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1 Introduction

In my part of this project (and my thesis) the goal is to implement a Back of the Envelope (BotE) Reasoner. Such reasoning is qualitative and approximate, but tries to find a quantitative estimate. Besides the practical importance of BotE, in Paritosh and Forbus [2001], we argued that such reasoning is a key aspect of common sense reasoning, and provides us with an opportunity to explore the intersection of qualitative reasoning and analogy, and concrete quantities, not adequately handled in both fields. The similarity-based model that we proposed in the paper consists of –

· Direct Parameter Estimation: This involves coming up with a quantitative estimate for a parameter. We identify three kinds of mechanisms, in decreasing order of accuracy (and increasing order of robustness in the face of incomplete knowledge) – 

· Direct Lookup: The particular value is already known to us in the KB, for example, the area of Brazil is 8,511,965 sq km. 

· Analogical Estimation: To make an estimate using similar example(s), for example, Brazil is slightly smaller than US.

· Categorical Estimation: Intuitively, we speak of having a feel for magnitudes – for example, Brazil is a large country. 

· Estimation-model Building: In many cases the parameter to be estimated might not be directly stored or encountered, and then we construct a model that relates it to parameters that can then be directly estimated using the mechanisms above. 

We present what has been done, and what needs to be done, organized along the above decomposition. 

2 What has been done

2a Direct Parameter Estimation

The above model is heavily based on similarity (e.g. Analogical/Categorical Estimation). The current models of retrieval (MAC/FAC), similarity (SME), and generalization (SEQL) ignore numeric knowledge. We started with asking the question of how to make these models more quantity-aware. Our current hypothesis turns the question on its head. We conjecture that what is missing is qualitative representations of quantity, and if we had symbolic and relational representations of magnitude besides the numeric knowledge, MAC/FAC and SME will handle quantities just right
 without any changes to the algorithms. 

The above approach then amounts to asking – 

· What kind of representational machinery is needed for quantities? 

· How do we automatically build these qualitative representations of quantity (with experience)? 

Paritosh [2003] presents the theoretical developments in answering these questions. The representational machinery is a generalization of the quantity space representation from QP theory [Forbus 1984]. Based on evidence from natural language and psychology, we identify two kinds of symbols in our representations of quantity – 

· Structural Limit Points: Symbols like Boiling Point and Poverty Line, that denote changes in quality, usually changes in underlying causal story and structural aspects of objects in concern. 

· Distributional Partitions: Symbols like Large and Small, which arise from distributional information about how the quantity varies. 

In most of qualitative modeling, the representations of quantity consists of the equivalent of Structural Limit Points, which were chosen by the modeler (guided by the principle of making only the necessary and relevant distinctions). Sachenbacher and Struss (2000) present an algorithm that selects the task-specific necessary and relevant distinctions from a larger, task-independent set of distinctions, given the task. We present a domain/task-general
 theory of how to automatically make the necessary and relevant distinctions for a quantity, given a set of exemplars that possess that quantity. The necessary and relevant qualitative distinctions correspond to discontinuities in the underlying reality as captured by the structure in the representation. This idea yields itself to implementation in SEQL, where SEQL is employed to form the structural clusters, which then partition the aligned dimensions. 

While the structural limit points capture the distinctions to make based on causal/relational/structural aspects of representation, and thus are highly predictive (consider the knowledge that a person’s income is below poverty line, or the temperature of a fluid above boiling point), natural language is full of dimensional adjectives (e.g., large, expensive, tall, hot). Any theory of quantity must provide an account of these dimensional adjectives, and why we have such representations
. We believe that dimensional adjectives are references to statistical distribution of values that the parameter takes (e.g., a large flamingo is to say that the size of the particular flamingo lies in the large tail-end of the distribution). Although it fits better with existing psychological and linguistic evidence, this is a new proposal. There is no work addressing the issue of how people actually partition such distributions, for which there is evidence that they are indeed accumulated as people are exposed to multiple exemplars [Peterson and Beach, 1967; Malmi and Samson, 1983, among others]. We plotted the distributions of all the parameters in the CIA WorldFactbook, and found three kinds of distributions – normal, skewed and Zipf. We intend to conduct psychological experiments to see if people produce stable partitions for these distributions, and the heuristics they use to do that. These heuristics will be then used to produce the first-cut symbolic representations. The three parts of our representations of quantity – distributions, distributional partitions, and structural limit points, in that order, support each other. When one begins to learn a domain, the distributions are accumulated until we know enough to give them symbolic labels – and that helps us build the causal structures that then lead to the structural limit points.
2b Estimation-model building

The current infrastructure for reasoning with and representing strategies is quite simple, but cleanly integrated with the rest of FIRE which has a tiered querying facility – QUERY and ASK. We add another, more deliberative/plan-ful querying layer above QUERY, called SOLVE, which calls QUERY, and if failed, gathers strategies (suggestions) using QUERY. The suggestions provide an AND/OR decomposition of the original problem. Suggestions can introduce ordered as well as unordered subgoals, and the solutions are computed incrementally. An AND/OR tree
 records the progress of problem solving. The Eval-source provides hooks for safely implementing Cyc’s #$EvaluatableFunctions. The logic of the SOLVE code seems to be working right bases on a library of abstract test-cases. We have implemented the popcorn and the drag force example from the QR-01/CogSci03 paper.  

3 Things to do

3a Representation

1. Case library of countries
, vehicles and animals, rich in quantitative information. 

2. Suggestion library of problem solving strategies. 

3. Build a collection of about thirty different kind of back of the envelope problems from the above domains. Implement them. 

3b Solver Development

1. Release SOLVE v1, merge with FIRE base level directory. Write documentation. 

2. Add support for units. 

3. Add support for equations. 

3c Theory of Quantity 

Essentially, move from theory to practice. The current status on these ideas are conjectural, however theoretically appealing. 

Building the next generation SEQL 

1. Bootstrapping: To find the interesting structural limit points, we cannot ignore the numbers altogether, and thus we need to a do a rough, first-cut symbolic partitioning for the quantities. 

2. Extending category representations and SEQL to assimilate and include distributional information. 

3. Develop into an anytime/incremental version that incorporates all the ideas here. 

Evaluation: Once we have completed the above, the goal is to see if we can use the above ideas to generate symbolic representations for the quantities. For testing the ‘goodness/natural-ness’ of these representations, we can – 

1. Compare the representations thus generated to experts’ qualitative representations of the same quantities.

2. Incorporate these representations into the cases, and see if we get better retrieval and similarity measurements as compared to human subjects. 

3. Build an analogical quantity estimator, which will estimate a value for a quantity by retrieving a strongly similar example for which it knows the value.

4 Deliverables for the coming year 

4a Code/Knowledge 

1. SEQQL – SEQL enhanced to assimilate distributions, and build qualitative representations of quantity. 

2. Analogical Estimator – Use quantity-rich representations to produce estimates of unknown quantities by retrieving similar exemplars.

3. BotE Solver – that solves around thirty different back of the envelope problems. 

4. Knowledge – quantity rich case libraries, suggestions library of strategies.

4b Psychological Experimentation

1. Conduct an experiment to uncover people’s heuristics in partitioning distributions
. 

4c Papers 

1. An implemented version of the theory of quantity (QR-03) paper. This should be substantial, and key part of thesis. Shoot for a journal paper, probably Cognitive Science.

2. An implemented version of the Back of the Envelope paper with reasonable number of examples. Another journal paper, possibly. 

3. A conference paper based on the results of the experiment above in 4b.
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� The metric for testing the success of this hypothesis are two – 1) Accuracy of estimates generated by the Analogical Estimator, with and without such representations, and 2) Psychological plausibility. In the current work we’ll demonstrate the former. We argue that the psychological literature does support the idea, but conclusive psychological evidence for this is outside the scope of this work. 


� Context sensitivity of these distinctions will be captured by representation of exemplars in a manner such that all context specific aspects are well represented. 


� Although similar sounding representations can be found in Fuzzy Logic and to a lesser extent in QR literature, they are exactly that – similar sounding. There is no commitment to make them resemble dimensional adjectives in meaning. 


� We spent some time trying to implement an AND/OR graph, but the logic of propagation of status and solution bindings became exceedingly complex with ordered subgoals and incremental solutions. We will cache solutions in the working memory, so we expect that this shouldn’t have a major performance hit.


� Cyc has parts of the CIA Factbook; and Richard Fikes’ group has a version of it which has most of the numeric information [http://www-ksl-svc.stanford.edu:5915/doc/wfb/index.html] – we should be able to slurp their knowledge into our KB. 


� Still working on the design of the experiment – can mail you the details if you need. 





