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Abstract— A new text classification algorithm which is 

based on Ant Colony Algorithm is proposed in this paper. It 
makes use of the advantage in solving discrete problems by 

ACO and discreteness of text documents’ features. Texts are 

classified by crawling of class population ants which have 

class information with them to find an optimal path 

matching it during iteration in the algorithm. It can get a 

satisfactory classification by the experiment. 
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I. INTRODUCTION 

Text classification is to map the text to one or more 

predefined categories using a kind of classification 

algorithm which is accomplished according to text content. 

A standard classification corpus has been established and a 

unified evaluation method is adopted to classify English 

texts based on machine learning which has made a large 

progress now. Large numbers of studies have been done by 

domestic scholars at home also. Ant Colony Optimization is 

proposed by M. Dorigo, V. Maniezzo, and A. Colorni who 

are Italian scholars in 1990s. It is a new simulated 
evolutionary algorithm which is inspired from biological 

evolution inspiration and the manner of searching path of 

nature ants. Advantages of ant colony algorithm in solving 

discrete optimization problems are used in text classification 

in this paper. It can get good classification results proved by 

the experiment. 

ACO is mainly used for solving TSP problems, 

distribution and job-shop scheduling problem and so on at 

first. Its applications has been extended to more fields 

including Multi-objective optimization, data classification, 

data clustering, telecommunications management, biological 

system modeling, signal processing, robot control, decision 
support, simulation and system identification, etc. ACO has 

some advantages in solving complex optimization problems 

particular in discrete optimization problem which can be 

found that it is a promising algorithm in data classification 

and clustering. 

ACO is modeled after the collective foraging 

behavior of nature ant colony. It is found that ants will leave 

some secretions produced by the smell in walked the road to 

communicate information and complete tasks in cooperation 

with each other. Following ants will select the odoriferous 

road to walk and leave odor goon. Ants in the shortest path 
will be more and more with more odors leaved in it until all 

ants would select this road. Relevancy between TSP 

problems and text classification based on ACO is as follows. 

1) A class of ants with same category name corresponds to 

a target category which is determined by classification 

mechanism. 

2) The distance between cities can be regarded as 

categories’ similarity between feature nodes. The 

similarity is calculated as formula (1), 

                    (1) 

3) Pheromones correspond to classification weights of 

word’s nodes. 

After population ants crawl in this way the optimal 

path of every category will be found. The road with highest 

pheromone concentration is come out by comparing. 

II. APPLICATION OF ACO IN TEXT CLASSIFICATION 

There are many common text classification methods 

including Naive Bayes algorithm, Vector space distance 

measure classification algorithm, K nearest neighbor 

classification algorithm, Support Vector Machine, Neural 

network algorithm and so on. All of these methods have 

their corresponding inadequacies. ACO is used in text 

classification to get a more precise classification in this 

paper. 

A. Determine of Classifiers 

Classifiers which are not only information of article type’s 

carriers but also keywords to determine article categories are 

used to describe the feature of texts in the paper. They can 

express the connotation and extension of category concept 

in the corresponding classification system. Classifiers are 

aimed at some a particular classification system because a 

keyword is a classifier in one system but is not in another. 
Categories of yahoo are selected as the classification system 

in this paper. 

Specifically degree is defined to describe extraction 

of classifier in this paper. The specifically degree is the 

possibility of words’ classification which is a decimal 

between 0 and 1. The single word which decimal is greater 

than 0.55 or double words or over it whose decimal is 

greater than 0.45 are contained in the experiment. 

B. Training Process 

Every word’s weight wik of category k as for term i can be 

calculated through known categories training documents. It 

can be calculated as formula (2). 

                (2) 

The character N is document total, tfi is word 

frequency and ni is document frequency that is total 

numbers of documents that word i is included in 

concentrated in the training text above. A pos factor p is 

used to improve the classification accuracy considered that 

it has a greater impact on the classification accuracy too. For 

example the contribution of nouns and verbs to 

classification accuracy is larger than that of adjectives and 

adverbs usually. Most high frequency particles have little 

contribution to classification so that a smaller pos factor 
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value should be given to balance the weight. The pos factor 

p is a constant between 0 and 1 for certain class of speech. 

C. Categorizing Process 

A feature term of test documents is regarded as a node in the 

algorithm. All ants are divided into several clusters. Ants 

which have same category information in the same cluster 

traverse all of the nodes. The numbers of ants in one type 

colony determine ants crawling iterations of this type. A 

class path Ik which can describe the optimum of this class 
will be generated after some a type of ants K have 

completed all the nodes. The classification result will come 

out by comparing pheromone concentrations b in their own 

roads Ik after all of ants’ iteration. The classification k 

described by the road Ik who has the max pheromone 

concentration is the class of this text. 

1) Questions to be solved Ant Colony Algorithm is 

Introduced to Text Classification Problem 

a) Determination the Next Node of the Road 

The next node of the road is determined by both similarity 

and transition probability of current node. The similarity of 
a node can be calculated using formula (1) above, the 

transition probability can be calculated using formula (3) as 

follows. 

                                  (3) 

b) Calculating the Pheromone τj to be updated after 
getting some a Node j 

                             (4) 

The symbol τ is equal to wjk which is the weight of term j 

belonging to category k above. 

c) Finding the Optimal Covering Collection in all of 

them (Optimal Path) of Categories 
Every category covering collection contains all nodes in the 

optimal path of this category. The optimal covering 

collection is the path whose similarity with text category is 

the closed. The similarity of every path and text category 

can be calculated by pheromone concentration how many 

pheromones in unit distance. The formula (5) is the 

calculating of pheromone. 

                                    (5) 

2) Classification Algorithm 

1) Step 1: Divide all ants into m groups (m is the number 

of category) according to categories. Feature terms of 

testing documents are hashed randomly. 

2) Step 2: Iteration process 

For k = 1 to m 

Every ant in ant colony of class k (ak) traversals all nodes 

sequence. Pheromone value of every node is initialized into 
τ0 equally. Select a starting node randomly and start to crawl 

after releasing the pheromoneτ1. 

The set of cover point I is initialized into empty set φ, I={}. 

Do while (there is un-iterated ant in the population) 

The next node j is selected based on the max value of x 

which is product of similarity with current node i and 

transition probability. 

For the formula of x=S×pij, the value of S and pij can be 

calculated by formula (1) and formula (3). 

If (x < the standard value) Then Crawling of this ant is 
ended 

Else 

Accessing node j and updating the pheromone of j by 

formula (4) 

I = I ∪ {j}, updating the covering collection I (maybe get rid 

of redundant node element 

End if 

Loop 

Getting the covering collection of class k to this document, 

Ik = {I1, I2, … , In} 

Calculating the pheromone concentration using formula (5) 
Next k 

1) Step 3: The category (a) of the covering collection (I) 

accorded by Max(bk) is the text’s category. 

III. SYSTEM IMPLEMENTATION & DATA ANALYSIS 

There are 200 texts are selected in the experiment, 140 of 

which are training corpus including forty on financial, forty 

on sports, thirty on culture, thirty on military and 60 of 

which are testing ones. There are 6217 feature items are 
extracted, weight values of which on every class expressed 

as w are calculated in training process. Every testing 

document is classified by iterative computation in training 

process used the classification algorithm above. 

Classification results are evaluated by precision and recall 

rate which are accepted internationally. The result shown in 

Table I, the parameters such as A and B of which indicate 

respectively average quantity of ant population and the 

standard value. 

 
Table 1: Classification of Different Values on A & B 

From table I, the value of ants in a class population, 
standard value which can determine times of iteration this 

time could affect the classification accuracy directly. 

IV. CONCLUSION 

Ant Colony Optimization is a potential bionic algorithm. 

Text classification based on ACO is researched in this paper 

so that a practicable classification algorithm has been 

proposed. It is proved by experiment that it has strong 

robustness and has an excellent distributed computing 
mechanism using this algorithm to classify texts. So it is 

worthy to in-depth study go on. 
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Of course, the study of texts categorization based 

on ACO is far from ended, for example, how to find a better 

number of class population of ants and an optimal standard 
value of similarity should be studied further to obtained an 

optimal text categorization. The selection of pos factor is 

our future work also. 
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