Improper handling of conflicting default rules leads to a peculiar behavior of autistic patients
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The syndrome of autism was first identified in the 1940’s and exhibits a variety of phenomena: some of an interpersonal and some of a pragmatic character. One problem confronting the understanding of the syndrome is that of conceptualization: although the practitioner becomes accustomed to recognizing and responding to the various tendencies exhibited in the syndrome, it can nevertheless be difficult adequately to describe them. Various theories attempt to provide conceptualizations of the syndrome: the best known being the ‘theory of mind’ account, the ‘central coherence’ account, and the ‘executive function’ account. These theories all, however, have well-known difficulties, and there is a need for further contribution to the conceptualization of the syndrome or parts of it. In this paper, we draw on a branch of logic in order to articulate the character of some major subsets of the phenomena belonging to the syndrome. This branch is the theory of defeasibility (where additional context can cause a conclusion to be modified or withdrawn) as applied to practical reasoning (reasoning whose conclusion is an action). This allows us to characterize some phenomena of autism in a fresh and precise way and suggests new lines of empirical experimentation. An advantage of this approach is that it allows us to benefit from the rich vocabulary of concepts, notations and distinctions which has been developed during the history of logic. In these terms, our thesis is that autistic cognition shows a tendency towards context-free-execution-of-actions (CFEA), and that in logical terms this can be characterized as a unilateral response to situations of rule-conflict. 

Recent psychological studies have revealed that reasoning of autistic children strongly deviates from that of controls. Autism is a multifactor disorder that is characterized by impaired social interaction and communication, combined with unusual patterns of reasoning and behavior, and affects up to 0.1% of school-aged children. In this computational study we continue our exploration of peculiarities of autistic reasoning. 

     In our previous studies (Galitsky 2000, 2001) the systematic approach to simulation of reasoning about mental states and by individuals with mental disorders has been suggested, and the adequate formalization of mental world has been built. Also, in (Galitsky & Golberg 2003) we moved beyond reasoning about mental states, focusing on other reasoning peculiarities, traditionally explored in logical artificial intelligence. We discovered that the patterns of autistic reasoning about action, time and space are different from the usual reasoning patterns of controls and of desired artificial reasoning machines. Certain reasoning models which seem natural to humans, cause difficulties when suggested to autistic patients, as well as to logicians, trying to provide the axiomatic representation for them.

     We found the peculiarities of autistic reasoning, following non-classical logical calculi, especially interesting.  In this study we focus on the phenomenology of autistic reasoning, revealed by psychological studies, such as

1) Non-toleration  of novelty of any sort (because of problems with reasoning).

2) Incapability to change plan online when necessary.

3) Easy deviation from a reasoning context because of an insignificant detail.

4) Lack of capability to distinguish more and less important features for given situation.

5) Inability to properly perceive the level of generality of a feature appropriate for a given situation.

     Nonmonotonic reasoning that allows the reduction of deduced facts under extension of input knowledge, matches the intuition of the real world. The partial case, default reasoning, is intended to handle situations where the conflicting rules are applied in different order. When default reasoning is corrupted under autism, the patients need to store the totality of details instead of keeping in memory just the set of facts, plausible under the rule-based decision-making. 

       We present a brief model of default rules and associated procedural semantics when there is a conflict between the results when default rules are applied in different order

Default rule has a form of      
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The formula φ is called the prerequisite, (1,…,(n the justification, and χ the consequent of δ Suppose D is a set of defaults and W is a set of facts (our initial knowledge base). Let ( be an ordered subset of D without multiple occurrences. We denote a deductive closure (in terms of classical logic) of ( by In(Δ): W ( {cons(()((((}. We also denote by Out(() the set {(((( ( just((), (((}. We call (={(0, (1,…}a process iff for every k (k is applicable to In((k), where (k is the initial part of ( of the length k.

Given a process (, we can determine whether it is successful and closed. A process ( is called successful iff In(()(Out(() = ( . A process ( is called closed if ( already contains all the defaults from D, applicable to In(().
Now we can define extensions. A set of formulae E(W is an extension of the default theory <D, W> iff there is some process ( so that it is successful, closed, and E=In(Δ).

We hypothesize than under autistic reasoning there is a leak  between the deductive closure (In) and 

