I.A Knowledge Formation Through Analogy

Introduction

Analogy is a principal method assisting the SME in knowledge formation. The goals of the analogy system are 

1. Present a system of stored analogies to the SME such that the SME can add new knowledge by exploiting stored analogies through specialization and extension.

2. Automatically detect, propose and validate novel analogies to extend the knowledge-base. 

The two processes mentioned above are mutually interdependent. Stored analogies constrain which novel analogies get proposed by the system and similarity matching techniques used for proposing novel analogies can be used to extend stored analogies. However, the basic methods used by the two components are conceptually separable into the two subsystems described below. One subsystem deals with the use of stored analogies in the knowledge formation process and the other deals with inducing new analogies. 

I.A.1 System Architecture
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Figure 1:  Proposed Architecture for Using Stored Analogies in Knowledge Formation

Figure 1 describes the overall architecture of using stored analogies in the knowledge formation process.

There are two ways of interacting with the analogy tool. The first method is a bootstrapping method that may occur when the system has the relevant core theories (objects, motion, forces, competition, war, cooperation) but very sparse biological knowledge. The second method traces an interaction scenario which may occur when the system is populated with many biological concepts in addition to the relevant components and stored analogies. 

Entry into the analogy tool can take two forms.

1) The user types in an NL expression that involves a metaphor . The system recognizes the metaphor and enters the analogy tool which takes over the initiative of guiding the user.

2) The user explicitly specifies that the concept she is creating is similar to an existing concept using the question asking tool. The analogy tool guides subsequent interaction.

The accompanying storyboard captures the interaction with the user that triggers the two analogy processes. In the example shown, the user wishes to enter the concept of a virus infecting a cell. While the concept of a cell and the concept of a virus are already encoded as components, the concept of infection is not. At this point, transparent to the user, the analogy system gets invoked and guides subsequent interaction. In the example shown, the user uses the metaphorically related concept of invasion and modifies/specializes it to capture the concept of infection.  This can be done directly by the user (using a keyword search for the related concept) or the system guides the user through a structured interaction leading to identification of the metaphorically related source concept (invasion).  Conventionalized metaphors (Lakoff & Johnson 1980) map source concepts (such as invader) to target concepts (infector).  These metaphors are stored as required_correspondences in the analogy ontology
 of (Forbus et al. 2000). 

Once the user has identified a suitable base for the analogy, the set of stored metaphoric correspondences are extended by the SME/MACFAC inference engine, which identifies new mappings and candidate inferences for projection from the source (base) domain of invasion to the target domain of infection. The user can then specify which of the new mappings are valid either by selecting valid correspondences or deleting invalid ones. In future versions of the system, we aim to automate some of the analogy validation process. Using the required correspondences and user validated inferred mappings; the system is able to construct axioms for the concept of infection by analogy to the concept of invasion.
I.A.2 Implementation Architecture and the Analogy Server API
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Figure 2:  Implementation Architecture of the Analogy System

Figure 2 shows the basic structure of the implementation architecture of the analogy system for the first version of the RKF E2E system. For the RKF project, we are using the analogy server developed by NWU and the SME/MACFAC software for analogical inference. The representation of the stored metaphors and the interaction with the analogical inference engine relies on the analogy ontology developed during HPKB (Forbus 2000).  The description to follow assumes knowledge of the analogy ontology.

Individual metaphors are represented as correspondences between the source (base) and target concepts. A coherent set of metaphors from a source to a target domain is a mapping. The sets of conventional metaphors mapping a base to a target impose constraints on the SME analogical reasoning process. For instance, the correspondence (conventional metaphor) between speed and rate_of_progress is part of the mapping from motion (base) to events (target) and a required correspondence for SME in generating valid mappings. Similarly, justifications for specific correspondences may use conventional metaphors. For instance, the object correspondences between invaders and infectors and between physical regions and organisms supports the use of the correspondence between invade(invader, region) infect(infector, infected organism). This can be represented by the structurally-supported-by relation in the analogy ontology. 

In general, the following entities and relations from the Analogy ontology allow us to specify conventional and use conventional metaphors in analogical reasoning with SME/MACFAC. 

1. (correspondence-between ?b ?t ?c) indicates that ?c is a conventional metaphor between ?b and ?t.
2. (has-correspondence ?m ?c) indicates that ?c is a metaphor that is part of the metaphor set in the mapping ?m.

3. (structurally-supported-by ?c1 ?c2) indicates that the correspondence ?c1 links the arguments of the correspondence ?c2.

4. (required-correspondence ?Bitem ?Titem) requires that ?Bitem and ?Titem by a correspondence in any valid mapping. 

In summary, we expect stored analogies to guide the user in the knowledge formation process by presenting cognitively meaningful terms and concepts to bootstrap the knowledge formation process. Once knowledge is entered we expect stored analogies to guide the extension of entered knowledge to new concepts and domains and the analogy tool to be able to compute entailments based on inferential projection from source to target domains. 

I.A.3 A repository of stored mappings for knowledge formation
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Figure 3:  Stored Analogies for Knowledge Formation

The analogy tool offers the user a set of stored analogies to choose from in the knowledge entry process. The source (base) of the analogies is the core domain theories of space, objects, motion, manipulation and force dynamics. The stored analogies are inspired by decades of research in Cognitive Science (Lakoff & Johnson 1980, Langacker 1987, Lakoff 1993, Grady 1997, Narayanan 1997) on identifying the most salient metaphors that have the following properties. 

1. These mappings are conventionalized in that they are present as reified conceptual mappings, which can be used in commonsense reasoning. 

2. These mappings are compositional in that they can be composed to form highly complex and specific mappings. Compositionality is an essential property for building large open-ended systems and there much of the Cognitive science effort has focussed on identifying (Grady 1997, Sweetser 1990, Talmy 2000) and representing, and reasoning with (Narayanan 1999) compositional maps and blends.

3. These mappings are pervasive in language and thought. (Lakoff & Johnson 1999) discuss the evidence for the pervasive nature of certain core mappings. One example is the mapping MOTIONS => ACTIONS which occurs in the conceptualization of virtually any type of abstract policy, whether the domain is economics, biology or military strategy.

4. The mappings are cross-linguistic and cross-cultural .

In work so far, we have identified a set of relevant source domain schemas and correspondences that we plan to implement in the first version of the system. We have concentrated on encoding biological processes such as photosynthesis, virus infection and DNA transcription. The main source domains are motion and forces. These domains were chosen based both on their relevance to the specific process and on the basis of their generality.  For each of these domains we have identified the set of required_correspondences  and have made progress toward axiomatization of important aspects of the domain theories. The discussion below lists

These source domain schemas and the associated correspondences. A full description can be obtained from http://www.ai.sri.com/~rkf/metaphor-list.html. 

Source Domain Schemas

Shown below are two examples of domain theories, from the domain of motion, manipulation and forces.
General Process Schema

This schema captures the general evolution of processes. An accompanying document describes the schema and our implementation in KM and Situation Calculus.
Specific Schemas:
The following is a representative list of parameterized schemas we plan to axiomatize in the first version of the system. Specific distinguished instantiations are shown below the schema. 

Motion and Manipulation Schemas
      Move

      Walk 


   walk slowly/fast 


   measured/giant/tiny/first/cautious/adroit steps 


   sidestep giant/great leap amble 


   step(sideways, away), tread, 

 
   slip (schema interrupts walk) reorient, 


   stumble (schema interrupts walk), 


   Fall Stabilize Trip Reorient. 

     Slide objects on a surface


   push(toward(x)/away), pull, shove

     Climb

     Lift

     Turn 

         turn around, turn toward, turn away

     Grasp 


   grab, grip, pinch, flinch, squeeze

Container Schemas

      Enter, Exit, move(into, thorugh, out-of, away from)

Perception Schemas

      Look(for, at, around), seek, see, recognize

Transfer Schemas

      transfer, move, carry, escort, deliver.

Energy Schemas

      Replenish Stimulate Drain

Force Dynamics

      Fight/resist(counterforce or injurer) 

      Help/Hinder

      Let/Resist/Prevent

      Shed/remove/lighten(burden)

Obstacle Related Schemas

      Remove_obstacle 

      Impose_obstacle 

II. Stored Correspondences.

Shown below are some of the relevant metaphor maps mapping schemas, parameters and objects from the spatial motion, manipulation and force domains onto the domain of biological processes. 

DOMAIN-MAPS (DMAPS): 

S => T

S = [Motions, Actions, Forces] 

T = [Abstract Events, Actions, Biological Processes] 

<mover> => <agent> 

<location> => <state> 

<obstacle> => <difficulty> 

<forcer> => <causing agent>

<forced> => <patient of cause>

<motion> => <action> | <process> 

      <location> => <state>

      <source location> => <initial state>

      <destination> => <goal>

      <motion path> => <(action | process) trajectory>

      <dist from source> => <degree of completion> 

      <dir. of motion = forward> => <progress> 

      <dir. of motion = backward> => <regress> 

      <rate of motion> => <progress rate>


<motion duration> => <(action | process) duration>


<motion manner> => <(action | process) manner>


<motion aspect> => <(action | process) status>

      <motion interruption> => <(action | process> interruption>

      <motion outcome> => (action |process) outcome>

                 <fall> => <fail> 

                 <reach(destination)> => <achieve_goal> 

       <step> => <implement_action> 

                  <step.size> => action.granularity 


       <obstacle to motion> => <difficulty>  

                  <deal with obstacle)> => <deal with difficulty>  

                  <go around> => <choose_alternate(action)>  

<forces> => <causes> 

      <type_of_force> => <type of cause> (ex. ballistic,onset)

      <magnitude of force> => <magnitude of cause>

� For the RKF project, we are using the analogy server developed by NWU and the SME/MACFAC software for analogical inference. The API for interaction with the analogy server will be based on the analogy ontology (Forbus 2000) and is described in Section I.A.3.
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