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Introduction

Commonsense Workbench & Benchmark

@ We describe a detailed analysis of a small sample of a large benchmark of
commonsense reasoning problems that have been automatically derived from
WordNet, SUMO and their mapping.

@ The goal is to assess the quality of both the benchmark and the involved
knowledge resources for commonsense reasoning tasks

@ Example:
( breathing’, ) : [ Breathing.= | (forall (7X)
“ (=>
(hyp) g (instance ?X Smoking)
( smokingt ) : [ Smoking.= | (instance 7X Breathing)))
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Introduction

Cross-checking Knowledge Sources

o We exploit the knowledge in the following sources for commonsense
reasoning:

» WordNet (Fellbaum, 1998)
» SUMO (Niles and Pease, 2001)
» WN-SUMO Mapping (Niles and Pease, 2003)

@ We expect all these knowledge sources to encode correct world knowledge
(true knowledge).

@ Despite being created manually, they are not free of errors and discrepancies.
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Introduction

Cross-checking Knowledge Sources ||

o We apply a new Black-box strategy (Alvez et al., 2019a) to create a large
common sense benchmark from these resources.

@ The resulting problems are automatically evaluated by means of FOL
Automated Theorem Provers (ATPs)

@ A detailed analysis is required for a complete assessment:
» Problems may be solved (yes, no) for bad reasons

@ Expected results do not always indicate a correct ontological modelling
o Is the knowledge correct in successful tests?
o Is the knowledge incorrect in failing tests?

» Problems may remain unsolved (unknown) because of

o Lack of knowledge in the ontology
o Lack of resources for ATPs
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Commonsense Reasoning Framework

SUMO (Niles and Pease, 2001)

o |IEEE Standard Upper Ontology Working Group
e SUMO syntax goes beyond first-order logic (FOL)

@ SUMO cannot be directly used by FOL Automated Theorem Provers (ATPs)
without a suitable transformation
o Different transformations of SUMO into FOL:

» TPTP-SUMO (Pease and Sutcliffe, 2007)
» Adimen-SUMO (Alvez et al., 2012)
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Commonsense Reasoning Framework

Mapping

@ Mapping between WordNet and SUMO (Niles and Pease, 2003)

@ It connects synsets of WordNet to terms of SUMO using 3 relations:
» equivalence (=)
» subsumption (+)
» instance (Q)

@ Some examples:

(breathingt) : [Breathing.=]
(educationin) : [EducationalProcess.+]
(zerol) i [Integer. @]
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Commonsense Reasoning Framework

Adimen-SUMO

@ Following the line of Horrocks and Voronkov (2006)

@ Applying a reengineering process to SUMO (Alvez et al., 2012)
» With the help of ATPs (Automated Theorem Provers)
» 88 % of the core of SUMO (top and middle levels) is translated into FOL
» Domain ontologies are not used (by now)
@ The process of manually debugging the ontology is very costly
» Only 64 manually created tests were available

» Example:
(forall (?BRAIN ?PLANT)
(=>
(and

(instance ?BRAIN Brain)
(instance ?PLANT Plant))

(not
(properPart ?BRAIN ?PLANT))))

Alvez, Gonzalez-Dios, Rigau (UPV/EHU) 9/



Commonsense Reasoning Framework

Black-box Testing |

e Introduced in Alvez et al. (2015) and fully described in Alvez et al. (2019a)

o Adaptation of the methodology for the design and evaluation of ontologies
introduced in Griininger and Fox (1995)
@ Based on the use of Competency Questions (CQs):
» Problems that an ontology is expected to answer

e CQs are automatically created on the basis of few Question Patterns (QPs)
by exploiting WordNet and its mapping into SUMO

o Example:
( breathingl ) : [ Breathing.= ] (forall (7X)
N (=>
(hyp) = (instance ?X Smoking)
( smokingl ) : [ Smoking.= | (instance ?X Breathing)))
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Commonsense Reasoning Framework

Black-box Testing Il

@ Resulting benchmark:

Relation QP Problems

Noun #1 7,539

ey Noun #2 1,944

Verb #1 1,765

Verb #2 304
Tt H#1° T 91

Antonymy #2 574
el #3__ 2,780

. Agent 829

Q/I{:Ir;zhosemantlc Instrument 348

Result 788

Total - 16,972
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Commonsense Reasoning Framework

Black-box Testing Il

o Evaluation is automatic by means of the use of ATPs
o Classification of (dual) problems (truth and falsity tests):
» Entailed: the ATPs are able to demonstrate a truth test
= Knowledge validation
» Incompatible: the ATPs are able to demonstrate a falsity test
= Knowledge mismatches due to:

o WN-SUMO mapping issues
o WordNet issues
@ SUMO issues

» Unresolved: the ATPs produce no answer within a time limit
= Missing knowledge ... or insufficient execution time?
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Commonsense Reasoning Framework

Experimental Results

e Using the ATPs Vampire (Kovécs and Voronkov, 2013) and E (Schulz, 2002)

QP # % L E
Non#1(539) (3| 37R NG sy s
Noun 2 (Loae)  (F) | TIE SBO0% s eave
wopiaim (0| B mmAame e
Verb #2 (304) O H SNk wins Vb
aoym g0y (% R0 BT GG
o 423 (7] | 1 e e
antonym 3 2780) () |70 RGBT B
Agent (829) ((3 32 3122:2‘2 4022322: gigg

.
mswument (348) () | O WL et 0o
Result (788) ((3 (1“1‘ 1}33? e 058
Total (16.972) ((3 2322 1‘%3232 232(1): 422:23
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Detailed Analysis

Detailed Analysis

@ Randomly selected a sample of 169 problems (1 %)

@ We manually inspect:
» Quality of the mapping of the synset pair

e Correct & Precise (C&l)
@ Only correct (C)
@ Incorrect (1)

» Knowledge required for solving a problem

e Correct (C)
@ Incorrect (1)
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Detailed Analysis

Detailed Analysis: Entailed Problems |

Mapping Knowledge
e # | EPlcer ¢ 1| c

Noun #1 (7,539) 80 39 5| 28 6 39 0
Noun #2 (1,944) 15 9 5) 4 0 9 0
Verb #1 (1,765) 13 5 1 2 2 5 0
Verb #2 (304) 2| o 0o 0 0] o0 0
Antonym #1 (91) 1 0 0 0 0 0 0
Antonym #2 (584) 6 1 0 0 1 1 0
Antonym #3 (2,78) 33 9 0 4 5 9 0
Agent (829) 5 1 o 1 o 1 0
Instrument (348) 2 0 0 0 0 0 0
Result (788) 12 1 0 1 0 1 0
Total problems (16,972) | 169 65 11 40 14 | 65 0
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Detailed Analysis

Detailed Analysis: Entailed Problems ||

o Case 1: Correct mapping

» Example:
( legal document, ) [ Contract,= |
(hyp)
( judjement}, ) : [ LegalDecision.= ]

» Ontology and mapping knowledge is well-aligned
» 51 problems (78 % of entailed problems)
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Detailed Analysis

Detailed Analysis: Entailed Problems Ill

o Case 2: Incorrect mapping

» Example:
( electrical_discharge}, ) : [ Lightningc+ |
(hyp)
( atmospheric'_electricity; ) : [ Radiatingc+ |

» Resolved by chance:

@ Radiating.: “Processes in which some form of electromagnetic radiation e.g.
radio waves, light waves, electrical energy, etc. is given off or absorbed by
something else”

» 14 problems (22 % of entailed problems)
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Detailed Analysis

Detailed Analysis: Incompatible Problems |

Mapping Knowledge
o # P lcer ¢ 1] c

Noun #1 (7,539) 80 15 0 7 8 1 0
Noun #2 (1,944) 15 2 2 0 0 2 0
Verb #1 (1,765) 13 0 0 0 0 0 0
Verb #2 (304) 2| o 0o 0 o0 o 0
Antonym #1 (91) 1 0 0 0o 0 0 0
Antonym #2 (584) 6 0 0 0 O 0 0
Antonym #3 (2,78) 33 0 0 0 O 0 0
Agent (829) 5 0 0 0 o 0 0
Instrument (348) 2 0 0 0 o 0 0
Result (788) 12| 0 o 0 0] o 0
Total problems (16,972) | 169 | 17 2 7 8|17 0

Alvez, Gonzalez-Dios, Rigau (UPV/EHU) 19/



Detailed Analysis

Detailed Analysis: Incompatible Problems Il

@ Case 1: Knowledge misalignment

» Example:
( physical_phenomenon’, ) : [ NaturalProcess.+ ]
(hyp)
( clotid? ) : [ Cloud.=]

» Cloud, is subclass of Substance. and NaturalProcess. is subclass of Process,,
which are disjoint in SUMO

» 9 problems with Correct& Precise or only Correct mapping (53 % of
incompatible problems)
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Detailed Analysis

Detailed Analysis: Incompatible Problems Il

e Case 2: Imprecise (not equivalent) mapping

» Example:

[ Transfere=] : ( fetchl ) </~ (carry_away.) : [ Removing.+ | J

» Removing. is subclass of Transfer. in SUMO
» The mapping of fetchl to Transfer., although correct, is too general
» 7 problems (41 % of incompatible problems)
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Detailed Analysis

Detailed Analysis: Unresolved Problems |

Mapping
QP # | UPlcep ¢ 1|
Noun #1 (7,539) 80 | 26 0 19 7
Noun #2 (1,944) 15 4 2 1 1
Verb #1 (1,765) 13 8 0o 6 2
Verb #2 (304) 2 2 1 1 o0
Antonym #1 (91) 1 1 0 0 1
Antonym #2 (584) 6 5 1 2 2
Antonym #3 (2,78) 33 24 0 7 17
Agent (829) 5 4 1 2 1
Instrument (348) 2 2 2 0 0
Result (788) 12 11 4 2 5
Total problems (16,972) | 169 87 11 40 36
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Detailed Analysis

Detailed Analysis: Unresolved Problems Il

o Case 1: Lack of knowledge

» Example:
( machinel ) : [ Making.+ |
(instrument) ]\ ! [ instrument, ]
( machinel ) : [ Machine.= |

» Machine. and Making. are not related in SUMO
» 45 problems (52 % of unresolved problems)
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Detailed Analysis

Detailed Analysis: Unresolved Problems Il

@ Case 2: Lack of resources

» Example:

[ Male,2+] : (maled) </> (femalel) : [ Female,=] J

» Although it is inferred from SUMO, ATPs cannot find a proof within the given
resources
» 6 problems (7 % of unresolved problems)
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Conclusions and Future Work

Conclusions and Future Work

o Although 54 % of the problems are solved, only 36 % are resolved for the
good reasons:

@ The mapping requires a general revision and correction
» In particular, the mapping of adjectives

@ The knowledge in SUMO seems to be correct, but insufficient

@ Incompatible problems enable the detection of misalignments between
WordNet and SUMO

@ Unresolved problems can be used to augment SUMO
@ Some problems cannot be resolved because of limitations of ATPs
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