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A part from the abstract of the paper

The apparently weak properties of a purely qualitative algebra have led some to conclude that researchers must turn instead to extra mathematical properties of physical systems. We propse instead that a more powerful qualitative algebra is needed, one that merges the algebras on signs and reals, along with symbolic techniques for manipulating this algebra. We have constructed a hybrid algebra, called SR1 which allows intermediate abstractions to be selected between traditional qualitative and quantitative algebras

summary

Williams, at the beginning of his paper, underlines two main objectives of a model based reasoning system. These are representional expressivity and inferential power. He then claims that a reasoning system depending on either a pure qualitative or a pure quantitative algebra, would have serious problems in terms of these two goals. He also defends(by referring to the literature) that these problems are not curable in most cases.

What he suggests, is the use of hybrid algebras which combine the skills of qualitative and quantitative algebras and enable the use of some higher level inference mechanisms. In a formal way, and referring their quantitative counterparts, he clarifies the concepts like "qualitative value", "qualitative domain", "qualitative operator" and "qualitative algebra". Using these terms he gives formal definitions for the more abstract concepts like "hybrid domain","abstraction operator" and "hybrid algebra". (These formal definitions, are attached to this paper. The potential reader of this text is supposed to make use of them.)

In the following parts, he develops his own model of such a hybrid algebra (SR1) and introduces an inferential system (Minima) operating on this algebraic model. SR1 is a hybrid algebraic model(unifying real and sign algebras) which is supposed to overcome the representational problems of a purely qualitative or quantitative algebraic models. Minima on the other hand, is supposed to cure inferential problem and is based on SR1's propertys. 

In the concluding parts, the overall system is analysed according to some performance and completeness criteria. 

Here are some of the Algebraic definitions used through the paper.
Definition 8.1.  Let D be a non-empty set of elements. Then a qualitative value, v, on D is a non-empty subset of D. A qualitative domain, Q over D is a set of qualitative values on D. D is called the quantitative domain of v or Q respectively.

Definition 8.2.  Let Q be a qualitative domain over D, and op be an n-place (arithmetic) operator on D, then the qualitative (arithmetic) operator for op on Q is the n-place operator qop on Q such that qop(q1,..,qn) are the least upper bounds under the subset of the qualitative values in Q that contain the image op(q1,..,qn).op is called the quantitative operator of qop.

Definition 8.3  Given an algebra A = <D,op1,..,opn> and a qualitative domain Q over D, the qualitative algebra for A on Q is

   QA = <Q,qop1,..,qopn >

where each qopi is the qualitative arithmetic operator for opi in Q.

Given a quantitative domain D, the set of its singelton subsets Ď = {{d} | d є D } form a qualitative domain on D.

Definition 8.4  Ď = {{d} | d є D } is the strictly quantitative domain on D. Q is a strictly qualitative domain on D, if Ď is not a subset of Q. Q is a hybrid domain on D, if Ď is a proper subset of Q. If Q is a strictly qualitative domain on D, then the hybrid domain ofQ with D is QS = Q U Ď. 

Definition 8.5  Let P and Q be qualitative domains over some D, and v be a qualitative value in P, then the abstractions of v in Q is the set

   A(v) = {b|b є Q, v  C b }.

The least abstractions of v in Q are the least upper bounds under subset of A(v). The abstraction operator from P onto Q, denoted []PQ, maps each element in P to its least abstraction in Q.
Definition 8.6  Given an algebra A=<D,op1,..,opn> and a hybrid domain H of Q with D,the hybrid (qualitative/ quantitative) algebra for A on H is 

    HA = <H,[],qop1,..,qopn>

where HA excluding []HQ is the qualitative algebra for A on Q.







