F = EEICHEM

AEESENER. BNEX. BNMER. EREERRR. BREESE, A
R SJ(ER NetworkX 1B TERZ I AIAMAEARRNE,

B9, BI1EN Networkx TEE,

# SN networkx &
import networkx as nx

import matplotlib.pyplot as plt

KT NetworkX BZ1FMRVER, AINSEHERXHE:
https://networkx.github.io/

2.1 ENES: FRERREtHoR

T RRHETE i (4215: Konigsberger Briickenproblem; ZEiE: Seven Bridges of
Konigsberg) RENEHMNZFR MM, XM OAERET—PIMTAFEROEF: S
FESTHEHE (SAHFEHMETHEE), TREEIIXFLTME, mAH0
BANMNG. MNEE5ANREELETERE. EBEHEHRGEE—EMRIRT, W
fal 7t EHEIX e 5 PR RO SR E IR ?

SRR BRAIEL735F iR, FHIRBAARRBBRX TR, thEEE _FAKR
FIeX (FRHTENEH) &, IERNEFHNEEANTE, IRFREMER
T—EE[ER, IRIEXAEZRSENZRAR, HHEIRE LE-REEXM.

BRALESCRRRMREEFEATFEH LRSS SHASE, S—EFNAN—FE, HiFmE
ENMEXYAN R, FFEMEREAGREBRLEIXR, NX—RHEBLTIZERE

%, XEEMAEIA, B, EETRRENAMNTA. BRISRT,
MR E LD N SR, ERETNHATENER.

ffeHT &t R E SR :


https://networkx.github.io/

E2-1. f e B E -t R R

BRALEREER LRI T—E@maE, BF— T ERSESEBHTMAENLMmEE
£8, MiIEHELHEENZE—EEEBN—TRBREE. RKESEESE—
M — A ERES EEERBVAIEZEN, MMERT “—Z@EEE", T4
ERNEEE, IRFEBIMTNTFINR, BLAREERNBLERFEY, BF

W, R T B IRIEREITE KRRV

AOEERBANEBITRX LSS, MXLERNT, REKERAANTHERNEIL,

2.2 EII9ENX

. —MEWRIEN G = {V, E}.

o HhV = {v1,...,on} BHERN N = |V| 78 (nodeSvertex) AIE
B, E={ey,...,eyn} BEEN M 1938 (edgeBlilink) HIES.

s EIRTREATREIM (entities), FAIBRREMREAIXER (relations),

o BWI—%ibe c EEEMITR v Ml v, BARXKIBATUERTN e =
(v1,v2).

o TAMBAEERIIUNZ AT (categorical), EFIBIEIENEVEREZM—
K7, —RBREFENEENTE (label),

o TEMBDEERTIIASEEREY (numeric), HEIVEURIIBUETBERSEH,
—MRFREVERMEENEME (attribute) ,

o EEMITEMESH, VAR, TR—EEEER (ELEFETRNENE

R), LHgEERER.

TmE, (1@ NetworkX BlE— N EBEmNE.

BIE—E

= nx.Graph()
NINEIRYT =
.add_node(2)
.add_node(5)
N INEIRYIA

H Q@ @ H*H Q@ H



g.add_edge(2, 5)
g.add_edge(1, 4) # ZHRMAVANNAT KRAZFENRE, SEMCIEBNAT SR
g.add_edge(1, 2)

g.add_edge(2, 6)

# RHIE

nx.draw(g)

[E]2-2. NetworX BlIIZEE
EREENOESAEGERMETUD N

e BMEE (directed graph or digraph) : BRIEHINZEEZIEMIEH,
e FZEE (undirected graph): TEERBLAERZIEQIME,

Undirected network Directed network

AL

E2-3. BEEMLmEE

# BIANERT, networkX BIZMZETEE
G = nx.Graph()
print(G.is_directed())

# BlIEREE
H = nx.DiGraph()
print(H.is_directed())



False

True

RIEERVIL ENERS AN 1, BTG ENDN:

o ERNNEMINERN 18, ER—1TFEMNE (unweighted graph) ,
o ERHEMNELRN 1 HIHE, ER—TEMNE (weighted graph) , Ffics=
v; 3 ’Uj E’\JWEE wij.

Weighted Graph Unweighted Graph

[E2-4. X EFTTANE

2.3 ElfER

HFLEEIZEMNER), ITHETERNMER, FIMEA— Networkx REF
AYE The Karate Club Network (ZFBEFRIBWLE) #HITHES,

FFEERBNEER T EFERRES 34 BAGAMNERNE, HICK T HEERKER
SNETNRIBRL R Z BB HELR

# QB ZEFEEFREING

G = nx.karate_club_graph()
# G is an undirected graph
type(G)

# AHE

nx.draw(G, with_labels = True)



El2-5. EFERREBE

2.3.1 PET = (neighbors)

s TRv MPETRRS TR v EEEENTS, ERICH N(v;),
o TR vk BHRAIBIETI S (neighbors with k-hop) REITTR v; B kK £H
TR (TR 2 RENBETREETES).

2.3.2 EHIE (degree)

o T v MEIEH d(vi), NEIEA din(vi), HEIEH dout(vi).

o MTHEMEMNE: Tav; WHE (outdegree) HTFM v; HERBHINEZ
M TR v, IANE (indegree) FFMEM v; BBHINEZ ],

o ZEEZREEEMNEKIER, TRIHESANERSE.

o TNEIRBENENFRIER, SBHNEN 1, BAT SR v; WEE (out
degree) FTFM v; HARIOEE, TR vi IAE (in degree) FFMEM
v; BIBRERE.,

s THER—TRAMEZEBFEREENSH ., WTFEXEBEFRR, FHEMNITE
Hd(G) =13V di= 2,

o EH% P(d) RRRIISRNTRNER d FR, F19E d(G) =
> a0 dP(d).

# WEFHIENITE
def average_degree(num_edges, num_nodes):
# this function takes number of edges and number of nodes

# returns the average node degree of the graph.



# Round the result to nearest integer (for example 3.3 will
avg_degree = 0

HHRHHHHHHRBHHHH AR R R HH AR R HH AR R HHHH

avg_degree 2*num_edges/num_nodes

avg_degree = int(round(avg_degree))
HHHHHBHHHHBH AR HBHHHHBH AR HBH R HBH B H RS RS HH

return avg_degree

num_edges = G.number_of_edges()

num_nodes = G.number_of_nodes()
avg_degree = average_degree(num_edges, num_nodes)

print("Average degree of karate club network is {}".format(avg_d

Average degree of karate club network is 5

2.3.31TE (walk) F1E&1F (path)

o walk(vy,vy) = (v1, €4, €5, €4, €1,V2), XB—IRITE", ER—RMTR
(] Hjﬁ, ﬁk?ﬂéhi@ €g,€5,€4,€71, EEEé'gEUﬁ%,F‘“ V2 E"]“?ﬁ'ﬂé”o

o TEFRA walk(vi,v2) = (v1, €6, €5, €4, €1,v2), HPLEHRFIFAT D
MBS,

o ETER, THREATEEN.

s BERTRTAEEEMNITE.

El2-6. 1T7E

2.3.488 8 (distance). EH12 (diameter)



s RAEREHENNAM TR ZEIMIEER (distance), &xMEi&1E (shortest path)
ve, 00 €V 2E G = {V, E} F—5H 8, Hast v, v € V Z AR
RRIEBIEH Pyo BAX v, vy ZIEMSEEE p? ) pyy PREBEN—F
%12, HERHENR

Pt = argmingep, |p|

HA, pRinps PH—KERZ, |p|REZpKE,
o Hf2 (diameter): AE—PMEBEG = {V,E}, HERNEMBETRNZ
BN RERZNEARE, FAAEXR

diameter(G) = maw,, ycvMinyep, )|

2.3.5 %[ (subgraph). #EE®%2 = (connected
component) . %EEE (connected graph)

o FE (subgraph): 5—EG ={V,E}, 35—BG ={V',E'}, Hh
VeV, BEEe EABV' REE E hRHEHEINT S, BLGE 2GH
FE,

o EEDE (connected component): AEE G ={V',E'} RBEG =
{V,E}*E., EBTE GELRBT G ENTRESCAV \ V', R
BTV WEETSNZEEEEL—XKRE, BREE—X0EEETV' N
TREETFV\V' TR, BLAEG BE GHWEEDE.

o %i@ME (connected graph): H—TEIREE— 1T EEDE, BIHBS, B4
ZER—TEBE.,

2.3.6 BRI ZAZEN (Clustering Coefficient)

o REARBRTAE T RINPBERICHHZAEE.
e TRIMNTEEERRE, HEMRERABES.
o C; BN NI ERERHEAHRE,

s WTFE#HNd, NTRi, BEREREENRN

T;
Hip, B, ®RATR 1 NBEXZFFENENHE, T, ZoTR 1 NSEATE (&
Z) FENENHE.

¢ C; =0 MRTA i NBEMRBEEHIE,
o C; = 1 MRTR i NTBERH— T2 EEE, BENEHEERE,
o C; = 0.5 BHRE—TTRNFANEES 50% ik,



c MBRREXRMENTFIIRERRE: BEAMETRNERAKTIER

1
C:NZC’i

1

def average_clustering_coefficient(G):
# this function that takes a nx.Graph
# and returns the average clustering coefficient.
# Round the result to 2 decimal places (for example 3.333 wi
avg_cluster_coef = 0
HHBHHHHHHBHBH G HFHHBHBHBH S HFHHBHBH AR HFHHH
## Note:
## 1: Please use the appropriate NetworkX clustering functio

avg_cluster_coef = nx.average_clustering(G)

avg_cluster_coef = round(avg_cluster_coef, 2)
HHBHHHHHHBHBH G HFHHBHBHBHFHFHHBHBH B RS HFHHH

return avg_cluster_coef

avg_cluster_coef = average_clustering_coefficient(G)

print("Average clustering coefficient of karate club network is

Average clustering coefficient of karate club network is ©.57

2.3.7 IR E (closeness centrality)

o HEEER, TRIUEBEROME EHIt) ERNEFROMNESE, HER
o

2T REBEFEEMT /R ZERNRERZKEZMNEIER,
e TREHRL, ESAMAERMT /BRI,

o BEFOLERNTEARNA
B 1
> ., shortest path length between v and v

c(v)

def closeness_centrality(G, node=5):
# the function that calculates closeness centrality
# for a node in karate club network. G is the input karate c
# network and node is the node id in the graph. Please round

# closeness centrality result to 2 decimal places.



closeness = 0

HAHARHH AR HHRHHBRFHBHH AR H AR H AR FH B RS H B R

# Raw version following above equation

# source: https://stackoverflow.com/questions/31764515/find-
path_length_total = @

for path in list(nx.single_source_shortest_path(G, node).valu

path_length_total += len(path)-1

closeness 1 / path_length_total

closeness = round(closeness, 2)

return closeness

node = 5
closeness = closeness_centrality(G, node=node)

print("The karate club network has closeness centrality (raw) {:

The karate club network has closeness centrality (raw) 0.01

# Normalized version from NetworkX

# Notice that networkx closeness centrality returns the normaliz
# closeness directly, which is different from the raw (unnormali
# one that we learned in the lecture.

closeness = nx.closeness_centrality(G, node)

print("The karate club network has closeness centrality (normalz

The karate club network has closeness centrality (normalzied) 0.

2.4 EJfN%ERRT

TEBNISNTADIRER. REEENAEAETER ., —EXXMSEMAIINER
M, BREEANENZEEEHREMNEPERNER, BIIBBIE(NHITER
EIIHER



2.4.1 SP4EFEFFE (Adjacency Matrix)

o BE—EG = {V,E}, ExMHIEERKICH A € {0,137V,

o Ajj = 1 RAFEMTR v Blv; (98, A = 0 RAAFEMTR v; Bl v;
K938,

o EREES, MNPEv; Bv; WBEE, ERENT S v; 3l v; NIDHEE.
Em T EE SRR 2 X FRE.

o EXNMES, FHOHNEFRAHBEML, EHAHSSKBDINERL.

o SWFERE, ENMHISHEEMRBERICH W € RVY | Hoh W5 = w;
FRMT v; Bl v; BIDAIE., EFIDFEER, BHINENO .

— T EEERERGF (ZiARE, ABNERIRIZERR) :

— (O e [N
_—o = O W

_—0 = O
O bt et

BwW N

(always square and symmetrical)

B2-7. Fa ERY SRR ERE

2.4.2 &<HBX¥EFF (Incidence Matrix)

o AE—EG = {V,E}, ExXIREIRERERKCH M € {0,1}M, (8
FOXBHRAVAINAER M RRXEEIERN, FBRIEN M XTI

o Mi; = 1 RRTA v il e; 18EE, M;; =0 XRRTA v; Fil e; FEE
i,

o SEMREEAR, KEEMFEDNEERLLZERNXR,

— T EREERERGF (ZiARE, HBNERIREXERR) :



1 2 34 5
II ! II 1_1 0 01 O]
2111 0 0 1

4 2 M =
5101 1 00
I ; Bl 410 01 1 1]

(generally non-square)
[E]2-8. Folal B A9 K BX B p%

2.43 AIEAiHr ERE (Laplacian Matrix)

o RIZHIHTHERE (Laplacian Matrix) : (20U admittance matrix, Kirchhoff

matrix) LAE—E G = {V,E}, HEENR A, HArZHEERE L €

L=D-A

HepD = diag(d(v1), - - ,d(vN))BEIEN, SEMA, HINCRIE T
sERERE— TR Ly, BAS— N TETUEENR

di, if i=37
Ly = —1, if i £ j and v; adjacent with v;
0, otherwise

ERE—{THTIRIINAN0,

Degree matrix

] 7] D A )
2000[fo101][2 -1 0 -1
L0300/ 101 1 |13 -1
0020[|0101[|0 -1 2 -1

Gl B 00031 110][-1-1-13
L=D-4

SPECRETA-E 18- iyl 2

o WFIRIT—1LARIERIETIERE, Symmetric normalized Laplacian) : 28— E
G ={V,E}, HZERERNA, EICH (F—1) RS REIEEE R

L=D*D-AD :=1I-D :AD:



2.5 Ep9ZERY

BEARRLDHN, BRI DNRZSAEAFNE, 2.2 TH, BRED
=aEBERE, XoRATARENEOE. TH, RNFREESAENREE
SSSEHTEID

2.5.1 E|R9HRFINEY
RIBERIFRFNGN), FMMMLE (regular network) BIEAZ A

o DIEEML (fully-connected network) (TEIZE)
o IFIZRIZE (ring-shape network) (TEH)
o EM% (start-shape network) (TEH)

E2-10. EIHVIRINEM

RIE—LEHMNAEMR, ERNEREEEEREE (random graph) . /\HFRE
(small world graph) FFAREEEE! (scale-free graph),

fem— Pl '{-'::L"' i PR sy
i T e -
codem SR A DS een ""Lj;; Y o o TR
e - e Bl L Taee "-a‘ ‘Eg
P P T ST e L —
anall | *" A ke sl e \"S‘I' i -’-m—l-_--v il 2L
wold NS n-'.-h i -;Zj—% e RSt
c{ LIS k. = . ® a
o cn . . = i o
- T o R e
R dll o T = he R - 3 s e M S
L o - ¥ - & . 2 ? = -

E2-11. & WA E =R

2.5.2 B ENIFBHE



RES S PNERENRREARAER N HETE, XERNRELE
REFSI IR ROEL,

e [EIBiE (Homogeneous Graph): RE—FZERIT R f—FEEANRIE .,
o JFE (Heterogeneous Graph) : FEZMERRTI RFIZFLEANIDIVE .,

conference

((—
[

-
\ attend
& 42
-

published_at

E2-12. #ERE

2.5.3 _9E (bipartite graph)

“o B ZEBE (Bipartite Graphs) : TR NME, REARENT R ZBEFE
R

E2-13. =92 H



BRI, —PoBER—TME, BTSRRI TERNES UMV, #F5
BTREE U TRERAV TR, #aiER, URBIE U TREtAEeE,
BV TREBREE, BASTHEBRAMIEETNRHENT R, BT AET
“OMBERANERE ., WRFAN U TREZRI — 2R TPHOER V T8, WE
— MBI EEREERT U TR, NREMEZEERN U TR, WEZME
FABTPEHEER V TR,

PROJECTIONU U U v PROJECTION V

E2-14. —1H

# BlEE—1""/-E Bipartite Graph

from networkx.algorithms import bipartite

= nx.Graph()

Add nodes with the node attribute "bipartite"
.add_nodes_from([1, 2, 3, 4], bipartite=0)
.add_nodes_from(["a", "b", "c"], bipartite=1)

Add edges only between nodes of opposite node sets

B
#
B
B
#
B.add_edges_from([(1, "a"), (1, "b"), (2, "b"), (2, "c"), (3, "c
26 SEHN

11 BBZE, SR/#E, BB, o,
7, 2022

B, JBERFHMR

[2] Albert-Laszlé Barabasi, Network Science

[3] Guanrong Chen, Fundamentals of Complex Networks: Models, Structures and

Dynamics


http://www.tup.tsinghua.edu.cn/Wap/tsxqy.aspx?id=09165201
http://networksciencebook.com/chapter/2
https://www.amazon.com/Fundamentals-Complex-Networks-Structures-Dynamics/dp/1118718119
https://www.amazon.com/Fundamentals-Complex-Networks-Structures-Dynamics/dp/1118718119

[4] Jure Leskovec, Stanford University CS224W: Machine Learning with Graphs

[5] Yao Ma and Jiliang Tang, Deep Learning on Graphs, 2021

(6] BHE. PHHRR, ELRE2>] (Deep Learning on Graphs F3ZhR)

[7] Datawhale, EltR4ZMEEHNES]


https://web.stanford.edu/class/cs224w/
https://web.njit.edu/~ym329/dlg_book/
https://item.jd.com/13221338.html
https://github.com/datawhalechina/team-learning-nlp/tree/master/GNN/

