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Reverse Verification Logical Reasoning Method Based on Two-stage Triggering

LI Peng'?,QIU Zheyu' and HU Sujun'
1 School of Computer Science, Nanjing University of Posts and Telecommunications, Nanjing 210023, China

2 Institute of Network Security and Trusted Computing, Nanjing University of Posts and Telecommunications, Nanjing 210023, China

Abstract To address three major challenges of large language models (LLLMs) in complex logical reasoning tasks,namely error
accumulation in one-pass forward generation, the difficulty of detecting high-confidence errors,and the high computational cost of
exhaustive external verification, this paper proposes a reverse verification logical reasoning framework. Specifically, a two-stage
dynamic triggering mechanism is developed based on the confidence of the final token generated by the forward reasoner and the
margin between candidate predictions. The receiver operating characteristic (ROC) curve and Youden’s index are further em-
ployed to determine the optimal verification threshold for high-risk sample selection. The Top-K candidate space produced during
forward reasoning is then reused to construct counterfactual hypotheses, and an independent judgment distribution is obtained
through multiple rounds of voting by an external evaluator,enabling logical consistency checking. In addition,a dynamic decision
gating mechanism is introduced based on the evaluator margin to suppress miscorrections caused by unreliable backward signals.
Experimental results on the LogiQA 2. 0 dataset show that,under the configuration with a candidate space size of K=3.,N=3 in-
dependent voting rounds by the external evaluator,and two-stage confidence filtering, the proposed method achieves an accuracy
of 77.16 % ,outperforming the Standard CoT baseline by 6. 94 percentage points, while maintaining a verification trigger rate of
34.94% and an average verification latency of 1. 3206 s,demonstrating a favorable trade-off between accuracy and efficiency. Af-
ter further incorporating the dynamic gating mechanism, the overall system accuracy reaches 76. 41 % , correction precision im-
proves to 66.89% ,and the number of destructive flips decreases from 57 to 33. Consistent gains are also achieved on ReClor,
which further validates the generalizability of the proposed method. These results indicate that the proposed method can effective-
ly alleviate the high-confidence error problem in LL.M-based logical reasoning with relatively low additional overhead.
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Table 1 Performance comparison of different forward confidence
indicators
B 5 48 AF R 4 4 5] 18 "ER/ N BWEAE/%
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Fig. 4 Accuracy variation across different terminal Token

confidence intervals
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Fig. 5 Accuracy variation during forward confidence screening
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Table 2 Performance comparison under different reverse

verification configurations

K N E#E/% ##  H¥E% #RE#EE THREHE/
2 1 75.47 204 105 52 0.31
2 3 75.72 217 111 54 1.20
2 5 75.85 210 106 47 2.45
301 76.04 255 130 68 0.45
33 77.16 245 137 57 1.32
3 5 77.16 232 133 53 2.43
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Fig. 6 Comparison of accuracy and time cost under different

validation strategies
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Fig. 7 Analysis of reverse verification error correction efficiency

under different strategies
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Table 3 Comparison of impact of gating mechanisms on error

correction quality and safety

n# P AR B P &2 ﬂ%J’E R
Ko # % # % B ME/% RE
x 245 137 57 51 55.9  0.42
A 151 101 33 17 66.9  0.33

4 WAV SRR L

Table 4 Analysis and comparison of representative cases
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Table 5 Performance comparison of different inference

enhancement strategies

N y . 8 1 I 3E i
Uik HAEE EHE/N BHER /s
| ORH/s R/ T RA/%
Standard Logiqa2 72.15 3.39 — 3.39 —
CoT ReClor 73.20 2.01 — 2.01 —
Sell- Logiqa2  72.46  9.74 — 9.74  +0.43
Consistency ReClor 73.60 7.14 — 7.14 +0.43
Logiqa2 72.71 3.39 0. 86 4.25 +0.78
Self-Refine
ReClor 77.00 2.01 0. 80 2.81 +4.94
 Logiqa2  70.89  3.39 1.91 5.30 —1.75
NLI-Verifier
ReClor 81. 40 2.01 0.96 2.97 +10.07
Logiqa2 75.28 3.39 3.76 7.15 +4.16
Double-check
ReClor 81. 80 2.01 5.09 7.10 +10.5
Reverse Logiqa2 77.16 3.39 1.32 4.71 +6.94
(Ours) ReClor 89. 60 2.01 0.94 2.95 +18. 30
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Table 6 Efficiency comparison under different sample sizes

— e E ey
i RARR  RRN/ pamw/s 4/

400 1356.8 - 3.392

Standard CoT 800 2714.4 - 3.393

1594 5403.7 - 3.390

400 3897.6 - 9. 744

Self-Consistency 800 7791.2 — 9.739

1594 15528.7 - 9.742

400 1691.2 0. 848 4.228

Self-Refine 800 3391.2 0. 859 4.239

1594 6771.3 0.861 4.248

400 2120.8 1. 915 5.302

NLI-Verifier 800 4283.2 1.919 5.354

1594 8440. 2 1.913 5.295

400 2880. 4 3.796 7.201

Double-

checker 800 5772.0 3.772 7.215

1594 11400 3.761 7.152

400 1888.4 1.334 4.721

Reverse(Ours) 800 3768.0 1.323 4.710

1594 7514.1 1.321 4.714
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Table 7 Statistics on modification behavior of each method

during validation phase

" Eh #EE &
pay PR FEOBE BE

s REX RE/Y WE BB ORE/Y

Self- Logiqa2 139 25.0 52 43 37.4 +9
Refine ReClor 44 19.1 23 4 52.3 +19

NLI- Logiqa2 344 61.8 120 140 34.9 —20
Verifier ReClor 121 52.6 73 32 60. 3 +41
Double- Logiqa2 334 21.0 153 103 45.8 +50
checker ReClor 70 14.0 49 6 70.0 +43
Reverse Logiqa2 245 44,0 137 57 55.9 +80
(Ours) ReClor 109 29.1 89 7 81.7 +82
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Table 8 Ablation experiment results of system architecture

N . ®E T ik
A% AR M EHE/ N . D&
B | MK /s
Baseline 72.15 0 0 0
+ Verify All 76.73 51.17 +73 4.1117
+ETC 72.46 5.00 +5 0.3248
Logiqa 2.0
-+ Margin 76.16 57.43 +76 0.9963
—+ Confidence Filter 77.16 55.92 +80 1.3206
+ Dynamic Gate 76.41 66.89 +68 1.3187
Baseline 73.20 0 0 0
+ Verify All 85.42 72.09 +76 4.3007
+ETC 74.13 5.47 +6 0.3108
ReClor .
-+ Margin 86.78 83.06 +79 1.0118
—+ Confidence Filter 89. 60 81.70 +82 1.3213
+ Dynamic Gate 86.73 83.45 +71 1.3029
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