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Corpus Example projoct A

T1: Bitte zeigen Sie: K((A[ B)\ (C[ D)) =( K(A)\ K(B))[ (K(C)\ K(D))!
[Please show: K((A[ B)\ (C[ D)) =(K(A)\ K(B)) [ (K(C)\ K(D))!]
S1: nach deMorgan-Regel-2 ist K((A[ B)\ (C[ D)) = ( K(A[ B)[ K(C[ D)).
[by deMorgan-Rule-2 K((A[ B)\ (C[ D)) = ( K(A[ B)[ K(C[ D)) holds.]
T2: Das ist richtig!
[This is correct!]
S2: K(A[ B) ist laut deMorgan-1 K(A) \ K(B)
IK(A[ B) is K(A)\ K(B) according to deMorgan-1]
T3: Das stimmt auch.
[That is also right.]

S3: und K(C[ D) ist ebenfalls laut deMorgan-1 K(C) \ K(D)
[and K(C[ D) is also K(C)\ K(D) according to deMorgan-1]

Get corpus:  http://www.ags.uni-sb.de/~chris/dialog/
Total gures 1. exp.: 66 dialogs / av. 12 turns / 1115 sentences
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Research Challenges

Perspective of Mathematical Domain Reasoning (MDR):

Support for resolution of Ambiguities and Underspeci cation

Proof Step Evaluation
Soundness: proof step veri able by formal system?
Granularity: size/argumentative complexity of proof step?
Relevance: proof step needed/useful in achieving the goal?

Perspective of NL Analysis: [... notinthistalk ...]

Perspective of Dialog Management: [... notinthistalk ...]

Perspective of Tutoring Proofs: [... notinthistalk ...]
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Mathematical Domain Reasoning

— declarative abstract level sketches >

Communication Gap

<& procedural calculus level proofs —

ar?alysis \ yDR % \ tutor, module

+ PSE-Info + PSE-Info
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Mathematical Domain Reasoning Dialos A

A[ B contains B

3 A B
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Mathematical Domain Reasoning

A[ B contains B

~

8 AL B
type checking
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Mathematical Domain Reasoning

A[ B contains B

B Al B

theorem proving
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Mathematical Domain Reasoning

P((Al C)\ (B[ C))=PC[ (A\ B)

AN

P((AL O\ (B[ C))=P(C) [ (A\ B) g P((A[ C)\ (B[ C))=P(C [ (A\ B))

type checking
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Mathematical Domain Reasoning

K((AL C)\ (B[ C))=KC[ (A\ B)

AN

K((AL O\ (B[ C))=K(C) [ (A\ B) g K((A[ C)\ (B[ C))=K(C [ (A\ B))

theorem proving
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Proof Step Evaluation

(DM-1) ... | Given: (DM-1) X[ Y = X\ Y
(DM-2) ... (DM-2) X\ Y= X[ Y

?
(G) ... Task: Please show (A[ B)\ (C[ D)=(A\ B)[ (C\ D)

AR By deMorgan (A[ B)\ (C[ D)= (A[ B)[ (C[ D).
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Proof Step Evaluation

?

G) ...

(DM-1) . ..
(DM-2) . ..

N2V By deMorgan (A[ B)\ (C[ D)

Given: (DM-1) X [ = X\
(DM-2) X\ Y = X[

(Al B)[ (C[ D).

Soundness: yes

Soundness: yes
Granularity: 2x(DM-1)

Granularity: 1x(DM-2)

Relevance: yes

Relevance: yes
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Proof Step Evaluation: How?

New: PSE:

Discourse:

(1) AN B \L

2)A) C

5e) b
(4F) B

?
©)b_E
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Proof Step Evaluation: How?

PSE:
New: -
N
ISCOUrse. N
(& "7 (G
(1) A" B any proof
2)A) C
@) o
(4)F) B
2
(G)D_E
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Proof Step Evaluation: How?

PSE:
New:
Discourse: (& "7 (Q)

(1) A" B any proof

50) o

4)F) B complexity((G) * 7 (G))

? cognitively adequate proofs
2= Relevance
Relevance
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Proof Step Evaluation: How? project A

PSE!
New:
Sound

oot

ISCOUISe. (G(ﬁ Y (G)

(1) A B any proof

50 o

4)F) B complexity((G) " 7 (G))

? cognitively adequate proofs
©)b_F

(1):(2:(3);:(4 "7 (G)

detours?, shorter proofs?

¢ C. Benzmiiller 2005  SAARLANDES Theorema-Ultra-Omega-WS-05 — p.20



Claim

Granularity and Relevance
call for

cognitively adequate abstract level proofs

enumeration of (some) proof alternatives

One candidate: knowledge based proof planning [Bundy88]
Original motivation: widen range of automatable maths

New motivation: support for proof step evaluation
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Implementation: D 1ALOG Demonstrator _

DIALOG
Project A

GUI
in [STDOUT in [STDIN
_‘:.. - based on DIAWOZ tool _‘C.. - based on DIAWOZ tool
=} - receives system output =} - typed user input
2 string 2 | - converts into textual
8 - displays system output 8 representation
\l/ string \l/
out \ system_out \ out \ user_in
Input Analyzer
in \ user_in
é, - meaning representation,
S domain-specific semantics
2*. - underspecified proof step
8 - uses domain-motivated
\L linguistic resources
out [LM, LU | \
NL Generator
in [SDMS
_‘.. - flexible NL verbalization
c .
= of dialog moves
2», - NL recapitulation of
g the proof
\L - employs P.rex system
out \system_out
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Tutoring Manager

in [PSI, DMS, LS |
_‘.. - uses input evaluation
g user model, and pedagogic:
3, al knowledge
g - socratic algorithm prod.
Q/ pedagogical feedback, hintg . ..
| | Dialog Move Recognitior
g out | TMS
Dialog Managment Platform in [LMm \
_‘c" - identifies function of utter-
H rt. dial text
Information State B Caist Dvis taxonomy
S extended by TASK
) - di -
Dialog Manager 1 [userin | | Lemension
in [TMs, DMS 2 [LM | out [DMS
| 3 [LU |
— | - controls module inter-
% action and IS updates 4 ‘ LS ‘
= | - determines the appropri-
8 ate SDMS based on S ‘ DMS ‘
| Lthe s and bms 6 [PsS | Proof Manager
out | SDMS 7 [T™MS | in [LU |
8 ‘ SDMS ‘ \ _‘C.. - resolve underspecification
= - evaluate user proof step
9 ‘ system_out ‘ 2. | -is proof completed?
g - remaining proof steps?
- I OMEGA-CORE
N Domain Info Manager e
_ out[LS
in [LU, LS
é. - determine relev. concept
= - uses tutorial knowledge
2 |- employs LS proof step
S
out|PSI
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Related Work rojoct /A

Motivation: [Moore93] Flexible tutorial NL dialog supports
active learning

Closest related: [Zinn04] analyzes well structured text-book
proofs; lots of interesting ongoing work

NL analysis: shallow techniques and keyword spotting
probably not suitable

MDR: Comparison against 'golden standard solutions'
[GreaserEtAIOO] not suitable

Dialog modeling: Autotutor [PersonEtAIOO], Geometry Tutor
[MatsudaVanLehnO03], Trindi and Siridus [TraumLarsson03],
Beetle [ZInn03]
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Conclusion Lol \

Project

Reasoning about
human-constructed proof(step)s

A

Finding "a proof'
automatically

A

Essential criterion:
soundness

A

Traditional TP challenges:
completeness,
ef ciency

Novel criteria:
granularity & relevance

A

Novel TP challenges:
gualitative aspects of proofs,
enumeration of proofs

Lots of ongoing work in all corners of the DIALOG Project
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