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Abstract

plementing a memory with a huge address space. The physical memory

consists of substantially fewer locations than the virtual address space. In
earlier implementations of the SDM memory the addresses of all physical locations
had to be scanned to determine which locations to activate. This is time-consuming,
and massive parallel hardware support is needed for other than small applications.
This paper introduces a new mechanism for finding the active locations. Using this
access mechanism, the access time may be speeded up several orders of magnitude.

T HE Kanerva Sparse Distributed Memory (SDM) is a mechanism for im-
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1 Introduction

HE Kanerva Sparse Distributed Memory (SDM) [4, 5] is a clever mechanism

for storing/retrieving data in/from a memory with a huge address space. The
memory addresses, also called input addresses, are N-bit vectors (N is generally
large). The actual memory contains substantially fewer memory locations (called
hard locations) than there are possible input addresses. When accessing the memory,
a number of hard locations “close to” the input address are activated. In the basic
SDM, each hard location has an N-bit address, and the activation criterion is:
“close” according to Hamming distance (i.e., the number of mismatched address
bits) between the input address and the location’s address.

This paper really concerns only the activation mechanism for the SDM, but briefly,
the write and read operations work as follow: The contents of a hard location is a
vector of integers where each integer corresponds to one bit in the input data. When
writing to the memory, the data bits (from the input data vector) are added (adding
—1 when the data bit is 0 and adding +1 when the data bit is 1) to the contents
of all activated hard locations. When reading, the content vectors of the activated
hard locations are summed and the sum is converted to the output data by some
threshold mechanism. The key idea is that data written sufficiently “far away” (i.e.,
having few common activated hard locations) from the address can be considered as
noise that will more or less cancel out. To implement a good threshold mechanism
is somewhat involved but details can be found in [3].

Several activation mechanisms have been used, e.g., Hamming distance or the Jaeckel
Selected-Coordinate Design [1, 2]. The activation mechanisms have all been based
on matching the input address with some “matching pattern” for each hard location.
This makes the implementations impractical without some massive parallel hardware
support (except for small problems).

This paper introduces an efficient mechanism for finding the hard locations that
are “close to” the input address. The proposed mechanism may be viewed as an
efficient implementation of a restricted Jaeckel design. It is suitable for execution on
sequential machines or machines with a moderate level of parallelism (say, tens to
hundreds of processors). The implementation, apart from being much faster, gives
approximately the same signal-to-noise ratio.

The rest of the paper is organized as follows. Section 2 describes the activation
mechanism in the Jaeckel Selected-Coordinate Design. Section 3 describes the acti-
vation mechanism in the new proposed design. Section 4 compares the performance
of the Jaeckel and the new design. And finally Section 5 concludes the paper.



3 bits in the address are used as an index to one of 8 posmons in a block. The
hard-location memory consists of A such blocks, i.e., the size of the hard-locaticn
memory is therefore M = A . 2%,

Compared to the earlier designs, the number of access calculatlons is decreased by a
factor 2*. The number of bits (k) is usually in the range 5~ 20, making the decreasé
in access time between 2 and 6 orders of magnitude.

The activation patterns in the table are substantially fewer than in the Jaeckel
design (A patterns vs. M patterns). It i is not a good idea to generate the activation
patterns in the table at random. A bad choice of activation patterns might lead
to very unsatisfactory results. In order to remove. this problem, a restriction is
introduced for choosing bits in the activation patternsx a 'Bit cannot be chosen if
there exists any other bit that have been used less times. Note that this optimization
is neither necessary nor used in the Jaeckel model.
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Figure 3: The new design implemented as a restricted Jaeckel Design.

The new design can be viewed as a restricted version of Jaeckel’s design. (see Fig-
ure 3), with identical functionality (but thuch sloweér) since the new design could be
implemented by dividing Jaeckel’s hard-location memory into A blocks each with 2%
locations, and by using in each block all combinations of 0s and 1s in a fixed subset
of the address bits.

The two main advantages of the new design are: (1) it is much faster and (2) the
number of activations is fixed to-A. The latter result is used in [3] to get better
convergence. One disadvantage may be that it is less random, e.g.; there may be
problems with interference between the choice of activation pattern and some input
data. One constraint on the basic version of the new design is that the number of
hard locations is fixed to M = A - 2%, This can of course be remedied by not using
all 2% locations.
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