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ABSTRACT 

 
We introduce the design principles and present formally 
the building block of an associative memory model 
capable of unsupervised sequence processing: the 
constrained partially ordered set. We then use the model 
in a series of experiments, presented in increasing order 
of complexity and conclude that it demonstrates 
interesting information processing capabilities which 
warrant future development. 
 
 

1. INTRODUCTION 

 
Algorithmic Information Theory (AIT) and the notion 

of Kolmogorov complexity [1] unify the fields of 
computer science and information theory. It is also said 
[2] that rather than focusing on ensembles and probability 
distributions as in classical information theory, AIT 
focuses on the algorithmic properties of individual 
objects. In the context of this pattern processing 
perspective on Information Theory, the notion of 
randomness hinges on the ability (or inability) of 
detecting patterns in data [3]. 

We focus our attention on connectionist information 
processing models that work on parallel and distributed 
processing (PDP) principles [4], and which are able of 
detecting certain types of patterns (or regularities) present 
in input data, in an on-line, completely unsupervised 
manner. If such a model finds regularities in input data, it 
will create compressed representations of that input data. 
Further, we want a representation to be a growing layered 
hierarchy, with smaller patterns occurring at lower layers 
of the model, and more complicated patterns, built on 
previously identified smaller patterns, in higher layers 
(Figure 1 and Figure 2., compositional hierarchy [5]). 
From a mathematical perspective such a structure is a 
collection of partially ordered sets or posets. Because the 
growth of the hierarchy is controlled by constraints we 
name this structural design approach a constrained 
compositional hierarchy or a constrained poset (Figure 2). 

Similarity based retrieval is difficult on serial 
computers. Although not the object of this paper, we 
expect a simulation of a model built on PDP principles to 
advance similarity based retrieval, a process we consider 
key to human cognition [6]. In addition to building and 
retaining a compressed representation of the input data, 
we require a representation to be complete, i.e., input data 
should be completely retrievable from the model. Such a 
design is functionally an associative memory (AM), 
capable of pattern recognition, and able to retrieve input 
data based on similarities with a query.  

This paper is inspired by the work of Elman in [7]. 
Accounts on compositionality and associative memory 
models can be found in cognitive science (e.g., [8]), 
psychology (e.g., [9]), as well as in recent doctoral 
research [5, 10].  
 

2. FORMAL DESCRIPTION OF MODEL 

 
A poset is a base set X together with a binary relation 

≤ which is reflexive, antisymetric and transitive. Posets 
are generalizations of trees and can be depicted using 
Hasse diagrams such as in Figure 1 and Figure 2.  
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Figure 1. Unconstrained, complete poset (compositional 

hierarchy) built from the input sequence ghij. The inputs 

are associated with symbols {g, h, i, j}. 

Definition 1. Let Σ be an alphabet. Let s∈Σ+. Let U={w | 
s=xwy, w∈Σ+, x,y s∈Σ*}, i.e., the set of all nonempty, 
unique substrings (words) in s, including s itself. Let X be 
the set of pairs (w,c)∈U×Z+ such that c∈ Z+ is the count 
of occurrences in s of the string w∈U. Define a binary 
relation ≤ on X by (w1,c1)≤(w2,c2), (w1,c1),(w2,c2)∈X such 
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