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o Motivation.
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Mathematical Assistance System (QMEGA is used in different

application szenarios:
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2. Distributivity in Simple Sets
CONTEXT 17. We refer to the definitions and axioms of the theory SimpleSets.

THEOREM 18. (Distributivity of )
It holds that VA, B,C.(AN(BUC))=((ANB)U(ANC)).

PROOF. We start to prove the theorem. We have to show (AN (BUC)) C (AN B)U(AN
C)) and (AN B)U (AN C)) C (AN (B U C)) with respect to the Definition of = .We
x € (AN (BU C))|Apply Inference
— Name
— Logic
want to show the first subgoal. We assume — Definition of € in
— Definition of U
— Definition of N
Apply Strategy
order to show € (AN B) U(AN C)) according to the Definition of C . a

1
| axticle plato memus text roman 10 pl-document

Dominik Dietrich, joint work with the Qmega group

Assertion Level Proof Verification in Qmega

tutorial dialog

Assume that a € X.
fXNY =0,

Saarland University



® Task and Problems
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Assertion Level Proofs
» Proofs are conducted at or above the assertion level

» Application of lemmata, definitions, theorems, and axioms

» Task: Verify and search such proofs

Problems
» Gap between human proof steps and classical calculi

» Some information underspecified

» requires white box verification (e.g. underspecified subgoals)
> leads to ambiguities

Idea
» Perform proof search directly at the assertion level
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o Assertion Level Proofs
OMEGA
GROUP

Example derivation:

|vu,v.Uc VevxxelU=xc v|

VW.UiCViseVVxelU=>xeW;
ULcVievVxxelU =>xeW,

hcVi=VxxelU=xeWs
a€eU=>aeVs a e Ur

» Transform domain knowledge into proof operators [AD06]
[xe U]

xeV xe U ucvVv

ucv xeV
» Allow for deep inference
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o Verification Algorithm [DBO07]

GRGUP
Algorithm Exercise
@ Perform a depth limited BFS (RoS)t=85"1oR!
@ Filter consistent successor states ’
o Collect missing subgoals Student Utterance
o Prune unused nodes | let (x,y) € (RoS)7! |

decomposition of = cognitive proof state

F(RoS)™ 1+ S*Q

(Ambiguities are propagated as aIternatives)

(x,y) €E(RoS) 1-S"toR™1
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o Evaluation [BDSAO07]
RGP
» 144 human-level proof steps by real students
» Proof search limited to depth 4

Results

correctly rejected: 28 19 %
correctly accepted: 113 79 %
wrongly accepted: 0 0%
not verified: 3 2%

Summary

» Proof step analysis, in particular, correctness analysis,
benefits from QQMEGA's assertion level proofs

» Simple BFS sufficient to correctly classify 95.9 %
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