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The work is the continuation of the authors’ work on the simulation of the
structure of the society by the method of random graphs generation. In their pre-
vious works, the authors experimentally proved that the social graph has a strict
orientation of the information direction propagation from the shares of the graph
with high bonds density to the graph parts having a lower bond density. The au-
thors proposed a method for determining the orientation of the social graph by
investigating the ratio of the number of outgoing links to the incoming ones. This
method found its application in the analysis of postal mailing, but it turned out to
be practically inapplicable in the analysis of social networks, since the counting of
incoming and outgoing communications required the compilation of the an-
nounced social graphs which was a time-consuming and computational resources
task that does not have a solution for polynomial time at present.

Since the issue of the social networks analysis is not only of a strictly
scientific, but also of a practical interest, the authors developed and tested a
technique for determining the orientation of social graphs by the method of
analyzing the numerical characteristics of a graph. The new method does not
require a detailed analysis of the correspondence of users of social networks, but
operates with open user information that is a list of friends (Friend List). The ul-
timate goal of this work is to develop simple and effective methods for analyzing
social networks to identify “opinion leaders”, ways of disseminating information,
including propagandizing deviant and dependent forms of behavior, identifying
anti-systems and separate closed network communities, and general monitoring
of the state of social systems.

Keywords: social graph,; random graphs, numerical characteristics of graphs;
social graph orientation.

Introduction

The present work is devoted to the social graphs methods and researches. Two interrelated areas:
the theory of generating of random graphs [1-7] and practical methodologies for studying of social and
technical networks intersect in this field [8], remote diagnostics of a person's state using methods of
mathematical modeling [9]. Both of these areas complement each other, and they are used for network
monitoring: identifying channels of distribution of narcotic and psychotropic substances, the spread of
radical literature and ideology, determining critical situations, to find out “opinion leaders” influencing
on the nearest social community and forming the public opinion. Methods of identifying the orientation
of the social graph that is identifying the direction of information propagation in social networks from
the “opinion leaders” to the audience of readers presented in this paper.

1. An epidemy as a model of information dissemination in a network

In 2010 Grant Schoenbeck showed that if the epidemy distributes across the network of a random
Watts—Strogatz graph [10] we will get a network that satisfies a power law, fig. 1.

The original Watts—Strogatz model did not satisfy the power law, because initially it was developed
in accordance with the conditions of having a small diameter in the social graph. As well the Watts-
Strogatz model imitated the presence of “linking rings” in the Internet web rather well. Linking rings
represent definite motives of the social graph, namely the looping banner links of the advertising sites
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with each other in order to increase the rate tation artificially by indexing cloud search systerbe-
spite the artificial formation of these motivestbé social graph, actually they reflect the preseoio-
served in the closed ways of disseminating inforomat

Regular Small-world Random

p=0 ; > p=1
Increasing randomness
Fig. 1. Watts—Strogatz model of a random graph

In a series of studies, the authors showed thatldition to the closed nature of information dis-
semination in social graph, there exists a strigndation of information dissemination [11, 12). this
case, the authors developed a method of detedtiegsocial graph orientation by the percolation
coefficient analysis, where the percolation coéfit is the ratio of outbound links to inbound Bnk
The percolation coefficient ratio refers increagjrtg the entire society as a whole, or to certaioups
of the society, such as, for example, the audi@feeparticular TV, radio, or the Internet mediaisl
hard to determine the percolation coefficient fairagle person, moreover, all studies of the intron
dissemination in the society were aimed constaatlythe studying of the group coefficient of
percolation. This method is applicable to the asialyf the e-mail distribution when we know who
sends the letter and from whom the letter is seath method was not practically applicable in docia
network analysis, because it requires the indiVidediew pages for each user of the social graph in
vestigated to identify correlations of received @t messages. It requires a more simple method of
identifying the graph orientation by the availabf@en data in the friend lists of users for the ysialof
social networks.

2. A method of determining the orientation of the gaph by the valence of the vertices (“a method
to identify opinion leaders”)

To determine the distribution properties of theoinfation in the society the authors conducted
several experiments in social networks LinkedIn &@tebook. The oriented graph of information
dissemination was constructed based on the resuttee experiments. Initially, knowing the informa-
tion about orientation of a graph, it was necessargetermine what easy calculation numerical char-
acteristic of graphs correspond to their orientatio

The most obvious authors’ initial assumption waes ¢bnformity of the orientation distribution of
the graph vertices according to the number of éein friend lists (fig. 2).

The compliance verification of previously discowkrgraph orientation and the distribution ac-
cording to the number of friends in friend list®gls serious discrepancies (right up to the faett th
the vertices on which closed oriented graph getldgdop of the distribution, because they haGe®
friends). Besides, it is clear from figure 2 thlhast 30 people out of 107 have a maximum value for
the number of friends=b 000), so it becomes impossible to identify theapeeter values friend list of
“opinion leaders” because there are too many palezandidates (28 %).

This distribution (fig. 2) has a strong divergemdgth a power distribution of vertices in the social
graph (Pareto Rule). This difference has a trigiglanation as the social network Facebook is built
with an additional constraint that does not exidtie real society, that is the restriction of vieetices
valences of the graph to 5,000 links. The discrepdm the orientation of the graph to the total Aum
ber of friends has one explanation: a large nurnbéiiends is not an indicator of the source obinf
mation in the society, as all 5,000 human connasta@an be inbound.
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Fig. 2. The social graph distribution according to the number of friends in friend lists

The authors of this research had to complicatéa$le and to investigate the valence of each ver-
tex for a bounded social graph including only tleetipipants of the experiment. This was done by
comparative analysis of all the friend-lists oft@pants in the experiment. After that, all thetiees
were located in the descending order valence, andrnication between vertices were visualized, —
fig. 3:

':

-

= [
Fig. 3. The social graph with descending vertices v alences orientation

The comparison of the resulting graph with the jonesly constructed oriented graph showed al-
most a complete matching, that is up to 88 % aatlatved us to draw some conclusions:

1. Social graph orientation actually coincides with valences distribution of graph vertices.

2. Graph arrangement according to the verticesweake(fig. 3.) is more informative than the “sim-
ple” arrangement by the number of friends in fridistd or even by the number of common friends.sThi
arrangement allows to identify at once the clegirfmn leaders”, who are the primary sources of in-
formation dissemination. “Opinion leaders” are ladeas vertices 1, 2, 3 in fig. 3. These vertidéfed
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from the others in the graph by a complete lactetsftions with vertices having more than their nake
At the same time all the three vertices have dfieindices of valence. This fact agrees well wiid
field observations: there exist the “leaders ohagis” not only in large, but even in small groups.

3. the vertices distribution in the graph by vakeidegree of vertex) correlates with the clustering
coefficient of this vertex, that is the ratio obséd triplets in the investigated graph to whidb tertex
bounds, to the open triplets — fig. 4:
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Fig. 4 The correlation of vertices graph distributi on

In addition, it can be seen from figure 3 that 88,77 %) people in the social graph are linked in

a connectivity component, and 27 (by 25,23 %) camepts are separated from each other. If we re-
move all the vertices with the highest valence®}>*tom the graph in figure 3, then the connecyiat
the component will lose only 2,7 % of the remainuagtices. In other words, if “removing” the vegg
of the social graph breaks down into individuatksi — this is one of the signs that “leader of agig”
is in the vertex of the social graph.

Correlated distribution coefficient of clusteringdathe distribution of valences of the verticeswll
us to analyze social graphs to identify centersladtering. While a large scatter (fig. 4) does al@w
to carry out individual analysis of the graph vest (people) in terms of clustering, but allowdaide-
fine how close a group of people is to the centetfustering.

Thus, the most important is the analysis of anxrafehe valence of the vertices in the task ohide
tifying the orientation of the social graph andazsated with the task application for individualadysis
of the users of social networks and the identifocadf “opinion leaders”. In the definition of valees it
IS necessary to focus not only on the measuraesfdlist and on the indicator of the vertices nakein
a subgraph of the network with connectivity comptune

3. Not oriented links in the society (method of detting a critical situation)

The construction of a random graph in descendidgrasf valence in fig. 3 as well as in the Watts—
Strogatz model reproduces the cyclic closure oftaal graph in the central part in the form ofiieay
ble relations, that is the relations between vestiwith the same valence, and for this reason gawma
pronounced orientation.

Fig. 5 shows the distribution of equitable relatido the parts of the graph with different valence.

It is clear from fig. 5 that the number of equdht®ns in the society gradually increases with in-
creasing degree of vertices reaches a certain maxiand begins to decrease with increasing degifees o
vertices. It is shown in fig. 6, that a gradualrgase and a gradual decline show the ratio of tineber
of equitable relations to the number of verticethim parts of graph with a certain valence of theices
more evidently.
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Fig. 5. The correlation between the quantity of equ itable relations and the vertex valence in the part s of the graph
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Fig. 6. The distribution of the ratio index of the number of equitable relations
to the number of vertices in the parts of graph wit h a certain valence of the vertices

This distribution shows the evolution stages odtiehs formation of vertices in the social graph:

1) initially any vertex in the society has only ssimcoming links;

2) gradually the increasing of the number of inamgrlinks process is growing;

3) the first equitable relations are forming;

4) the process of increasing equitable relatiomgdsving;

5) the growth of the number of equitable relatiohanges to the growth of the number of outgoing
relations;

6) equitable relations are disappearing, incomeigtions are reducing, the growth of outgoing re-
lations is taking place;

7) missing outgoing relations are missing compjetahly the outgoing relations are in the vertex;

8) the number of outgoing relations is decreasing;

9) vertex is becoming completely isolated from gbeiety.

The same process can capture the separate clostérs society: new countries, new languages,
isolated subcultures are supposed to be born thrtihg spin-off from the giant components”. Prelyise
this process of “spin-off’ the subgraph from thegectivity components can be identified due to mass
“breaking” relations, that is, by the reduction tbe clustering coefficient and by the growth of the
sparseness of the social graph. Such “spin-offtgsees describe the critical situation and, in thety
are their main manifestation. Checking the relatibains tearing is the fact of emergence of acaiiti
situation, at the stage when nothing can be changechuse the society breaks down into separate
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components. Knowing the evolutionary path of buitgthe relations of vertices and parts of the ¢pcie
it is possible to track deviations from its norrdalelopment.

In this case, the most important role of the intdicén the pre-critical situation play just equikab
relations between vertices with the same valeniemt@tion, which are weakly expressed. If the eixper
mentally determined norm of such equitable relationthe society does not excees%, a significant
excess of this norm may indicate the loss of thaesp equilibrium and the emergence of pre-critical
situation. This occurs from the fact that equitatgiations do not have a fixed orientation andthat
reason the growth of their number deprives theasgcaph of the strict orientation and leads toltdss
of controllability over the parts of the societytlvthe highest index of valence.
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METO[A ONPEAENIEHNA OPUEHTALUUU COLMNATIBHOIO NPA®A MO AHAITIN3Y
BAJIEHTHOCTU BEPLUMH B KOMIMOHEHTE CBA3HOCTU
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Jannass pabora SBISETCS MPOIOJDKEHHEM paboT aBTOPOB IO MPOOJIEMATHKE MOICITUPOBAHMS
CTPOCHUSI COIIMyMa METOJIOM TE€HEepallly CIIydaiHbIX TpadoB. B cBoux mpenpiaymux paborax aBTOPHI
AKCIIEPUMEHTAIEHO JTOKA3aJlH, YTO COIUANIBHBIN Ipad) UMEET CTPOTYI0 OPUCHTAIMIO HATIPABIICHUS pac-
MPOCTpaHeHus] HHpOpMAIMK OT JoJiel rpada ¢ BRICOKOW TUIOTHOCTBIO CBS3CH K JOJSAM Tpada, HMEro-
M OoJiee HU3KYIO TUIOTHOCTH CBSI3ei. ABTOpaMU Mpeasiarajics METO/ ONpeAeNeHHs] OPUEHTAIH CO-
UAITBHOTO Tpada myTeM HCCICIOBaHMS COOTHOIICHHS KOJMYECTBA UCXOMASIIUX CBS3CH K BXOJSIIUM.
DTOT METO/I HaIlle)I MPUMEHECHUE B aHAJIN3¢ MOYTOBBIX PACCHUIOK, HO OKA3aJICs MPAKTUYCCKH HE MPUME-
HUM B aHAJIN3€ COIMAIBHBIX CeTeH, TaK KaK IMOICYET BXOMALINX U NCXOMASIINX CBA3eH TpeboBal cocTas-
JICHHsI BO3BEMIEHHBIX COIMATBHBIX rpa)0B — 3aTPATHOW 1O BPEMEHH M BBIYMCIUTENBHBIM pecypcam 3a-
Jla4d, He UMEIOIICH Ha CETOMHSIIHUN JICHb PEIICHHS 32 TOJIMHOMHATBLHOE BPEMS.

Tak Kak BOIIPOC aHAIHM3a CONUATBHBIX CETEH MPEICTABIACT CO00H HE TONBKO CTPOTO HAYIHBIN, HO H
MPaKTHYECKUH WHTepec, aBTopaMu Oblila pazpadoTaHa U ampoOUpOBaHa METOIMKA ONPEIEIIEHUS] OpHEH-
TalUu COIMATBHBIX TPad)OB METOJOM aHAIM3a YHCIOBBIX XapakTepuCTHK rpada. HoBwiil MeTox HE Tpe-
OyeT IeTalbHOTO aHaau3a MEePENUCKU TOJIb30BATEIICH COMMATbHBIX CETEH, a OMepUpPyeT OTKPHITON WH-
(opmarnmeit moap3oBarTeneit — CIUcKoM apyseit (hpena-nuct).

KoneuHo¥ 1enpio JaHHON paOOThI aBTOPOB SABJISIETCS Pa3pabOTKa MPOCTHIX U JEHCTBEHHBIX METO-
JIOB aHAJIM3a COLMABHBIX CETeH Ha MPEIMET BBISBICHUS WIHJCPOB MHEHUS», MyTEH pacipOoCTpaHCHHS
nH(pOpMaIH, B TOM YHCJIE TMPOMAaraHANPYIONUX I€BUAIIMOHHBIE M 3aBUCUMBIE (DOPMEBI MTOBEIEHUS, BbI-
SIBIICHUSI AHTHCHUCTEM M OTHENbHBIX 3aKPBHITBIX CETEBBIX COOOIIECTB, OOIIEr0 MOHUTOPUHTA COCTOSHHS
COILIMATBHBIX CUCTEM.

Knioueswie cnosa: coyuanvuwiii epag; cayuaiinvie epaghvl, YUCiIosbie XAPAKMEPUCMUKU 2pados;
OpUeHmayus COYUaIbHo20 epaga.
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