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SOCIAL NETWORK NODES RANKING IN TERMS
OF LOGARITHMIC FUNCTION OF ITS LINK WEIGHTS

Social networks are the basis of all interactions among its participants (usually people), which happen in the process of
transmitting information. Lately this term is becoming more and more popular, but hardly anyone can really imagine how
much it surrounds us. Social type networks are represented by means of graphs and node connections, which reflect real
cooperation. It is necessary to conduct the detailed network analysis, evaluate the results by all specified standards and
separate the most important nodes for ranking them in these networks. Existing ranking algorithms mainly evaluate
everything in general, which does not allow to clearly recognise the consequence of nodes inter se. In the given article we
provide the analysis of work educts of well-known node ranking algorithms (HITS, PageRank) and compare obtained data
with expert network evaluation. Big amount of nodal connections in social networks and their various configuration in
most cases do not allow to use the base type ranking algorithms, since the neglect of seemingly irrelevant connections
induces false results. The base type algorithm HITS was adjusted for efficiency of the quasiheirarchic networks research. It
allows to perform analysis and node ranking based on specified criteria (the amount of input and output connections inter
se), which corresponds with the results of expert evaluation. It is displayed, that in some cases the received method offers
corresponding with real social relations between subjects insights, and exponents of node authorships - with previously
provided social roles. Received algorithm allows to evaluate and educe the most relevant nodes in social character networks.
It can be used in various spheres, where social networks are formed.

Keywords: quasiheirarchic social character networks; network subjects; ranking algorithm; HITS method; PageRank

method; node ranking; F-measure; expert evaluation.

Introduction

Nowadays, when social networks are not just a
composite of society, but have rather big influence on it,
we should clearly understand all possible effluent risks
and be ready for serious consequences in case of
negligent attitude to this situation. Term “social
networks” refers not only to online social networks,
which are used as means of communication, but all
connections, which happen among people (social
subjects) for transferring information. It should also be
noted that the network of social character is the network,
nodes of which are social subjects, and connections are
contacts, which are followed by information exchange
among them. Defining the quasihierarchic network, one
should consider the network close to hierarchic one with
its hierarchy being violated with a small amount of
additional connections.

Work objective. The objective of this work is the
description and research of node ranking algorithm
efficiency of quasihierarchic social networks, which is
based on HITS algorithm modification as compared to
other node ranking network algorithms.

Analysis of recent researches and publications.
The research of social networks, definition of their
organisation and value, analysis of the impact process
on them are actively going on in the global IT sphere.
Analysis of the mechanisms, which allow to control
networks and conduct the necessary manipulations
amidst informational intrusion of what is advisable for
manipulator, starting with selling unnecessary goods
and ending with cyberwars. Social network analysis
process is very bothersome, as the wrong action can
lead to an unexpected result or, in the worst case
scenario, to the loss of control over this network.

Exposition of basic research material

By the social character network ranking one
should understand the nodes (social subjects) seriation
process on the certain grounds, which allows to define
the set nodes decisiveness inter se.

For visual display, this network is introduced by
vectored graph, in which nodes are represented by
subject tokens (social networks profile pages, phone
numbers, electronic addresses), and connections
between them are directed by links.

For mathematical representation such graph is
displayed in the form of nodes adjacency matrix, and
the value in this matrix box reflects the number of
directed links.

According to HITS algorithm, two exponents are
calculated for every network node:

- mediation index (hub);

- authorship index (auth);

The mediation index /fub of 4;node of 4;network,
which consists of n nodes equals nodes authorship
vertical sum, which it refers to:

hub 4; = Zj.(_i auth 4;,

Authorship index auth of A;node of A;network equals
nodes mediations vertical sum, which it refers to:

auth 4; = Z_Hi hub A,

Presented formulas assign auxiliary iterated calculation
algorithm of mediation and authorship indexes for all
network nodes.

Talking about more complex networks (scale-free
networks) with the number of nodes being over 1000 (big
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organisations, etc.) the assumption about the social subjects,
who serve as different ranks executives, is almost
impossible without special operation algorithms [1].

Such characteristics as nodes degree distribution,
which is defined as the probability of a node having a
degree (node degree is the number of links connected to
this node), resides in scale-free networks. It is a node
degree exponential distribution network that is called
scale-free, being most often observed in real life large
networks [7].

It should be noted that the amount of connections
in QSCN equals the amount of nodes. Given statement
can be represented in the following mathematical view:

NiZO(Nj)9

where N; — the amount of connections in the network;
N,— the amount of nodes in the network.

If examining QSCN one can observe clear (also
plausible) one way link, it is undoubtedly which node in
the pair has bigger rank.

In these networks 3 main kinds of relationships for
a node pair are observed:

- leader - subordinate;

- equal rank nodes;

- the lower rank nodes have direct connection with
the higher rank nodes.

When subject A directs subject B in social character
network, it is offered to consider it as overall ratio weight,
one of criteria of which is time index.

It is necessary to mention that a leader chaotically
contacts a subordinate in case of problem statement
necessity. Therefore a subordinate, with definite
consistent periodicity, answers to a leader for outgoing
order execution.

While estimating the nodes amount characteristics,
the following fact takes place: a leader contacts a
subordinate more often meaning that the significance of
outgoing communication from a leader must exceed the
incoming communication significance. [1]
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It should be noted, that we examine only integrated
and most widespread contact pattern between a leader
and a subordinate. In real work this pattern can be
completed with other specific characteristics, which will
increase the efficiency of weight evaluation of node pair
contacts.[6]

Sometimes it happens that a lower rank worker
helps (during the work process) a worker of higher rank
or a high rank executive gives an order to a worker of
much lower hierarchy level. Such situations can lead to
appearance of non-hierarchic connections in such type of
network. These cases are rare, so we consider a network as
quasihierarchic one. Meanwhile, using basic HITS
algorithm for node ranking in the above-stated network
can have little result, as even a weak and insignificant
connection (disregarding its weight) can have a big
influence on nodes portability and authorship indexes [4].

For node ranking in the social character networks
we can use PageRank algorithms:

n
PR(A)=(+d)+d) PR{T;) ,

o C(T)
where PR(A) — PageRank weight for page 4; d -
damping index; PR(T;) - PageRank weight for a page,
which indicates page A; C(7T;) - number of links from
this page; n — pages, which refer to page A.

Exposition of main results

For mathematical realisation of iterative node
ranking conception it should be noted that the most
influential subject in the network is the one having the
biggest amount of outgoing connections with other
network subjects.

For demonstration and evaluation of node ranking
efficiency represented on Fig. 1, let us examine the
QSCN consisting of 13 subjects with knowingly spaced
certain connections, use the above-stated methods and
compare the received results.
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Fig. 1. Quasihierarchic social character network
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When ranking the network with HITS algorithm,
we ultimately receive two parameters: authorship and
mediation indexes, which do not allow us to rank the
network upon 2 criteria simultaneously. In order to solve
this issue it is necessary to use metrics combining the
information about authorship and mediation indexes of
our algorithm. Let us use F-measure as such metrics:

F(4)=2 ! + ! ,
auth 4;  hub 4;

where F(4; )- F-measure of 4; node of the network;
hub A; - mediation index; auth A; — authorship index.

After analysing the received network ranking
results according to Table 1, it is much in evidence, that
authorship and mediation indexes are equal. It is due to
feedback between nodes being observed in QSCN and
basic HITS algorithm not providing the necessary results
of ranking such networks. Also, comparing the work
results of HITS and PageRank algorithms with given
expert evaluation we can claim that the above-mentioned
algorithms in their basic state are not effective for node
ranking in QSCN.

PageRank index considers only incoming links and
does not separate such concept as mediator. It severely
influences the general result, as modest network
connections can cardinally change it.

It is offered to use HITS algorithm for method
adaptation and consider edges weight when calculating
every network nodes index.

To trace the efficiency of the above-mentioned
statement, let us modify the HITS algorithm formulas
using the multiplying by connections weight between
nodes, resulting in:

hub ;=3 auth 4; £y,

where auth A~ authorship index of node 4; of the

network; hub A; — mediation index of node 4;; E; -

connections weight between nodes 4; and 4; .
auth 4; =3, . hub4; - Ey,

where hub A~ mediation index of node 4; of the network;
auth A;— authorship index of node 4;; E;— connections
weight of between nodes 4;and 4; .

Table 1. The results of network node ranking with PageRank algorithms and basic HITS algorithm and expert evaluation

Expert evaluation PageRank HITS
(Ne Node) (Ne Node) Auth (Ne Node) Hub (Ne Node) F (Ve Node)
2 2 2 2 2
1 10 10 10 10
3 3 5 5 5
8 5 8 8 8
5 8 3 3 3
10 6 11 11 11
11 11 1 1 1
9 9 9 9 9
12 12 12 12 12
4 7 6 6 6
13 4 13 13 13
6 13 4 4 4
7 1 7 7 7
Table 2. Results of network nodes ranking with modified HITS algorithm and experts evaluation
Expert evaluation HITS
(Ne Node) Auth (Ne Node) Hub (N Node) F (N Node)

2 2 1 1

1 1 2 2

3 3 3 3

8 8 5 8

5 5 8 5

10 10 10 10

11 4 4 4

9 11 9 11

12 13 11 9

4 12 12 12

13 9 6 13

6 6 13 6

7 7 7 7
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After the evaluation of the received work results of
modified HITS algorithm according to Table 2 with
experts evaluation data, we can claim that in general they
are similar, but they do have irregularities. That is why
the modified HITS method is ineffective during the
general evaluation in QSCN. For detailed network
evaluation it is necessary to analyse the received
authorship and mediation results with expert evaluation
data, as even insignificant connections can severely
influence the ranking results and determining the most
significant network nodes.

As weight definitions disposal irregularity can
influence the results fidelity, their values must be
decreased by multiplying them on some steadily
increasing function, which is less steep that a linear one.
In the context of the offered algorithm, we will use the
modified HITS algorithm as such function. Then we will
modify the formulas by multiplying them on hyperbolic
logarithm of connections weight between nodes. The
result is as follows:

hub 4; = { j<i
0,E; =0,

where auth A; — authorship index of node 4; of the
network; hub A; — mediation index of node A4; E; —
connections weight between nodes 4; and 4;.

auth A; =4 j—i )
O,Ejl'zO

where hub A; — mediation index of node A4; of the
network; auth A; — authorship index of node 4;; E; —
connections weight between nodes 4; and 4,.

For work efficiency evaluation of the received
algorithm and the check concerning another parameter
we will use degree of 1/3 of connections weight in the
first case and hyperbolic logarithm in the other in
modified auth A;and hub A; formulas and check their
work results on QSCN.

During the research process of the received results
set out in Table 3 of modified algorithm, we can
observe considerable discrepancy in calculated values.

It is determined that, when using hyperbolic
algorithm of connections weight in nodes, modified
method provides the results, which correspond with the
real social relations, while the authorship index showed
the hierarchic subject dependence in the network.

Table 3. Results of network node ranking with modified HITS algorithms and experts evaluation

HITS, 1/3 HITS, In
Expert
evaluation
(Ne Node) auth hub F auth hub F
(Ne Node) (Ne Node) (Ne Node) (Ne Node) (Ne Node) (Ne Node)
2 2 2 2 2 2 2
1 1 1 1 1 1 1
3 3 3 3 3 3 3
8 5 10 5 5 10 8
5 8 8 8 5
10 10 8 10 10 5 10
11 11 11 11 11 9 11
9 12 9 9 12 11 9
12 9 12 12 4 12 12
4 13 4 13 4
13 6 13 6 13
6 13 13
7 7

It should be noted that given modified algorithm
with the value of connections weight hyperbolic
logarithm was used for the research of 20 different
quasihierarchic networks, and the received values
results represented set facts.

Conclusions

The notion of the quasihierarchic social character
networks is introduced and connections character in
such networks is researched in this work.

The efficiency research of basic and modified
HITS algorithms for node ranking of quasihierarchic

social character networks was conducted in comparison
to PageRank algorithm in the given network.

When used practically, it is shown that modified
algorithm provides results corresponding with real
social relations, and nodes authorship indexes - their
hierarchic importance inter se.

The received algorithm was used for research of 20
different social networks and, in the process of work,
showed pretty exact results, which represented set facts.

Modified HITS algorithm is effective for social
network research in the process of cyberwar and for
network node ranking in general.
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Pan:kyBaHHS Mepe:Ki COLiaIbHOTO XapaKTepy

A. M. Cobornes, /1. B. Jlange

CorianpHi MepeXki € OCHOBOIO BCIX B3a€MOIN MiX yJacHMKaMH (SIK IPaBHWIIO, JIOIBMM), AKi BiOyBarOTbCS B IIPOLECI
nepeznadi iHpopmanii. OcTaHHIM 4acoM Liel TepMiH cTa€ Bce OiIbI NMOIMY/IAPHUM, aJIe HABPA YU XTOCh MOXKE YSIBUTH, HACKUIBKH
CHJIBHO BiH OTOYye Hac. Mepexi COIabHOI0 XapakTepy 300pa’kaloTh 3a JIONOMOTroI0 IpadiB Ta 3B’s3KiB MiX BY3JIaMH, IIO
BiJJOOpakaloTh peanbHy B3aeMoifo. il paH)KyBaHHS By3JIiB B IAHUX Mepekax HEOoOXIJHO IPOBECTH NETATbHUN aHaIli3 Mepexi,
OL[IHUTU OTPUMaHi Pe3yJIbTaTH 33 BCIMA 33JlaHUMU KPUTEPISIMU Ta BUAUINTH HAWOUIBII BIUIMBOBI By3IH. ICHyroul anropurmu
pamXKyBaHHS [IEPEBaYKHO OLIHIOIOTH BCE B LIJIOMY, IO HE JI03BOJISE YiTKO BH3HAYUTH BIUTMBOBICTH BY3JIB MiXk co00f0. Y naHiit
CTaTTi NPHUBOAUTBLCS aHANI3 OTPUMAHUX PE3YJIbTATiB POOOTH BIIOMUX aJropuTMiB pamxysaHHS By3niB (HITS, PageRank) ta
MOPiBHIOIOTBCS OTPUMaHI JJaHi 3 €KCIIEPTHOIO OLHKOK Meperki. Benmmka KiIbKiCTh 3B’S3KIB MK By3JIaMH Ta iX pi3HOMaHiTHa
koH(iryparist B OUIBIIOCTI BHUIAAKIB HE [O3BOJSIE BHUKOPUCTOBYBATH AITOPUTMU DaH)XYBaHHA 0a30BOro0 THILy, OCKIUJIBKU
HEXTYIOUM HaueOTO HECYTTEBUMM 3B’A3KaMH, BUHUKAIOTh XHOHI pe3ynbraty. bazosuii anropurm HITS GyB MoxudikoBanuii mis
e(eKTUBHOrO JIOCHIPKeHHs KBasiiepapxiuHux Mepex. [TokazaHo, 1110 OTpUMaHUN alIrOpUTM HAJA€ y Psizli BUIIAIKIB Pe3y/IbTaTH,
SIK1 BIZITIOBI/Ial0Th PEAIbHUM COLiaJIbHUM BiJIHOIICHHSM MK Cy0’ €KTaMH, a IIOKa3HUKH aBTOPCTBA BY3JIiB — IIOIEPEAHbO HaJaHUM
couianbHUM poisiM. OTpUMaHMil aIrOpUTM JO3BOJISE OLIHIOBATH Ta BHSBIIATH HAHOUIBII peNEBaHTHI BY3JIM B Mepexkax
coLliaJIbHOro Xapakrepy. Bin Moxxe Oyru BUKOpUCTaHui y pi3HUX cepax, e pOpMyrOThCs COLiaIbHI MEPEKi.

Karo4dosi cioBa: kBasiiepapxiuHi Mepexi COLIaJILHOIO XapakTepy; Cy0’€KTH Mepexi; aJrOpUTM paHXKyBaHHS,
anroput™ HITS; anropurm PageRank; pelitunr By3na; F-mipa; excriepTHa oniHka.

PanxupoBanme ceTH COIMAJBHOIO XapaKTepa
¢ yueToM Jorapumuyeckoil pyHKINN ee cBA3ei

A. M. Co6ores, .J1. B. Jlanae

CoruanbHble CeTH SBIISIIOTCS OCHOBOHM BCEX B3aMMOJICHCTBMH MEXIy y4aCTHHKaMH (KaK IIPaBHIIO, JIFOJBbMH), KOTOpbIE
MPOMCXOAAT B Hpoliecce nepenaun nHpopmanuu. B nocneHee BpeMs 310 ompeielieHHe CTaHOBUTCS Bce OoJiee MOMyIIsipHbIM, HO
BpAA JM KTO-TO MOXKET HPEACTaBUTb, HACKOIBKO CWJIBHO OH OKpyXaeT Hac. CeTH COLMalIbHOTO Xapakrepa H300pakaroT ¢
MOMOILIBIO TPa)OB U CBSI3eH MEXIY y3/1aMH, OTPaXKAIOIIMMH peallbHOe B3auMozeHcTBHe. i paHKMPOBaHUS Y3JIOB B JaHHBIX
CeTsIX HeoOXOOMMO HPOBECTU JETAIbHBINA aHAIIM3 CETH, OLEHUTH IONY4YEHHBIC PE3YJbTaThl 110 BCEM 3aJlAHHBIM KPUTEPUSM U
BBIJICJINTh HanOonee BIUATENbHbIE y3i1bl. CyIECTBYIOINE AJTOPUTMbl PAaHXHUPOBAHUS IPEUMYLIECTBEHHO OLICHMBAIOT BCE B
LIEJIOM, YTO HE II03BOJISET YETKO ONpPE/ENIUTbh BIMATEIBHOCTh Y3IIOB MeXay co0oil. B naHHOH craThe NpPHBOAMTCS aHAIM3
MOJIyYCHHBIX PE3YJbTaTOB pPabOThl H3BECTHBIX aIropuTMoB pamxupoBaHus y3ioB (HITS, PageRank) u cpaBruBarorcs
MOJTy4YCHHbIE JaHHbIE OSKCIICPTHOH OLEHKE CeTU. bBolbllloe KOMMYecTBO CBA3eH MEXAy Yy3IaMM M HX pa3sHOOOpasHas
KoH(uUrypaius B OONBIIMHCTBE CIIydyaeB HE IO3BOJISET HCIOIb30BaTh AJITOPUTMbI PAH)KHPOBAaHUS 0a30BOr0 THIIA, MOCKOIBKY
npeHeOperass AKOObl HECYIIECTBEHHBIMU CBSA3SMH, BO3HHMKAIOT JIOXKHBIE pe3ynbTarthl. baszosblii amropurm HITS Obur
MozupuuupoBaH st 3p(EKTUBHOrO MCCIeNOBaHUs KBaszuuepapxuueckux cereil. [Toka3aHo, 4TO INONYYEHHBIH anropuT™
MPEJIOCTABIISACT B PAAJIC CIIy4aeB Pe3yJbTaThl, KOTOPbIE COOTBETCTBYIOT PEaJIbHBIM COLIMAIbHBIM OTHOLICHUEM MEXKIY CyObeKTaMH,
a TI0Ka3aTeNy aBTOPCTBA Y3JIOB - IPEIBApUTEIbHO NPEJOCTABICHHBIM COLMAIBHBIM possiM. [TomyueHHbIH anropuT™ 1o3BoyseT
OLICHMBAThb M BBIABIATH HauOoliee pEJICBaHTHBIE Y3l B CETAX COLMAIBHOrO xapakrepa. OH MoxeT ObITh HCIONB30BaH B
pa3nu4HbIX cdepax, rae GOpMUPYIOTCS COLMAIbHbIE CETH.

Karo4deBble ciI0Ba: KBa3HHEPapXUUECKUE CETH COLMAIBHOIO XapakKTepa; CyOBEKTBI CETH; aJrOPUTM PaHKUPOBAHMUS,
anroput™ HITS; anropurm PageRank; pelitunr y3na; F-mepa; skcriepTHast OlieHKa.
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