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Motivation
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� Problem 1: different representations for tactics and methods

� Problem 2: manual encoding of theory knowledge and procedural
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ΩMEGA-Tactics

� Example: Substitution
P1 : F [U ] P2 : U = V

C : F [V ]

◮ Having P1 and P2, we call
tactic subst-m-fw

◮ Having C and P2, we call
tactic subst-m-bw1

◮ Having C and P1, we call
tactic subst-m-bw2

◮ Having P1, P2 and C, we
call tactic subst-m-close

P1 : F P2 : U = V

C : G
subst-m-bw1(π)

Appl. Cond.: (G|π = U)

Outline: 〈P1,compute-subst-m(P2, C, π)〉

〈π,compute-pos (P2, C)〉

P1 : F P2 : U = V

c : G
subst-m-fw(π)

Appl. Cond.: (F |π = U)

Outline: 〈c,compute-subst-m(P1, P2, π)〉

〈π,compute-pos (P1, P2)〉
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ΩMEGA-Methods

method subst-m-bw1

premises ⊕L1, L2

conclusions ⊖L3

appl. cond F |π = U

proof schema

L1 : ∆ ⊢ F (open)

L2 : ⊢ U = V

L3 : ∆ ⊢ G (open)

MKM ’06 – p.4



Argument Agents in ΩANTS...

� Society of agents for each tactic

� Their job: finding instantiations for the tactic (PAI)

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

� Example: agent1 triest to find an instantiation of P1, agent2 tries to add
instantiation for P2, agent3 tries to add instantiation of C
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I. Inferences
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Example of Inferences (1)

P1 : F P2 : U = V

C : G
subst-m(π)

Appl. Cond.: (F |π = U ∧ G|π←V = F ) ∨ (G|π = U ∧ F |π←V = G)

Outline: 〈C,compute-subst-m(P1, P2, π)〉

〈P1,compute-subst-m(P2, C, π)〉

〈π,compute-pos (P1, P2)〉

〈π,compute-pos (P2, C)〉
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Examples of Inferences (2)

[ ǫ > 0,D > 0, 0 <| x − A |, | x − A |< D ]

...
P :| F(x) − L |< ǫ

C : limA F = L

Limit(ǫ, x)

Appl. Cond.: EV(ǫ, {F,A,L}) ∧ EV(x, {F,A,L,D})

Outline: -
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General Form for Inferences

[ H1

1
, . . . , H1

n1
]

...
P1 : F1 . . .

[ Hk
1
, . . . , Hk

nk
]

...
Pk : Fk

C1 : G1 . . . Cm : Gm

Name(ω1, . . . , ωn)

Outline Functions: 〈i1, f1(i1
1
, . . . , i1j1)〉 . . . 〈il, f l(il

1
, . . . , iljl

)〉

Application Conditions: P (i0
1
, . . . , i0m)

parameter variables: P

names for premises and conclusions: N

MKM ’06 – p.9



Applicability of Inferences (1)

� Goal: maintain state of the instantiation explicitly (PAI) with respect to a
given proof situation T

� Idea: start with an empty PAI, instantiate arguments by updating the PAI

� PAI applicable if outline functions can provide missing values

� Formally PAI: PAIT
I := 〈σP , σN , σX 〉

◮ empty: dom(PAIT
I ) = ∅

◮ initial: σN (aj) 6∈ wffXΣ,V and for all p ∈ P holds σP(p) = ⊥

◮ fully specified: P ∪ C ⊆ dom(σ)

◮ complete: sequence of outline functions 〈vl, f( ~Ik
kl

)〉, 0 ≤ k ≤ m such

that PAIT
I ⊕ 〈v1, f( ~i1k1

)〉 ⊕ . . . ⊕ 〈vm, f( ~imkm

)〉 is a fully specified
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Applicability of Inferences (2)

Example:

� Given a proof situation T := 2 ∗ 3 = 6 ⊢ 2 ∗ 3 < 7

� First step: instantiate arguments (2 updates):

◮ gives initial PAI: PAI = {P2 7→T 2 ∗ 3 = 6, C 7→T 2 ∗ 3 < 7}

� Steps: use outline functions to calculate missing values

〈C,compute-subst-m(P1, P2, π)〉

〈P1,compute-subst-m(P2, C, π)〉

〈π,compute-pos (P1, P2)〉

〈π,compute-pos (P2, C)〉

◮ Update 1: compute π using P2, C

◮ Update 2: compute P1 using P2, C, π

◮ gives: PAI = {P2 7→T 2 ∗ 3 = 6, C 7→T 2 ∗ 3 < 7, π 7→ 6, P1 7→ 6 < 7}
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Determing the Application Directions

� Consider equivalence classes of PAIs, called PAI-status

◮ function SI : A → {TERM,POS,⊥}. Its domain is
dom(SI) := {a | SI(a) 6= ⊥}.

and PAI-status updates

� Application directions = complete PAI-statuses

� Is 〈P2, C〉 complete?

〈P2, C〉 compute − pos 〈P2, C, π〉 compute − subst 〈P2, C, π, P1〉
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II. Generating Inferences
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Generating the Inferences

� 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 Γ

� Yielding a set of inferences R

� Collect eigenvariable conditions in C

� Handle equality via Leibniz definition
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Generating the Inferences

R ⋆ C; Γ ⊢R A ⇔ B

R ⋆ C; Γ ⊢R A ⇒ B ⋆ C; Γ ⊢R B ⇒ A
⇔E

R ⋆ C; Γ ⊢R s = t

R ⋆ C; Γ ⊢R X(s) ⇒ X(t) ⋆ C; Γ ⊢R X(t) ⇒ X(s)

where X new wrt. C; Γ ⊢R s = t

=E

R ⋆ C; Γ ⊢R A ⇒ B

R ⋆ C; Γ, []A ⊢R B
⇒E

R ⋆ C; Γ ⊢R A ∧ B

R ⋆ C; Γ ⊢R A ⋆ C; Γ ⊢R B
∧E

R ⋆ C; Γ ⊢R ∀xA

R ⋆ C; Γ ⊢R A[X/x]

where X new wrt. C; Γ ⊢R ∀xA

∀E

R ⋆ C; Γ ⊢R ∃xA

R ⋆ C, c 6∈ Γ,∃xA; Γ ⊢R A[c/x]
∃E

R ⋆ C; Γ, [∆]A ⇒ B ⊢R F

R ⋆ C; Γ, [∆, A]B ⊢R F
⇒I

R ⋆ C; Γ, [∆]A ∧ B ⊢R F

R ⋆ C; Γ, [∆]A, [∆]B ⊢R F
∧I

R ⋆ C; Γ, [∆]A ∨ B ⊢R F

R ⋆ C; Γ, [∆]A ⊢R F ⋆ C; Γ, [∆]B ⊢R F
∨I

R ⋆ C; Γ, [∆]∀xA ⊢R F

R ⋆ C, c 6∈ [∆]∀xA; Γ, [∆]A[c/x] ⊢R F
∀I

R ⋆ C; Γ, [∆]∃xA ⊢R F

R ⋆ C; Γ, [∆]A[X/x] ⊢R F

where X new wrt. C; Γ, [∆]∃xA ⊢R F

∃I

R ⋆ C; Γ, [∆, A ∧ B]G ⊢R F

R ⋆ C; Γ, [∆, A,B]G ⊢R F
∧H

E
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Example (1)

�� Start with
.; . ⊢R ∀f, a, l.(∀ǫ.ǫ > 0 ⇒ ∃δ.δ > 0 ⇒ ∀x.(0 <| x − a | ∧ | x − a |< δ) ⇒|

f(x) − l |< ǫ) ⇒ lima f = l

� Apply elimination rules:
{.; []∀ǫ.ǫ > 0 ⇒ ∃δ.δ > 0 ⇒ ∀x.(0 <| x − A | ∧ | x − A |< δ) ⇒|

F (x) − L |< ǫ ⊢R limA F = L}

� Apply introduction rules:
{

EV(ǫ, {F,A,L}), EV(x, {F,A,L,D});

[ǫ > 0,D > 0, 0 <| x − A |, | x − A |< D] | F (x) − L |< ǫ ⊢R limA F = L

}

� EV(ǫ, {F,A,L}) means ǫ must not occur in F,A,L
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Example (2)

[ǫ > 0,D > 0, 0 <| x − A |, | x − A |< D]
...

P :| F (x) − L |< ǫ

C : lim
A

F = L

Application Condition: EV(ǫ, {F,A,L}) ∧ EV(x, {F,A,L,D})

Parameters: ǫ, x
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III. Generation of Argument Agents
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Generation of Argument Agents

� Known the application directions (yellow marked)

� Maintain a set of computable PAI-status

� Round boxes represents initial PAI-statuses

� Squared boxes represent updateses

� Apply stepwise Dijkstra algorithm and add agent

∅

⊕P1 〈P1〉
⊕C 〈P1, C〉 ⊕P2

⊕P2

⊕P2 〈P2〉
⊕P1 〈P1, P2〉 ⊕C 〈P1, P2, C〉

⊕C

⊕C 〈C〉
⊕P2 〈C,P2〉 ⊕P1

⊕P1
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Summary

Old ΩMEGA New ΩMEGA

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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