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Abstract  

 
Unification plays a central role in logic programming (e.g. Prolog) and is also a central feature 
for the implementation of modern expert systems. In this work we present an implementation 
of the unification algorithm using Artificial Neural Networks. This results in a parallel and 
efficient implementation even for important tests like occur and clash. Our approach is such 
that besides the exact unification as needed in logic programming an approximative (fuzzy) 
unification with certain properties becomes possible. Inexact unification may be used for error 
tolerance as well as analogical and approximative reasoning in expert systems. The main idea 
of our approach is to use Kohonen Feature Maps (KFM) for the representation of terms. In 
KFM similar input data is represented in a close neighborhood in the feature map. A special 
encoding therefore maps contextual semantic relationships to topological neighborhoods.  
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1. Introduction  

 
Unification plays a central role in logic programming (e.g. Prolog) and is also a central feature 
for the implementation of modern expert systems . In this work we present an implementation 
of the unification algorithm using Artificial Neural Networks (ANN).  
Unification is the process of making two terms equal. Consider, for example, the following 
equation in the variables X and Y:  
f(g(a,X))= f(g(Y,Y))  
This equation can be solved if the atom a is identified with Y and X with Y. A successful 
unification yields therefore:  
f(g(a,a))= f(g(a,a)), Y=a, X=Y, X=a.  
The aim of an unification algorithm is to find the most general unificator (mgu). This is to 
find the most general instance for the variables in the terms, such that the two terms become 
equal. There are two important reasons that two terms may not be unifiable. First, it may be 
necessary that in order to make the terms equal two different atoms or functors have to be 
identified. This is logically not possible and called a Clash. Second a term may be subterm of 
itself like in the equation X = f(X). This would result in an infinite unification process X= 
f(f(f(f(f(f(f(..... A test for this is called Occurrence-check. Almost all implementations of 
unification include a Clash test. Many unification algorithms, however, omit the occurrence 
test, for pragmatic reasons [STERLING/SHAPIRO 88] since this test is costly and slows the 



unification algorithms down significantly. The network presented in the following chapters 
includes the occur check during the unification process without time delay.  
Our interest is to accelerate the unification process such that correct substitutions are 
estimated but not searched among all possibilities. Using Artificial Neural Networks (ANN) 
for unification this can be achieved. Several systems for unification using ANN have already 
been proposed [AJJANAGADDE/SHASTRI 89, BALLARD 86, HÖLLDOBLER 90, 
STOLCKE 89, TOURETZKI/HINTON 89]. In our approach we use KFM for the 
representation of the atoms/functors to enable similarity between components. Actual 
unification is performed in a relaxation network that is architecturally close to that proposed 
by Hölldobler [HÖLLDOBLER 90].  
2. Kohonen Feature Maps for the Representation of Terms  
The main idea of our approach is to use Kohonen Feature Maps (KFM) [KOHONEN 84] for 
the representation of atoms and functors in a term. KFM have the property that similar input 
data is represented in a close neighborhood in the feature map. This may be seen, for example, 
in the work of Ritter and Kohonen shown in Figure 1 [RITTER/KOHONEN 89]. Entities like 
birds, cattle and hunters are represented on neighboring regions of the KFM. Subclasses like 
the dog-like animals "wolf dog fox" and cat-like animals "tiger lion cat" can also be found. In 
this experiment 16 different animals were used as input for a 10x10 KFM. Figure 1 shows the 
best matches for these input vectors.  
Ð  
Fig. 1: Representation of animals in a KFM in [RITTER/KOHONEN 89]  
The aim to use a KFM for the representation of terms is to encode the elementary parts of 
terms, i.e. atoms and functors such that their semantical context is mapped onto a topological 
neighborhod on the feature map. Ritter and Kohonen describe an algorithm to get n-
dimensional inputs clustered on a "semantic" map, using words of sentences in a grammatical 
and semantical context. Their main idea is to represent (for example) the symbols and the 
attributes in a due context and then weight the two parts properly such that the attributes 
predominate in the learning process [RITTER/KOHONEN 89]. The due context could now be 
seen as a vector comprising a "symbol field" and an "average word context". The context of a 
word is then formed both by the predecessor and the successor, or only by the immediate 
predecessor. In such a way words would only be represented in the semantic context in which 
they are used. After the codification the authors use the concatenation of both, symbol vector 
and attribute vector as input vector for the feature map.  
In our approach the atoms and functors from the literals of the knowledge base are matched 
on a KFM during a learning phase. Here for the codification of each atom resp. functor a 
vector (as input for the Input Feature Map) is generated as follows: the length of the vector is 
the number of possible atoms and functors [WEBER 92]. Each component of each input 
vector represents the number of occurrences of the given atom/functor in a (sub-) term. Figure 
2 shows the codification of a possible Prolog knowledge base. For each component, here we 
have 3 functors and 5 atoms, a vector is generated such that the occurrences of the other 
components in the terms of the database are set to the number of occurrences. The occurrence 
of the same component and all the rest of the components are set to "0". For example, for the 
functor f the following components are considered: g,h,a,b,c. So we get the vector 
f=(0,1,1,1,1,1,0,0). The length of the vectors corresponds to the number of components in the 
database. In our case we have eight.  
To describe the components we use the following notation: the number after the component 
refers to the arity of the component, for example the functor g/2 has the arity "2". Now we 
want to make a reference to another important concept used for the codification of the 
components in the network, the argument position. Each level of the main term gets a new 
number: 0,1,2,... The terms on the argument positions of each level are again subdivided. In 

�
our example f(g(a,X)), we get the following argument positions:  EINBETTEN "Equation" 



\*  m �ergeformat Ð½.  
An example for an Prolog knowledge base:  
f(a). f(b). f(c). f(g(X,Y)) :- f(h(X,Z)).  
g(c,d). g(d,e). g(e,a). g(X,Z) :- h(X,Y), h(Y,Z).  
h(a,c). h(c,a).  
 
Ývec  
f/1Ývec  
g/2Ývec  
h/2Ývec  
a/0Ývec  
b/0Ývec  
c/0Ývec  
d/0Ývec  
e/0ÝÝf/1Ý0Ý1Ý1Ý1Ý1Ý1Ý0Ý0ÝÝg/2  
Ý1Ý0Ý0Ý1Ý0Ý1Ý2Ý2ÝÝh/2Ý1Ý0Ý0Ý2Ý0Ý2Ý0Ý0ÝÝa/0Ý1Ý1Ý2Ý0Ý0Ý2Ý0Ý1ÝÝb/0
Ý1Ý0Ý0Ý0Ý0Ý0Ý0Ý0ÝÝc/0Ý1Ý1Ý2Ý2Ý0Ý0Ý1Ý0ÝÝd/0Ý0Ý2Ý0Ý0Ý0Ý1Ý0Ý1ÝÝe/0
Ý0Ý2Ý0Ý1Ý0Ý0Ý1Ý0ÝÝFig.  

2.: Codification of the atoms/functors  

All atoms and functors of a given Prolog program are encoded as described above and a KFM 
is trained with these input patterns. This results in a KFM, where each atom and functor is 
represented as a dedicated neuron on the feature map. This feature map we call in the sequel 
Input Feature Map.  
The idea using KFM for the representation of the components in a term is to use the similarity 
between the elements of expert systems (XPS) with real world applications. Here the demand 
of a hard unification may not be requested, since syntax errors possibly do not influence 
semantical relationships. For example, missing positions or slight syntax errors as the usage of 
an incorrect atom, would not lead to an unification. In this case a fuzzy unification would 
permit the unification by matching a neighboring component. Another important reason for 
using KFN is the need for a new heuristic of an unification algorithm, since the search for the 
mgu in the most cases is too time extensive. This can be achieved in less time by using KFM 
[ULTSCH 91a].  

3. A Relaxation Network for Unification  

Here we present a relaxation network using the Input Feature Map described in the last 
chapter to actually perform the unification and to determine the mgu.  
For each argument position of the unifying terms a layer of units is constructed, having the 
same topology as the Input Feature Map. This network we call Cube. For all levels each unit 
is connected to a clash unit. With this structure it is possible to check the unifiability of two 
terms for all subterms in parallel.  
For each occurrence of a variable in the given Prolog program a vector of units, called 
Variable Vector, is constructed. The encoding of the vectors is the same as described in 
Chapter 2. This means that in a variable vector those units are activated that correspond to 
argument positions in a term where the variable occurs. Cube and Variable vectors are 
connected through units leading to and from a vector of units called Pairs. Each unit in the 
Pairs vector encodes two argument positions that have to be unified. Lateral connections 
between the pairing units activate identical argument positions. With an simple threshold unit 
operating on the Pairs units the occur check can be realised.  



Ð  
Fig.3.: Unification Network  
Units in the Variable Vector are connected to a Pairs unit with an interneuron implementing a 
logical AND function. This means that a Pairs unit is activated only if it is required that 
variables at the corresponding argument positions have to be unified. The activation of such a 
Pairs unit is transmitted to the corresponding Cube layer and back to the Variable Vectors via 
units implementing a logical OR function.  
As an example consider the unification of f(g(a,X)) = f(g(Y,Y)). First the components of the 
terms are encoded as mentioned before. As argument positions we have in the term: f/0, g/1 
and a/1.1. We also need two Variable Vectors for the variables X, Y. Figure 3 shows how the 
Variable Vectors, Pairs and Cube are connected.  
The activation functions of the different units are constructed such that if the network has 
reached a stable state (relaxation process), the unification process can be performed. The 
activity of the Pairs after a propagation indicates that the stability of the network is not 
reached. In this case, the two units of the Variable Vectors are active or an activation between 
the Pairs exists. This unification network was designed and implemented by Volker Weber. 
For details see [WEBER 92].  
In order to actually calculate the mgu a KFM, called Output Feature Map, is constructed. 
Weights of this feature map are the activations of the Cube units. If the Variable Vector of a 
variable is used as input pattern to the Output Feature Map, the unit representing an instance 
of that variable responds. In the case of our example using the Variable Vector for Y as input 
to the Output Feature Map the unit located at the position of a is activated. This means Y= a. 
In the same way X=Yand X= a can be derived.  
In our network tests like occurrence and clash are implemented such that they can be 
calculated in parallel and during the relaxation process. Unification is performed via a 
relaxation network. If this network has reached a stable state the mgu can be read out using a 
KFM. It can be proven that our network performs the unification process precisely. Besides 
that the usage of KFM gives the opportunity to do approximative reasoning as described in 
the next chapter.  

4. Fuzzy Unification  

 
It can be proven that the network construction described in the previous chapters performs 
exactly the unification process needed for logic programming [WEBER 92]. This means, that 
the proposed network is an ANN realisation of the unification algorithm. The merit of this 
being is that a fast and parallel implementation is possible in particular on a parallel hardware 
like transputers, connection machines, etc.[GUIMARAES/KORUS 92].  
Real world applications of logic programming, in particular in expert systems, require more 
than exact reasoning capabilities. Many empirical predicates can not be characterised as being 
true or false but rather as being more or less probable or possible. If human users construct 
knowledge bases, different words could be used for the same term like "neighbor" and 
"neighbour". Our system would detect the similarity of the two terms by their topological 
closeness in the KFMs.  
In order to perform fuzzy unification the AND and OR units of the relaxation networks have 
to be modified. Instead of the AND function in the units with connections from the Variable 
Vectors to the Pairs units the activation function is changed to the minimum of the two input 
activations. In the case of the units with input from the Pairs units and outputs to the Variable 
Vectors respectively the layers of the Cube instead of the OR- function the maximum of the 
input activations is propagated.  



5. Applications  

We tested our System with the following program types:  
1.) A small database system written in Prolog with about 5000 entries. The entries are literary 
references.  
2.) Programs for the simplification of algebraic terms and for symbolic differentiation. The 
programs consists of about 50 typical Prolog facts and rules with functors having no more 
than 4 arguments.  
3) A program to solve the Traveling Saleman Problem for some german cities.  
A detailed description of the results can be found in [WEBER 92]. A summary of the 
performance of our algorithm applied to all programs is shown in the next figure. The mean 
relative time needed to perform all the necessary unifications is shown.  
Reference standard is Prolog's unification algorithm requiring in general an effort that is 
quadratic in the length of the terms. Infinite unification, as proposed in [HUET 76] requires in 
many cases a linear effort, in some cases, however this approach is also quadratic. The fastest, 
compared to our approach 0,005% slower, is an algorithm for linear unification as published 
in [DWORK ET AL 84].  
ÐFigure 4: Mean relative running time for different unification algorithms  

6. Conclusion  

In this work a connectionist unification algorithm was presented. For the encoding and 
decoding of terms KFM are used. The system is able to do unification in parallel and can be 
proven to be an exact realisation of an unification algorithm.  
The usage of KFM for the representation of terms allows, however, to do also inexact 
(uncertain, fuzzy) reasoning. In KFM similar input data are represented in a close 
neighborhood in the feature map. A special encoding therefore maps contextual semantic 
relationships to topological neighborhoods.  
Therefore our system allows to generalise the unification algorithm to a more flexible 
unification strategy where syntactic closeness, such as in the presence of typographic errors, 
and semantic closeness (same usage of terms, analogical reasoning) are respected. This type 
of unification could play a central role in systems where an algorithm for approximative 
reasoning, like in expert systems, is needed. Experiments with several examples stemming 
from quite different application areas such as symbolic differentiation or a Prolog program for 
the travelling salesman problem show the practicability of our approach.  
We are aware, however, that for a truly connectionist realisation of unification the one-to-one 
correspondence of terms to units in the network (local representation) should be abandoned in 
favour of a distributed representation. We will investigate such an approach in the near future. 
The main problem here is an appropriate encoding of the concatenation and aggregation of 
terms such that a decoding is possible. Preliminary results in this area are, however, promising 
[WEBER 92].  
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& Wordÿÿý Ðá1 Þðþð  �

�
Ý   

� �
�

� �
ð ð  

� �
� ð 

� � �
ð ³2 @@$Sie benötigen 

Word 6.0c oder höher, ³2 ÄÐ@$um Macintosh-Grafiken anzuzeigen. �
1

�
áÿÿÿÿÐÆÐÂ Ð Ç å åÐ 
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*þ f/1 óÐ ÿÿÿÿÐÆÐÂÝ"9\OE   

� � �
¡¤ð ý "Dà "Dàq&Ý\OE íÐLÝÆ9\OE í\OE 
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�
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�
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�
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�
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� �
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¡Ý" ú  
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¡¤ðÞýÐ ÝÐÐ" Á #Ñ  £Ð ÿÿÿÿ_968144698¼ÐÐ  

�
�

ÿÿÿÿý¹ðÀFÄ9;ÂµÁÆÐÄ9;ÂµÁÆÐÐOle ðÐÿÿÿÿÿÿÿÿÿÿÿÿð PIC � �
ðÝÿÿÿÿ L PICTþðÐÿÿÿÿÿÿÿÿÿÿÿÿü  � � �
þ( ,Ð, ð) ÐX   �
Ý+ÝÐ1) Ð.)ðÐ2¡À±30 dict begin currentpoint 3 -1 roll sub neg 3 1 roll sub 2144 div 480 3 -
1 roll exch div scale currentpoint translate 64 58 translate 56 262 moveto /fs 0 def /sf { exch 
dup /fs exch def dup neg matrix scale makefont setfont}  def /f1 { findfont dup /cf exch def sf}  
def /ns { cf sf}  def 384 /Times-Italic f1 (f) show 208 358 moveto 224 /Times-Roman f1 (0) 
show 354 262 moveto 384 /Times-Roman f1 (,) show 492 262 moveto 384 /Times-Italic f1 
(g) show 658 358 moveto 224 /Times-Roman f1 (1) show 786 262 moveto 384 /Times-
Roman f1 (,) show 922 262 moveto 384 /Times-Italic f1 (a) show 1090 358 moveto 224 
/Times-Roman f1 (1) show 1195 358 moveto 224 /Times-Roman f1 (.) show 1243 358 
moveto 224 /Times-Roman f1 (1) show 1371 262 moveto 384 /Times-Roman f1 (,) show 
1529 262 moveto 384 /Times-Italic f1 (X) show 1747 358 moveto 224 /Times-Roman f1 (1) 
show 1852 358 moveto 224 /Times-Roman f1 (.) show 1918 358 moveto 224 /Times-Roman 
f1 (2) show end  ¿ çÿ–\
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�
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ÿÿÿÿÐÆÐÂ"ÐNÐÝ½#Æ  ¡Ý"ÐW...  ¡¤ð ÆÐ ÝÐÐ"Ðl...Î##þÆ# £Ð 
ÿÿÿÿÐÆÐÂ"Ðl...Î#þÆ ¡Ý"ÐW°  ¡¤ð ÆÐ ÝÐÐ"Ðl°Î##þÆ# £Ð 
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Æ ¡ 

�
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�
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� � � �
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�
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