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Graph Network
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Network Science
Social Network Analysis
Network Analysis
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« Moreno, J. L. (1934). Who shall survive?: A new approach to the problem of
human interrelations.




What will we learn?
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Graph? Network?



+———————— Node (or Vertex)

- Edge (or Link)

3% Network (or Graph)



—— Node (or Vertex)
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Direction

(Symmetrical) (Source 2> Target, Arc)



Degree : H&F Edge = (+ in/out) Degree : HZAE Edge =
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Attribution - Edge/Node
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Connectivity

Graph > Component (has path) > Clique



Connectivity

_GiantCompnent

_ Irsolated
Disconnected

Graph > Component (has path) > Cllque

Top Down 7 Bottom Up



Connectivity

Strong vs Weak



Complete vs Sparse

o (N) Lt (Real World?)
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Adjacency Matrix
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Adjacency Matrix

Symmetrical




Adjacency Matrix

Symmetrical




Adjacency Matrix
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Adjacency Matrix
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Edge List

Source

UnDirected |




Edge List

.\o

Source

Directed




. 12T E EMoLY| {6l 2] g4l (Format)O| 28 : Adjacency Matrix, Edge List
o Adjacency Matrixz= CHEX QI O Hod(Y/=H) A 0|CH (B SH| 72
C

. Edge List= Adjacency MatrixZ& CHA[Sh= & CHE T2 3o FA0|CH (RN 57



SICHH OftH HEHZ Node, EdgeZt 4



Tools for graph analysis



Software for Graph analysis (52Tl I22H)

o Gephi

» Cytoscape
» Pajek

« SocNetV
« NeodJ

« NodeXL

« NetMiner
« UCINet



Packages for Graph Analysis (x| I§7|X|)

 Python X|&
. SNAP (Stanford Network Analysis Project) (C++ 7|&})
e Networkx
. iGraph (R 7|t})
- RXH
e iIGraph
e Statnet

e SNd

o 12|10 Mk F&Eo| BHE0] X1 U= & (github|A AASHH =Ri=2 T{7|X|7t...)



Python for Social Network Analysis
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£35|, He21do| 7|gret 24 2HH=0|A= Python (Numpy, Scipy)at A7t H4H

=AM grH=+ 7| X7 Numpy, Scipy 7|8t



Python Notebook?
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Google Colaboratory?

. 72 20|20 Hd Vtsot 2E A 3ZH(Jupyter Notebook &4)

» 7= E2H0|HY| MEE = PCIL ULHH =L AFE 7S
X A|ZHO K[etO] AUX|T, FHRI0| AFESHZ|0fl= A2] AIBH0] Ble =&
- AT €2 Z7IAB(10AZE 1), nEo| Held HE(TPU 2+1)= floiAds g ER

- 712 EEl0|HOAN S8 OEs AIXSHALL, L ES TE(ipynb)= =25 oA AFE

- LtE I SEHSO0ILL, 7122 LHE MH| A2 BA| 7t

- Githubd G4, 12 =EI0|E IE =2{27|/XESH |




Google Colaboratory?
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Networkx Basic

« NetworkxE E6f C}21F 242 7|2 XXt IS
« JIBHI 2K A
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« Adjacency Matrix

« Edge List
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Networkx Basic

« Networkx= 7|28O 2 "EIL2[" SEH

« G ={"Node": "Information (neighbors, type ...)"}

. G.nodes = [E= EXNH]
« G.edges = [E&= SUX[HH]
. 9| X0l w2t RES wEA| HolE 9IS

o G['OILIC| LE'] = 0|2(HEE) =2 H (HMLZ])

e G['AEE EET['HEE =E2'] = & E AIO[e] AH Attribution (e.g. Weight)

» fornodein G: 2= =0 CHof IS A AM (1)




Graph Format?

. UHIMOZ 8T K| = Edgelist, Adjacency Matrix A
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« GEXF (Graph Exchange XML Format)

« GML (Graph Modeling Language)
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Graph Format?

. Networkx X|® 12 oi (Adjacency Matrix, Edge list, Json X|2|)
« DOT - Graphviz ZoH
. GML - DOT2} FAt
 GEXF - XML 7|4t
. GraphML - XML 7|&t

. Pajek - Edge List2} =E, SIX| A &8¢

I

. 7|El - LEDA, SparseGraph6, GIS Shapefile, Matrix Market, Pickle ...



Graph/Network Features



 Centrality - o2 Node”| €0tLt SR HK| £=X|=2}

« Degree
« Betweenness
« Closeness
 Eigenvector
. =02 Centrality ZHH0| =Xl (e.g. Eigenvector?| &t&H/7M REIE)

« Katz Centrality, PageRank (Web Based), CCoef



. Eminence grise?
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The anatomy of a large-scale hypertextual Web
search engine %

Sergey Brin &, Lawrence Page ~ &
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left-pad AtZd
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« Community

. 2ol A & =l 52| EIEHCohesive Subgroup) 2 OflsH= &2

. 12t H|E 2| HF(1973) - The Strength of Weak Ties (M[A&2 Cluster...?)

o« NN HEY LhQ| or%| HE=S 580 YES EHECZE AIE
« Component, Community, Clique ....

. M2 9l 2042 YM2|F0| 1O /AT B

« Girvan-Newman algorithm, Louvain algorithm ....



Modularity

« S0 sX[FHe=E Haot Y2H2 ¢YS7? > Modularity (Q)
. 2t Z{FL|E|0f| CHel [#AM IS HE - #(Null Model)]
. ModularityZ} Z|CHatE|[= X[H™?

« (421 ModularityZ 122F / A+ (e.g. Girvan-Newman, 2004)
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Modularity Matrix









TT 5\ T- TT — |_E_I_|_A)

1O
=) (O‘JCKDI- 7_|EH %I-*—I-ll)



Eﬁ

E{ SNS7I}X|

e 1~10 A LHOI[A] TX|7}

= (B 6.2

= ez BHARS| A HEFH0f|A| HX|S

Ct7| Six degrees of separation)

. FAIZ JLX| T Q7L BAE S4l Q120 A BWRMOR O B TS HA



== F] SNSTIHK]

. E7 9pX AE|2 AERTIIX - 1998 Natureof =2 &

Nature

« Published: 04 June 1998

Collective dynamics of ‘small-world’ networks

« Duncan J. Watts &
« Steven H. Strogatz

Nature volume 393, pages 440-442 (1998)Cite this article
« 143k Accesses
« 24172 Citations
« 407 Altmetric
« Metrics
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228 HERZ0 M= AH{ENN?
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Four degrees of separation

« Authors:

Lars Backstrom
Paolo Boldi
Marco Rosa
Johan Ugander
Sebastiano Vigna

@) O O O O

WebSci "12: Proceedings of the 4th Annual ACM Web Science Conference
Pages 33-42

https://doi.org/10.1145/2380718.2380723

Published:22 June 2012
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o N|AL2 Cluster + 2|2|2| HA

. Xl =S EB) SISt O[7F A
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The Strength of Weak Ties

Mark S. Granovetter
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» =2 HOM RE[= BEE EE0IL 2|AS WBoh=717?
ARTICLE

The political blogosphere and the 2004
U.S. election: divided they blog

« Authors:
o Lada A. Adamic
o Natalie Glance

LinkKDD '05: Proceedings of the 3rd international workshop on Link discovery
Pages 36-43

https://doi.org/10.1145/1134271.1134277

Published:21 August 2005
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