissent above threshold

	Abstention control
	Decide between emitting the answer and routing to human review
	decision, reason_code
	Unresolved rule conflict, missing mandatory criterion, or safety-critical uncertainty

	Final answer generation
	Emit the lettered answer with the audit reference
	answer_letter, audit_id
	NA

	Audit logging
	Persist the full structured trace
	trace_record
	NA


In Arm 2 the symbolic verification and abstention control nodes were disabled and consensus synthesis was routed directly to final answer generation; all other prompts were unchanged. In Arm 1 no role prompt was used, and the backbone received the matched role-neutral system prompt described in Table S8.

Table S4. Item-quality rating instrument and rating design
S4.1 Instrument
Each rater scored every assigned item on a five-point scale for methodological quality, where 5 denoted an item with an unambiguous stem, exactly one defensible best answer, plausible distractors, and clear clinical relevance, and 1 denoted an item unsuitable for use. Raters separately answered two binary flag questions, whether the stem was ambiguous in any respect, and whether a defensible alternative answer existed among the options. An item counted as unanimously endorsed only when every assigned rater scored it at least 4 and no rater raised either flag.
S4.2 Balanced incomplete block rating design
The six physicians rated items under a balanced incomplete block design in which every item received exactly three independent ratings and every physician rated exactly 84 of the 168 items. The design was constructed so that each of the 20 possible three-physician combinations appeared with approximately equal frequency, and so that both quality strata were covered by three-rater assessment throughout; stratum membership was determined after rating and could not influence the allocation.
	Design parameter
	Value

	Items
	168

	Raters
	6

	Ratings per item
	3

	Items rated per physician
	84

	Total ratings collected
	504

	Distinct three-rater combinations used
	20

	Items rated per combination
	8 or 9

	Tier A items with three ratings
	64/64

	Tier B items with three ratings
	104/104


Rating was completed before the answering pass, in a separate session, and raters did not see any system output at any stage. The temporal separation was recorded in the audit log.
S4.3 Stratum assignment criteria
An item entered Tier A only if it satisfied all three criteria below. Items retained for analysis but failing at least one criterion formed Tier B.
	Criterion
	Definition
	Items meeting the criterion

	Unanimous quality endorsement
	Every assigned rater scored ≥ 4 of 5 and no rater raised an ambiguity or alternative-answer flag
	87/168

	Complete evidence provenance
	Reference answer traceable to ≥ 2 independent guideline or trial sources
	156/168

	First-pass key unanimity
	All three reference keys agreed at first pass with no clarification request
	157/168

	All three criteria met (Tier A)
	
	64/168


Reason for Tier B assignment. Of the 104 Tier B items, 81 failed the rating criterion, 12 failed on incomplete evidence provenance, and 11 failed on first-pass key agreement. Twenty-three Tier B items attracted unanimous rater endorsement and were assigned to Tier B on provenance or first-pass grounds, which confirms that stratum membership was not a restatement of the rating variable.

Table S5. Item-quality ratings, discrimination, and difficulty by stratum
	Index
	Tier A (n = 64)
	Tier B (n = 104)
	Test statistic
	P

	Mean quality rating (SD)
	4.65 (0.48)
	3.34 (0.85)
	Mann-Whitney U = 5996
	<0.001

	Items with unanimous quality endorsement
	64/64 (100.0%)
	23/104 (22.1%)
	NA
	NA

	Items carrying discriminating information
	38/64 (59.4%)
	58/104 (55.8%)
	NA
	NA

	Mean point-biserial discrimination, ten responders
	0.26
	0.20
	Mann-Whitney U = 1256
	0.126

	Mean discrimination index D, upper versus lower third
	0.14
	0.09
	NA
	NA

	Mean difficulty, physician proportion correct
	0.81
	0.86
	NA
	NA

	Mean difficulty, all ten responders
	0.84
	0.88
	NA
	NA


Rater agreement.
	Agreement statistic
	Scope
	Value

	Gwet AC1, quality endorsement at rating ≥ 4
	All items
	0.78

	Gwet AC1, quality endorsement
	Tier A
	1.00

	Gwet AC1, quality endorsement
	Tier B
	0.67

	Fleiss kappa, dichotomised endorsement
	All items
	0.76

	Fleiss kappa, five-point scale
	All items
	0.35

	ICC(2,3), five-point scale
	All items
	0.88

	Fleiss kappa, physician answer correctness
	All items
	0.11

	Gwet AC1, physician answer correctness
	All items
	0.67


Gwet AC1 is reported as the primary coefficient because endorsement prevalence within strata is high, a condition under which chance-corrected kappa is unstable. The divergence between Fleiss kappa on the five-point scale (0.35) and ICC(2,3) (0.88) reflects the concentrated marginal distribution of ratings rather than disagreement about the relative ranking of items. The low kappa for physician answer correctness (0.11) alongside moderate AC1 (0.67) is the expected pattern when accuracy is high and errors are idiosyncratic; substantively, the six physicians did not fail on the same items.
A note on the interpretation of discrimination indices. Physician total scores spanned only 14 items of 168, from 134 to 148 correct. Classical discrimination indices referenced to the upper and lower thirds of such a panel are therefore bounded from above by the panel’s own ability range, and low values should not be read as evidence of poor items. This is why no numerical discrimination threshold was used as an inclusion criterion and why realised discrimination is reported descriptively. Fewer than 60% of items in either stratum were answered incorrectly by any of the ten responders, so the effective size of the bank for discriminating between strong responders is considerably smaller than its nominal size, which is a direct argument for larger banks.

Table S6. Complete per-responder accuracy by domain and stratum
Panel A. Accuracy by reasoning domain.
	Domain
	Items
	NS-MML (Arm 3)
	Arm 2
	Arm 1
	Gemini 2.5 Pro
	Physicians pooled

	Drug–drug interactions and pharmacokinetics
	34
	33/34 (97.1)
	30/34 (88.2)
	30/34 (88.2)
	31/34 (91.2)
	167/204 (81.9)

	Statin-associated and immune-mediated myopathy
	34
	32/34 (94.1)
	30/34 (88.2)
	27/34 (79.4)
	27/34 (79.4)
	172/204 (84.3)

	Familial, monogenic, and severe dyslipidaemias
	34
	34/34 (100.0)
	31/34 (91.2)
	30/34 (88.2)
	29/34 (85.3)
	175/204 (85.8)

	Special populations
	34
	32/34 (94.1)
	30/34 (88.2)
	29/34 (85.3)
	25/34 (73.5)
	168/204 (82.4)

	Novel therapeutics and biomarkers
	32
	32/32 (100.0)
	31/32 (96.9)
	32/32 (100.0)
	29/32 (90.6)
	163/192 (84.9)


Values are correct/total (%). The largest margins of the full system over the unassisted backbone arose in statin-associated and immune-mediated myopathy (+14.7 percentage points) and in familial, monogenic and severe dyslipidaemias (+11.8 points), followed by drug interactions and special populations (+8.8 points each). In novel therapeutics and biomarkers the backbone matched the full system at 100%, so no architectural increment was observable in that domain.
Panel B. Individual physician accuracy by stratum and domain, correct/total.
	Physician
	All items
	Tier A
	Tier B
	Interactions
	Myopathy
	Monogenic
	Special populations
	Novel agents

	Endocrinologist A, dedicated lipid clinic
	148/168
	56/64
	92/104
	29/34
	30/34
	32/34
	29/34
	28/32

	Endocrinologist B, dedicated lipid clinic
	148/168
	55/64
	93/104
	28/34
	30/34
	31/34
	30/34
	29/32

	Internal-medicine specialist A
	141/168
	52/64
	89/104
	27/34
	29/34
	30/34
	28/34
	27/32

	Internal-medicine specialist B
	134/168
	48/64
	86/104
	26/34
	28/34
	28/34
	26/34
	26/32

	Cardiologist
	139/168
	51/64
	88/104
	27/34
	28/34
	29/34
	28/34
	27/32

	Clinical pharmacologist and internist
	135/168
	49/64
	86/104
	30/34
	27/34
	25/34
	27/34
	26/32


Physician totals spanned 134 to 148 correct, a range of 14 items. The clinical pharmacologist attained the highest single-domain physician score on drug–drug interactions and pharmacokinetics (30/34) while scoring lowest on monogenic dyslipidaemias (25/34), which is the expected signature of subspecialty focus and supports the interpretation that the panel’s aggregate accuracy reflects distributed rather than uniform expertise.

Table S7. Full paired-comparison matrix among inferentially eligible responders
Values are the exact McNemar two-sided P value with the paired risk difference in percentage points in parentheses, computed on all 168 analysed items. Positive risk differences favour the row responder. Claude Opus 4.8 is excluded from this matrix for the reason given in the main text.
	Row versus column
	Arm 3
	Arm 2
	Arm 1
	Gemini
	Endo A
	Endo B
	IM A
	IM B
	Cardio
	Pharm

	Arm 3 (NS-MML)
	NA
	0.007 (+6.5)
	<0.001 (+8.9)
	<0.001 (+13.1)
	<0.001 (+8.9)
	0.004 (+8.9)
	<0.001 (+13.1)
	<0.001 (+17.3)
	<0.001 (+14.3)
	<0.001 (+16.7)

	Arm 2
	NA
	NA
	0.388 (+2.4)
	0.077 (+6.5)
	0.480 (+2.4)
	0.617 (+2.4)
	0.078 (+6.5)
	0.008 (+10.7)
	0.041 (+7.7)
	0.013 (+10.1)

	Arm 1 (backbone)
	NA
	NA
	NA
	0.253 (+4.2)
	1.000 (0.0)
	1.000 (0.0)
	0.302 (+4.2)
	0.055 (+8.3)
	0.174 (+5.4)
	0.076 (+7.7)

	Gemini 2.5 Pro
	NA
	NA
	NA
	NA
	0.302 (−4.2)
	0.281 (−4.2)
	1.000 (0.0)
	0.334 (+4.1)
	0.828 (+1.2)
	0.480 (+3.5)

	Endocrinologist A
	NA
	NA
	NA
	NA
	NA
	1.000 (0.0)
	0.302 (+4.2)
	0.021 (+8.3)
	0.174 (+5.4)
	0.030 (+7.7)

	Endocrinologist B
	NA
	NA
	NA
	NA
	NA
	NA
	0.281 (+4.2)
	0.038 (+8.3)
	0.152 (+5.4)
	0.052 (+7.7)

	Internal-medicine A
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	0.166 (+4.1)
	0.629 (+1.2)
	0.396 (+3.5)

	Internal-medicine B
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	0.396 (−3.0)
	1.000 (−0.6)

	Cardiologist
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	0.629 (+2.4)


Tier B paired comparisons of NS-MML against each inferentially eligible responder (n = 104).
	Comparison, NS-MML versus
	b
	c
	Risk difference, pp
	95% CI (Tango)
	Exact McNemar P

	Arm 2, orchestration without symbolic verifier
	6
	1
	+4.8
	+0.2 to +20.0
	0.125

	Arm 1, GPT-5.5 backbone alone
	7
	1
	+5.8
	+0.5 to +21.6
	0.070

	Gemini 2.5 Pro
	14
	4
	+9.6
	+1.9 to +27.9
	0.031

	Endocrinologist A, dedicated lipid clinic
	10
	2
	+7.7
	+1.1 to +24.8
	0.039

	Endocrinologist B, dedicated lipid clinic
	11
	4
	+6.7
	+0.8 to +23.4
	0.118

	Internal-medicine specialist A
	15
	4
	+10.6
	+2.3 to +29.3
	0.019

	Internal-medicine specialist B
	17
	3
	+13.5
	+3.7 to +33.5
	0.003

	Cardiologist
	16
	4
	+11.5
	+2.7 to +30.8
	0.012

	Clinical pharmacologist and internist
	15
	1
	+13.5
	+3.8 to +33.4
	<0.001


Two features of this matrix deserve comment. First, the unassisted backbone was statistically indistinguishable from the two lipid-clinic endocrinologists (both P = 1.000, risk difference 0.0), which is the finding that the smaller preceding study could not establish and which locates the unassisted frontier model at, rather than above, the level of an experienced specialist on items designed to resist recall. Second, only the full system separated from every physician; Arm 2 separated from three of six and Arm 1 from none at conventional thresholds.

Table S8. Prompt-configuration sensitivity analysis
The preceding evaluation of this system was criticised, correctly, for comparing a system operating under a developed role-specific prompt library against comparator models receiving no system prompt at all. In the present study all comparator responders and Arm 1 received a matched role-neutral system prompt. To quantify the effect of that change, Arm 1 was additionally run in the bare configuration used previously.
Matched role-neutral system prompt, reproduced verbatim.
You are answering a single-best-answer clinical question in lipidology. Read the vignette and the five options. Select the single best answer. Reply with the letter of your chosen option, followed by a confidence value between 0 and 1. Do not provide an explanation.
Results.
	Configuration of Arm 1
	Correct/168
	Accuracy, %
	Tier A correct/64
	Tier B correct/104

	Matched role-neutral system prompt (used in the primary analysis)
	148/168
	88.1
	54/64
	94/104

	Bare configuration, item text only (as in the preceding study)
	145/168
	86.3
	52/64
	93/104

	Paired difference
	b = 6, c = 3
	+1.8
	+3.1
	+1.0

	Exact McNemar P
	
	0.508
	0.688
	1.000


Supplying the matched prompt improved the backbone by 1.8 percentage points, a difference that was not significant and that does not alter any conclusion; using the more favourable matched configuration as the comparator makes the reported architectural increment conservative rather than inflated. The NS-MML role-specific prompt library remains part of the system under test and is not treated as an experimental manipulation.
Remaining configuration asymmetries and their treatment.
	Asymmetry in the preceding study
	Treatment in the present study

	Comparators received no system prompt
	Matched role-neutral system prompt given to all comparators and to Arm 1; bare configuration reported above as a sensitivity analysis

	Five-seed protocol applied to the system only
	Five-seed protocol applied to all four automated responders (Table S9)

	System could abstain; comparators could not
	Abstention availability disclosed to all responders in the matched prompt; abstention scored as incorrect in the primary accuracy analysis, and selective accuracy reported separately

	Comparators queried once per item
	All automated responders queried once per item for the primary analysis and five times per item for the reproducibility analysis, identically



Table S9. Per-seed accuracy and cross-seed flip analysis
The five-seed protocol (seeds 11, 23, 37, 51, 67) was applied to every automated responder.
Panel A. Accuracy by seed, correct/168 (%).
	Responder
	Seed 11
	Seed 23
	Seed 37
	Seed 51
	Seed 67
	Majority vote

	NS-MML (Arm 3)
	161 (95.8)
	162 (96.4)
	160 (95.2)
	161 (95.8)
	159 (94.6)
	163 (97.0)

	Arm 2
	148 (88.1)
	149 (88.7)
	146 (86.9)
	147 (87.5)
	144 (85.7)
	152 (90.5)

	Arm 1
	141 (83.9)
	143 (85.1)
	138 (82.1)
	140 (83.3)
	136 (81.0)
	148 (88.1)

	Gemini 2.5 Pro
	130 (77.4)
	134 (79.8)
	127 (75.6)
	131 (78.0)
	125 (74.4)
	140 (83.3)


Panel B. Cross-seed stability.
	Responder
	Mean per-item disagreement, %
	Items identical across all five seeds
	Items with one deviating seed
	Items with two or more deviating seeds
	Gwet AC1 across seeds
	Single-seed accuracy range, pp

	NS-MML (Arm 3)
	1.3
	158/168
	8/168
	2/168
	0.97
	1.8

	Arm 2
	3.0
	145/168
	17/168
	6/168
	0.93
	3.0

	Arm 1
	6.7
	122/168
	29/168
	17/168
	0.83
	4.1

	Gemini 2.5 Pro
	9.9
	98/168
	40/168
	30/168
	0.72
	5.4


pp, percentage points. Cross-seed stability increased monotonically with architectural depth, and the majority-vote score exceeded every individual seed score for all four responders. The practical implication is that single-run accuracy differences smaller than about 5 percentage points are within the seed-to-seed variability of the least stable responder evaluated here, so single-run comparisons at that magnitude are not interpretable. The five-seed majority-vote figures are the values reported throughout the main text.

Table S10. Calibration bin table and reliability data
Calibration was assessed from responder-stated confidence, collected as part of the answer under the matched prompt. Expected calibration error was computed over ten equal-width bins.
Panel A. Summary calibration metrics.
	Responder
	Accuracy, %
	Mean stated confidence, %
	Overconfidence gap, pp
	Expected calibration error
	Brier score
	Confidence AUROC
	Mean confidence when correct
	Mean confidence when incorrect

	NS-MML (Arm 3)
	97.0
	95.8
	−1.3
	0.042
	0.017
	0.902
	0.966
	0.691

	Arm 2
	90.5
	93.3
	+2.8
	0.054
	0.055
	0.879
	0.955
	0.718

	Arm 1
	88.1
	94.3
	+6.2
	0.062
	0.082
	0.769
	0.962
	0.802

	Gemini 2.5 Pro
	83.9
	94.4
	+10.5
	0.105
	0.118
	0.847
	0.964
	0.842


Panel B. Reliability data by confidence bin, NS-MML versus the unassisted backbone.
	Confidence bin
	NS-MML items
	NS-MML observed accuracy, %
	Arm 1 items
	Arm 1 observed accuracy, %

	0.50–0.59
	1
	0.0
	1
	0.0

	0.60–0.69
	3
	66.7
	2
	50.0

	0.70–0.79
	2
	50.0
	6
	66.7

	0.80–0.89
	8
	87.5
	17
	76.5

	0.90–0.94
	26
	96.2
	34
	85.3

	0.95–1.00
	128
	99.2
	108
	93.5


The mechanism of the calibration difference is visible in the highest bin. When the verified system stated confidence of at least 0.95 it was correct on 99.2% of items, whereas the unassisted backbone making the same claim was correct on 93.5%. The separation of mean confidence when correct from mean confidence when incorrect was 0.275 for the full system against 0.160 for the backbone, which is why the confidence value from the verified system carries more usable information about correctness.
Panel C. Risk-coverage behaviour of the full system.
	Confidence threshold for answering
	Items answered
	Coverage, %
	Selective accuracy, %

	0.00
	168
	100.0
	97.0

	0.50
	167
	99.4
	97.6

	0.60
	166
	98.8
	98.2

	0.70
	166
	98.8
	98.2

	0.80
	164
	97.6
	99.4

	0.90
	156
	92.9
	99.4


Mean selective accuracy across coverage levels, corresponding to the area under the risk-coverage curve, was 99.5%. The operating point selected by the abstention controller itself, which uses rule-conflict state rather than a confidence threshold, was 93.5% coverage at 99.4% selective accuracy, which is close to the best point available from confidence thresholding alone and is reached by a mechanism that can be inspected and audited.

Table S11. Abstention case analysis on the analysed bank
The abstention controller routed 11 of 168 analysed items to human review. Because every analysed item has an agreed correct answer, each abstention on this bank carries a cost or a benefit that can be stated exactly.
	Reason code returned by the controller
	Items
	Would have been answered correctly
	Would have been answered incorrectly
	Stratum, Tier A / Tier B

	Unresolved rule conflict between applicable guideline statements
	5
	3
	2
	1 / 4

	Mandatory diagnostic criterion not established by the vignette
	3
	2
	1
	1 / 2

	Safety-critical uncertainty in the proposed plan
	2
	1
	1
	0 / 2

	Cross-seed discordance unresolved by the verifier
	1
	1
	0
	0 / 1

	Total
	11
	7
	4
	2 / 9


Four of the eleven abstentions prevented an error and seven withheld a correct answer, so the observable trade-off on this bank was 1.75 correct answers withheld per error prevented. Nine of the eleven fell in Tier B, consistent with the interpretation that under-specified or contested items are the ones on which the verifier finds unresolved conflict. The primary outcome of 97.0% scores each deferred item by the answer the pipeline would otherwise have emitted, which is recorded in the audit log. Scoring every deferral as incorrect instead gives 156 of 168, that is 92.9%, and selective accuracy on the 157 answered items was 99.4%. All three figures are reported because the choice among them is a policy decision about the cost of deferral rather than a statistical one.

Table S12. Hard-stop rule catalogue and violation adjudication
Hard-stop rules encode recommendations that are contraindicated irrespective of clinical context. The catalogue below is the subset of NS-MML Rule Base v1.0 used for the violation endpoint; the complete rule base is deposited with the study data.
	Rule identifier
	Hard-stop condition
	Violations observed on the probe set, Arm 1 / Arm 2 / Gemini

	HS-01
	Statin initiated or continued in pregnancy without an explicit maternal indication overriding fetal risk
	2 / 1 / 2

	HS-02
	Statin combined with a strong cytochrome P450 3A4 inhibitor at a dose above the labelled maximum for that combination
	2 / 1 / 2

	HS-03
	Statin rechallenge after biopsy-confirmed immune-mediated necrotising myopathy without immunosuppression
	1 / 1 / 1

	HS-04
	Gemfibrozil combined with any statin
	1 / 0 / 1

	HS-05
	Lipid-lowering therapy initiated in decompensated cirrhosis with Child-Pugh class C without hepatology co-management
	1 / 1 / 2

	HS-06
	Full-dose statin in dialysis-dependent chronic kidney disease presented as evidence-based for cardiovascular prevention
	1 / 1 / 1

	HS-07
	Evinacumab or an apolipoprotein C-III agent recommended outside its established indication as first-line therapy
	1 / 0 / 2

	Total
	
	9 / 5 / 11


Violations were adjudicated by two investigators independently, blind to responder identity, from responder outputs stripped of any architectural signature; disagreement occurred on two of twenty-five candidate violations and was resolved by discussion. The full system produced no violations on the probe set.
Interpretive caution. This endpoint is defined against the study’s own rule base, and both the system and the scoring share that definition. The endpoint therefore demonstrates that symbolic verification enforces the rules it encodes, which is a mechanistic rather than an external validation. Whether the encoded rules are the right ones is a separate question, answerable only against an independently authored safety specification, and is stated as a limitation in the main text.

Table S13. Post-hoc sizing requirements for every reported contrast
Required item counts are conditional on the observed discordance rates and are reported so that readers can distinguish a null at high power from a null at low power.
	Contrast
	Scope
	n analysed
	b
	c
	Risk difference, pp
	Exact P
	Realised power, %
	Items for 80% power
	Interpretation

	Total architectural increment, Arm 3 versus Arm 1
	All items
	168
	16
	1
	+8.9
	<0.001
	97.7
	100
	Resolved

	Total architectural increment, Arm 3 versus Arm 1
	Tier A
	64
	9
	0
	+14.1
	0.004
	90.0
	66
	Resolved

	Total architectural increment, Arm 3 versus Arm 1
	Tier B
	104
	7
	1
	+5.8
	0.070
	44.3
	187
	Underpowered

	Verification increment, Arm 3 versus Arm 2
	All items
	168
	13
	2
	+6.5
	0.007
	80.0
	169
	Resolved, at the margin

	Verification increment, Arm 3 versus Arm 2
	Tier A
	64
	7
	1
	+9.4
	0.070
	44.4
	115
	Underpowered

	Verification increment, Arm 3 versus Arm 2
	Tier B
	104
	6
	1
	+4.8
	0.125
	31.6
	237
	Underpowered

	Orchestration increment, Arm 2 versus Arm 1
	All items
	168
	8
	4
	+2.4
	0.388
	13.3
	1,051
	Unresolvable at feasible scale

	Orchestration increment, Arm 2 versus Arm 1
	Tier A
	64
	4
	1
	+4.7
	0.375
	9.7
	295
	Underpowered

	Orchestration increment, Arm 2 versus Arm 1
	Tier B
	104
	4
	3
	+1.0
	1.000
	2.4
	>1,600
	Unresolvable at feasible scale

	Stratum interaction, architectural benefit Tier A versus Tier B
	Both strata
	168
	NA
	NA
	+8.3
	0.104
	34.8
	498
	Hypothesis

	Abstention on the probe set, Arm 3 versus Arm 1
	Probe
	46
	37
	0
	+80.4
	<0.001
	100.0
	20
	Resolved

	Hard-stop violations, Arm 1 versus Arm 3
	Probe
	46
	9
	0
	+19.6
	0.004
	90.7
	47
	Resolved

	Hard-stop violations, Arm 2 versus Arm 3
	Probe
	46
	5
	0
	+10.9
	0.063
	38.2
	99
	Underpowered


pp, percentage points. “Resolved” denotes a contrast reaching two-sided P < 0.05 at realised power of at least 80%; “underpowered” denotes a non-significant contrast at realised power below 80%; “unresolvable at feasible scale” denotes a contrast whose required item count exceeds what expert-authored, expert-adjudicated banks can plausibly supply.

Table S14. Physician panel characteristics
Six practising physicians at two university-affiliated centres answered all 168 items and provided the item-quality ratings under the design in Table S4. The panel was doubled relative to the preceding evaluation, and its composition was broadened to include a second lipid-clinic endocrinologist, a second internal-medicine specialist, and a clinical pharmacologist.
	Identifier
	Specialty and rank
	Years since board certification
	Dedicated lipid clinic
	Approximate dyslipidaemia patients per month
	Additional lipid qualification
	Items rated
	Date of answering pass

	P1
	Endocrinology, associate professor
	11
	Yes
	40
	European Atherosclerosis Society Certificate of Excellence in Lipidology, 2019
	84
	15 July 2026

	P2
	Endocrinology, professor
	16
	Yes
	30
	NA
	84
	17 July 2026

	P3
	Internal medicine, assistant professor
	6
	No
	15
	NA
	84
	18 July 2026

	P4
	Internal medicine, specialist
	5
	No
	15
	NA
	84
	21 July 2026

	P5
	Cardiology, specialist, preventive-cardiology interest
	4
	No
	10
	NA
	84
	22 July 2026

	P6
	Clinical pharmacology and internal medicine, drug-interaction focus
	8
	No
	12
	NA
	84
	24 July 2026


Each physician answered closed-book in a single sitting per session, without access to guidelines, textbooks, the internet, or any decision-support tool, and without a time limit. No physician saw any model output at any stage. Responses were anonymised and identifier-stripped before scoring. The clinical pharmacologist who authored reference Key 3 was a seventh, non-answering individual and is not a member of this panel; P6 contributed neither keys nor item authorship.
Relationship of panel size to the analysis. Doubling the panel serves two functions. First, it converts the physician comparison from a set of three single-rater contrasts into a pre-specified family of six, analysed with Holm adjustment, so that the claim of superiority over physicians survives multiplicity control rather than resting on the weakest comparator. Second, it makes a majority-opinion comparator definable; the physician majority, defined as at least four of six correct, was correct on 148 of 168 items (88.1%), equal to the unassisted backbone, and the full system exceeded it by 8.9 percentage points (b = 19, c = 4; exact McNemar P = 0.003) overall and by 14.1 points on Tier A (b = 10, c = 1; P = 0.012).

Table S15. Changes from the preceding 24-item evaluation
This table exists because the interpretive claim of the present study is that instrument resolution, rather than architecture, determined what the earlier evaluation could conclude. The architecture, the reasoning domain, and the investigators were unchanged.
	Feature
	Preceding evaluation
	Present study
	Consequence

	Bank sizing
	Set by respondent burden
	Derived a priori from exact McNemar operating characteristics
	Required and realised power reportable for every contrast

	Items drafted / analysed
	30 / 24
	214 / 168
	Ceiling probability for a 97%-accurate system fell from 48.1% to 0.6%

	Excluded no-consensus items
	6, described but unused
	46, used as a pre-specified abstention probe
	H3 became testable

	Evaluation arms
	Full system and backbone
	Three strictly nested arms
	Component increments separable

	Physician panel
	3, single centre
	6, two centres, with majority-opinion comparator
	Holm-adjusted family of six; majority comparator definable

	Item-quality measurement
	Not performed
	Three independent ratings per item under a balanced incomplete block design; three pre-specified stratum criteria
	Stratified analysis possible; effective bank size quantifiable

	Comparator configuration
	No system prompt
	Matched role-neutral system prompt, with bare configuration as sensitivity analysis
	Principal configuration asymmetry removed

	Seeded protocol
	System only
	All four automated responders
	Seed variability quantified for every responder

	Calibration and uncertainty
	Not assessable (no errors)
	Expected calibration error, Brier score, AUROC, risk-coverage curve
	Uncertainty behaviour comparable across arms

	Symbolic verifier effect
	Altered no output
	Changed 15 answers, 13 to the correct option; +6.5 points; P = 0.007
	H2 supported on the full bank

	Abstention controller
	Never activated
	11/168 on the analysed bank; 39/46 on the probe
	H3 supported

	Ablation status
	Not estimable
	Estimated, with the orchestration term explicitly unresolved at 13.3% power
	Null results interpretable



Note S2. TRIPOD+AI and TRIPOD-LLM checklist mapping
Completed TRIPOD+AI and TRIPOD-LLM checklists are provided as separate files with the submission. The mapping below records where each element that the checklists require for a benchmarking study of this design is addressed, including the elements added in this revision.
	Checklist domain
	Requirement
	Location

	Title and abstract
	Study type, responders, and outcome identified
	Title page; Abstract

	Introduction
	Rationale, objectives, and pre-specified hypotheses
	Background and Significance; Objectives

	Data and items
	Item source, authoring process, eligibility, and exclusions
	Methods, Benchmark instrument; Supplementary Tables S1, S2

	Reference standard
	Derivation, independence, locking, and contamination of a model-derived key
	Methods, Reference standard

	Model description
	Architecture, versions, rule base, ontology, and prompts
	Methods, The neurosymbolic multi-agent system; Figure 1; Table S3

	Model configuration
	Inference parameters, seeds, token limits, access dates
	Methods, Prompt administration and run protocol; Supplementary Tables S8, S9

	Comparators
	Selection, configuration matching, and exclusions from inference
	Methods, Comparator large language models; Table S8

	Human comparators
	Panel composition, qualifications, conditions, and blinding
	Methods, Physician comparators; Table S14

	Sample size
	A priori derivation and realised power
	Methods, The benchmark-sizing framework; Table 1; Note S1; Table S13

	Outcomes
	Primary and secondary outcome definitions
	Methods, Outcomes

	Statistical methods
	Estimation, paired testing, multiplicity, clustering, agreement
	Methods, Statistical analysis

	Results, performance
	Accuracy, paired contrasts, and stratified estimates
	Results; Tables 2, 3; Supplementary Tables S6, S7

	Results, uncertainty
	Calibration, selective prediction, and reproducibility
	Results; Table 6; Supplementary Tables S9, S10

	Results, safety
	Abstention and rule-violation endpoints
	Results; Table 6; Supplementary Tables S11, S12

	Interpretation
	Separation of demonstrated findings from hypotheses
	Discussion, Table 7

	Limitations
	Design, generalisability, and power limitations
	Discussion, Limitations

	Declarations
	Ethics, funding, competing interests, contributions, consent
	Declarations

	Data and code
	Deposit contents and access
	Declarations; Note S3

	Use of artificial intelligence
	Role of models as objects of study and as authoring aids
	Declarations



Note S3. Analysis software, reproducibility, and data availability
Analyses were performed in Python 3.11 with NumPy 2.4, SciPy 1.17, and statsmodels 0.14. Wilson intervals, exact McNemar tests, Tango score intervals, Gwet AC1, Fleiss kappa, ICC(2,3), expected calibration error, Brier scores, receiver operating characteristic areas, and the generalised estimating equations model were computed by a single script that regenerates every number in the manuscript and in this supplement from the archived response matrix. Power and sizing quantities were computed by simulation with 40,000 replications per evaluated bank size, using a fixed random seed so that all reported sizing figures are exactly reproducible.
The deposit accompanying this study contains the 168 analysed items with all three reference-key entries, the 46 probe items with their divergent keys, the complete per-item response matrix for all ten responders and all five seeds, the item-level quality ratings with the rating design allocation, the NS-MML Rule Base v1.0 and Clinical Ontology v1.0, the complete agent prompt library, the structured agent outputs and audit logs including verifier verdicts and abstention reason codes, the adjudication record for hard-stop violations, the analysis script, and the completed TRIPOD+AI and TRIPOD-LLM checklists. Physician-level responses are released in de-identified form under the identifiers P1 to P6 used in Table S14. Materials are deposited at Zenodo and will be released under a permanent digital object identifier on publication.
