VICTORIA UNIVERSITY OF WELLINGTON

Te Whare Wananga o te Upoko o te Ika a Maui

School of Mathematical and Computing Sciences

Computer Science

Analogy retrieval and processing with distributed vector representations

Tony A. Plate

Technical Report CS-TR-98-4 June 3, 1998-06-03

School of Mathematical and Computing Sciences Tel: +64 4 471 5341 Victoria University of Wellington Fax +64 4 495 5045 PO Box 600, Wellington Email: Tech.Reports@mcs.vuw.ac.nz New Zealand http://www.mcs.vuw.ac.nz/comp/Publications

VICTORIA UNIVERSITY OF WELLINGTON

Te Whare Wananga o te Upoko o te Ika a Maui

School of Mathematical and Computing Sciences

Computer Science

PO Box 600 Tel: +64 4 471 5341, Fax +64 4 495 5045

Wellington Email: Tech.Reports@mcs.vuw.ac.nz

New Zealand http://www.mcs.vuw.ac.nz/comp/Publications

Analogy retrieval and processing with distributed vector representations

Tony A. Plate

Technical Report CS-TR-98-4

June 3, 1998-06-03

Abstract

Holographic Reduced Representations (HRRs) are a method for encoding nested relational structures in fixed width vector representations. HRRs encode relational structures as vector representations in such a way that the superficial similarity of the vectors reflects both superficial and structural similarity of the relational structures. HRRs support a number of operations that could be very useful in psychological models of human analogy processing: fast estimation of superficial and structural similarity via a vector dot-product; chunking of vector representations; and finding corresponding objects in two structures.

Publishing information: This report is a longer version of an invited submission to the Workshop on

Advances in Analogy Research, held at the New Bulgarian University, Sofia, Bulgaria, July 17-20,

1998. http://www.nbu.acad.bg/staff/cogs/summ/wana98.html

1

1 Introduction

Vector representations are popular for memory models for a variety of theoretical and practical reasons. They are simple and support fast parallel processing such comparison via dot-products. They are also neurologically plausible, in that they can be stored and operated upon in parallel networks of simple neuron-like processing elements, such as associative content addressable memories. However, their use in models of analogy processing has been limited by the widespread supposition that it is difficult or impossible to represent compositional structure in vector representations (Fodor and Pylyshyn 1988, Ratcliff and McKoon 1989, Thagard, Holyoak, Nelson and Gochfeld, 1990, Gentner and Markman 1993,Forbus, Gentner and Law, 1994, Wharton, Holyoak Downing, Lange, Wickens, and Melz 1994).

This supposition is false. Structure can be represented in vectors in a number of ways, e.g., Smolensky�s (1990) tensor products, Pollack�s (1990) RAAMs, Kanerva�s (1996) binary spattercodes, and Plate�s (1995) HRRs. This paper describes HRRs and makes a number of claims for their usefulness in models of analogy retrieval and processing: • HRRs provide an adequate vector-based representation of structure (in contrast to feature-vector approaches which need to be complemented with a conventional symbolic representation for structure).

• Estimates of similarity that reflect both superficial and structural similarity can be computed quickly via vector dot-products. This technique shows similar abilities and limitations with respect to detecting similarities as are observed in people�s ability to retrieve items from long term memory.

• Corresponding objects in two analogical structures can be found via fast but approximate vectorbased techniques.

• HRRs provide an elegant implementation of chunking and �pointers� for complex, structured items stored as vectors in a content addressable memory.

2 Human Analogy Processing

Analog retrieval and mapping have received a significant amount of attention in the psychological literature. Much attention has been devoted to teasing apart the differing effects of superficial and structural similarity in retrieval and mapping. This paper assumes a familiarity with the psychological literature on analog retrieval and processing. For an introduction, see Forbus et al (1994), Thagard et al (1990), or Hummel and Holyoak (1997).

For illustrations, the following series of episodes are used in this paper. Together, the episodes involve dogs (Fido, Spot and Rover), people (Jane, John and Fred), a cat (Felix) and a mouse (Mort). Members of one species are assumed to be similar to each other but not to members of other species. The �probe� episode, to which the others are compared, is �Spot bit Jane, causing Jane to flee from Spot�. There are five other episodes, which have different combinations of types of similarity to the probe (all share predicates with the probe):

LS (Literal Similarity) �Fido bit John, causing John to flee from Fido.� (Has both structural and superficial similarity.)

SF (Surface features) �John fled from Fido, causing Fido to bite John.� (Has superficial