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Abstract. Self-organizing incremental neural network (SOINN) is intro-
duced. SOINN is able to represent the topology structure of input data,
incrementally learn new knowledge without destroy of learned knowledge,
and process online non-stationary data. It is free of prior conditions such as
a suitable network structure or network size, and it is also robust to noise.
SOINN has been adapted for unsupervised learning, supervised learning,
semi-supervised learning, and active learning tasks. Also, SOINN is used
for some applications such as associative memory, pattern-based reason-
ing, word-grounding, gesture recognition, and robotics.
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1 Introduction

Incremental learning addresses the ability of repeatedly training a network using
new data without destroying the old prototype patterns. The fundamental issue
for incremental learning is how a learning system can adapt to new information
without corrupting or forgetting previously learned information: the so-called
Stability-Plasticity Dilemma [1].

Numerous online incremental learning algorithms based on competitive neu-
ral networks have been proposed and applied in many applications. A salient
advantage of competitive neural networks is their capability of operating with
information of new data incrementally. Well known examples of competitive neu-
ral networks include Kohonen’s self-organizing map (SOM) and its modification
for supervised learning, Learning Vector Quantization (LVQ) [2]. SOM and LVQ
are unsuitable for incremental learning, the number of nodes of such methods is
predefined. Self-growing type SOM [3] can improve their performance by inser-
tion of nodes and the gradual increase of their structural complexity. In addition,
the Growing Neural Gas (GNG) architecture [4] is a modification to the GCS,
in which the dimensionality of topological structures is not predefined, but is
instead discovered during training. In self-growing SOM, GCS, and GNG, the
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number of nodes is not predefined and, by insertion of nodes, new information
can be learned. However, these methods require predefinition of the maximum
number of nodes because insertion of nodes continues interminably as long as
new input patterns come. In this regard, if the number of nodes reaches the
maximum, further inputs engender the possibility of destruction.

In this paper, we introduce SOINN [5] for online incremental learning. In
SOINN, the insertion of nodes is stopped and restarted automatically with new
input patterns. Thereby, it avoids the indefinite increase of nodes, and it intends
to present a balance of stability and plasticity [5].

2 Self-Organizing Incremental Neural Network (SOINN)

A SOINN adopts a two-layer network. The first layer learns the density distri-
bution of the input data and uses nodes and edges to represent the distribution.
The second layer separates clusters by detecting the low-density area of input
data, and uses fewer nodes than the first-layer to represent the topological struc-
ture of input data. When the second-layer learning is finished, SOINN reports
the number of clusters and gives typical prototype nodes of every cluster. It also
adopts the same learning algorithm for the first and second layers. Fig. 1 shows
a flowchart of the SOINN learning process.

When an input vector is given to SOINN, it finds the nearest node (winner)
and the second nearest node (runner up) of the input vector. It subsequently
judges if the input vector belongs to the same cluster of the winner or runner up
using the similarity threshold criterion. The first layer of SOINN adaptively up-
dates the similarity threshold of every node because the input data distribution
is unknown. If node i has neighbor nodes, the similarity threshold Ti is calcu-
lated using the maximum distance between node i and its neighboring nodes.

Ti = max
j∈Ni

‖Wi − Wj‖ (1)

Therein, Ni is the set of neighbor nodes of node i and Wi is the weight vector
of node i. A similarity threshold Ti is defined as the minimum distance between
node i and other nodes in the network if node i has no neighbor nodes.

Ti = min
j∈N\{i}

‖Wi − Wj‖ (2)

Here, N is the set of all nodes.
The input vector will be inserted to the network as a new node to represent

the first node of a new class if the distance between the input vector and the
winner or runner up is greater than the similarity threshold of a winner or runner
up. This insertion is called a between-class insertion because this insertion will
engender the generation of a new class, even if the generated new class might be
classified to some older class in the future.

If the input vector is judged as belonging to the same cluster of winner or
second winner, and if no edge connects the winner and second winner, connect
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Fig. 1. Flowchart of SOINN

the winner and second winner with an edge, and set the ‘age’ of the edge as ‘0’;
subsequently, increase the age of all edges linked to the winner by ‘1’.

Then, update the weight vector of the winner and its neighboring nodes. We
use i to mark the winner node, and Mi to show the times for node i to be a
winner. The change to the weight of winner ΔWi and change to the weight of
the neighbor node j(∈ Ni) of i ΔWj are defined as ΔWi = 1

Mi
(Ws − Wi) and

ΔWj = 1
100Mi

(Ws − Wj), where Ws is the weight of the input vector.
Then, SOINN removes the edges whose age is larger than the value of thresh-

old parameter agemax.
After λ learning iterations, the SOINN inserts new nodes into the position

where the accumulating error is extremely large. Cancel the insertion if the
insertion cannot decrease the error. The insertion here is called within-class
insertion because the new inserted node is within the existing class; also, no new
class will be generated during the insertion.

To delete the nodes created by noise, SOINN uses the following strategy: if
the number of input signals generated so far is an integer multiple of a parameter
λ, remove those nodes that have no neighbor or only one topological neighbor.

After LT learning iterations of the first layer, the learning results are used
as the input for the second layer. The second layer of SOINN uses the same
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learning algorithm as the first layer. For the second layer, the similarity threshold
is constant; it is calculated using the within-cluster distance and between-cluster
distance [5]. With a large constant similarity threshold, different from that of
the first layer, the accumulation error for nodes of the second layer will be very
high, and within-class insertion plays a major role in the learning process. With
a large constant similarity threshold, the second layer also can delete some “noise
nodes” that remain undeleted during first-layer learning.

3 Applications with SOINN

After the publishing of original SOINN, we adopted SOINN for some machine
learning tasks and some applications.

1. Unsupervised learning
The original SOINN [5] and its enhanced version [6] are about unsupervised
learning. SOINN is used to learn the topology structure of input data, it
is able to grow incrementally and to accomodate input patterns of online
non-stationary data distribution. It can separate classed with low-density
overlap and detect the main structure of clusters that are polluted by noise.
It automatically learns number of nodes and structure of the network, reports
the number of clusters, and give the typical prototypes of every cluster.

2. Supervised learning
In [7], a prototype-based classifier based on SOINN is proposed. We firstly
use SOINN on every class separately and generate typical prototypes for
each class; then we do k-means clustering to tune the results of SOINN; then
we adopt a k-Edited Neighbors Classifier like technique to reduce the noise
influence of input data; at last, the input data of all classes and the results
of noise-reduction part are used to clean the central part of every class and
only boundary prototypes are remained. This method automatically learns
the number of prototypes needed to determine the decision boundary. For
different classes, the learned prototypes may be different. It is robust to noisy
training data, and it realized very fast classification.

3. Semi-supervised learning
In [8], an online incremental semi-supervised learning method based on
SOINN is presented. Using labeled data and a large amount of unlabeled
data, the proposed method automatically learns the topology of input data
distribution with no prior knowledge, it subsequently labels all generated
nodes and divide the learned topology structure into sub-structures corre-
sponding to classes. Weights of nodes are used as prototype vectors to realize
classification. During the learning, new labeled or unlabeled data is able to
incrementally add to the system.

4. Active learning
In [9], an online incremental active learning algorithm based on SOINN is
proposed. It uses SOINN to represent the topology structure of input data,
and then separates the generated nodes into different groups and subclus-
ters. It then actively labels some teacher nodes and uses such teacher nodes
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to label all unlabeled nodes. It queries the labels of some important samples
rather than selecting the labeled samples randomly. It automatically learns
the number of nodes and teacher vectors required for a current task. Ex-
periments using artificial data and real-world data show that the proposed
method works effectively and efficiently.

5. Associative memory
Associative memory operating in a real environment must perform well in
online incremental learning and be robust to noisy data because noisy as-
sociative patterns are presented sequentially in a real environment. In [10],
an associative memory is proposed to satisfy these requirements. New asso-
ciative pairs that are presented sequentially can be learned accurately with-
out forgetting previously learned patterns. The memory size of the proposed
method increases adaptively with learning patterns. Therefore, it suffers nei-
ther redundancy nor insufficiency of memory size, even in an environment in
which the maximum number of associative pairs to be presented is unknown
before learning. The proposed associative memory performs as a bidirec-
tional one-to-many or many-to-one associative memory and deals not only
with bipolar data, but also with real-valued data.

6. Pattern-based reasoning
In [11], an architecture for reasoning with pattern-based if-then rules is pro-
posed. By processing patterns as real-valued vectors and classifying similar
if-then rules into clusters in the long-term memory, the proposed system can
store pattern-based if-then rules of propositional logic, including conjunc-
tions, disjunctions, and negations. It also achieves some important prop-
erties for intelligent systems such as incremental learning, generalization,
avoidance of duplicate results, and robustness to noise. Experiments show
that the proposed method is very effective for intelligent systems solving
varying tasks autonomously in a real environment.

7. Other applications
SOINN is also used for humanoid robots [12], online robot navigation in the
real-world [13], word acquisition and grammar learning [14], word grounding
[15], and so on. We will not give the detailed discussion here.

4 Conclusion

In this paper, we introduced self-organizing incremental neural network and its
application.There are still lots of problems to be solved. Suchproblems include how
to build a theoretical basis of SOINN and how to use SOINN as a data- and feature-
extraction method for the solving of large-scale problems. In addition, we need to
discuss how SOINN can be used for different types of incremental learning, such as
example-incremental, class-incremental, and attribution-incremental learning.
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