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Qualitative reasoning is one of the ways of modeling physical systems. The main advantage of this approach is that we can observe the behavior of a system with a little information. However, this brings ambiguity to the simulation. Although, qualitative reasoning provides a complete approach, it is not sound. In order to eliminate spurious behaviors we should have more information about the system. In qualitative reasoning systems we can not put our knowledge about the quantities of the variables. Order of magnitude approach brings us some new expression capability, if we have information about the relative magnitudes of the variables. For example, if we know that two variables are about the same magnitude over the time, we can incorporate this information to our simulation. By that way, some spurious behaviors may be eliminated. The articles that I read proposes two systems that enable us integrate our order of magnitude information to the simulation.

Order Of Magnitude Reasoning

The approach in this paper seems to be simpler than the second one. Three new operators and 30 inference rules are proposed in this system. The operators are:

· “Ne” operator: If A Ne B, then A is negligible in relation to B.

· “Vo” operator: If A Vo B, then A is close to B. In other words, (A-B) Ne B.

· “Co” operator: If A Co B, then A has the same sign and order of magnitude as B. Namely, if B Ne C, then A Ne C.

Here are some sample inference rules:

· A Vo B -> B Vo A

· A Co B -> B Co A

· B Vo A -> B Co A

· A Ne B, B Co C -> A Ne C

· (A+B) Vo A -> B Ne A

In this approach, we model our system using these operators and fire inference rules and try to eliminate ambiguous solutions. Although, this seems to be a simple approach, in my opinion this is not a formal one. It is not strictly defined, when we can exactly say A Ne B. When A=1 and B=10, is A Ne B holds? 

An elastic collision example is given as in the paper. 
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In this example, m is assumed to be negligible when compared to M. The question is what are the direction of velocities after impact? They use two equations to model the system; they are energy and momentum conservation equations:

(1) M.Vi + m.vi = M.Vf + m.vf 

(2) M.Vi.Vi + m.vi.vi = M.Vf.Vf + m.vf.vf 

In order to model this system qualitatively, we should derive above equations with respect to time. Since, there is a discontinuity at the time of impact, we can not do this. However, by manipulating these equations they obtain:

signAdd(Vf,vf) = signAdd(Vi,vi)

signAdd(Vf,Vi) = signAdd(vf,vi),

where signAdd(x,y) denotes the addition of signs of x and y. For example, if both x and y are positive signAdd(x,y) will give a plus. If one is negative and the other is positive then the result is ambiguous. With the help of these equations we can not determine the signs of Vf and vf using qualitative approach. They represent this physical system with their constraints as:

1- (M.Vf + m.vf) Vo (M.Vi + m.vi)

2- (M.Vf.Vf + m.vf.vf) Vo (M.Vi.Vi + m.vi.vi)

3- [Vi] = +

4- [vi] = -

5- [M] = +

6- [m] = +

7- m Ne M

8- Vi Vo –vi

With the firing of inference rules, they conclude that the cases where Vf is negative or zero are ambiguous and Vf is positive. If Vf is positive, the only possibility for vf is that it is also positive.

In short, this representation brings some advantages to representing some physical systems. We can introduce some common sense knowledge to our equations. However, as qualitative systems, this approach also produces ambiguous results for some cases.

Formal Order-Of-Magnitude (O(M)) Reasoning In Process Engineering

A similar but more formal and comprehensive approach is used in this paper. 7 primitive and 21 compound relations that are formed as disjunctions of consecutive primitive relations are proposed in this approach. Propagation of order of magnitude relations through properties of the relations, solved and unsolved algebraic constraints and rules are used for inference.

A variable in O(M) reasoning refers to a specific physical quantity. The dimension of quantity is known, however numerical value is not. Sign knowledge is kept in the variable. Landmark is similar to a variable; however it has a known sign and numerical value. Dimensions and units are let to be separate entities.

We do not care about the signs in (O(M)) relations. So signs and magnitudes do not interfere, the reasoning with signs can be performed under the usual qualitative reasoning principles. There are seven binary primitive relations defined in this paper:

	Relations
	O(M) relations
	Verbal explanation

	r1
	A << B
	A is much smaller than B

	r2
	A -< B
	A is moderately smaller than B

	r3
	A ~< B 
	A is slightly smaller than B

	r4
	A == B
	A is exactly equal to B

	r5
	A >~ B
	A is slightly larger than B

	r6
	A >- B
	A is moderately larger than B

	r7
	A >> B
	A is much larger than B


The orders of these relations are important while creating compound relations. Compound relations can only be constructed by concatenating primary relations following each other. For example, by combining r1, r2 and r3 we can produce our famous less than operator which is represented as A<<..~<B as in O(M). By that way, 21 compound relations can be produced. We can not combine non-following relations, such as r1 and r7 and say A is either much smaller or much larger than B.

If r is a relation, A r B is equivalent to (A/B) r 1. This signifies an interval for the A/B ratio. Namely, this relation is valid for some interval. These intervals are defined in O(M) reasoning as in the following figure. 
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The only free variable is e. The value of this variable is determined by experts according to the need of the application. A typical value for e is 0.1. With this e value, if A is less than 0.1xB, then we conclude that A<<B.

In O(M) reasoning, assignments are solved algebraic relations. Namely, the values of right hand side variables are known, and using these values, we obtain a relation for the left hand side. Left hand side can be single variable or a link. Link is defined as compatible pair of quantities, such as A/B. Here are some examples:

A = C + 3.F + G.exp(D/E)

(A/B) = (C/B) + 3.(F/B) + (G/B).exp(D/E)

Constraints are unsolved algebraic relations among quantities. For example:

A + C = D + (E/G)

O(M) can use two ways to deal with constraints:

-If it knows the values of variables and links, it substitutes them and checks the constraint. If it does not hold, the assumptions that the values were based on are rejected.

-It forms a set of assignments by solving the constraint in simple ways. Namely, it holds one variable at left and passes others to the right. It assumes some possible values for left hand side and makes assumptions. Some assumptions may be eliminated due to contradiction, remaining ones are possible solution for left hand side.

The O(M) system continuously tries to derive new facts. Each produced fact is checked for redundancy, and then created and used in future inferences. For example, if it knows that 

A <<..>- B (1)

and new relation,

A -<..>> B (2) arrives,

It deduces that,

A -<..>- B (3)

and (1) and (2) becomes redundant.

In O(M) reasoning at each inference step, there are some assumptions under which our inference is true. These assumptions sets are moved forward and may grow at each step. While, combining relations and eliminating redundant ones O(M) also check for assumptions. For the previous example, if there are more assumptions in inference 1, than the inference 3, we may eliminate inference (1), because less assumption is better, otherwise the truth of (3) would depend on more assumptions which may not be true even if (1) may be true. Therefore, if (3) has more assumptions, we do not eliminate (1).

It is possible in O(M) is to devote special attention to some specific relations between two variables pointed out by the user. In this case, whenever one of these variables appears in constraints, O(M) introduces the other, for example by dividing whole constraint to it. So it obtains a link between them. Assume that we look for relation between A and F and there is  a constraint like, 

A = B + 3.D.

Then, O(M) obtains 

(A/F) = (B/F) + 3.(D/F)

by dividing the constraint by F. After that point, O(M) creates seven assumptions that correspond to seven primitive relations about this link. While reasoning continues, some of these assumptions will be seen as contradictions and the disjunction of remaining ones will give the relation between target variables.

