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tom half. The tree consists of a hypothesis (pink),
premises (blue), and generated intermediate con-
clusions (green).
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Although, METGEN [3]stands out for its attempt to integrate logical patterns into the
tree generation process.

Using Wikipedia data as a training resource introduces a
considerable amount of domain-specific information

_ . _ _ o that isn't logically relevant.
METGEN's strategy for integrating logical patterns involves training the language
model on a synthetic dataset constructed from Wikipedia (Green boxes).
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Our Method Key: Map the implicit logical patterns onto the embedding space.
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Our Method Key: Map the implicit logical patterns onto the embedding space.

(D
l A e S
0 Ty Ty Ty
1. Entity abstraction techniques s = o))
;g;@_@@ l_! politaiaits) < bAue
f g 3
= - P — ) [ Transformer 24 | Transformer 24 )
p, : primitive society is a stage of social [ - <E1> I a stage Uf <E2= Transh 23
development. Py: <E3> is a stage of <E2>. [ Transformer 23 ] [ R ]
Ps : feudal society is a stage of social development. ¢ - <El> an <E3><]L-E’S c;d[/_‘f et
¢ : primitive society and feudal society are s L2 g T5-Large Encoder T5-Large Decoder
| different stages of social development. |i | Logical|Pattern \
( ! | [P precipitation is a stage in the »
P, : adolescence is a stage of life water cycle process . [ Transformer 2 ] [ ———— J
P, adulthood is a stage of life. E pz;;gtgl}é?:;ioacias%: LR L Transformer | J [ Transformer 1 ]
¢ :dqdoles cence and ;zg’ulthood are c:precipitation and infiltration are . L N I =70 8 3 | 0 e
_ different stages of life ) different stages in the water cycle = E — . = ——
L Conjunction Pattern \-Processes " [ Embeddmg layer ] [ Embedding layer ]

)L =EE -EEs R - =)

! Logical Pattern | pl If <El> rises < E2> then that<E3> considers as <E4>‘l - :
: = <E4=
| Pre-training .p2 Rl phiogd B € : that<E3> considers as <E4

Ental]mentBankl P1 : If global warming then water levels to rise.
! Fine-tuning 1 P2 : As the level of water rises, the amount of
: i available shore land will decrease

.............................................................................................

1 ¢: If global warming then the amount-
of available shore land to decrease :

Figure 3: The overall architecture of LMPM

A Logical Pattern Memory Pre-trained Model
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Step 1: Logical Pattern Pre-training

Enhance its ability to capture and learn latent logical pattern
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This structure takes Hz as input and produces a one-hot vector to help
locate the potential logical pattern representation in M.
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Step 1: Logical Pattern Pre-training

L (D we integrate the selected logical pattern representation into the T5-decoder by adding it
to the representation of the start special token <s>.
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Step 2:EntailmentBank Fine-tuning:

Adapting the pre-trained logical pattern representations to the target
EntailmentBank dataset.
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Results
Mistied Additional Leaves Steps Intermediates Overall
Data Iy AllCorrect Iy AllCorrect  Fy  AllCorrect AllCorrect
Task1
EntailmentWriter(T5-large) No 98.4 84.1 50.0 38.5 67.0 35.9 34.4
IRGR No 97.6 89.4 50.2 36.8 62.1 31.8 32.4
RLET No 100.0 100.0 55.0 41.2 67.2 36.7 35.1
METGEN+T5 564K 100.0 100.0 BT 7 41.9 70.8 39.2 36.5
METGEN+LMPM(ours) 564K 99.76 99.41 57.78 43.82f 72.781f 42.781 38.541
Task2
EntailmentWriter(T5-large) No 83.2 35.0 39.5 24.7 62.2 28.2 23.2
IRGR No 69.9 23.8 30.5 2240 47.70 26.5 21.8
RLET No 81.9 40.4 38.8 28.7 57.4 29.1 26.0
METGEN+T5 564K 82.7 46.1 41.3 29.6 61.4 32.4 27.7
METGEN+LMPM(ours) 564K 81.09 47.06 4256 31.381 61.68 34.32t 29.41¢1
Task3
EntailmentWriter(T5-large) No 30.9 1.2 4.4 1.2 28.8 5.6 1.2
IRGR No 46.6 10.0 11.3 8.2 38.7 20.9 8.2
RLET No 46.20 11.41 15.2 9.6 1.4 176 9.4
METGEN+T5 564K 34.8 8.7 9.8 8.6 36.6 20.4 8.6
METGEN+LMPM(ours) 564K 35.3 9.23 10.28  9.23 37.8 20.33 9.41

Table 2: Automatic evaluation results on the EntailmentBank dataset (%). The best and second-best
results are highlighted in bold and underlined, respectively. t refers to significance test p — value < 0.05.
The “Additional Data" column denotes the size of the supplementary Wikipedia training data.

Conclusion
Mtrics | METGEN+T5 | METGEN+LMPM
Validity 46 52
Logical 3.02 3.37
Readability #47 4.43

Reasonability 2T 3.64

Table 3: Human evaluation results on 100 uniformly
sampled questions from the test split.



Our

LREC-COLINGA2024 ~ '™oducton | wethos Rl  Conclusion

Task 1 Task 2
Ll Inter Overall | Inter Overall
METGEN+T5 | 39.2 36.5 | 324 277
METGEN+LMPM | 42.78 38.54 |34.32 29.41
w/o LPP 39.02 36.47 |32.24 27.56
w/o memory | 40.59 37.39 |33.06 28.54
w/o abstraction |41.27 37.45 |33.78 28.48

Table 4: Ablation study results. “Inter" and “Overall”
denote Intermediates AllCorrect and Overall AllCor-
rect, respectively.

Three parts: logical pattern pre training (LPP), memory
structure (memory), and dataset abstraction (abstraction)
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Figure 5: The impact of logical pattern pre-training data size on performance. The AllCorrect scores for
Overall and Inter (Intermediates) are provided.
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Figure 6: Probability distribution of the three logical
patterns within the memory structure M.

We analyze a sample of 275 intermediate conclusions provided by METGEN,
along with their automatically annotated inference types. The distribution of

these samples is as follows: Substitution (153), Conjunction (71), and IF-then
(51).
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1. We introduce a logical pattern memory pre-trained model (LMPM), which facilitates the
generation of logically consistent intermediate conclusions during entailment steps.

2. LMPM employs an external memory to learn and retain latent logical patterns between
premises and conclusions. This mechanism significantly enhances the language model’s capacity to
capture and utilize logical patterns effectively.

3. We propose to pre-train the LMPM model via a constructed entity-abstract dataset. This
approach mitigates the influence of irrelevant domain knowledge in the original Wikipedia data
and enables the model to be well-trained with less data.

4. we plan to extend this method to other tasks, such as the Multimodel QA, and to explore the
incorporation of external knowledge to enhance generation
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