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Koeficient zhlukovania v sietach



> Zakladnd myslienka: Koeficient ma vyjadrovat, nakolko maju
vrcholy tendenciu zhlukovat sa

» Zhlukovanie na priklade siete priatelstiev: ak si A a B moji
priatelia, st priatelmi aj A a B?

» Celkovo ako siet alebo samostatne pre kazdy vrchol



Globalny koeficient zhlukovania



Definicia a priklad

Vypocita sa ako podiel, kde

P v menovateli je dvojic hrdn so spoloénym vrcholom, teda typu
i-j, i-k

> v Citateli je pocet takych dvojic tychto hran, pre ktoré existuje
hrana j-k

Priklad Vypocitajme koeficient ru¢ne na priklade siete

set.seed(12345)
g = erdos.renyi.game(6, 0.6)



Definicia a priklad

plot(g, layout = layout_nicely)



Vypocet v R-ku

Funkcia transitivity s parametrom type = "global"

transitivity(g, type = "global")

## [1] 0.6



Lokalny koeficient zhlukovania



Definicia a priklad

Pre kazdy vrchol i sa vypocita sa ako podiel, kde

» v menovateli je dvojic hran so spolo¢nym vrcholom i, teda
typu i-j, i-k

P v Citateli je pocet takych dvojic tychto hran, pre ktoré existuje
hrana j-k

Pre cell siet sa vypocita ich priemer.

Priklad: Co z nasho ruéného vypoctu vyplyva pre lokalne
koeficienty jednotlivych vrcholov?



Vypocet v R-ku

Funkcia transitivity s parametrom type = "local", resp.
"localaverage"

round (transitivity(g, type = "local"), 4)

## [1] 0.6667 1.0000 1.0000 0.3333 1.0000 0.6667

transitivity(g, type = "localaverage")

## [1] 0.7777778



Vypocet z matice susednosti

Ako by sme tito hodnotu vedeli ziskat z matice susednosti grafu
A <- as_adjacency_matrix(g) 7

Z filmu Dobry Will Hunting, tiez nas zaujima druha otazka:
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Koeficient zhlukovania vo vazenych tplnych
sietach



Motivacia a referencia

» Minule sme pracovali so sietami korelacii
> V tejto sieti existuje medzi kazdymi dvoma vrcholmi hrana
» Ako merat mieru zhlukovania v takychto sietach?

McAssey, M. P., & Bijma, F. (2015). A clustering coefficient for
complete weighted networks. Network Science, 3(2), 183-195.

https://www.researchgate.net/publication /272893386_A__
clustering__coefficient_for__complete_ weighted_networks

Prepoklada sa (plna siet s vahami z intervalu [0, 1].

V Clanku sa dalej uvazujd aj orientované vazené siete.


https://www.researchgate.net/publication/272893386_A_clustering_coefficient_for_complete_weighted_networks
https://www.researchgate.net/publication/272893386_A_clustering_coefficient_for_complete_weighted_networks

Zakladna myslienka

Vrchol ma ako susedov, vSetky ostatné vrcholy, ale budeme
rozliSovat (volne, bez presnych hranic)

» silnych susedov (strong), ak je vaha blizka jednotke
» slabych susedov (weak), ak je vaha blizka nule
» strednych susedov (moderate) v ostatnych pripadoch

Poziadavky na koeficient:

C1. The clustering coefficient for node i should be large (close to one) if the set
of strong neighbors of i are themselves strong neighbors of each other, and
should become smaller as the proportion of its strong neighbors who are
themselves weak neighbors increases.

C2. As the weights of the links involving the remaining neighbors of node i increase,
the clustering coefficient for node i should also increase proportionately.

C3. The clustering coefficient for node i should be small if it has only weak
neighbors, or at most one non-weak neighbor.



Priklady pouzitia
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Priklady pouzitia

Odkazy na uvedené publikacie:

» https://link.springer.com/article/10.1007 /s11079-018-9499-7
» https://www.sciencedirect.com/science/article/pii/
S0378437118315097
P https:
//link.springer.com/article/10.1007 /s10479-019-03136-y
» https://link.springer.com/article/10.1007 /s11205-018-1883-6


https://link.springer.com/article/10.1007/s11079-018-9499-7
https://www.sciencedirect.com/science/article/pii/S0378437118315097
https://www.sciencedirect.com/science/article/pii/S0378437118315097
https://link.springer.com/article/10.1007/s10479-019-03136-y
https://link.springer.com/article/10.1007/s10479-019-03136-y
https://link.springer.com/article/10.1007/s11205-018-1883-6

Algoritmus

» Pre kazdé t € (0, 1) sa definuje (nevazena) siet, ktord obsahuje
hrany s vahou aspon t

» Pre kazdy z vrcholov sa vypocita lokalny koeficient zhlukovania,
oznac¢ime ho Cj(t), kde index i prestavuje vrchol (ak nie je
definovany kvéli jedinej hrane niektorého vrcholu, polozime ho
rovny nule)

> Vysledny koeficient zhlukovania potom vypocitame ako

1
C,':/ C,'(t)dt
0

(prakticky len kone¢na suma)
P Pre cell siet sa zoberie priemer koeficientov jednotlivych
vrcholov



Algoritmus

Vysvetlite maticovy vypocet z ¢lanku:

2. Let y;(r) denote the number of triangles formed by consecutive edges with
node i at one vertex and any two neighbors of node i as the other two vertices,
and let T;(r) denote the number of triangles that would be formed with node i
at one vertex if every pair of neighbors of node i were also neighbors of each
other, i.e.,

7ilt) = Z Z ajayay = [4)]; and Tit)= Z Z ajay = [4.04]i. (4)
JH ki JH kFLG

Here O = 1-1' —1, that is, a matrix consisting of zeros on the diagonal and
ones in all other positions, I is the N x N identity matrix, 1 is a vector of length
N consisting of ones in every position, and 1’ is its transpose. The clustering
coefficient C;(t) for node i corresponding to .47, is then defined as the ratio of
these two quantities (which is the established clustering coefficient for a node
in a BUN), ie.
w0 _ 4
L0 [A0AL
provided [4,0A4,]; # 0. Otherwise set C;(r) = 0.

Gl =

(5)



Priklad 1: Priebeh pomocnych funkcif

» Pre siet z obrazku 1 v ¢lanku znazornime priebeh funkcii Ci(t)
pre jednotlivé vrcholy a vypocitame pre ne koeficienty
zhlukovania.
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Fig. 1. A complete weighted undirected network consisting of five nodes, with line thickness
corresponding to edge weights (thick edge = 0.9, thin edge = 0.1).



Priklad 1: Priebeh pomocnych funkcif

» Zrekonstruujeme obrazok 4 z ¢lanku (Ci(t) pre vygenerované
vahy - kvdli ndhodnosti mdze vyjst iny vysledok)
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Fig. 3. Evolution of C(r) as ¢ ranges from 0 to 1 for one node in a WUN consisting of 100
nodes with edge weights drawn from a uniform distribution on (0. 1).



Priklad 2: Vypocet koeficientov

Vseobecné zadanie: Implementovat tito metddu, funkcia dostane
ako vstup maticu vah a vrati vektor hodnét G;.

Pokracujme v priklade:

> Vypocitajme koeficienty zhlukovania pre vrcholy siete na
obrazku 1.



Priklad 3: Zmena zhlukovania v Case

Zoberme data o indexoch a vynosoch z minulého cvicenia:

library(datasets)
data(EuStockMarkets)
vynosy <- diff (log(EuStockMarkets))

» Rozdelime data po rokoch a z kazdého roka vypocitame
korela¢nd maticu.

» Na zaklade korela¢nej matice vypocitame pre kazdy index a pre
kazdy rok koeficient zhlukovania.

> Ako sa koeficienty menia v Case?
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