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Natural Language-based Logical Reasoning «?@bn—-

Input: Facts + Rules (NL Statements),
Hypothesis

Output:

* Value - True/False/Unknown

* Proof (Reasoning Process)

Abstract Logical Thinking:

« one of the central cognitive abilities
of human beings

e plays a pivotal role in complex

problem-solving
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Fact1: Everyone is not rough. | NL Statements
Fact2: Everyone is round.
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Rule1: Round, kind people are rough. ]

[Hypothesis: Bob is not kind. (Answer: True)]




Previous Work

Stepwise inference methods combined with:

 forward chaining (FC)
 backward chaining (BC)

FC Condition: all the conditions of a certain rule

can be proven to be true based on known facts.

FC Fail: the condition of the rule “kind people”

cannot be proven to be true by the facts

BC Fail: hypothesis “not kind” does not
appear at the right hand of the rule

Model Hard RT
TS5 57.3
Roberta 59.6

FaiRR (Step-wise) 14.1
NLProofs (Step-wise) 14.3
Random Guess 33.3
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(Fact1: Everyone is not rough. | NL Statements
| Fact2: Everyone is round.
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Rulel: Round, kind people are rough. ]

[Hypothesis: Bob is not kind. (Answer: True)]




Resolution Refutation for Completeness

Transform at the
natural language level

Round, kind people are rough. =————— Everyone is not round or not kind or rough.
Round(x) A Kind(x) - Rough(x) =——)- — Round(x) V —Kind(x)V Rough(x)

Skolem standardization

Exist a Contradiction?
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Fact1: Everyone is not rough. } |
| T5-based convertor | gtatement 1: Everyone is not rough.
!
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_ Fact2: Everyone is round.

Statement 2: Everyone is round.
Statement 3: Everyone is not round
Yoooooooooooooooooo0 or not kind or rough.

@ 9 Statement 4: Bob is kind.
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[Hypothes is: Bob is not kind. Refutation




Resolution Refutation for Completeness

—Round(x) V =Kind(x) V Rough(x) Round (x)

Statement 1: Everyone is not rough. [ \/

Statement 2: Everyone is round. Everyone is not rough. | | Everyone is not kind or rough.
Statement 3: Everyone is not round —Rough(x) —Kind(x) vV Rough(x)

or not kind or rough.
Statement 4: Bob is not kind.
Everyone is not kind. Bob is kind.
- Kind(x) Kind(Bob)
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[Everyone IS not round or not kind or rough} [ Everyone is round}

resolution




GFaiR Architecture
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[ premises, hypothesis J'
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p; : Round. kind people
are rough.

Pn—»: Everyone is not

rough.
Pn—1: Everyone is round.
h: Bob 1s not kind.
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t, : Everyone is not kind
or not round or rough.

t,—-: Everyone is not
rough.

t,_,: Everyone is round.
t,,: Bob 1s kind.
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t,+1: Bob is not round or rough.




Experimental Results

- Generalization to Complex Logical Reasoning Scenarios

» Train on easy Ruletaker-3ext, and then test on Ruletaker-3ext as well

as two hard datasets (Hard RuleTaker and Hard RuleTaker*)

> Resolution refutation can enhance the zero-shot generalization

ability on difficult logical reasoning scenarios.

» Validity contrastive loss-based verifier can enhance the faithfulness

of GFaiR

Ruletaker-3ext  Hard RT Hard RT*
Model

EA FA EA FA EA FA

T5 97.7 — 573 — 575 —
Roberta 98.9 — 596 — 597 —
ChatGPT 56.5 42.8 57.0 2.7 389 6.9
IBR 98.9 98.1 596 12.1 59.7 296
FaiRR 99.0 98.4 141 122 411 39.8
NLProofs 99.3 99.2 143 138 41.8 414
GFaiR 98.1 98.0 68.5 675 739 71.7

Hard RT : Hard RuleTaker

Hard RT*: Hard RuleTaker*

EA: Entailment Accuracy
FA: Full Accuracy (Both
label and proof are right)



Experimental Results

- Generalization to Higher Reasoning Depth

» Train on depth<3 and test on depth<5

» Resolution refutation can improve the ability to generalize to higher

reasoning depth.
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Experimental Results

« In-domain Performance on Complex Logical Reasoning Scenarios

> Train and test on carefully selected difficult logical reasoning problems.
» Resolution refutation can enhance the in-domain performance on complex
logical reasoning scenarios

Hard RuleTaker**

EA FA

T5 87.1 —

Roberta 89.3 —
IBR 89.3 39.2
FaiRR 40.4 34.0
NLProofs 40.7 39.4
GFaiR 92.2 92.2

Model




Experimental Results

- Ablation Study
> FaiRR+: Add a verifier to FaiRR

» GFaiR-: Replace the validity contrastive loss-based verifier

Ruletaker-3ext

Hard Ruletaker*®

Model
EA FA EA FA
FaiRR 99.0 98.4 411 39.8
FaiRR+ 98.4 98.3 41.5 41.4
GFaiR- 97.5 97.2 72.4 68.6
GFaiR 98.1 98.0 73.9 71.7
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Generating natural language proofs with verifier guided search. EMNLP 2022
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