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The Task-Layer Q

(1

Abstract

(::: :::) MuLti, Q-ANTS, user
Layer

C Tasklayer

= central proof interface

» proof forest, containing tasks

» Inferences to reduce task to other tasks

CoRE
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Definition of Tasks Q
OMEEL RO

Tasks:

m tasks p1,...¢, > 1,12, . .., 19, multi-conclusion sequents with a
selected focus of attention

= free variable representation using v and ¢ variables

= Advantages:

» compact representation of available knowledge
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Inference steps

= uniform language for user and reasoning tools Mucti, (2-anTs

Inference step SimPLIFY

premises
conlcusion

parameter

check

expansion

local condition

N\

P ¢ arith-term(P ;)
N~
name

C W arith-term(C),)
N~
name

m:position
global condition

C|» = maple-simplify (P, )
or P, =maple-simplify(C,)
expand-simplify

~

uoisuedx3

Theorema-Ultra-Omega '05 Workshop — p.4



Starting the proof Q

= task:

» to start a new proof for
If f,g cont.ina
then (f + ¢) cont. in a
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Starting the proof Q

O = task:
» to start a new proof for
If f,g cont.ina
then (f + ¢) cont. in a
m steps:
» Create a new proof tree

» create initial task from
assumptions and conjecture

cont. fina,cont. ginar>cont. (f+g¢)ina
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Alternative proof ideas Q

O = task
» alternative proof ideas
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Alternative proof ideas Q

= task
» alternative proof ideas

m first approach: € — ¢ criteria for continuity
> lx—al <df = |f(x) — fla)] <ef
|z —al <dg = |g9(z) — g(a)| < ¢
>z —a|l <dp1g = (f+9)(x) — (f +9)(a)] <e€ryy
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Alternative proof ideas Q

= task
» alternative proof ideas

m first approach: € — ¢ criteria for continuity
> lx—al <df = |f(x) — fla)] <ef
|z —al <dg = |g9(z) — g(a)| < ¢
>z —a|l <dp1g = (f+9)(x) — (f +9)(a)] <e€ryy

= second approach: neighbourhood characterisation:
» nbd(Yy, f(a)) = nbd(Xy,a)f(Xyr) C Yy
nbd(Yy, g(a)) = nbd(X,,a)f(X,) CY,
>nbd(Yy1g, (f +9)(a)) = nbd(Xsyg,a) f(Xjig) € Yitg
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Alternative proof ideas Q

= task
» alternative proof ideas

m Solution:
» allow OR branches

m first approach: € — ¢ criteria for continuity
> lx—al <df = |f(x) — fla)] <ef
|z —al <dg = |g9(z) — g(a)| < ¢
>l —a|l <dp1g = (f+9)(x) — (f +9)(a)] <e€ryy

= second approach: neighbourhood characterisation:
» nbd(Yy, f(a)) = nbd(Xy,a)f(Xyr) C Yy
nbd(Yy, g(a)) = nbd(X,,a) f(X,) CY,
>nbd(Yyig, (f +9)(a)) = nbd(Xjyg,a)f(Xjig) € Yiig
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Applying Core assertions Q

ONEEL CROUP
= Apply definition
./Q\ (f +9)(z) = fz) + g(x)
b = Rewrite:

f(@) + g(z) = (f(a) + g(a))
= f(z) = f(a) + g(z) — ?(a)

assass; B |e—al <3y = (F+9)@) ~ (F +9)@)] < e




Applying Core assertions

= Apply definition
\ (f +9)(@) = f(z) + g(x)
b = Rewrite:
fl) +g(x) — (f(a) + g(a))
= f(z) — f(a) + g(z) — g(a)

assi,ass; > |v—a < by = 1F(@) +9(2) = (f(a) + 9(a)] < ereg




Applying Core assertions

= Apply definition
({F< (f +9)(z) = fz) + g(x)
b = Rewrite:
O

f(z) +g(x) — (f(a) + g(a))
= f(z) — f(a) + g(x) — g(a)

ass1, 8582 b 2 — a < 64y = |£(2) = £(a) + g9(x) — 9(a)] < errg




Lemmatization Q
OMEEL R OIp

= problem:
\ » heed A-inequality, postpone
b proof

O

ass1,asss & |z — a] < 71y = |f(2) — F(a) + 9(2) — g(a)] < €4y
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Lemmatization Q

OMEEL CR O
O = problem:
\ » heed A-inequality, postpone
j b proof
= solution:
Q » Create a new proof tree

» prove whenever you want

O

>z +y| < |z + |y
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Lemma Application Q

O = problem:
j\ » apply lemma
O

ass1,as8; b |z — a| < b74g = | (@) — £(a) + (@) — 9(a) | < efug

7

X Y
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Lemma Application Q

= problem:

O

» apply lemma

m Ssolution:
» Insert a forest link

ass, ass; & |v — a| < 8y4g = 1f (@) = F(@)] + 9(2) — 9(a)] < erag
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Using Assumptions Q

O m observation

» subformula of assumption in
goal

lz—a| <= |f(x) — f(a)| < ef,as8y

>z — a] < 84y = (@) = £(@)] + lg(@) = 9(@)] < erag
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Using Assumptions Q

O m observation

» subformula of assumption in
goal
= solution

» automatically extract
subformula

> |z —a| <oy = |f(x) = fla)| + |g9(x) — g(a)] < epig
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Using Assumptions

O = observation
\ » Subformula of assumption in
b goal

m Solution

» automatically extract
subformula

T —a| < dfpig,a881,a882 > | —al < dy

ass1,assSy > |2 —a| < dpyg = € +[9(x) — g(a)| < €f4g
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Future Work Q

= Extend task layer to manage constraints
» Substitutions

» numerical constraints
= Adapt proof planner

= Provide control knowledge for new choice points
» Which alternative to take?
» when to do parallel exploration?

» Which subformulae to prefer?
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Comparison to old {)vEcA Q
OMEED CROUP

m direct access to cal-
culus

independent abstract layer
¢ changing of calculus possible

= single proof tree

= alternative granularity

proof forest
¢ lemmatization

alternative granularity

alternative proof ideas
¢ parallel exploration

= commands, agents,
methods, tactics

one general language
@ reducing specification work by 70%

= Matching on whole
formula

Matching subformulae

@ shorter proofs

@ less auxiliary methods needed
& more possibilities to apply me-
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