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Аbstract

Joint analysis of the general structure of online Internet discussions and diff erent attributes of 
particular text comments becomes an important scientifi c task in theoretical and applied aspects. 
Although methods of machine learning facilitate stochastic analysis of text messages, appropriate 
modeling of dynamics of online discussion and psycho-linguistic characteristics of comments in 
the presence of multiple individual authors remains the unresolved problem. In this article, the 
authors suggest applying the methods of multi-agent simulations for resolution of that problem. 
This work off ers two models of online discussion which allow us to take into account characteristics 
of individual comments and the presence of multiple authors with individual models of behavior. 
The behavior models are designed in the result of analysis of actual online Internet discussions. The 
fi rst model is centralized and represents the behavior of each author in the same manner, using a 
set of fi xed parameters. In comparison to the centralized model, the multi-agent distributed model 
states the individualized behavior for every author through the Markov chain of the special form. 
Such individualized structure allows us not only to approach the real dynamics of the discussion, 
but also to compare the models with the actual online Internet discussions. Using pre-processed 
factual data of real discussions from various Internet portals became an important feature of 
the suggested approach to simulation modeling. Pre-processing includes expert evaluation of 
psycho-linguistic characteristics (intent and content analysis), as well as methods of mathematical 
statistics. Therefore, this research is a positive example of inter-disciplinary research of Internet 
communication phenomena.
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Introduction

A
nalysis of the general structure of 

online Internet discussions and 

the content of particular text com-

ments is becoming an important scientific 

task. In its fundamental aspects, studying 

the phenomenon of various forms of online 

discussions (blogs, chats, etc.) allows us to 

deepen our understanding of the phenome-

non of interpersonal and network communi-

cations. The applied aspect of the problem, 

in turn, is related to the problems of creat-

ing intelligent advisory systems [1], increas-

ing the effectiveness of electronic marketing 

and e-business [2], new forms of spontane-

ous and organized political activity [3, 4] and 

other significant sociological and economic 

problems. 

The research task proposed in this article 

has a strong interdisciplinary flavor. Although 

methods of machine learning facilitate the 

automatic detection of emotional aspects of 

comments, detailed analysis of comments in 

the Internet discussions requires the devel-

opment of both qualitative and quantitative 

methods of textual analysis based on a multi-

parameter peer review [5].

In this article, the authors propose two new 

multi-agent models of online discussion. The 

behavior of both models is designed in the 

result of analysis of actual online Internet dis-

cussions (media sites).The first model contains 

a centralized block for generating comments 

which is responsible for the behavior of agent-

authors. In the second model, the behavior of 

agent-authors is individualized and defined 

through a multilevel hierarchical Markov 

chain.

Compared with other machine learning 

approaches to modeling discussions [3, 6–9], 

the proposed solutions provide new opportu-

nities to model the behavior of individual par-

ticipants in the discussion and to predict its 

development in general. The model structure 

created allows us not only to define such tra-

ditional discourse characteristics as intentions 

and the referential object of individual com-

ments [10, 11], but also to generate the struc-

ture coincident with the actual discussions 

on the basic graph metrics, such as the cen-

tral vertex/clique of the graph, the number of 

branches of the discussion, the average num-

ber and variance of the number of comments 

in the branches of the discussion. In addition, 

the use of a multi-agent paradigm allows us 

to individualize the behavior of the specific 

agent-author.

The article is structured as follows. In Sec-

tion 1, the general aspects of the problem of 

online discussions analysis and prediction 

is described. Section 2 contains a definition 

of the structure and dynamics of the multi-

agent models created, software implemen-

tations of which are presented in Section 3. 

In Section 4, the validation of implementa-

tions created and their analysis are provided. 

We conclude the article by summarizing the 

results, comparing them with known ana-

logues and setting specifications for future 

research. 

1. Main directions 

of online Internet 

discussions research

In order to aalyze the appearance of different 

words and phrases, current studies of online 
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Internet discussions use various types of statis-

tical estimates based on the distribution of Dir-

ichlet [12–14]. The most revealing examples 

of the research on our subject are the work by 

Wang et al. [8] and original methods for struc-

ture prediction by Yano, Cohen and Smith [3] 

and Ritter et al. [7]. In addition, the results of 

recent years in the wide research field of “tone 

analysis” [2, 9, 15–17] can be interesting. For 

example, in the work [9], the authors provide 

an effective application of machine learning 

techniques using neural artificial networks.

However, despite the aforementioned mul-

tiple theoretical and practical results, some 

problems remain unresolved. Among such 

problems are the possibility of modeling indi-

vidual comments on several parameters (ref-

erential object, intention) and modeling the 

consistent formation of the discussion struc-

ture.

In order to solve these problems, the inter-

disciplinary approach can be used. Such an 

approach should coherently combine both 

psycholinguistic methods of qualitative expert 

evaluation of texts and methods of modeling 

the behavior of individual entities.

Qualitative evaluation of the text comments 

of real online discussions by a group of inde-

pendent experts makes it possible to form a 

set of empirical data necessary for prelimi-

nary statistical processing. In terms of inter-

disciplinary research, we organized the psy-

cholinguistic expert processing of 300 articles 

of leading Russian Internet media (with user 

comments in an amount from 24 to 100 per 

article). As a result, generalized typologies of 

intentions, content (content-codes) and ref-

erential objects were developed. Subsequently, 

using these data, we formed the necessary cat-

egorical matrices and estimated the statistical 

reliability of the appearance of various combi-

nations of intentions, content codes and ref-

erential objects in the discussions. A detailed 

description of this part of the research is 

beyond the scope of this article and can be 

found with information about the  methodol-

ogy developed, typologies, results and analy-

sis in [4, 5].

Individual based simulations [18] naturally 

complement the results of qualitative expert 

evaluation of online discussions and allow us 

to construct a class of reproducible computer 

models that describe the behavior of individ-

ual authors, as well as the structure of the dis-

cussion in general. Multi-agent programming 

systems, which are widely used for modeling 

various social phenomena [19, 20] and opti-

mization [21, 22], can be a practical tool for 

implementing such models.

2. Proposed 
multi-agent models 

of discussion

In the proposed multi-agent models, we 

represent the structure of the discussion as a 

directed tree graph, in which the original arti-

cle is the root, and the comments become 

leaves of the tree.

Each vertex of the graph is described with a 

certain set of parameters: a set of intentions, 

a content, and a referential object. Such a 

mathematical structure is used in both a cen-

tralized and a distributed model. The differ-

ence is only the mechanism for generating 

new vertices of the discussion graph.

2.1. Description of the structure 
of the model in terms 

of a multi-agent system

Both models contain two agent types. The 

first type is active (intelligent) agent-authors 

(authors), which have its own behavior and 

can make decisions. Active agents create the 

second type agents-comments (comments), 

which is passive and does not have its own 

behavior.

Each agent-author (Figure 1) is characterized 

by a unique identifier and is able to produce 

comments according to a set of global varia-
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comment and branch comment selection rule. 

The first two rules are the same for both multi-

agent and centralized models, while the rest 

depend on the version of the model.

The comment generation rule is:

where  – indicator, responsible for com-

ment generation; 

x – value of a uniformly distributed random 

variable X (0, 1); 

i = 1, 2, ..., I – identifier of the current agent-

author; 

 – threshold value determined by the 

behavior model of the agent-author  at time . 

It is important to note that in the central-

ized model the behavior of agent-authors is 

the same and does not change over time, i.e. 

.

The comment characteristics definition rule 

is defined according to the information about 

the pair rules for generating comments, each of 

which has the form:

where i
1

 r
1
 and i

2
 r

2
 – intention and referential 

object of parent and child comment respec-

tively; 

 – the quantity that a given pair of parent 

and child comments met in the discussion tree. 

By grouping a family of such rules according 

to the parent comment, we get for each of them 

the following set of pair rules:

Autor

- id : int

+ read_parametrs_from_file() : void
+ generate-comment() : void
- calculate_intent() : string
- choose_needed-way() : int

Comment

- id : int
- intent : string
- referenceObject : int
- content : int
- author_id : int
- is_root : boolean

+ find-all-pairs() : void

bles: ways, which stores all possible paths from 

the root to the leaf vertices of the branches of 

the discussion tree, and neededwayid and cur_
way, that store the branch of the discussion, 

with which the agent-author works at the cur-

rent stage of the model.

In turn, agent-comments are described with 

only their own attributes: intention (intent), ref-

erential object (referenceObject), content (con-
tent), identifier of the agent-author generated 

the current comment (author_id), and flag (is_
root), which allows us to distinguish the original 

article from the comments relating to it.

Also, there are several environment variables 

in every model required for its statistical analy-

sis: branches_count, which stores the number 

of branches of the discussion tree, comments_
count_in_branches_M and comments_count_
in_branches_D, that store the average number 

and standard deviation of the number of com-

ments in all branches of the discussion tree 

respectively, etc.

2.2 Description 

of agent behavior rules

The behavior of agent authors in the model 

is specified by a set of rules. The need to apply 

each specific rule is determined at each step 

of the model and depends on the values of the 

environment variables and the state of the dis-

cussion tree.

In total there are three rules: comment gen-

eration rule, comment characteristics defini-

tion rule, the rule of the location depth of the 

Fig. 1. UML-representation of models’ agents
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where {i
j
 r

j
 N

j
 }, j = 1, 2, ..., J contains all child 

comments related to the current parent com-

ment i
p
 rp. 

At this: 

where x – value of a uniformly distributed ran-

dom variable .

It is important to note that in the centralized 

model the set of these pair rules is the same for 

all agent-authors in contrast to the multi-agent 

model, where these pair rules are individu-

alized for every agent-author according to its 

behavior model at time t. 

The rule of the location depth of the com-

ment in the centralized model is identified as 

follows:

and in the case of the multi-agent model it is 

generalized in the next form:

where Iclt – indicator identifying the location 

depth of the comment in the centralized model 

(1 – comment is generated to the leaf vertices 

of the discussion tree, otherwise – to non-leaf 

vertices); 

Ilmt – indicator identifying the location 

depth of the comment in the multi-agent 

model (1 – comment is generated to the root 

vertices of the discussion tree, 2 – to a depth 

of not more than M from the root vertices, 3 – 

to a depth of more than M from the root but 

not more than M of leaf vertices, 4 – to a 

depth of not more than M from leaf vertices, 

5 – to the leaf vertices of the discussion tree); 

 – value of a uniformly distributed random 

variable X (0, 1); 

i = 1, 2, ..., I – identifier of the current agent-

author; 

 – threshold value determined by the value 

of environmental variable leaf_top_connec-
tion_probability; 

 – value that characterizes the location 

depth of the comment; 

 – threshold values that 

describe quantitative distribution of the agent-

author  comments on the depth of the discus-

sion branch at the time  and depend on the 

behavior model of the corresponding agent-

author.

Branch comment selection rule is based on 

the configuration of the discussion tree at a 

particular time . Let there be branches in the 

discussion tree, the length of each of them is 

. The agent-author А gen-

erated cc
i
 number of comments in branch 

. Then in the centralized model 

the rule for selection the branch  for comment 

generation can be formalized as follows:

and in the case of the multi-agent model is 

generalized in the next form:

where 

x – value of a uniformly distributed random 
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variable  ;

S – a threshold value; 

 – threshold values describe 

quantitative distribution of the agent-author  

 comments on the branches of the discus-

sion tree at time  and depend on the behavior 

model of the corresponding agent-author. In 

both cases, the selected branch and comments 

on it are stored in the variables neededwayid 
and cur_way respectively.

As a result, we can use this set of rules in 

order to wholly describe the behavior model of 

every agent-author in the case of the central-

ized model (Figure 2).

In contrast to a centralized model, in a dis-

Fig. 3. The conceptual scheme of the agent-author behavior Markov chain

Fig. 2. A conceptual generalized scheme of behavior of an agent-author

Comment 
generation rule

Branch comment 
selection rule

The rule of the location 
depth of the comment

Comment characteristics 
definition rule
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In branch 
with no author 
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a large number of 
author comments

Level 1:
Making a decision 

on comment 
generation
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Selecting a branch 

for generated 
comment
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Choosing 

the depth location 
of the comment
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Comment 

generation (applying 
paired rules) 

Close to 
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In the 
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Close to 
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Generate 
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Do not generate 
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To the 
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tributed multi-agent model, agent-author 

behavior becomes more complex and is indi-

vidualized for each agent-author through the 

hierarchical Markov chain [23] (Figure 3). At 

the same time, the stages (levels of the Markov 

chain) of this model coincide with the central-

ized model. 

It is also important that we receive a set of 

Markov chains for agent-authors as an out-

put of the centralized model work and can 

use them as an input for the distributed multi-

agent model. This interrelated organization of 

the work of both models allows us to conduct 

the subsequent comparative analysis of their 

identity.

3. Program implementation 

of the simulation system

For program implementation of the proposed 

discussion models, we used the multi-agent 

simulation environment NetLogo (v.6.0.1+) 

[24]. In addition to this, we have developed a 

Java program module using an open-source 

JUNG library (v.2.0.1+) [25] in order to vis-

ualize and analyze graphs of Markov chains 

which describe the individualized author-

agents behavior.

The key point of centralized model program 

implementation is that it does not require any 

input parameters, and at the output periodi-

cally generates pairs of files with description of 

the author-agents behavior. Examples of such 

files are represented in Figure 4 (hereinafter the 

codes represent our intent classification).

As we mentioned above, these centralized 

model output files are input for the distributed 

multi-agent model implementation, which, 

in turn, also generates similar files as its out-

put. Such a mechanism allows to compare the 

results of the work of two models and analyze 

their identity. In order to organize such a com-

parison, we transfer all these files to the input of 

the Java module, which extracts and visualizes 

the paired rules contained in them (Figure 5). 

In order to demonstrate changes in the 

author-agent Markov chain over time, the vis-

ualization contains in the center all parent-

comments, which appeared throughout the 

work model, while different frames (clusters) 

of the scheme combine child-comments, that 

arose at different stages of the model work.

Fig. 4. Examples of centralized model output files 
(the first line contains the total number 
of author’s comments, the two others – 

their depth location distribution and distribution 
on the branches of the discussion tree respectively)

00;z4;1

5 00;å4;1

[1 0 4 0] sh3;sh3;1

[3 0 0 0 2] 00;n4;1

n4;i4;1

File with meta-data File with pair rules

Fig. 5. Examples of visualization of the output graph 
of the author-agent Markov chain 

(circles mean comments (coded by intension 
and referential object), rectangles frame comments 

generated by the author at each time period 
of the model work)

4. Analysis 

of the experiment results

In order to evaluate the quality of the mod-

els developed and their correspondence with 

the real online discussions graphs, we con-

ducted several series of experiments for the 

f3

а3

n1

r3

i2

а3

h1

i4

v3

t = 4 t = 2

t = 3

t = 1

m2

а1 а4 l2 е4е3

l3

k3

i3

m1

g1

z2 k4 r3 k2 z3

00 sh3

m3

z3
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centralized and multi-agent versions of 

the model, respectively. We considered the 

experiment at small dimensions (the number 

of comments 25) as well as on large dimen-

sions (the number of comments 200) of the 

discussion. Such values for comment num-

bers were defined according to the sizes of 

real online discussion trees (see Section 1) 

that allow us in what follows to compare the 

results of model works with real factual data. 

First, we conducted an experiment with a 

small discussion (Figure 6). For this we defined 

two author-agents. At each model stage, these 

agents generate a comment with probability 

0.9 and connect the generated comment to the 

not leaf and leaf vertices with probabilities 0.25 

and 0.75, respectively. The time period for the 

model work is 25 ticks, and result saving occurs 

every 5 ticks.

Then, based on the results of the central-

ized model, we launched the distributed ver-

sion (the graph of the final state is represented 

in Figure 7) and compared the final discussion 

trees by their main indicators with each other.

Fig. 6. The initial parameters of the control panel and the final state 
of the discussion graph of the centralized model (different colors mark comments generated by different authors)

Fig. 7. The final state of the discussion graph 
of the distributed model

As we can see, visualizations of these graphs 

are similar (Figures 6 and 7). For example, 

most of the comments center around the orig-

inal article (vertex #0) and one of the child-

comments relating to it (vertex/comment #3). 

These vertices are central for the discussion 

tree by the number of input/output vertices: 

root vertex has degree 18 in the first case and 9 

in the second one, as well as vertex/comment 
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#3 – 17 and 11 in the first and the second cases 

respectively.

Now, in order to approve the correspondence 

of results of the centralized and multi-agent 

models and real discussions trees, we should 

provide detailed analysis of the author-agents 

behavior through comparison of the Markov 

chain pair rules. 

For the first author-agent this Markov chain 

was represented above (Figure 5). Comparing it 

with the model for the same author, obtained 

during the work of the centralized model (Fig-

ure 8), we find that the central part of both 

schemes contains many identical vertices. 

Such a clear similarity testifies to the preser-

vation of the general principles of the author’s 

behavior in both the individualized and the 

centralized models. Analysis of the behavior of 

the second author participating in the models 

demonstrates similar results. 

After the analysis of small discussions, we 

should provide a similar analysis of the large 

discussions. For this we fix the initial param-

eters of the centralized model as in the previ-

ous case (Figure 6) but increase the duration to 

230 ticks. As a result, at the output, we obtain 

the following Markov chain of the first agent-

author behavior (Figure 9). 

Then we transfer the Markov chain so obtained 

to the input of the distributed multi-agent model, 

which also produces a Markov chain of the first 

author-agent behavior as the output (Figure 10).
Fig. 8. The first author-agent Markov chain 

after the work of the centralized model

Fig. 9. Fragment of the first author Markov chain after the run of the centralized model (230 ticks)
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Comparing these two schemes of the first 

author-agent behavior, we can find several 

similarities. For example, the central clique 

in both graphs includes vertices 00 (origi-

nal article) and comments with intentions 

a3, r3, g4, etc. In addition, the similarity 

in intentions is also revealed when compar-

ing the corresponding segments of Markov 

chains, all of which indicates the identity of 

the author’s behavior in the models. Confir-

mation of this can also be found from com-

parison of files with meta-data on the hierar-

chical Markov chain of the author’s behavior 

(Figure 11).

f3

f3

f3

f3

h1

а3

а3

а3

а2

а3

а3

а3

i3
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s1r1

r1

r2

p3

d3

v4

v3

r2

g3

b4

g4а3

v3

v3

n3

n4

r3

v4

00

Fig. 10. Fragment of the first author Markov chain after the run of the multi-agent model (230 ticks)

Fig. 11. Metadata files of the first author 
after the work of models

296
[427511554]
[6736376670]

326
[828710354]
[7736776670]

Individualized 
(distributed) model

General 
(centralized) model

During the distributed model run, the first 

author-agent generated 296 comments. 42 of 

which are in branches with no comments by 

the corresponding author, 115 – in branches 

with a middling number (20–80% of the total 

in the branch) of comments by the correspond-

ing author and 75 – in branches with a small 

number (<20% of the total in the branch) of 

comments by the corresponding author. Other 

comments correspond to branches with a large 

number (>80% of the total in the branch) of 

comments by the corresponding author. 67 of 

these comments are connected to the root of 

the discussion tree, 70 – in leaf vertices, 66 – 

closer to the discussion leaf vertices, and the 

rest – in the middle part of the discussion tree 

branch. 

Furthermore, since the centralized model 

is based on data about paired rules from real 

online discussions, we can confirm a corre-

spondence between the centralized model and 

the real discussion graphs. This can also be 

confirmed by comparing the Markov chain of 

a centralized model (Figure 9) with the Markov 

chain of real discussion (Figure 12).

ch3

ch2

shh4

shh4

shh4 sh4

sh4

sh4

zh3

sh4

MATHEMATICAL METHODS AND ALGORITHMS OF BUSINESS INFORMATICS



BUSINESS INFORMATICS No. 2(44) – 2018

27

These facts show that the models developed 

do not contradict the data of real online dis-

cussions and, therefore, can be used to analyze 

and predict their dynamics. In addition, since 

in the centralized model the author’s behav-

ior depends only on its previous actions and 

the state of the discussion graph to the present 

moment, a finite state machine model with 

memory can be used to model the author’s 

behavior.

Conclusion

In this paper, we analyzed the behavior of 

authors during online discussions and prob-

lems which appeared through modeling of this 

process. A special feature of the research task 

was the combination of a quantitative evalu-

ation of a large amount of factual data from 

electronic media and subsequent multi-agent 

b3 a3r3

l3

n3 n3

v3

zh3

ch3

Fig. 12. Fragment of the agent-author Markov chain of a real discussion

modeling of the structure and dynamics of the 

discussion in terms of a stochastic multi-agent 

system using hierarchical Markov chains of a 

special kind. For this, we implemented two 

types of models which were validated by com-

parative analysis of the characteristics of the 

discussion trees.

It can be concluded that the rules devel-

oped for author-agents behavior appropri-

ately reflect the basic principles of the dis-

cussion structure in general, as well as the 

characteristics of individual comments 

(intention, content, referential object). Key 

characteristics of discussion trees obtained 

from two models, coincide with each other 

and with the real online Internet discussions. 

These facts allow us to state that the mod-

els created can be used as an effective tool 

for predicting the dynamics of online discus-
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sions for a wide range of practical problems 

in the field of Internet marketing, political 

science and e-business.

In comparison with other studies in the field 

of modeling the discussion (in particular [6, 

7]), the proposed approach allows us to gen-

erate the discussion structure subsequently by 

a group of authors in the form of a graph with 

such important characteristics of individual 

comments as intention, reference object, con-

tent code.

In future research, we are going to pay spe-

cial attention to the modification of proposed 

models needed to confirm the hypothesis that 

the author-agent behavior model can be suit-

ably represented in the form of a finite autom-

aton with memory. To achieve this goal, the 

model created can be transformed accord-

ing to the classical “belief–desire–intention” 

(BDI) paradigm [26], where a finite automa-

ton is responsible for “beliefs”, and “desires-

intentions” are generated by a stochastic 

module.

Unfortunately, the models proposed allow 

us to analyze only the intent aspect of the 

discussion, irrespective of the subject area in 

which this discussion is conducted. In order 

to resolve this limitation, a supplementary 

content analysis implementation to the model 

is required. This addition to the model can 

allow us to organize a more flexible configu-

ration of the model, resulting in a study of the 

limitations on its application in different sub-

ject areas. 
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