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Motivation Q

Knowledge-based Agent-oriented Interactive
Proof Planning Theorem Proving Theorem Proving

Procedural
Knowledge

Theory
Knowledge

= Problem 1: different representations for tactics and methods

= Problem 2: manual encoding of theory knowledge and procedural
knowledge VKM 06 _p.2
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()mEca-Tactics

-
.. P:FU BP:U=V
= Example: Substitution
C: F[V]
» Having P, and P, we call , Having C' and P;, we call
tactic subst-m-fw tactic subst-m-bw?2
» Having C' and P, we call . Having P;, P, and C, we
tactic subst-m-bw1 call tactic subst-m-close
; T — P F P:U=V
nof| [BUTE subst-m-bw1 () , - subst-m-fw ()
C:G c: G
Appl. Cond.: - Appl. Cond.: -
Outline: (P1,conput e- subst - m P, C, 7)) Outline: {c,conput e- subst - M Py, P, 7))
(m,conput e- pos (,C)) (m,conput e- pos (P, P,))
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()Meca-Methods Q

method subst-m-bw1

premises ®L1, L2

conclusions| | &L3

o] | /i -

L1:A FF (open)
proof schema | L2 : FU =V

L3:A FG (open)
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Argument Agents in {)aNTs... Q
OMEEL RO

= Society of agents for each tactic
= Thelir job: finding instantiations for the tactic (PAl)

= Single agent: try to add a subset of the arguments to a PAI

X3 /1

‘ ‘ Tactic

Blackboard

& A g A

= Example: agent; triest to find an instantiation of P;, agent, tries to add
Instantiation for P,, agents tries to add instantiation of C
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|. Inferences
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Example of Inferences (1)

Appl. Cond.:

Outline:

P2:U=V

C:G

subst-m()
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Examples of Inferences (2)

—

e>0,D>00<|x—Al||x—A|<D

P:|F(x)—L|<e

[ I—

C: limA F=L
Appl. Cond.:

Outline: -

Limat

(

€,

)
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General Form for Inferences Q

-
[Hll,...,Hﬁbl] [Hf,,Hﬁk]
Pl IFl Pk ZFk
Name(wy,...,wy,)
CliGl Cme
Outline Functions: (@t fHET, i) G FRE )

Application Conditions: _

parameter variables: P

names for premises and conclusions: N/
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Applicability of Inferences (1) Q

= Goal: maintain state of the instantiation explicitly (PAI) with respect to a
given proof situation T’

= ldea: start with an empty PAI, instantiate arguments by updating the PAI
= PAI applicable if outline functions can provide missing values
s Formally PAl: PAI} := (op,on,0x)

» empty: dom(PAILL) =0

- initial: or(a;) ¢ WifS; ,, and for all p € P holds op(p) = L

~ fully specified: PU C C dom(o)

» complete: sequence of outline functions (v, f(I,’Zfl)>, 0 < k < m such
that PAIT @ (o1, f(iL )) @ ... @ (vm, £(i1 )) is a fully specified
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Applicability of Inferences (2) Q

Example:
s Given aproofsituationT':=2«3=6F2%x3 <7

= First step: instantiate arguments (2 updates):
» gives initial PAl: PAI = {P, —72%x3=6,C —7p2x3 <7}

= Steps: use outline functions to calculate missing values

» Update 1. compute 7 using Ps, C
» Update 2: compute P; using P, C, «
» gives: PAI ={P, —72%3=6,C—7p2x3<T7,m—6,P —6<T7}
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Determing the Application Directions

= Consider equivalence classes of PAIs, called PAI-status

~ function §7: A — {TERM, POS, 1}. Its domain is
dom(S7) :={a | Sz(a) # L}.
and PAI-status updates

= Application directions = complete P AI-statuses

= Is (P, C)) complete?

<P27C>

)

OMEE CROLP

compute — pos

->(<P2, C, 7T>}

compute — subst

-((P,,C,m, P1))
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Il. Generating Inferences
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Generating the Inferences Q
OMEED CROUP

= Inspired by technique presented by Benjamin Wack in his PhD

= The idea: apply ND rules to given formula C, 2 phases
» First: apply ND elimination rules
» Second: simplify premises [H]P in T'

= Yielding a set of inferences R
= Collect eigenvariable conditions in C

= Handle equality via Leibniz definition
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Generating the Inferences

RxC:'Fpr A< B
=
R*C;F }_RA:>B*C;F|_RB:>A

E

R*C;F |—RS:t
R*xC;TFRr X(s) = X(t)*xC;T'Fr X(t) = X(s)
where X newwrt. C;I'Fr s =t

—F

R*C;F |_RA:>B
=
R+C;T,[JAFg B

E

R«xC:TFr AAB .
R*C;F I—R A*C;F I—RB

E

RxC;T'FrVxA
R*C;T' Fr A[X/x]
where X new wrt. C;I' kg Vz A

R*xC;T'Fr dxA

dg

)

OMEEL R OLP
R+C;T,[AJA= BFxr F
R%C;T,[A,AlBFg F

=7

RxC;T,[AJAABFg F
R%C;T,[AJA,[A]B Fg F

AT

R+C;T,[AJAVBFg F

RxC,c ¢ ',3xA;T Fr Alc/z]

V
R+C;T,[AlAFgr FxC;T,[A|BFg F

R«C:T,[AVzA g F

R*C,c & [AVzA; T, [AlAlc/z] Fr P

RxC;T[A]3zAFRr F
RxC;T [AlA[X/x] Fr F
where X new wrt. C; ', [A|JxA R F

R+C:T,[A,AAB|GFg F
R%C;T,[A A B|IGFg F

NB
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Example (1) Q

OMEE CROLP

= Start with
5. FrRYf,a,l.(Ve.e >0=30.0 >0=>Vae.(0<|z—a|A|x—a|<)) =]
f(x)—1l|<e€)=lim, f =1

= Apply elimination rules:
{;[[Ve.e >0=360>0=Vr.(0<|z—A|AN|z—A|<)) =]
F(r)—L|<eblplimyg F =L}

= Apply introduction rules:
EV(e,{F,A,L}),EV(x,{F,A,L,D});
e>0,D>0,0<|x—Al|,|z—A|<D||F(x)—L|<ebrplimgy F=L

—

= EV(e,{F, A, L}) means ¢ must not occur in F, A, L

}
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Example (2) Q

e>0,D>00<|x—A||z—A|<D]

P:|F(x)—L|<e
C:llmF =1L
A

Application Condition: EV(e,{F,A,L}) NEV(2,{F,A,L,D})
Parameters: ¢, x
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Ill. Generation of Argument Agents



Generation of Argument Agents

= Known the application directions (yellow marked)
= Maintain a set of computable P AI-status

= Round boxes represents initial P Al-statuses

= Squared boxes represent updateses

= Apply stepwise Dijkstra algorithm and add agent

®C

orP1—{(P1)

ar2

0 P2 —((P2>)i

O P1 (P1,P2,C)

®C

SP2

®C (C)

SP1
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Generation of Argument Agents

= Known the application directions (yellow marked)

= Maintain a set of computable P AI-status

= Round boxes represents initial P Al-statuses

= Squared boxes represent updateses

= Apply stepwise Dijkstra algorithm and add agent

©P1

®C

ar2

0 ®P2

®P1

®C

SP2

SP1

(P1,P2,C)
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Generation of Argument Agents

= Known the application directions (yellow marked)
= Maintain a set of computable P AI-status

= Round boxes represents initial P Al-statuses

= Squared boxes represent updateses

= Apply stepwise Dijkstra algorithm and add agent

so{(r1,c)Haor2
Pl —((P1>): i ) K

SP2

ePLH(P1, P2)Hac|(P1, P2,C))

0 P2 P
S5 _6 )\ °C /
?(w P2)HaoPr1
P2 : P
el o (D &

SP1
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Summary

)

=
Old QQmeca New Q2MEGA

tactics for math. knowledge | manually  automatically

tactics for procedures manually  manually

application directions manually  automatically

agent specification manually  automatically

control knowledge manually  manually

assertion level simulated  directly

OR parallelism no yes
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