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Abstract

Doyle’s formulation of a Truth Maintenance System (TMS) allows for the revision of beliefs in the event of a contradiction.  Doyle presents four possible methods for choosing which assumption to reject when a contradiction is discovered, but all of them rely on either random selection or a priori domain dependent information.  The Truth Maintenance System with Cognitive Dissonance (TMS-CD) is an extension of Doyle’s TMS that decides which beliefs to reject based on the concepts of Festinger’s Cognitive Dissonance Theory.  The TMS-CD is able to decide between beliefs based on the structure of a belief network instead of any domain dependent information.  Because the TMS-CD algorithm is based on Cognitive Dissonance Theory, it should lead to more human-like patterns of behavior in automated reasoning systems.

1. Introduction


Every day, we are confronted by a constant stream of problems—what to eat for breakfast, how to get to work, when to schedule meetings, etc.  In order to make intelligent plans and decisions, we must rely on information.  Unfortunately, the information we must rely on is often inaccurate and occasionally outright contradictory.  In most cases, we would prefer not to simply give up and leave our goals unachieved, so we try to move forward as best we can using what knowledge we have.


A basic computer reasoning system, on the other hand, would not be able to recover and continue quite so easily in the face of contradiction.  Without any checks for contradictory beliefs, a deductive inference engine could theoretically deduce that anything is true if it is provided contradictory information.  The simplest solution to this problem is to halt the inference engine when a contradiction is found.  Although this may prevent the system from proving every possible proposition ad infinitum, it does not provide much practical help.


Doyle [2] designed a Truth Maintenance System (TMS) as an alternative solution.  Doyle’s TMS keeps track of the justifications for beliefs as an inference engine runs.  When a contradiction is found within the belief set, the TMS changes one of the initial assumptions to remove the contradiction and inference can resume.  The methods Doyle suggests for selecting which assumption to change are either random or require some a priori domain-dependent control to be programmed into the justifications of the assumptions.  A deterministic domain-independent method must exist for selecting which assumption to reject when a contradiction is found.  If the method is based on an understanding of human cognition, then a reasoning system that makes use of this method might be able to better imitate human cognition.

2. Doyle’s Truth Maintenance System

2.1. The TMS Structure


In Doyle’s [2] TMS, an initial set of assumptions is provided to the inference engine.  Doyle’s TMS keeps track of the reasons for beliefs as the inference engine runs.  A belief is kept in the current belief set as long as it has at least one valid derivation.  If a belief has no valid derivation, then it is out of the current belief set.  Associated with each belief is a set of justifications—the reasons for or derivations of that belief.  Thus, a belief is in the belief set if and only if there is at least one valid justification in its justification set; otherwise, the belief is out.  The beliefs that are part of a derivation of a belief are that belief’s ancestors; the beliefs that are derived from a belief are that belief’s descendants.


Doyle [2] points out that most systems represent a belief P in any one of three states: true when only P is believed, false when only (P is believed, unknown when neither P nor (P is believed.  Doyle argues that a fourth state is necessary to express the case when both P and (P are believed at the same time.  Doyle does not name the fourth state that he proposes, so it will be referred to here as contradicted.

2.2. The TMS Process


In Doyle’s [2] TMS, the inference engine runs as it would without the TMS until a contradicted belief is found within the belief set.  When a contradicted belief is found, the truth maintenance process is invoked on the belief set.  Doyle’s truth maintenance process marks both of the contradicting beliefs as out of the belief set.  Then each of the beliefs is removed from the justification sets of its consequences (beliefs that were derived directly from it).  The truth maintenance process is called recursively on any of the consequences that do not have any other valid justifications.


Assuming that the inference engine is sound, the only way a contradiction can occur is if at least one of the initial assumptions is incorrect.  The problem is to identify which assumption is the culprit (to use Doyle’s terminology).  Intuitively, one would expect that each assumption is more likely to be correct than incorrect.  This means that the more assumptions that can keep their original truth value without leading to a contradiction, the more likely that that particular assignment of truth-values is correct.  With an assumption set of size n, there are 2n possible assignments of truth-values.  The brute-force method would be to start with the initial assignment, traverse the belief network to assign each belief a value of in or out, and check for a contradiction.  If a contradiction is found, then change just one of the assumption assignments and check for a contradiction again.  Repeat the process until a consistent assignment is found or all possible assignments have been exhausted.  If a consistent assignment is found, then keep that assignment and start the inference engine again.


The brute-force method is very expensive, and it would have to be run every time a contradiction is found.  Even if it could be made inexpensive, the resulting belief set could be radically different than what it was previously, leading to erratic behavior of the system.  Doyle [2] offers four heuristics for altering the assignment of truth-values to assumptions after a contradiction is found.  They are described here only in summary.  See Doyle [2] for complete descriptions.

1. Random rejection – First identify the set of maximal assumptions that contains all of the assumptions that are ancestors of the contradicting beliefs.  Randomly select one of the maximal assumptions and change its truth-value.  Check the resulting belief set for consistency.  Repeat until an assignment is found such that the resulting belief set is consistent.

2. Default assumptions – Before inference begins, justify the assumptions with beliefs that must be out of the belief set.  The assumption is believed until one of these beliefs comes in the belief set, at which time the assumption is removed.

3. Sequences of alternatives – Before inference begins, construct a list of alternatives for each of the assumptions.  When an assumption is disproved, remove the assumption from the belief set and replace it with the next belief in the list whose justifications are satisfied.

4. Equivalence class representatives – Some problem solvers can return a set of possible solutions to a problem.  A reasoning system will generally assume that the first possible solution is correct until it leads to an inconsistency.  When an inconsistency is discovered, a different solution can replace the original solution and reasoning can continue.


None of Doyle’s alternatives is particularly attractive.  Random rejection does not use reasoning to select an assumption to discard.  Default assumptions and sequences of alternatives do provide greater control, but require extra input from some outside source, most likely a human user.  Equivalence class representatives only help when a problem solver can produce multiple solutions to the same problem.


A new method for selecting an assumption to reject is needed.  This method should not require predefined alternatives and should resolve any contradiction, not just those that are caused by the arbitrary choice of a solution from an equivalence class.  The new method can not rely on the inference engine because inference has already failed by producing a contradiction.  The method must rely on the structure of the TMS graph to decide which assumption should be rejected when a contradiction is found.  The method should be domain-independent and, if possible, mimic human cognition.


The rest of this paper describes such a method: the Truth Maintenance System with Cognitive Dissonance (TMS-CD).  As the name implies, the TMS-CD is an attempt to incorporate the ideas of Cognitive Dissonance Theory into the structures of a TMS.  Section 3 provides a summary background of Cognitive Dissonance Theory for the interested reader.  Some readers may wish to skip directly to Section 4, which describes the TMS-CD itself.

3. Cognitive Dissonance Theory
3.1. Festinger’s Theory


Leon Festinger [3] developed Cognitive Dissonance Theory in 1957 to explain how a person’s beliefs can change when they are in conflict.  According to Festinger [3], cognitive dissonance is the noxious mental state that results from beliefs being in conflict with each other.  Because cognitive dissonance is unpleasant, we are motivated to find some way to resolve the conflict that is causing it.  As cognitive dissonance increases, we become more motivated to modify our behavior to resolve the conflict.


The strength of cognitive dissonance is a direct function of two factors: the number of beliefs in conflict and the importance of those beliefs.  We experience the most cognitive dissonance when many important beliefs are in conflict.  A prime example is the abortion issue.  A person might believe that everyone deserves equal rights, but a pro-life stance assumes that the child’s rights are more important than the mother’s while a pro-choice stance assumes that the mother’s rights are more important than the child’s.  The issue becomes even more complex when the pregnancy puts the mother’s life in danger or the pregnancy was the result of sexual assault.  The issue can be emotionally charged if it directly affects the person or a close family member or friend.


Cognitive dissonance can be reduced in two ways: a) adding new beliefs or b) changing existing ones.  Adding new beliefs can reduce dissonance if the new beliefs add weight to one side of the conflict or if they reduce the importance of the dissonant beliefs.  Likewise, changing existing beliefs reduces dissonance if their new content makes them less contradictory with others or their importance is reduced.


The resolution of cognitive dissonance is generally a subconscious process.  We often change our beliefs without even realizing we have done so.  Consider an early experiment of cognitive dissonance performed by Festinger [4].  Subjects were asked to perform a tedious task that consisted of putting knobs on pegs, turning them a quarter turn, and then taking them off again, for an hour.  After this boring task was finally completed, subjects in the control group rated how interesting the experiment was.  For the experiment groups, the experimenter told the subject that his assistant had not shown up yet so he needed the subject to help him by telling the next subject that the experiment task was fun and interesting.  Subjects in one experiment group were given $1 to help while subjects in the other experiment group were given $20 to help.  After convincing the next subject (who was really the experimenter’s assistant) that the task was fun, each subject was asked to rate how much he/she really enjoyed the experiment.


Both experiment groups rated the task as being more enjoyable than the control group.  The group that was paid $20 rated it only slightly higher than the control group, whereas the group that was paid only $1 rated it much higher than the control group.


Cognitive Dissonance Theory explains these results in terms of “insufficient justification.”  It is assumed that subjects come into the experiment with the belief “I do not lie without a good reason.”  The subjects in the experiment groups then go on to tell a lie.  The subjects in the $20 group had a good reason to lie (being paid $20), so the decision and commitment to lie in this case was consistent with their preexisting belief.  The subjects in the $1 group had insufficient justification for lying, so the fact that they lied without good reason was inconsistent with the belief that they do not lie without a good reason.  To reduce the cognitive dissonance created by these inconsistent beliefs, the subjects had to change one of them.  “I do not lie without good reason” is an important belief in most people’s self-perception, so it would be hard to change that belief.  It is easier to just say “I did not lie.”  The subjects can not deny that they said that the experiment was fun, so they subconsciously change their belief that the experiment was boring and end up believing that the experiment was fun.

3.2. Applying Cognitive Dissonance Theory


The application of Cognitive Dissonance Theory to truth maintenance requires the definitions of several terms to be operationalized.  The importance of a belief is the number of beliefs that rely on that belief directly for justification.  The importance of a belief will be  measured by the number of valid children that are derived directly from that belief.  In a reasoning system, the only type of conflict that can exist is the direct logical contradiction of two beliefs.  The number of beliefs in conflict can only be measured by the number of beliefs that directly support each of the conflicting beliefs.  Therefore, the evidence of the beliefs in conflict will be measured by the number of valid justifications for each belief.


In the TMS-CD, resolving cognitive dissonance is framed as a decision process.  The TMS-CD must decide which of the conflicting beliefs to keep and which to reject.  Therefore, measuring the strength of the dissonance does not help to decide between the beliefs.  Instead, the TMS-CD measures the strength of each conflicting belief as a linear combination of evidence and importance.  The strengths of the beliefs can then be compared to make the decision.  With these operational definitions, we can apply Cognitive Dissonance Theory to truth maintenance.

4. Truth Maintenance with Cognitive Dissonance


The Truth Maintenance System using Cognitive Dissonance (TMS-CD) uses the concepts of Cognitive Dissonance Theory to decide which beliefs to keep in a belief set and which beliefs to throw out.  Like other Truth Maintenance Systems, the TMS-CD is a system that is external to an inference engine that keeps track of which beliefs are valid inputs for the inference engine to use when deriving new beliefs.

4.1. The TMS-CD Structure

The TMS-CD is structured as a network of nodes.  Each node represents a single belief in the belief set.  A belief and its negation are each associated with their own distinct nodes.  Each node is an 8-tuple of information describing the belief: <belief, status, evidence, importance, valid-parents, invalid-parents, valid-children, invalid-children>.  The belief is the belief that the belief node represents within the belief network.  The status of a belief node indicates whether or not the belief is currently believed; a valid belief is believed, but an invalid belief is not.  The status of a belief node can also be nil while the belief network is being updated.  The evidence of a belief is the size of its set of valid parents, and the importance of a belief is the size of its set of valid children.  The valid-parents of a belief are the set of pairs of valid beliefs that the belief can be directly inferred from.  The invalid-parents are the set of pairs of beliefs that the belief can be directly inferred from, but one or both of the parent beliefs is invalid.  The valid-children of a belief are the set of valid beliefs that can be inferred directly from the belief (when paired with other beliefs, whether they are valid or invalid).  The invalid-children are the set of invalid beliefs that can be directly inferred from the belief.


We are assuming here that the inference engine only acts on two beliefs at a time to derive a new belief.  It is possible that the TMS-CD could be acting on the belief set of an inference engine that uses more than two beliefs at a time to derive new ones.  This would only affect the TMS-CD in that the valid parents and invalid parents of a belief would be sets of sets rather than sets of pairs.  All beliefs in a parent set would have to be valid for that parent set to be a member of the valid parents.  Otherwise, the parent set would be a member of the invalid parents.  For simplicity of discussion, we will assume that new beliefs can only be derived from pairs of parent beliefs.

4.2. The TMS-CD Decision Process

In Doyle’s [2] TMS, a belief is valid (currently believed) as long as its set of valid parents is not empty and it is not directly contradicted by another belief.  If two contradictory beliefs are both believed at the same time, one of the assumptions they are based on is removed from the belief set and the consequences of that assumption are updated recursively.  More detail on Doyle’s truth maintenance process can be found in Section 2.2.


In the TMS-CD, a contradiction is resolved by removing one of the contradictory beliefs from the belief set and updating the belief network from the inside out instead of from the top down.  The difficulty is deciding which belief should be removed.  For the answer, we turn to Cognitive Dissonance Theory.  Recall that, according to Cognitive Dissonance Theory, the amount of dissonance is a function of the importance and number of beliefs in conflict.  In the TMS-CD, the importance of a belief is measured as the number of valid children that the belief directly supports.  Only two beliefs can be in direct conflict at a time, so we turn to the number of beliefs that support each of the two conflicting beliefs.  Thus, the evidence for a belief is measured as the number of pairs of valid parents that directly support it.  Refer back to Section 3 for more details on Cognitive Dissonance Theory.


There are some who might argue that, rationally speaking, only the evidence should be considered during this comparison.  Although this might be true, humans are not completely rational thinkers.  Keep in mind that one of the goals of the TMS-CD is to imitate human cognition.

Based on the evidence and importance of each belief, we must carefully consider how to make a comparison.  The simplest approach would be to assign each belief a strength that is the sum of the evidence and importance and discard the belief with the lesser strength.  To make the comparison slightly more interesting, we can assign weights to evidence and importance.  We will call the weight put on evidence ( and the weight put on importance (.  Thus, the strength of a belief P can be calculated as

strength(P) = (( * evidence(P)) + (( * importance(P))


By assigning different values of ( and (, the TMS-CD can give the reasoning system various “personality styles”.  A more rational thinker would have a higher ( value, while a less rational thinker would have a higher ( value.


We are still left with the occasional difficulty of deciding between two beliefs of exactly the same strength.  In this case, we suggest that the TMS-CD should not make this decision.  Altering beliefs because of cognitive dissonance is supposed to be a subconscious process.  Only when the dissonance between conflicting beliefs passes a threshold does the conflict enter conscious thought.  The TMS-CD is meant to mimic the subconscious processes of cognitive dissonance.  Therefore, in cases of very close strengths between beliefs, the problem should be resolved by some other means available to the reasoning system.  Other possible means of resolving a conflict might include a more sophisticated decision-maker or postponing the decision until more information can be gathered.  If the reasoning system does not have any other way to resolve a contradiction, then it might fall back on one of the methods for changing an assumption suggested by Doyle (see Section 2.2).


As just stated, conflicts enter consciousness when the dissonance between beliefs passes a threshold.  This threshold, which we will call (, can be incorporated into the decision-making process used by the TMS-CD.  The following decision-making algorithm can be used to decide which of two conflicting beliefs, A and B, to remove from the belief set.


strength(A) = (( * evidence(A)) + (( * importance(A))


strength(B) = (( * evidence(B)) + (( * importance(B))


if |strength(A) – strength(B)| < ( then



invoke external decision process


else if strength(A) < strength(B) then



remove A from belief set


else



remove B from belief set


Like ( and (, ( can also vary between reasoning systems.  A more cautious reasoner would have a higher ( value, putting more effort into making the correct choice.  A more impulsive reasoner would have a lower ( value, relying more on “feelings” or “instincts” for a quick decision.


Even with a decision process such as this that takes into account the evidence and importance of beliefs, the TMS-CD contains more information that can be used.  Recall that a belief and its negation are represented as separate nodes in the TMS-CD.  This means that both the belief and its negation are associated with values of evidence and importance.  When measuring the strength of a belief, it would be logical to incorporate the strength of the belief’s negation into the calculation.  The strength of a belief should decrease as the strength of its negation increases.  To include the strength of a belief’s negation in the calculation of the belief’s strength, the evidence and importance of the negation are subtracted from the evidence and importance of the belief, respectively.


strength(A) = ((evidence(A) – evidence((A)) + ((importance(A) – importance((A))


strength(B) = ((evidence(B) – evidence((B)) + ((importance(B) – importance((B))


if |strength(A) – strength(B)| < ( then



invoke external decision process


else if strength(A) < strength(B) then



remove A from belief set


else



remove B from belief set


This is the complete decision process used by the TMS-CD.  The following section describes how this decision process can be incorporated into an algorithm to traverse the belief network and update beliefs as new ones are added.

4.3. The TMS-CD Algorithm


The TMS-CD procedure takes four arguments: the set of initial assumptions that inferences will be made from (called A), the weight given to the evidence of beliefs (called (), the weight given to the importance of beliefs (called (), and the difference threshold used to determine when to invoke an external decision process (called ().  The procedure begins by adding each of the initial assumptions to the belief network.  Then the main loop begins.  In the main loop, a new belief is inferred from the current belief set.  A new belief node is created to store the belief if necessary, and the update-belief procedure is called to recursively update the beliefs in the network.

1
procedure TMS-CD(assumption-set A, (, (, ()

2

belief-network B = nil

3

for each assumption a in A do

4


n = new belief-node

5


belief(n) = a

6


status(n) = invalid

7


evidence(n) = 1

8


importance(n) = 0

9


valid-parents(n) = {assumed}

10


invalid-parents(n) = nil

11


valid-children(n) = nil

12


invalid-children(n) = nil

13


add n to B

14


update-belief(n, B, (, (, ()

15

end for

16

repeat

17


S = belief-set(B)

18


b = infer(S)

19


if b is represented by a belief-node in B then

20



add new justification to valid parents of b

21


else

22



n = new belief-node

23



belief(n) = b

24



status(n) = invalid

25



evidence(n) = 1

26



importance(n) = 0

27



valid-parents(n) = {justification for b}

28



invalid-parents(n) = nil

29



valid-children(n) = nil

30



invalid-children(n) = nil

31



add n to B

32


end if

33


update-belief(n, B, (, (, ()

34

end repeat

35
end TMS-CD


The update-belief procedure acts on a single belief.  It is called when either a new belief is added to the belief network or the status of one of the belief’s parents has changed.  The status of the new belief is updated based on other changes in the belief network.


The update-belief procedure takes as arguments the belief node that is being updated, the belief network, and the values for (, (, and (.  If the belief node is not already being updated by another call to update-belief or resolve-conflict, and if the negation of the belief is not represented by another belief in the network, then the belief can be updated here.  If the status of the belief node changes, the belief node is moved to the appropriate child set of its parents and the appropriate parent set of its children.  The resolve-conflict procedure is called on each of the belief node’s affected parent pairs and the update-belief procedure is called recursively on each of the belief node’s affected children.

1
procedure update-belief(belief-node n, belief-network B, (, (, ()

2

if status(n) = nil then

3


return

4

else if the negation of belief(n) is represented by some belief-node m in B then

5


resolve-conflict(n, m, (, (, ()

6


return

7

else

8


old-status = status(n)

9


if ( * (size of valid-parents(n)) + ( * (size of valid-children(n)) > 0 then

10



new-status = valid

11


else

12



new-status = invalid

13


n.status = nil

14


affected-parents = nil

15


affected-children = nil

16


if old-status = valid and new-status = invalid then

17



for each parent pair (p, q) in valid-parents(n) and invalid-parents(n)

do

18




remove n from valid-children(p)

19




add n to invalid-children(p)

20




remove n from valid-children(q)

21




add n to invalid-children(q)

22




add (p, q) to affected-parents

23



end for

24



for each belief-node c in valid-children(n) and invalid-children(n)

do

25




remove all parent pairs that include n from valid-parents(c)

26




add all parent pairs that include n to invalid-parents(c)

27




add c to affected-children

28



end for

29


else if old-status = invalid and new-status = valid then

30



for each parent pair (p, q) in valid-parents(n) and invalid-parents(n)

do

31




remove n from invalid-children(p)

32




add n to valid-children(p)

33




remove n from invalid-children(q)

34




add n to valid-children(q)

35




add (p, q) to affected-parents

36



end for

37



for each belief-node c in valid-children(n) and invalid-children(n)

do

38




if any parent pair in invalid-parents(c) includes n and

another valid parent then

39





remove all parent pairs that include n and another

valid parent from invalid-parents(c)

40





add these parent pairs to valid-parents(c)

41





add c to affected-children

42




end if

43



end for

44


end if

45


for each parent pair (p, q) in affected-parents do

46



resolve-conflict(p, q, B, (, (, ()

47


end for

48


for each belief-node c in affected-children do

49



update-belief(c, B, (, (, ()

50


end for

51


status(n) = new-status

52


return

53

end if

54
end update-belief


The resolve-conflict procedure acts on two conflicting beliefs that can not exist simultaneously in the belief set.  Two beliefs are in conflict if they are either logical negations of each other or if they are both valid parents of an invalid child.  The decision process described in Section 4.2 is used to decide which of the two beliefs will be in the belief set and which will be out.


The resolve-conflict procedure receives six arguments: the two beliefs in conflict, the belief network, and the values for (, (, and (.  The strength of each belief is calculated and used to decide which belief to accept and which to reject.  If the status of a belief node changes, the belief node is moved to the appropriate child set of its parents and the appropriate parent set of its children.  The resolve-conflict procedure is called recursively on each of the belief nodes’ affected parent pairs and the update-belief procedure is called on each of the belief nodes’ affected children.

1
procedure resolve-conflict(belief-node a, belief-node b, belief-network B, (, (, ()

2

if the negation of belief(a) is represented by some node m in B then

3


strength(a) = ((evidence(a) – evidence(m)) +

((importance(a) – importance(m))

4

else

5


strength(a) = ((evidence(a)) + ((importance(a))

6

end if

7

if the negation of belief(b) is represented by some node n in B then

8


strength(b) = ((evidence(b) – evidence(n)) +

((importance(b) – importance(n))

9

else

10


strength(b) = ((evidence(b)) + ((importance(b))

11

end if

12

if |strength(a) – strength(b)| < ( then

13


invoke external decision process to set rejected to a or b

14


accepted = belief-node that was not rejected

15

else if strength(a) < strength(b) then

16


rejected = a

17


accepted = b

18

else

19


rejected = b

20


accepted = a

21

end if

22

old-status(a) = status(a)

23

status(a) = nil

24

old-status(b) = status(b)

25

status(b) = nil

26

affected-parents = nil

27

affected-children = nil

28

if old-status(a) = valid and rejected = a then

29


for each parent pair (p, q) in valid-parents(a) and invalid-parents(a) do

30



remove a from valid-children(p)

31



add a to invalid-children(p)

32



remove a from valid-children(q)

33



add a to invalid-children(q)

34



add (p, q) to affected-parents

35


end for

36


for each belief-node c in valid-children(a) and invalid-children(a) do

37



remove all parent pairs that include a from valid-parents(c)

38



add all parent pairs that include a to invalid-parents(c)

39



add c to affected-children

40


end for

41

end if

42

if old-status(a) = invalid and accepted = a then

43


for each parent pair (p, q) in valid-parents(a) and invalid-parents(a) do

44



remove a from invalid-children(p)

45



add a to valid-children(p)

46



remove a from invalid-children(q)

47



add a to valid-children(q)

48



add (p, q) to affected-parents

49


end for

50


for each belief-node c in valid-children(a) and invalid-children(a) do

51



if any parent pair in invalid-parents(c) includes a and another valid





parent then

52




remove all parent pairs that include a and another valid






parent from invalid-parents(c)

53




add these parent pairs to valid-parents(c)

54




add c to affected-children

55



end if

56


end for

57

end if

58

if old-status(b) = valid and rejected = b then

59


for each parent pair (p, q) in valid-parents(b) and invalid-parents(b) do

60



remove b from valid-children(p)

61



add b to invalid-children(p)

62



remove b from valid-children(q)

63



add b to invalid-children(q)

64



add (p, q) to affected-parents

65


end for

66


for each belief-node c in valid-children(b) and invalid-children(b) do

67



remove all parent pairs that include b from valid-parents(c)

68



add all parent pairs that include b to invalid-parents(c)

69



add c to affected-children

70


end for

71

end if

72

if old-status(b) = invalid and accepted = b then

73


for each parent pair (p, q) in valid-parents(b) and invalid-parents(b) do

74



remove a from invalid-children(p)

75



add a to valid-children(p)

76



remove a from invalid-children(q)

77



add a to valid-children(q)

78



add (p, q) to affected-parents

79


end for

80


for each belief-node c in valid-children(b) and invalid-children(b) do

81



if any parent pair in invalid-parents(c) includes b and another valid




parent then

82




remove all parent pairs that include b and another valid






parent from invalid-parents(c)

83




add these parent pairs to valid-parents(c)

84




add c to affected-children

85



end if

86


end for

87

end if

88

for each parent pair (p, q) in affected-parents do

89


resolve-conflict(p, q, B, (, (, ()

90

end for

91

for each belief-node c in affected-children do

92


update-belief(c, B, (, (, ()

93

end for

94

status(accepted) = valid

95

status(rejected) = invalid

96

return

97
end resolve-conflict

5. Discussion

The TMS-CD relies solely on the structure of the belief network to decide which beliefs to keep and which beliefs to reject when faced with a contradiction.  The only point at which domain dependent information might play a role is when the strength of two competing beliefs are so close that their difference does not exceed the assigned ( value and an external decision process is called.  The inclusion of an external decision process in the TMS-CD provides the option of making use of domain dependent information that Doyle [2] had suggested if it is available.  If no domain dependent information is available that would help an external decision process, one of the conflicting beliefs could be chosen randomly.  This would allow for a completely domain independent implementation of the TMS-CD.  To remain true to Cognitive Dissonance Theory, however, the final decision should probably be postponed until new relevant information is available or a decision is unavoidable.


The TMS-CD updates the belief network every time a new belief is inferred whether it causes a contradiction or not.  Doyle’s TMS only has to update the belief network when a contradiction is found.  Although the TMS must update more often, changes made to the belief network should be more gradual and lead to less variation in system behavior.  These predictions should be verified through empirical research in the future.


The TMS-CD proposed here is based on Doyle’s [2] TMS, which was the first domain-independent justification-based truth maintenance system (JTMS).  De Kleer [1] designed an assumption-based truth maintenance system (ATMS) which maintains an explicit list of assumption sets that support the derivation of each belief in the network.  The ATMS allows the reasoning system to rapidly select a context (set of assumptions) and reason about only the beliefs that are true within that context.


The ATMS might be very useful when combined with Cognitive Dissonance Theory if a different definition is given to strength than has been used here.  Instead of calculating the strength of two conflicting beliefs, we calculate the strength of the dissonance caused by a particular context.  This could give us an ordering of the possible contexts, so we choose the context that results in the least amount of dissonance.  Future research could look into the possibility of an ATMS-CD.
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