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Graph: Introduction

Begunin 1735.
Leonhard Euer’s paper “Seven bridge of konigsberg”
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Graph: Introduction

- A graph is a collection of nodes and edges.

Denoted by G(V, E).
V=nodes( , , points..)
E=links( , , arcs..) between two pairs of nodes.

Graph size parameter N:ZM, /\/I:Z\E| .

®

N=6, M=7

@ @ Vertices (V) ={1, 2, 3,4, 5, 6}

@ Edge(E) ={1, 2} {1, 5} {2, 3} {2, 5}

{3, 4} {4, 5} {4, 6}
@ @ Ex) Nearest Neighbor V(4)={3, 5, 6}




Simple Graph; Representation

. n-by-n matrix with A, = 1if(u, v) is an edge.

- Diagonal entries are self-loops.
- Symmetric matix for undirected graph




Graph? Network?

v 7

vertex edge node wnk
graph network
Network Science Node Link Cluster
Graph Theory Vertex Edge Component
Statistical Physics Site Bond Component




& 218 using Gprah DataBase
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SELECT * FROM cypher('hgdb_dvd_ness', $%
MATCH p=(d:vt_customer)-[r]->() WHERE type(r) =
'eg_hedge travel' OR type(r) = 'eg_hedge comedy'
RETURN p LIMIT 10 $$) AS result(p agtype);
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Definition of Network Science
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"Network science is the study of systems composed of interconnected objects or nodes, focusing on understanding
and modeling the interactions or connections between these nodes"
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"Network science is a discipline that investigates the interactions among components of complex systems, with a
particular emphasis on the structure and characteristics of these interactions"
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"Network science is a field that develops mathematical tools and techniques for analyzing and modeling complex

relationships that arise in various domains such as social, biological, and technological systems. It aims to understand

the structure and behavior of systems”
"
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Networks and Data
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The global avalanche network

in “Impact of the topology of global macroeconomic network on the spreading of economic crises”
by K-M. Lee, J-S.Yang, G.Kim, J.Lee, K-. Goh, and |-M. Kim (©) 2011

12
K.-M. Lee, J.-S. Yang, G. Kim, J. Lee, K.-I. Goh and |.-M. Kim, PLoS ONE 6, e18443 (2011).
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- Example of the virus : COVID-19




Network dynamics; Disease spreading

Grpah Scientist, What can we do??

. Recognition of disease characteristic.

. Find hub patients and effective quarantine.
lll. Data collection and analysis for modeling.

States of individual
nodes could be : Susceptible ~ 2Y%¢
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Network dynamics; Disease spreading

(20143 o= RHE)
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Disease spreading on social networks

- Assumed that, disease spreads through the social networks.

=> Sintayehu, Dejene W.,, et al. Preventive veterinary medicine137 (2017): 36-42.
=> Strano, Emanuele, et al. Scientific reports 8.1 (2018): 4744.

Mandatory
quarantine

‘Q.

/’W

Be quarantined

In percolation view,
- Mandatory quarantine
>>Random occupied cluster (or nodes)
- Be quarantined
>>Exclaves cluster (or nodes)




What is the
Hypergraph?




Motivation of Hpyergraph
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Definition of Hypergraphs

» Hypergraphs provide a mathematical model of data
focused on multi-way interactions

» To ask certain kinds of questions
» Connectivity of entities
» Clustering structure

» To model certain kinds of interactions
» Multi-way interactions (or relationship)

(2)

”Hyperedgé



Definition of Hypergraphs

» Hypergraphs Representation
» Matrix or Complete Set Notation (Hyperedge list)

@

h1 @ vi v2 v3 v4 v5 v6 v7 v8 V9
hif1 14 1 1 .0 0 0 0 O

O h3
helo o/1 1 1 0 0 0 O
h3lo o o 1 1 1 0 0 O
@ h2 @ n4alo o o 0 0 1 1 0 0O
5o o 0 0 1 0 0 1 1

h5

» Hypergraphs Representation
» Visualization

Euler diagram Simplicial diagram Biprtite diagram
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3.

Definition of Hypergraphs
Hypergraphs properties

Degree distribution(ctO|X] SIX|2| E L)
Edge size distribution
s-Walk, s-Path, s-Diameter

3.1.s-Walk: Sequential edges, allowing repeated edge traversal, indicating
movement along connected vertices in a hypergraph.

3.2.5-Path: Permutation of edges connecting distinct vertices in a hypergraph,
showing their traversal order.

3.3.s-Diameter: Maximum length among the shortest s-paths between all vertex
pairs in a hypergraph, revealing the furthest distance.

s-Connected components

4.1.Subset of connected vertices by s-paths, signifying a cohesive
substructure.

s-Centrarlity(Z414)

5.1.Measures vertex importance based on s-path participation.
Clustering coefficient(22{2EHZ 7|)
Find the loop or triangular



Application to Hypergraphs:

Network Science



Project: World trade network

The global avalanche network

in “Impact of the topology of global macroeconomic network on the spreading of economic crises”
by K-M. Lee, J-S.Yang, G.Kim, ). Lee, K. Goh, and |.-M. Kim () 2011
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K.-M. Lee, J.-S. Yang, G. Kim, J. Lee, K.-l. Goh and |.-M. Kim, PLoS ONE 6, e18443 (2011).



Project: World trade network

Country1, Country2, Product #, Volume

SITC Code Product description

0

oo AN U ks W

Food and live animals

Beverages and tobacco

Crude material, inedible, except fuels

Mineral fuels, lubricants and related materials
Animal and vegetable oils, fats and waxes
Chemicals and related products

Manufactured foods classified chiefly by material
Machinery and transport equipment

Miscellaneous manufactured articles

Commodities and transaction not classified elsewhere
in the SITC

wéx(t) — w}m(t)

wk. () + wi (1)

wi(f) =

®

frequency

10000 100000 1le+06
(W(t)+w(t+1))/2

[in preparation]
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Project: World trade network

© ©

- Network Motif Analysis < > < >
- 6 types in M|[A| £ HERS © ©
Type Type2
@\ / 1 @\ / 1 @\ / 1
O, © O,
Type3 Type4 Type5
@\
O, @‘/
Type6 [in preparation]




Application to Hypergraphs:

Database




GDB to HGDB

category inventory customer
* category_id * inventory_id (| *customer_id
name film_id store_id C HAZS Cl2|s} = E: A A‘lj
last_update store_id first_name * DVD Ho:l A-I |_ = E = — -” Ol -lH.” O | — = :”
last_update last_name
T — email
T I address_id ol= = | By ] X =) Ho 75k= b | =
o) o activebool ° o:|2|', J_'—7—|'|I, EHO:| BJ—l' =i E‘||O| == i%l-ol-o:l ‘u’_|'7:"E L-l'
create_date
ﬁlm_category r_ental lest_updete E_l.LH .
*film_id ) * rentall_;d active
* category_i rental_date
last_update inventory_id .
customer_id © 1 N ek 8 1/ 7H H Sl
return_date ¢ 9|-E-I|J_'—E'|(OI-—)[ C:Dlgl- x-”_ll J_'_ = E-Ilol E % O
EE staff_id dd
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e 1Ll . .
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release_year payment city_id ° OI'OI.“-'I Il: I:H 01 ol dVd—I 9 I'E'"J_E-I o
language_id = payment_id postal_code A
rental_duration iy stomer_ id phone
rental_rate staff id H last_update
length rental_id
replacement_cost amount
rating
payment_date .
last_update Y e IAE DB , . P
fs‘;:cifl—features ¥ ‘ca tegory', film’, ‘customer’ Eﬂ O| = % 2 start_node: (vs: customer_id)-edge: [e: hyper_edge(category_id)]-target_node: (ve: film_id)
ulite:
staff
* staff_id Hy perGDB model yperedge: travel category_id
first_name (hyperedge=16
last_name
addfTSS_ld L Category_ld customer—id filrr ' ) .........
language ki (node1)
9 - 9 store_id fame
* language_id active last_upd
name username : i _
last_update password film_id
lqst_update title hyperedge:
piclive descriptio
— rating _ ol Meden . B
ilm_actor R actor renal_rate custo . er_id
* actor_id ~ i store lid
*film id 1o + * aCtOf_ld T
Iast—update first_name emalil .
- last_name address_id e Node: “film”, “customer”
last_update ' — Heterogeneous Data set

e Hyper-edge: “category(genre)’
(customer) — [category] — (film) | 29



HGDB Query Performace

: A Graph Extension for
PostgreSQL

10 A

Performance Difference AP

IrDB — 'HGDB
, | ' | | | | AP = * 100
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[Sang-Hwan Gwak 242t
PhD in Physics (Statistical Physics) under prof "Kwang-Il Goh(12:& )" from Korea Univ.

[Contact address]
E-mail: gwak.sanghwan(at)gmail.com

[Research interests]

Grpah Database, Network Science and theory, Compelx systems
-> Structural and dynamical properties of complex networks.
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Any questions are welcome!!
(gwak.sanghwan@gmail.com)






