
A. Data Preparation Pipeline

SemEval Training Data
960 EN syllogisms

validity + plausibility

Content Stripping
Soft: terms → A/B/C (preserve grammar)

Hard: 4 categorical forms
(All / No / Some / Some…not X are Y)

3 retries w/ error feedback
+ thinking-mode fallback

70+ regex normalization rules
(set theory → categorical, double neg., modals)

Variant Generation
3x per example:

original | soft | hard

Distractor Augmentation
3-5 same-domain fillers

(logically irrelevant)
LLM prose → [0]…[N] numbered

Multilingual Translation
DeepL / Google Translate
EN → 11 target languages

ST1
EN

ST2
EN+dist

ST3
multi

ST4
multi+dist

ST4 path

B. Fine-Tuning System

Qwen3-8B

LoRA Fine-Tuning  DoRA | All attn + FFN layers

TCE Monitoring
ACC / (1 + ln(1 + TCE))

Stratified Quadrant
Balanced VP / VI / IP / II batches (English)

Quadrant-Language
+ low-resource boost: sw, bn, te (Multilingual)

ST1 · r=16, α=32 · Validity ST3 · r=16, α=32 · Validity

ST2 · r=32, α=64, +RSLoRA · Val + Premises ST4 · r=32, α=64, +RSLoRA · Val + Premises

C. Inference
Subtask 1 & 3: Selective Mode (Parser-primary with asymmetric FT override)

Input Syllogism

Strip to Hard Form
ST1: English stripper

ST3: Universal stripper (any lang → EN)

Symbolic Parser
A/E/I/O quantifiers, Figure 1-4
24-Form Lookup + Z3 fallback

parser_validity
True / False / None

Parser Path

FT Model ST1/3
Token-level softmax confidence
P(chosen) / (P(true) + P(false))

ft_validity + ft_confidence
(normalized probability)

FT Path

Parser
failed?

Use FT
(fallback)

Parser
== FT?

Use Parser
(agreed, TCE=0)

YES

NO

YES

DISAGREEMENT

NO

Parser=VALID
FT=INVALID

FT less accurate here

conf ≥
97.5%?

Parser=INVALID
FT=VALID

FT more accurate here

conf ≥
60%?Use FT

Use Parser

Use FT

Use Parser

Y

N

Y

N

Output: {validity}
Parser decisions → content-invariant (TCE = 0)
FT decisions → residual content sensitivity

Subtask 2 & 4: Cascaded Verifier (FT prediction + symbolic verification)

Multi-premise
Syllogism

Stage 1: FT Prediction
FT Model ST2/4 outputs:

validity + premises + confidence
(same token-level softmax confidence)

FT =
INVALID?

conf < 0.85?

YES

Return
INVALID NO

Symbolic Search
(Combinatorial Engine)

YES

ST2 (English)
Direct override

→ VALID + symbolic premises

ST4 (Multilingual)
Semantic Guard (BGE-M3):

hybrid scoring (dense + ColBERT)
+ term coverage validation

Stage 3: Premise Verification
Symbolic Search for premisesNO (VALID)

ST2 (English)
Use symbolic premises
(24-form deterministic)

ST4 (Multilingual)
Compare term coverage:

FT vs symbolic → best wins
Per-lang thresholds (en:0.95, ru:0.93, sw:0.88, zh:0.85,

bn/te:0.80)

Double-Negative Check
Both premises negative?
→ Override to INVALID

Otherwise: use FT premises

Output: {validity, relevant_premises}

Symbolic Engine
(shared by all subtasks)

Used by ST1/3 Selective + ST2/4 Cascaded

Symbolic Parser
Quantifiers: A (All), E (No),
I (Some), O (Some...not)

Figures 1-4 | Mood detection

24-Form Lookup
Barbara, Celarent, Darii...

Deterministic validity check

Z3 SMT Solver
First-order logic fallback

(figure=0, tautologies, edge cases)

ST2/4 Combinatorial Search

Premise Extraction
N premises + conclusion

Multilingual conclusion markers

C(N,2) Pair Generation
All premise combinations

Strip to Hard Form
ST2: English stripper

ST4: Universal (any lang → EN)

Score & Select Best Pair
method + figure + hint scoring

→ Symbolic Parser

Legend
Data / I/O LLM Processing

Symbolic Neural (FT)

Training


