Behaviors: 

What Causes Them and How to Change Them
Dr. Donald V Steward

© Donald V Steward 2008

Steward@Problematics.Com

Key Words: Medical Diagnosis, Collaborative Intelligence, Fault Diagnosis, Forensic Science, Machine Learning 
Abstract


    The Explainer is a method that can propose explanations for how something behaves, or propose actions that will change its behavior. It is based on a heuristic method that uses knowledge about a system or situation represented by Boolean cause-and-effect statements. 
Its applications to medical diagnosis and solving complex social problems such as proposing ways to restore the economy after the subprime mortgage crisis have been demonstrated. Further study is needed to determine whether the method also has applications to designing systems, solving crimes, and creating machines that learn.
The premise is that complex problems cannot be dealt with logically at the level of people making assertions, but must be reduced to the level of the cause-and-effects underlying those assertions before they can be handled logically and their assumptions and side-effects exposed. Many more considerations can be handled by using this method on a computer than could be handled otherwise. 

Initially this problem appears to be NP-Complete, implying that only very small problems can be solved without excessive computing times. More careful analysis shows that if there are no circuits, the solution is efficient, and if there are circuits, many problems can still be solved efficiently by using the expressions to bind some variables to reduce the search space.  
1. Introduction

The Explainer is a computer program that allows people to collaborate in logically putting together individual pieces of what they know to become aware of the consequences they might not have realized. The knowledge is represented as a collection of modular cause-and-effect statements. Once a system or situation has been described by this knowledge, it becomes possible to explain the various behaviors of that system or situation, or propose how those behaviors can be changed by asking for explanations for the new behaviors. It can frequently uncover solutions that might not otherwise have been considered.

Problems that aren’t properly solved can often produce frustration that changes the game from solving the problem to who can impose their will on the other.
It operates in two phases. During the abductive phase it finds multiple explanations and their assumptions that would lead to that behavior. During the deductive phase each such explanation is analyzed to find all the consequences if that explanation were correct. These consequences include side-effects beyond just the behavior to be explained. The best of these explanations is chosen by answering questions to evaluate each proposed explanation as to whether its assumptions and side-effects are likely to be valid. 
The underlying premise is that when people discuss how to solve problems, they talk in terms of assertions, which hide their assumptions and motivations. But if they were to discuss the problem using the cause-and-effect statements that underlie their assertions, it becomes possible to use logic to relate and integrate the arguments and expose hidden assumptions, thus providing the best decision that could be made using all of the available knowledge. 
A rudimental model of the subprime mortgage crisis was used to explain not only what may have been the prime cause of the liquidity crisis, but also explains why so many subprime mortgages were sold, how obscene profits could be and were made, how the housing price bubble occurred, why house prices then tumbled, and what needs to be done to prevent this from happening again. It offers a proposal that had apparently been overlooked.
But contributions from more knowledgeable people are needed to improve these models. 
2. The problem and its applications
The behavior and its explanations are each composed of effects that occur in the cause-and-effect knowledge. The Explainer program then assembles these modular cause-and-effect statements to produce a logically consistent model. This modularity facilitates collaboration in the development of the model and makes it easier to diagnose and fix faults in that model during a trial and correction process.
The modularity and the exposure of the logic, assumptions and side-effects make it relatively easy to trace difficulties and fix them during the development of the cause-and-effect model.  

Several rudimental examples of applications appear on the accompanying web site.   The validity of these examples is currently limited not by the method but by the scope of the knowledge the author had available to put into them. The goal is to create sufficiently persuasive examples to encourage those who do have the proper knowledge to use the method to develop better models.   

The method deals with the qualitative Boolean structure of the problem. Once this structure is found, then quantitative measures can be added.  

It was generally thought on first observation that this problem fell into the NP-Complete class where only very small problems can be solved without excessive computing times. That would make it necessary to try a combinatorially large number of trials looking for the very few explanations that actually explain the behavior.
However, on closer examination it is seen that if there are no circuits in the cause-and-effect statements, the problem can be solved quite quickly by eliminating intermediate variables by substitution without encountering the NP-Complete characteristics. There are many important problems that do not contain circuits that can be solved quite easily.  
If there are circuits, it is possible to bind many of the variables by using the expressions in combination with a search process so that fewer variables remain to be bound by laborious combinatorial calculations. This allows many but not necessarily all problems with circuits to be solved in practical computing times. 
This method makes it easier and more likely that more comprehensive medical diagnostic systems will be developed through the collaboration of multiple medical experts than would be possible with the usual methods for developing expert systems. It also provides a more comprehensive analysis and exploitation of data collected by root-cause-analysis. 

As the collaborators contribute their individual cause-and-effect statements, the Explainer integrates them to construct a cause-and-effect model that can be logically analyzed. 

The method was derived very simply from basic principles. More sophisticated techniques such as Prolog, backtracking, resolution and so forth [1] were not found to be necessary. The derivation of the method is shown in the Appendix. 
3. A Medical Diagnosis Example
   3.1 The cause-and-effect statements
A simple illustrative example follows showing how the Explainer can be used for diagnosis.  This example is small enough to be included in this article yet was taken from a real-world case used to convince a physician that what had been prescribed to treat the author’s headaches was actually making them worst.

The input is in disjunctive form. The items under a ‘Caused By’ are joined by AND’s, and the ‘Caused By’s’ are joined by OR’s. A negation is shown by a minus sign.
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Figure 3: Screen shot of input cause-and-effect knowledge 

3.2 Likely explanations for symptoms 
   Figure 4 is the output of the Explainer program when it was asked to explain the presence of the headache.

EFFECT   Headache
      CAUSED BY  NOT   Taking Vasoconstrictor
             AND    Known susceptibility to allergen
             AND    Presence of Allergen
       OR CAUSED BY     Taking Vasoconstrictor 
                    Figure 4: Explanations

The physician is then confronted with the situation that the headache can be caused either by the patient taking a vasoconstrictor when it is not called for, or not taking a vasoconstrictor when it is called for. The physician may then ask whether the patient is already taking a vasoconstrictor. If so, that may explain the headache. But the physician may want to know why taking a vasoconstrictor would cause a headache. So he or she can ask for a scenario. 
3.3 Scenario explaining the hypothesis and side-effects
Deduction is used by the Explainer program to develop a scenario that reveals how the explanation was obtained and show the consequences if that hypothesis were true. These consequences may include more than what was to be explained, i.e. may include side-effects. The proposed explanations, their side effects, and assumptions are evaluated to see whether they make sense. If not, that explanation is rejected.

The rules of Table 2 were used to create the scenario.
Table 2 - Rules

· A term is True if all its effects are True
· A term is False if any of its effects are    
              False

· A term is unknown if at least one of its 
              effects is unknown and none of its effects  
              are False

· An effect is True if any term is True
· An effect is False if any term is False and 
              no term is True or Unknown
· An effect is Unknown if no term is either 
              True or False
The scenario in Figure 5 was produced by the Explainer program for the physician to understand why a vasoconstrictor might cause a headache.

Report for MEDICAL EXAMPLE
Printed: 5/28/2008 12:40:09 AM
DETERMINE THE CONSEQUENCES OF GIVEN 
      ACTIONS OR ASSUMPTIONS 
IF THE ACTIONS OR ASSUMPTIONS ARE: 
              Taking Vasoconstrictor IS  TRUE
THEN THE CONSEQUENCES ARE: 
       Taking Vasoconstrictor IS TRUE 
       Constricted Blood Vessels IS TRUE 
                  because  Taking Vasoconstrictor IS TRUE 
       Drain Sinuses IS TRUE 
                  because Constricted Blood Vessels IS TRUE 
       React to Const Blood Vessels IS TRUE 
                  because Constricted Blood Vessels IS TRUE 
       Dilation of blood vessels IS TRUE 
                  because react. to Const Blood Vessels 
                        IS TRUE 
       Sinus Pressure IS FALSE
                  because NOT Drain Sinuses IS FALSE
 Migraine IS TRUE 
                  because Dilation of blood vessels IS TRUE 
       Sinus Headache IS FALSE
                 because Sinus Pressure IS FALSE
                 because NOT Drain Sinuses IS FALSE
       Headache IS TRUE 
                because Migraine IS TRUE
Figure 5. Scenario for ‘Taking vasoconstrictor’
The reason the physician made the wrong diagnosis was that he was unaware of or overlooked the fact that blood vessels may dilate in response to their being constricted by the vasoconstrictor and the dilation can then cause a migraine. If there had been a medical data base available developed by the collaboration of medical experts, he would not have overlooked this possibility.

4. Some other examples

A set of examples that is too large to be presented in a paper such as this can be found by going to the author’s website and clicking on Articles. These examples will be constantly updated as new illustrative problems are solved. They currently include making proposals for how to resolve the subprime mortgage crisis, how to reduce the violence in Iraq, finding what further information is needed to solve a crime, how to produce a design by using cause-and-effect knowledge about available components to explain the requirements of the design, how to diagnose troubles in an  automotive electrical system, and others.

Each of these initial problems can be improved by using better expertise than was available to the author in developing these examples.  

The Iraq problem shows how quickly the Explainer can solve a rather large problem where there are no circuits in the cause-and-effect statements. This problem involves 46 cause-and-effect statements of which 13 are primaries and produces 11 proposals for how to decrease the violence with a computing time of less than a tenth of a second.

The Iraq example shows that a crude model made about the time a surged was being discussed shows that either a withdrawal of American troops or a surge could have the possibility of lowering the violence. Scenarios can be run for either option to show how the different options would unfold. 

If such a method had been developed earlier, the question is raised as to why it is not being used to help solve many of today’s serious social problems where the lack of good solutions has often resulted in tragic consequences.

The author would be very much indebted to anyone who can show that this problem had been solved earlier and can explain why it is not being used to deal with the many important and complex problems we face today.  

5. Proposed applications suggesting further study

The solution to this basic Explainer problem suggests other applications that have yet to be fully explored. A few are suggested here for further study. 

Explanations themselves are cause-and-effect statements. If these are added to the prior cause-and-effect statements, the method becomes recursive and can learn. This suggests that it might be used to develop systems that learn to respond and interact with their environment. 

Theories might be expanded to explain new observations that their earlier versions could not explain.

A business might be designed to use the resources it has or could acquire to produce services and products that make a profit given the business environment. As the environment changes or new innovations become available, it could show how the business model should be changed.

This might also be used in data mining. Many other applications are open to the imagination.   
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APPENDIX
1. A more formal description of the problem

Some assumptions must be made in order to solve this problem. If there are no cause-and-effect circuits, it is assumed that cause-and-effect can be represented mathematically as implication, i.e. B is caused by A is treated as B is implied by A, and represented as B
[image: image7.wmf]Ü

A, which is sufficient to eliminate intermediate variables between the primary effects and their primary causes. 
If there are circuits, stronger assumptions must be made: 1) if there are effects within the system that are caused by events outside the system, these are not known and will be assumed not to exist, and 2) all the causes within the system having effects within the system are properly accounted for within the system. Then cause-and-effect can be represented as equivalence. This is valuable for binding some variables so that there are fewer remaining variables to be bound combinatorially.  

Let F be a set of effects, and P be a subset of F that do not themselves have causes. These are called primaries. The primaries are used to compose the Boolean relations that represent the explanations. Let E be the set of terms in a Boolean function 
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(P) that provide the plausible explanations, K be the set of Boolean cause-and-effect relations that constitute the knowledge, C be the set of effects that are consequences of members of E found by deduction using K, B be the subset of C that describes the behavior to be explained, and let S=C—B be the complement of B in C that is the set of the side-effects of the explanations. Thus, the set of explanations E is obtained by a one-to-many mapping 
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 EMBED Equation.DSMT4  [image: image10.wmf]from the behavior B onto the set of explanations E where E is the set of conjunctive terms of a Boolean function on P. The OR’s in the Boolean function separate the terms into the alternative explanations. 
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P are the assumptions. 
Then the abductive phase of the Explainer problem is: once provided with F, P and K, given a behavior B produce its explanations E which are the terms of a Boolean function. This is followed by a deductive phase to compute the consequences of the explanations by deduction and select the most likely explanations L
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E such that the side-effects S=C--B and assumptions P are most credible.
The behavior is stated in the form of the set of effects that constitute that behavior. The explanations are represented by the terms of Boolean expressions composed of ANDs and NOTs with multiple explanations separated by ORs.  The explanations include assumptions that are Boolean terms in P. 
Each of these explanations can be analyzed by deduction to see the assumptions used and the side-effects that occur in addition to the behavior to be explained. If the side-effects and assumptions of explanations are not valid, those explanations are rejected until only satisfactory explanations, if any, remain. 
2. How it is solved when there are no circuits
A matrix is used to represent the expressions. Each row represents the expression for an effect. The variables in each term are shown in a row by using the same number for all the variables in the same term, and using different numbers for different terms. More than one number may appear in a cell. 

Once all the intermediate variables have been eliminated, the explanation will be presented to the user as a disjunctive Boolean expression on P. Each term of the Boolean expression corresponds to an alternative explanation. 
In the following matrix representations, the primary variables are represented by capital letters, the intermediate variables by lowercase letters, and the variable to be explained by
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. Negation is shown by a minus sign. 
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are used for true and false respectively. 

The example of Figure 1 has been ordered to be lower-diagonal, which can always be done when there are no circuits.
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                     Figure 1: Matrix with no circuits


This matrix says the following:
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By substitution the intermediate variables
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, the behavior to be explained, directly in terms of the primaries 
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Note that the redundancies that have been eliminated. 
     The behavior to be explained is required to be true. So the hypothesis
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is a proposed explanation for the behavior
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The Explainer program for solving the case where there are no circuits is currently running and being used to demonstrate the solutions of example problems.
3. How it is solved when there are circuits
To minimize the difficulties due to circuits, it is appropriate first to partition the problem into a block triangular form so that the circuits are confined to within square blocks on the diagonal [3] with the remaining variables appearing to the left of the diagonal. The block in Figure 2 contains variables
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Note that a implies b permits b to be true even though a is false. This corresponds to an open system where there can be something other than a that makes b true. That something can be outside the system under consideration, or something within the system that is not explicitly shown as a cause. But it can be argued that if we are dealing with a closed system where we can assume that anything that causes b to be true is within the system and explicitly stated as a cause of b, then we can equally say that a is equivalent to b. 
None of the reasoning involved with problems without circuits needs to invoke equivalence. But when solving a cause-and-effect system involving circuits, equivalence will be found to be very useful as a means to bind variables so that there are fewer remaining unbound variables that must be explored combinatorially. This can reduce the computations required for many problems with circuits sufficiently so they can be solved quite easily. 
It can also be argued that in the abduction phase, we are only concerned with connectivity, and for this equivalence is applicable. The burden of justifying that a cause is plausible occurs not in the abductive phase, but in the deductive phase when it is shown that the cause leads to the specific behavior to be explained.
The method uses variations on the basic identities: 
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, and 
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Consider the problem represented by the following matrix.
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Figure 2: Matrix with circuits
This matrix represents the following expressions within the block:
10. 
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11.
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12.
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13.
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Then we use a table showing the sequence of operations to bind as many unknown variables as possible so fewer variables remain to be bound combinatorially. 
The first row of Table 1a shows the variables. The second row shows the values assigned to these variables at the end of each step. The third row shows an up arrow to indicate the choice for the first variable to be assumed in order to start the search. The other numbers in that row show the numbers of the expressions used to assign that variable. The forth row shows the order of the steps in which the values of the variables are assigned. A repeated step number indicates that more than one variable is assigned in the same step.
 The search in this example is started by assuming that
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, as shown by the up arrow. This choice of variable to start with and whether it is assigned the value of true or false is somewhat arbitrary. But some choices can lead to fewer calculations than others. 
Step 1 substitutes that choice into expression 11. If 
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is true, then
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must all be true. In step 2, expression 10 is used to show that
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. 
From the equivalence argument these expressions can be solved from either side. For instance, from the right side an expression such as 
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 might be solved for 
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 given values for
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. Or from the left side given that 
[image: image85.wmf]g

is true, then
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 must all be true.
 This must be considered one term at a time. All combinations of solutions term by term must be considered in the computations that follow the block. 

Sometimes there is more than one solution, making it necessary to put a branch in the search tree, as illustrated below when starting by assigning 
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to 
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Considering just the first term of expression 13 and starting with
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, we get Table 1a. 

Table 1a: Search to bind variables considering just the first term of expression 13 and starting with
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	Var.
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	Exp.
	11
	11
	
	11
	↑
	12
	10

	Step
	1
	1
	
	1
	0
	3
	2


From the table we see that expressions 10, 11, 12 and 13 are satisfied. So this is consistent. 
Each set of values for the variables within the block must be carried as an option when evaluating the expressions below the block. 
Now let’s take the branch for the only other option for
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by starting with
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. Then we get Table 1b.

Table 1b: Search to bind variables considering just the first term of expression 13 starting with 
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This also satisfies expression 11. 
 Now let’s consider the second term of expression 13 and start with the
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. This gives us Table 1c.

Table 1c: Search to bind variables considering just the second term of expression 13 starting with 
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	Var.
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Now let’s take the second term in expression 13 and start with the other option,
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. Then we get Table 1d. 

Table 1d: Search to bind variables considering just the second term of expression 13 starting with 
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	Var.
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There are some computing savings that can occur. Note that in Table 1a, steps 0, 1, and 2 are the same for Table 1c and do not have to be recomputed. Similarly, Table 1b and Table 1d are the same for steps 0 and 1. Only step 2 need be recomputed. 
Each block receives a solution that defines each of the variables in the block in terms of the primaries and the values true and false. By including true and false in the primaries, the solution of a block can be carried beyond the block.
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