In the electrical domain, what if we predict that a ligh
should be on, but observe that it isn’t?
What can we conclude?

We will expand the definite clause language to includ
Integrity constraintswhich are rules that implfal se,
wherefalse is an atom that is false in all interpretation

This will allow us to make conclusions from a
contradiction.

A definite clause knowledge base is always consistel
This won't be true with the rules that impfglse.
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Horn clause

L1 An integrity constraintis a clause of the form

false < a1 A ... A ax

where theg; are atoms anthlse is a special atom that i
false in all interpretations.

L1 A Horn clauseis either a definite clause or an integri
constraint.
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Negative Conclusio

L] Negations can follow from a Horn clause KB.

[l The negation of, written —« is a formula that
L] is true in interpretation if « is false inl, and
L] is false in interpretatioh if « is true inl.

L[] Example:

false< anb. |
KB={ a<«oc } KB & —cC.

L b <« C.
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Disjunctive Conclusion

| Disjunctions can follow from a Horn clause KB.

L] The disjunction ofr andg, writtena Vv B, is
L] true in interpretation if « is true inl or 8 is true inl
(or both are true in).
L] false in interpretation if « andg are both false i.

L1 Example:

KB =

false < a A Db.

a < C.

\ b « d.

KB

— —C Vv —d.
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Questions and Answers in Horn K

L] An assumables an atom whose negation you are
prepared to accept as part of a (disjunctive) answer.

L1 A conflict of KB is a set of assumables that, giyéB
Imply false.

L1 A minimal conflict is a conflict such that no strict sub
IS also a conflict.
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Conflict Example

Example: If {c, d, e f, g, h} are the assumables

r false < a A b. \
a < C.

KB = | >

b <« d.

L b« e

| {c, d} Is a conflict

| {c, e} Is a conflict

| {c,d, e hlis a conflict
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Using Conflicts for Diagnos

[1 Assume that the user is able to observe whether a lic
lit or dark and whether a power outlet is dead or live.

L1 Alight can’t be both lit and dark. An outlet can’t be bc
live and dead:
false « dark(L) & lit(L).
false <= dead(L) & live(L).

L] Make ok assumableassumable(ok(X)).

L] Suppose switches, s, andsz are all up:
up(Sy). Up(sz). Up(Sz).
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Electrical Environme
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It(L) < light(L) & ok(L) & live(L).

Ive(outside) « true.
ight(l1) < true.

Ight(l2) < true.

connected to(lq, wg) < true.

connected _to(wg, Wp) < Up(Sp) & oK(sp).
connected _to(wq, W3) < up(sy) & ok(sy).
connected _to(ws, Ws) < ok(cby).
connected to(ws, outside) <« true.

Ive(W) < connected_to(W, Wp) & live(W,).
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| If the user has observeégdandl, are both dark:
dark(ly). dark(l>).

|| There are two minimal conflicts:
{ok(chy), ok(sy), ok(sp), ok(l1)} and
{ok(chy), ok(sz), ok(l2)}.

L] You can derive:
—0ok(cbp) Vv —0ok(s1) Vv —0ok(sp) Vv —0oK(l1)
—ok(cbp) v —0ok(s3) Vv —0oK(l>7).

| Eithercby is broken or there is one of six double fault:

O
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L1 A consistency-based diagnodsa set of assumables
that has at least one element in each conflict.

[l A minimal diagnosisis a diagnosis such that no subs
IS also a diagnhosis.

L1 Intuitively, one of the minimal diagnoses must hold. /
diagnosis holds if all of its elements are false.

[l Example: For the proceeding example there are sev
minimal diagnoses{ok(cby)}, {ok(sy), ok(s3)},

{ok(sy), ok(l2)}, {ok(sp), Ok(s3)},...
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% dprove(G, Dg, D7) is true if list Dg Is an ending of lisD1
% such that assuming the elementdaflets you derives.

dprove(true, D, D).
dprove((A & B), D1, D3) <«

dprove(A, D1, D2) A dprove(B, Do, D3).
dprove(G, D, [G|D]) < assumable(G).
dprove(H, D1, Dp) <«

(H < B) A dprove(B, D1, D»).
conflict(C) <« dprove(falsg, [ ], C).
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Tricky Example

false « a.
a<bé&c.

b«<d.

b<e

c<f.

cC<g.

e<=hé&w.

e < Jg.

w < d.
assumablel, f, g, h.
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Bottom-up Conflict Finding

L] Conclusionsare pairga, A), wherea is an atom and\
IS a set of assumables that img@aly

L] Initially, conclusion seC = {{a, {a}) : ais assumable

L] Ifthereis aruleh < by A ... A by such that
for eachb; there i1s somé\; such thatb;, Aj) € C, then
(h, AU ...UAn) can be added t€.

L] If (a, A1) and(a, Ay) are inC, whereA; C A, then
(a, Ao) can be removed frorg.

L] If (false, A1) and(a, Ay) are inC, whereA; C Ay, then
(a, A») can be removed frorg.
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Bottom-up Conflict Finding Coc

C:={(a, {a}) : ais assumablé;
repeat
select clause h < b1 A ... ADby” INn T such that
(bj, Aj) € Cforalli and
there is ndh, A') € C or (false, A) € C
such thath € AwhereA= A1 U...UAy;
C:=CuU{(h A}
Remove any elements @fthat can now be pruned,;
until no more selections are possible
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Integrity Constraints in Databas

L] Database designers can use integrity constraints to
specify constraints that should never be violated.

L1 Example: A student can’t have two different grades f
the same course.

false <
grade(S, Course, Grq) A
grade(S, Course, Gra) A
Grq #£ Gro.

L] When false is derivedJOW can be used to debug the K
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