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Abstract 

     Self-adaptation is an important capability of applications 
deployed in dynamically changing environments, such as adaptive 
information filtering (AIF). Immunological inspiration is typically 
applied to the computational perspective to promote software with 
characteristics such as self-organization, adaptation and learning. 
In this paper, we experiment the features of dynamic clonal selection 
(DCS) focusing on the gene libraries to produce reasonable coverage 
of detectors to detect changes of multi interest of topics. We 
experiment how the capability of DCS through diversity of detector 
in gene libraries classify multi topics of user’s interests. Moreover, 
we further investigate the ability of the DCS to forget a previous 
topic when it starts to process a new topic. The results shows that the 
antibody-antigen interaction of B cells and the introduction of the 
diverse coverage of detectors helps further improve the capability for 
identifying new and potentially uninteresting topics thus have a 
positive effect on the adaptability of the profile to changes in user 
interests. 

Keywords: Adaptive Information Filtering, Dynamic Clonal Selection, Gene 
Libraries, Profile Adaptation, Dynamic User Profile 

1      Introduction 

Conventional information filtering systems can be considered static, in that the 

components of the system work in deterministic ways. However, these 

conventional static systems are unable to maintain the quality of output as the 

inputs change character; for these applications, an adaptive approach is needed. 
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Tauritz [11] defined an Adaptive Information Filtering (AIF) system as ``a system 

that is capable of adapting to changes in both the data stream and the information 

needs''. Adaptation in information filtering involves the process of filtering 

incoming data streams in such a way that only relevant data (information) is 

preserved. The relevance of the data is dependent on the changing (adaptive) 

needs of a particular person or group of persons with a shared interest. In addition, 

the users' interest cannot be assumed to be constant. Therefore, a filtering system 

must be responsive to dynamic user interests, to users with multiple topic interests 

and to users with changing interests. Changes in the user interest may be caused 

by changes in the user's environment and knowledge. The combination of these 

parameters causes a variety of changes (dynamic) and renders the profile 

adaptation a challenging research area. 

This paper is concerned with a study into experimenting Artificial Immune 

Systems (AIS) towards profile adaptation in AIF. We describe Dynamic Clonal 

Selection (DCS) algorithm that is used to maintain the profiles and the used of 

gene libraries in maintaining sufficient diversity for the set of terms that can be 

added to the profile during mutation. The goal is to adapt our multi-topic profile 

both to short-term variations in the user's need and to progressive, but potentially 

radical changes in long-term interests. 

2 Principled Abstraction of Immune Inspired to 
Adaptive User Profiling 

What is missing from existing research on bio-inspired adaptive systems is a 

principled and systematic way to identify appropriate biological inspiration. 

Stepney et al.[10] propose a conceptual framework explicitly as a guideline for 

designing bio-inspired algorithms. Andrews [1] attempts to apply the principled 

approach to AIS algorithm design, from a study of part of the mammalian immune 

system. He concludes, not unexpectedly, that the principled approach has 

potential, but it needs to be clear what sort of application is being designed. In our 

work, we are seeking an immune inspiration for adaptive user profiling, an 

algorithm that able to adapts and continuously to changing of user interests. As a 

first step towards identifying appropriate immune-inspiration, we follow Stepney 

et al.[10], that the underlying properties of classes of models can be abstracted by 

meta-probes known as ODISS meta-questions: Openness, Diversity, Interaction, 

Structure and Scale. The ODISS approach leads to a comprehensive set of 

requirements which allow the identification of an appropriate property of the 

immune system and the problem domain studied as described in [2,3]. From the 

mapping in Table 1, this work suggested that profile adaptation can be developed 

by incorporating ideas from aspects of DCS with the use of gene libraries to 

maintain sufficient diversity. Furthermore, through DCS, it can inherently 

maintain and boost diversity and can dynamically control the size of the immune 

repertoire by means of selection, cloning, and mutation procedures. Further 
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implementation of the approach in the design of the algorithm and the experiment 

is presented in the next section. 

Table 1: ODISS Characteristics of Immune Inspired Towards Adaptive User 

Profiling [3] 

 

3 Profile Adaptation through Dynamic Clonal 
Selection (ProAdDCS) 

Profile adaptation is a challenging problem with distinct characteristics and 

requirements. The user profile must be capable of continuous learning and 

forgetting. A profile that only learns and does not forget will eventually become 

saturated with irrelevant features. Forgetting is necessary for maintaining an up to 

date representation of the user's interest. The dynamic nature of profile adaptation 

invites the application of biologically inspired approach. Of interest is the AIS 

which can inherently maintain and boost their diversity and can dynamically 

control the size of the immune repertoire. The clonal selection theory in the 

immune system has received the attention of researchers and given them 

inspiration to create algorithms that evolve candidate solutions by means of 

selection, cloning, and mutation procedures. 

3.1 The Algorithm 

A diagrammatic of ProAdDCS flow is shown in Fig.1. The gene libraries features 

of ProAdDCS is defined in Algorithm 1. While, the initialisation, the affinity 
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function and the clone and mutation function is described in Algorithm 2, 

Algorithm 3 and Algorithm 4 respectively. 

 
 

Fig. 1: The ProAdDCS Flow Chart 
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Algorithm1: Gene Library for Maintaining Diversity in ProAdDCS 

 

 
Algorithm 2: Initialization Procedure 
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Algorithm 3: Affinity Function Procedure 

 

 
Algorithm 4: Cloning and Mutation Procedure 

 

4      Experimenting ProAdDCS in Dynamic User 
Interests 

In this section, ProAdDCS is tested in order to evaluate its performance via real 

corpus of web document. The profile is tested for their ability to adapt over time 

in the content of documents. Evaluation is carried based on simulation procedure 

whereby it involves the use of virtual or synthetic user which is used to simulate 

such radical changes. Given a pre-classified collection of documents, a virtual 

user's current interests are defined by a subset of the classification topics. Training 

documents that relate to the topics in the subset comprise the positive feedback. 

Interest changes can then be simulated by modifying this subset. To simulate the 

loss of interest in a topic, it is removed from the subset. Similarly, the emergence 

of a new topic of interest can be simulated by adding a new topic to the subset. 

System can therefore be tested against radical drifts in the topic of interest. The 

experiment is investigated based on Reuters-21578 Document Collections. The 

data was originally collected and labeled by Carnegie Group, Inc. and Reuters, 
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Ltd. and include 21578 news stories. The documents have been manually 

classified according to 135 topic categories, but for these experiments we 

concentrate only on the 23 topics with at least 100 relevant documents.  Usually, 

in text classification experiments, for each topic category a classifier is first 

trained using relevant documents from the training set and is subsequently 

evaluated against the test set. However, for the purpose of this experiment we use 

the collections in a different way. The documents in Reuters 21578 are ordered 

according to publication date and their topicality changes accordingly. We exploit 

this ordering to test the ability of the algorithm to continuously learn, but also to 

forget. The 23 topic involved in the experiments are ordered according to 

decreasing size, i.e., the number of documents in the collection that are relevant to 

a topic.  

4.1      Experiment Methodology 

We followed a methodology proposed in [8]. This methodology was proposed for 

evaluating the ability of a user profile for continuous adaptation in a dynamically 

changing environment. We adopt this methodology because we believed that this 

methodology can be used for testing the ability of adaptive systems, such as AIF, 

for online learning (and forgetting) in a complex, multi-dimensional and dynamic 

environment. Furthermore, iterating over the same set of documents and suddenly 

switching between topics of interest, causes discontinuities. Nevertheless, how the 

system reacts to these discontinuities is an interesting test for the system's 

dynamics. 

In this experiment, each experimental run starts with an initially empty profile. 

The profile then evaluates (i.e., assigns a score to) the 21578 documents in order. 

The empty profile assigns a zero score to documents until it encounters a 

document relevant to the first of the 23 topics (i.e., earn) and then it is initialized. 

The initialized profile assigns a score to the remaining documents in the collection 

and every time it encounters a document that belongs to topic earn, it evaluates 

the document and then uses it as positive feedback and adapts based on it. When 

all 21578 documents have been evaluated, they are ranked according to 

decreasing relevance score and the Average Un-interpolated Precision (AUP) for 

each of the 23 topics is calculated on the ordered list of documents. After the first 

evaluation period, the process is reinitiated and the profile, which now represents 

the first of the 23 topics, starts anew to evaluate the document collection. This 

time, however it uses as positive feedback documents that belong to the second of 

the 23 topics (i.e., acq). In other words, the profile has to forget the no longer 

interesting first topic (earn) and learn the new topic of interest (acq). Once all 

documents have been evaluated, a new set of AUP values is calculated and the 

process is repeated for the third topic (moneyfx). The experiment finishes once all 

23 topics have been used as positive feedback. 



 
 

 

 

Nurulhuda F. et al.                                                                                                106                                                                   

For multi-topic experiments, the same process is applied. Multi-topic experiments 

include the two-topic. In the two-topic experiment, the profile initially learns the 

first two topics in parallel. The system then forgets the first and learns the second 

and third topics, and so on. To evaluate the performance of the algorithm, we 

carried out a statistical analysis based on the non-parametric Mann-Whitney-

Wilcoxon or rank-sum test [14] to test whether two algorithms had different 

distributions (each having a different median), and the Vargha-Delaney A 

statistics [13] to measure the effect of size between these algorithms. Table 2 

presents a list of the A values and the implication on the tested sample size. We 

used this guideline to assess the effect size. 

Table 2: The Vargha-Delaney A Statistics Value and Its Implication on Sample 

Size [13] 

 

4.2      Experiment Result and Discussion 

In this section, the results of the experiment are discussed. Table 3 and Table 4 

present the complete comparative experiment results for the single-topic and two-

topic experiments. The fourth columns present the differences between the 

ProAdDCS with Naive Bayesian. The combined values of AUP scores for the 

multiple-topic are calculated based on the aggregate set of relevant documents for 

all constituent topics. The statistical analysis for the tested algorithms is presented 

in the last row of the list of the topics. The analysis includes the median, standard 

deviation and the non-parametric statistical analysis based on the Rank-Sum and 

the Vargha-Delaney A statistics. 

In the single-topic experiment (Table 3), the ProAdDCS profile produces better 

AUP score than Naive Bayesian approach for the overall topics tested. However, 

as already discussed, representing a single topic of interest is a relatively simple 

problem and does not accurately reflect a real situation. In reality, a user is 

typically interested in more than one topic in parallel. In contrast, in terms of 

statistical non-parametric analysis, the p-value indicates with 95% confidence that 

there was a statistically and scientifically significant difference between the 

ProAdDCS's profile with Naive Bayesian approach. In summary, these samples 

had a different distribution which indicates that their medians were different. The 

A value from the Vargha-Delaney A statistics shows that the ProAdDCS's profile  
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Table 3: Results for Single-Topic Experiments 

 

with the comparative algorithm showed a large effect with the A value above 0.71. 

This indicates that the performance between the ProAdDCS's profiles with the 

baseline approach shows a large effect when tested on the single-topic of Reuters 

21578 document collections.  In addition, results for the two-topic (Table 4) 

clearly shows that as the complexity of the user's interest increases, the 

preservation of diversity become increasingly important. The ProAdDCS's profile 

performs better compared with Naive Bayesian for overall topic combined. 

Moreover, in all cases, the Mann-Whitney-Wilcoxon or rank-sum test showed that 

the differences between these algorithms were statistically and scientifically 

significant. This can be summarized as showing that the tested algorithms had 

different distributions and showed a large performance effect with the A value 
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above 0.71. This indicate that ProAdDCS's adaptation, which involves the 

introduction and preservation of diversity in the gene libraries are able to respond 

to short-term variations and occasional radical changes in the composition of a 

stream of feedback documents. 

Table 4: Results for Two-Topic Experiments 

 

6      Conclusion 

This paper is concerned with a study into experimenting AIS towards profile 

adaptation to changes on user interests in AIF. We have argued that the user 

interests are by nature dynamic where a combination of parameter causes a variety 

of changes. Frequent changes in the user’s short-term needs contribute to 

progressive changes in the user’s long term interests and vice versa. The user's 
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interest may shift frequently between different topics or related subtopics. New 

topics and subtopics of interest emerge and the interest in a certain topic might be 

lost. To achieve adaptation on single and multi-topic profile subject to variety of 

changes in the user interests, we have been inspired by biological theories of DCS. 

DCS can inherently maintain and boost diversity and can dynamically control the 

size of the immune repertoire by means of selection, cloning, and mutation 

procedures. Moreover, diversity in the population is enabled by means of the 

receptor editing process. Here, we suggested that profile adaptation can be 

developed by incorporating ideas from aspects of DCS with gene libraries to 

maintain sufficient diversity through transformation of synset relationship based 

on WordNet. To test our approach to profile adaptation, we have synthesized 

virtual users based on web document corpus namely the Reuters-21578 document 

collection. We made the assumption that a user's interest and changes in them are 

reflected by the feedback that the user provides. On these ground, we have carried 

an experiment to test the ability of the profile in learning and forgetting topics 

based on identified corpus. We may argue that the experiment results have been 

positive. Furthermore, the result on ProAdDCS’s profile has also been positive for 

task comprising the unrelated topics learned in parallel as well as not learned in 

parallel. Our next concern is to further experiment the algorithm with other 

algorithms such as the Rocchio's learning algorithm and the self-organize 

Nootropia's profile model. Comparative performance is important in order to 

assess whether the works are incremental improvements on the state of the art or 

evolutions of existing work. 
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