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Abstract

In this paper, mathematical modelling of social interaction mechanisms is performed for Facebook social
network. Mathematical description of the information spreading process allows us to perform a deeper
study of social interaction mechanisms and make conclusions of sociological and analytical value. Short
notes (known as ‘posts’) that are published in social networks and may represent some events in life or
opinions of famous people, up-to-date news and related questions make up a prominent type of such in-
formation. Authors have modelled histograms for the number of comments to popular posts over a cer-
tain time interval on the basis of extended epidemiological SIR model. The approximation of system pa-
rameters that represent factors influencing the behaviour dynamics of the network agents and allowing
the analysis of the number of users with certain types of interaction. Modelling of the information spread-
ing process for time distribution of the number of comments allows identifying patterns characteristic to
network audience behaviour. Analyzing the graphical plots for the case of information of social, political
or cultural significance, allows establishing the most advantageous time for supporting or preventing the
message spread. Moreover, using this model helps to track not the behaviour dynamics not only for the
active part of the audience that leaves comments, but also for the passive one. The perspectives and per-
spectives of further use are outlined for similar modelling methods.
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HAYYHOE NPOrPAMMHOE OBECIMEYEHUE B OBPA3OBAHII U HAYKE

MaTeMaTu4ecKoe MojeJIMpOBaHKe Mpolecca
pacIpocTpaHeHHs HOBOCTEMH B COIUA/ILHBIX CETAX

I1. B. Xpanos’, B. A. CTronn60Ba

MOCKOBCKUM TroCyZapCTBEHHbIM TeXHUYECKUH yHUBepcuTeT uMeHM H.J. BaymaHa (HauMoHaJbHbIN
rccaeoBaTeIbCKUH yHUBepcuTeT), I. MockBa, Poccus

* khrapov@bmstu.ru

AHHOTanUsA

B craTbe MpoBOAUTCS MaTeMaTH4YeCKOe MOZIeIMPOBaHUE MeXaHU3MOB COLIUA/IbHOTO B3aUMO/IeCTBUSA B CETH
Facebook. MaTemMaTH4eckoe omycaHue Ipolecca pacnpocTpaHeHus: HHGOpPMaLUK B COLUA/IbHBIX CETSX I0-
3BOJISET [VIy6oKe U3YYUTh MeXaHU3Mbl COLIUAIbHOTO B3aUMO/EHCTBUS, JleJIaTh BbIBO/bI COLIUOJIOTMYECKOT0 U
aHa/IMTHYeCcKOro xapakTepa. OCHOBHON QyHKIMel coLHa/IbHBIX CeTel SBJAeTCS akTUBHbIM 06MeH HHOP-
MalMel, To ecTb IpefoCcTaB/leHHe 110/1b30BaTeIsIM BO3MOXKHOCTH OTKJIMKAThCS Ha NOCTYIJIeHHe HOBOW HH-
dopMaryy, KOMMEHTHPOBATb U 06CYX/JaTh ee, yCKOPss U pacliupss TeM caMbIM IPOLIeCC ee pacnpocTpaHe-
Hus. [IpuMepamu Takod pe3oHaHCHON MHOpPMaLUU SABJIAIOTCA KOPOTKHUE 3alUCH B COLUAIBbHBIX CETAX
— «II0CTBI», OTPAXKAIOILME, HAPUMep, HEKOTOPble COOBITHSA U3 }KU3HU U MHEHHs U3BECTHBIX JIIOZel, aKTy-
aJIbHble HOBOCTH U CBsI3aHHbIe C HUMU BONPOCHL ABTOPBI Ha OCHOBE CHCTeMbI JuddepeHIHaIbHbIX ypaBHe-
HUH, TOCTPOEHHOM 10 paclIMpeHHON anuieMuosiorudeckoi Moziesu SIR, mpoBesin MojeiMpoBaHMe IUCTO-
rpaMM KOJIMYeCcTBa KOMMEHTapueB K IOMYJIAPHBIM 3alMCSM 3a ONpejie/leHHbIH BpeMeHHOH HHTepBal
[IpoBe/ieHa anmpoOKCUMAaLUsA TapaMeTPOB CUCTEMbI, OTPaXKaoLIKX GaKTOpb, BAHSIOLIYE Ha JUHAMUKY [T0Be-
JIeHUsl areHTOB CeTH, U 03BOJIAIOIIMX aHAIM3UPOBATh YHUCJIO N10JIb30BaTe e C ONpe/ie/IeHHbIM TUIIOM ceTe-
BOT0 B3auMojeiicTBUsA. MozesMpoBaHye Ipollecca pacnpocTpaHeHus: HHGOPMaLUU Ha IpHMepe BpeMeHHO-
ro pacnpejiejieHdss KOMMeHTapHeB M03B0JIseT BbIABUTb 3aKOHOMEPHOCTH, XapaKTepHble JJIS N0BeJjeHHs
ceTeBOH ayAUTOPUH. AHAIN3 NOAOGHBIX KPUBBIX JJIA CIyyas HHQOPMALUK, Hecyllell CyleCTBEeHHYIO COLH-
aJIbHY0, TOJIMTUYECKYI0 WM KYJIbTYPHYI0 3HAYUMOCTB, II03BOJIUT YCTAaHOBUTb HauboJlee 6/1aroNpHUsTHbIE
HepUO/B! J/15 MPOTHUBOAEHCTBUSA WU NOAJEPKKU PacpocTpaHeHHUs cooblieHni. KpoMe Toro, HcroJb3oBa-
HYe MOJIe/I1 J]aeT BO3MOXKHOCTb OTCJIEXKUBATh AMHAMUKY MOBe/IeHUs He TOJIbKO aKTUBHO JleHCTBYOLeH Ya-
CTH ayAUTOPUHY, MUYyl KOMMeHTapUH, HO TaKxkKe 1 IacCUBHOM. HaMeueHbI epcreKTUBbI U BO3MOXKHOCTH
Jla/IbHeHI1ero UCo/Ib30BaHUs aHAJIOTHYHbBIX METO/I0B MO/le/IMPOBAHHU.

Kinro4deBbie CJ10Ba: coyuanbHad ceTh Facebook, conpanbHoe B3auMoielicTBYe, S1UEeMU0I0TMIECKOe
Mo/esiupoBaHue, Mozeb SIR.

JU1s BTUTUPOBAHMUSA: Xpanos I1. B, Cmoa6oea B. A. MaTeMaTndeckoe Mo/Jie/IMPOBaHKUe IPOLiECca Pacmpo-
CTpaHeHHsI HOBOCTeH B COLMa/IbHBIX ceTsiX // CoBpeMeHHble HHPOpMalMOHHbIe TexHosloruu u UT-o6pasoBa-
Hue. 2019. T. 15, Ne 1. C. 225-231. DOI: 10.25559/SITIT0.15.201901.225-231
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Introduction

Due to the accelerating development of information technology, the
Internet is playing the more significant role in the modern information
space. Mathematical description of the information spreading process
allows us to perform a deeper study of social interaction mechanisms
and make conclusions of sociological and analytical value. Social net-
works and platforms occupy a special place in the digital information
spreading system. Their main function is active informational ex-
change, i.e. allowing users to respond to the receipt of new informa-
tion, comment and discuss it. This results in speeding up and expand-
ing the information spreading process. Short notes (known as ‘posts’)
that are published in social networks and may represent some events
in life or opinions of famous people, up-to-date news and related ques-
tions make up a prominent type of such information. This class of piec-
es of information may be denoted by ‘news’, or ‘rumours’ [1]. In this
work, the reaction of network audience to the entry of new rumours
over a short period (twenty-four hours since message publication) is
studied. Comments to four posts of popular Facebook users are chosen
as statistical data. We analyse the distribution of the number of com-
ments over mentioned time intervals and present graphical approxi-
mation of statistical data by solutions of differential equations systems
based on SIR epidemiological models [2]. These models were first in-
troduced by Kermack and Kendrick in 1927 in order to describe the
spread of disease in a closed population. Since, various modifications
of such models have been applied not only in medicine [3], but also to
describe a wider class of processes [4,5] with similar dynamics, in par-
ticular, to describe interaction in social networks [6], for example, in
Twitter network [1]. As the popularity of Twitter is growing, this net-
work has become a field for spread of ‘rTumors’ and other information.
Another rapidly developing social network is Facebook. This is one of
the most successful online social networks that allow users to interact
with friends and acquaintances. Researchers [7] have discovered em-
pirical proof of the fact that the augmentation in the number of con-
nected messages increases reaction from the audience. This observa-
tion confirms the social exchange theory in online communities.

The interest to investigations of Facebook social network phenom-
ena is explained primarily by its high grow rates. Facebook is the
largest and the most popular (1.62 billion users, 1.5 million daily
active users') online social interaction platform. Online information
exchange is becoming more and more important in various social
spheres [8].

Mathematical model and methods

The extended SIR model is defined by the following system of differ-
ential equations:
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Fig. 1. Statistical data and extended SIR model approximation. Y-axis shows the ratio of
the number of comments left during a certain hour to the total number of comments.
a) sample 1; model parameters: 3=4.48, y=0.8, p=0.04, 6=0.43, N=800;

b) sample 2; model parameters:  =5.48, y=0.85, n=0.045, §=0.55, N=1100;

c) sample 3; model parameters: $=6.55, y=0.9, u=0.06, 6=0.7, N=1100;

d) sample 4; model parameters: $=4.35, y=0.8, 1 =0.047, §6=0.46, N=800;

e) average; model parameters: $=4.2, y=0.845, p=0.052, §=0.5, N=900;

! Statista - The Statistics Portal for Market Data, Market Research and Market Studies [Electronic recourse]. Available at: https://www.statista.com (accessed

10.01.2019). (In Eng))
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1(t) - infected (the number of infected agents in the network)
R(t) -recovered (the number of recovered agents in the network).
In terms of analysing Facebook network:

S(#) is number of such users out of N that have read the news and
had the opportunity to comment it (but didn’t use it) at time mo-
ment t after publication;

I(t) is the number of comments to the publication, i. e. the number
of users that have read the news and actively responded to it;

R(t) is the number of users out of N that made no response to the
publication;

N@®=S@O)+1()+R(t);

[ is the average infection rate;

y is the average recover rate;

O is the average rate of leaving the network;

oc is the average rate of entering the network.

Total number of interacting agents in the network is not constant,
unlike in typical epidemiological models [9], [10].

Four publications by popular Facebook pages with large numbers
of subscribers were chosen for analysis (see Appendix). The num-
ber of comments left to each message over each hour since the mo-
ment of publication (fig. 1a-d) was calculated, and the averaging of
the number of comments for all sets of statistical data was per-
formed [fig. 1e, Sample). Authors were chosen out of popular cul-
ture celebrities for two reasons. Firstly, the information in their
posts is of neutral kind; secondly, social resonance is very high due
to wide popularity of these celebrities (some of the best-known
Facebook users, i.e. @beyonce, @ladygaga). The latter is of special
importance, because collected statistical data relates to a very short
period. Social popularity of celebrities provided a large number of
responses (several hundred) and allowed to collect sufficient
amount of statistical data.

Figure 1 below shows graphical plots for each of the four statistics
and their average together with solution plots for SIR models with
parameters adjusted to each sample. Approximate solutions of SIR
model systems were obtained using the built-in Matlab function
that uses fourth-order Runge-Kutta method.

Conclusion

The obtained graphical plots (fig. 1) allow us to assess the accuracy
of SIR modelling and the correspondence of adjusted parameters to
social factors defining the dynamics of statistical plots. For example,
the model related to the third sample has highest 8 and § parame-
ters (infection rate and rate of leaving the network). Visually, it is
represented by a high narrow peak that depicts a quick response to
the message and a quick decrease in interest rate. However, for this
sample the rate of entering the network (parameter p) is also rela-
tively high. That is why, even though the shape of this plot doesn’t
contain any significant differences in comparison to other four, this
news can be characterized as the most resonant.

The fifth family of graphical plots (fig. 1e) is constructed using the
statistical data averaged over four analyzed posts. It shows the com-
monality of these posts and the possibility of clusterisation based
on similar parameters. Furthermore, for the case of initial statistics,
one can observe the tendencies described below.

A short and prominent burst in the number of comments is ob-
served during the first hours after publication. It can be explained
by events typical for mass culture, where the main attention is paid
to information that is capable of rapidly attracting public, and, at
the same time, of loosing its relevance just as rapidly. This suggests
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the need of replacing it by a new portion of information.

This principle, the connection to short emotional outbursts and lack
of necessity of long-term analysis of information, allows attracting
attention of various categories of public [11]. Therefore, public in-
terest to the celebrity’s page is prolonged, what is generally used for
commercial profit and for sustaining the popularity of such celebri-
ties. Analyzing the dynamics of responses made by the network au-
dience to the messages, as well as the factors that influence it, al-
lows identifying the most advantageous time for posting news [12].
In our work, we have chosen to analyse neutral information related
to popular culture and show business.

However, similar methods of analytical modelling applied to analys-
ing user response to publications can be used in other, more signif-
icant and global fields of social life [13]. In particular, in areas in-
volving wide range of social problems, e.g., connected with politics,
economics, technology, etc.

Further study of social network communication mechanisms can be
useful not only for making the description of interaction more exact
[4], but also in order to prevent the spread of negative, false [14]
and malicious [15] information, what has become one of the most
important actual problems [16]. Social networks are the most pop-
ular means of spreading information for modern movements and
organizations. Shared messages can provide information not only
on forthcoming protests and revolts, for example, but also on the
means on preventing them [1].

Modelling of the information spread process illustrated by the ex-
ample of time distribution of comments allows identifying patterns
typical for the behavior of network audience [17]. It can be noted
that the network itself is an important factor defining the social in-
teraction process [18]. However, for a more profound analysis one
has to take the specific character of individual perception of infor-
mation into account [19, 20], as well as possible connections be-
tween networks, differences in the scale and dynamics of networks
[21], and types of transmitted information [22]. Analysing such
curves for the case of information that carries social, political or cul-
tural significance, slows identifying the most favourable periods for
opposing or supporting the message spread. Moreover, the use of
this model gives the opportunity to track the dynamics of behaviour
not only for the active audience (I(t)), but also for the passive one
(variables S(t), R(t)). Depending on the message kind, investigating
the behaviour of obtained curves can be applied to sociological and
psychological analysis of the audience [23], in particular, for track-
ing the dependence of information spreading rate on the level of
users’ awareness [24]. It is possible to connect the dynamics of the
network with that of processes in it [25]. Mass user interaction in
social networks deserves special attention.

Appendix

Statistical data sources - Facebook publications:

1. Beyoncé. See you next time, Vancouver! Thank you for a great
show [Electronic recourse]. Beyoncé @beyonce - Beyonce
Knowles, singer, the official page. October 4, 2018. Available at:
https://web.facebook.com/beyonce/
posts/10161138517055601/ (accessed 10.01.2019). (In
Eng.)

2. Lady Gaga. #AStarlsBorn is out now [Electronic recourse].
Lady Gaga @ladygaga - Lady Gaga, singer, the official page. Oc-
tober 5, 2018. Available at: https://web.facebook.com/ladyga-
ga/photos/a.89179709573/10156926586654574/ (ac-
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cessed 10.01.2019). (In Eng.)

3 Days. Get your #AStarlsBorn [Electronic recourse]. A Star is
Born @StarlsBornMovie — A Star Is Born movie, the official
page. October 2, 2018. Available at: https://web.facebook.
com/StarIsBornMovie/photos/ a.466270723814138/56443
2430664633/ (accessed 10.01.2019). (In Eng.)

Beyoncé @beyonce -Beyonce Knowles, singer, the official
page. October, 5 2018. [Electronic recourse]. Available at:
https://web.facebook.com/beyonce/posts/
10161130947250601/ (accessed 10.01.2019). (In Eng.)
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