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% Structural Equivalence
3 Regular Equivalence
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? Chain Effect
3 Spherical Clusters
4 Elongated Clusters
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6 Community Detection
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& protein-Protein Interaction Networks
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2 Sparse
3 Modeling Large-Scale Online Networks
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! Modularity Optimization

? Link Communities

* Inter-Partition Edges

4 Clique-Like Structures
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Overlapping Communities

® Static Communities

7 . e
Dynamic Communities
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! Girvan and Newman
? Geodesic Edge Betweenness
* Random-Walk Edge Betweenness
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Natural Divisions
® Bottlenecks
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! Directed, Weighted, and Evolving Networks
? preferential Attachment

? Jaccard Coefficient

* Leicht-Holme-Newman Index

> Kart Index

® Likelihood-Based Methods
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! Feature-Based Classification

2 Supervised Classification

3 Unsupervise Task

4 Missing or Unobserved Links

> Attributes or Identities of Nodes
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3 Special System of Reference
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Signaling
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?<function name> function
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require (igraph)
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g <- graph(c(1,2, 1,3, 2,3, 3,4, 4,5, 4,6, 6,7, 6,8),n=9)
DS el ly p5 gloyd closds fuate pb 4y BI,S glod a3 oSyl ol lis 4l y

Print (g)

! Minimum Spanning Trees

2 Open Source Software

* 0sX

4 Ruby Programming Languages
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+ edges:
[1] 1->2 1->3 2->3 3->4 4->5 4->6 6->7 6->8(

Csl 045 ,a?w.a' i
plot (g, vertex.color="yellow")
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g <- graph.tree (30, 3)

plot (g)
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Tkplot (g, layout.kamada.kawai, vertex.color="yellow")
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choose packages — install — rgl

rglplot (g, lyout=layout.kamada.kawai, vertex.color="cyan")

! Interactive Plotting Pane
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¥ Wikipedia
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e PyCX Project: http://pycx.sf.net/
o ComplexNetworkSim
e SimPy
e graph-tool [http://graph-tool.skewed.de/]
e pyGraphViz (GraphViz) [http://www.graphviz.org/]
e igraph [http://igraph.org/]
e python-graph
e gephi [http://gephi.org/]
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! Import Data
¥ Outside Sources

Y Graph Generator Functions
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In: print[s for s in dir(nx) if s.endswith('graph')]

Out:
['LCF _graph', 'barabasi albert graph', 'barbell graph',
'binomial graph', 'bull graph', 'caveman graph',
'chordal cycle graph', 'chvatal graph',
'circulant graph', 'circular ladder graph',
'complete bipartite graph', 'complete graph',

'complete multipartite graph', 'connected caveman graph',

' User-Level Installation
¥ Administrative Privileges

.
Command
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In: nx.ladder graph?

Out:

Signature:

nx.ladder graph(n, create using=None)

Docstring:

Return the Ladder graph of length n.

This is two rows of n nodes, with each pair connected by a
single

edge.

Node labels are the integers 0 to 2*n - 1.
File:
c:\users\zuhair\anaconda2\lib\sitepackages\

networkx\generators\classic.py
Type:

function

o) 8,8 G 1) NetworkX ol o)lg oo 065 mud HUis b oS cwny o |y ) Jlo 93 ool
LS o SaS LS yips 200 9 Sy 4 Lllie

) Je

wlg o lo ilBulS” oyl KaST L 3,8 wunlgs 3,l9 NX pb o 1) NEtworkX ailsolis” ¢ Jle oyl 5o
oS el NX.Graph () (S 5l diges S 3l g9 b1y s ot SIS S il 8

S eslazul b1y 0)5 <SG L 5 03,5 3ol NX.Graph () jl eslawl b 1) jlags ool 815 S L
059y 5 odlatwl b 1) ae,S 5l (clacgemme asldl j3 g a8 aslsl 4l & nx.add_node () oo,
215,50 5 1) Lot 51w a8 a8 anlsa0 o 4 nx.add_nodes_from()

In [1]: dimport networkx as nx
smatplotlib inline

import matplotlib.pyplot as plt

' Ladder Graph
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In: g = nx.Graph()
g.add node (1)

In: g.nodes()

Out: [1]

In: g.add nodes from([2, 3, 4])
g.nodes ()

Out: [1, 2, 3, 4]

Gy b o plosl NX.add_edge () (o, jl ool b 01 oS wigd Juate b o )S pl yeiS]

oo 3wl ol e (S S e bl s oSl

alsl ol & Jlasl lp 1, "o S 5l wbas Cunpgd S g puS oolazwl NX.add_edges_from ()
'MS

In [7]: g. add _edge (1, 2)

In [8]: g.edges()

Out [8]: [(1, 2)]

In [9]: g.add edges from([(3, 4), (5, 6)])

In [10]: g.edges()

In [10]: [(1, 2), (3, 4), (5, 6)]

2 oy g oo olatwl Y yie sledl )8 «8lsl Iy ad_weighted_edges_from () s,
S oS 95 ol cbay ol 3 aimd (L ) 0y b dlaly g5 il B ol Wil e )90 ()
S 3 Ol i) gy S e pasete |y Ll g eizmen g g3 Juate cal )3
Canypd LS 1) Jb slaosly B 5,8 eslacwl edges method YG;I?I)A pK> « data = Ture
g )l dg3g s 4 Sl )3 o Ll 0,8 adlsl & sl atily as gl e Gisles s

In [11]: g.add weighted edges from([(7, 8, 1.5), (9, 10,
3.5)1)
In [12]: g.edges(data = True)

' List of Tuples of Nodes
v
Call
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out [12]1: [(1, 2, {}),
(3, 4, {}),
(5, 6, {1,
(7, 8, {‘weight’: 1.5}),
(9, 10, {‘weight’: 3.5})]

sl g 1y 525 55500 malyiee MRl bz 2SI lSel ) ezl b Ll 3,8 8Ll (sl
In [13]: e = (2, 7)
In [14]: g.add edge(*e)

S 3y 1y 505 y5ied b Al oy (Sl med g |y Lo S o5ll 9 S5 el o e
In [15]: nx.draw_networkx(g, node_color="green’, node_size=700) ) (Y-\ s.s)

NetworkX ,» jluigs mé &1,5 Y-y UG

' Unpack Edge Tuples
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¥
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sl il 393 03l b &S (mpe i le So T 0 il @

' Matrix Operations

¥ Column-Row Intersection
¥ Column Matrix

" Row Matrix

b Square Matrix

” Identity Matrix

" Diagonal Matrix

A Symmetric Matrix
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pais 4§de9§: ‘MLUA d\gwdl.mo)f uT LSLQRWSL&’)JG“’ PL ‘_,’.wg‘).:‘.o U)sl?u u.u))JLo
W 9 BLS el o ple cpl) dad o i ) oS Choms a 0,8 (sow | bl slaws Ay

g 3lss by GldlS lp ©ygbre i ple L2980 o)l Lo S

A B C D E
A )
B \ \
C ) \
D ) \
E ) \

ol ino 2] 4 (+) o o8 Jlo 3 133 s |y B o) 9 A 6,5 oy (L) bl ) 3535 (1) ke
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' Skew-Symmetric Matrix
" Triangle Matrix
" Null Matrix
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A ¥ 5 ¥
B \ \

C ¥ ¥
D 5 Y Y

E Y

505 sledslo plo o)l 4 o Jade b sledsbe o5 cusl ) S abne (slou yilo Lol cules )
b il o)) eslomn] aSed (ooBly ool doyd Qe j) Ly dgis 5> S o Jldl aladls
Gl Hlgasd
Jbo
LQ‘Bl)f 9 03w rasls slaass )] &b adllan 9 o)‘b] o) NetworkX ailsls’ ‘dul...’x...w?
1 sl GBI eloatsysSI L 5 Jhans cloeSimy ) olinl ol ol ash .8 o ol |,
2,5 2wl NetworkX o 1y el & jglome s yilo o5 oo 355 &S 31> putles LS 5 ke
In: import networkx as nx
import 5latplotlib.pyplot as plt
g = nx.cycle graph(10)
x = nx.adj matrix(g)
print (x.todense())

out:

[[0O1 00O0O0O0O0O0 1]

[101000O0O0O0 0]
(01 01000O0O0O0O0]
[(0O01 010000 0]
(000101000 0]
(000010100 0]
(000001010 0]
[00OO0OO0O0O01O01 0]
[00OO0OO0O0O0O01O0 1]
[10000O0O0O0T1O0]]
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In: n = 10
adj mat = [(i, (i+1)%n) for i in range(n)]
adj mat += [(i, (i+2)%n) for i1 in range(n)]

g = nx.Graph(adj mat)

Slyie oS oS iy |y (o) L g i8S el 1) oS Cusbge gupo sobdr b w00
Sledl,e |y draw_circular() (sgy op; Je jo S dusbro j8365 jobay 1) Jlaidjse loss
:(Y—Y Jg.w) A2 0 )])5 aﬁ]) L_i.’ $9) » Ls_‘a.'> O yguody ‘) Lho)f 4 W.A..SL;Q

In: nx.draw networkx(qg)

Oyebre e pilo lopmld Hivles Y-V JSUS
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2 sl 015 olo) &gl ple g SE b (e JSie el ool lyie 'l S
Lo o)y il & b o cal (g 5l o pd Cul S 2050 S i LIS £ 0
S o 3 Jb Ko Pl b ol g s g e pastie s SIS ugy (o sle Gialen

S o 4 Ll 385 &y e s 908 e o3l by s S 55 el 53 oSl ol

Jl 4 o83
A B \
A D ¥
A E S
B A Y
C E v
D A d
E C \

Cands 5 gmd 3l o3l b olgi o gl p3 1) (b Cuwyod todles oot L) Ll cuwjpd il
..))91

edge list = {{'A','B', 1}, {('A','D', 4}, {'A','E',5}...}

Cygpody 1y BT ales o dao)S | (glacgomme loin GBI ooy by (8 o asldl jo
il (ool cleS s s b ol 3 o waled o pei Wl 5l glas goore

In: nx.to edgelist(qg)
Out: [(1, 2, {}), (1, 4, (}), (2, 3, {}H), (3, 4 (1]

' Edge Lists
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L1 lod S5 aseie |y (St £95 g maled)S sbml &8 315 )5 delly sl 158 oS Ll
. . . i . . L) T
(B9 29 0 JB T a2yt lse y5td 298 3 (1) Cpga) S slaadS]
e o 3 s ) Wl S525 Jo 5L el 5

Oyglo Canppd Y-A-Y

) odls (SuSTy g dabls 39 SogS 0 bgyye Mo (3L 390 "Ll Cawypd” 4> )3
DR ooy S s @ SIS Gialen g exiea lp (BB ol 4 Lol vl )by
Spais vy Al o gy b S5l 5l uyed Jols 45 casl T pglne canyed" I oolinul
e Cawl 005 00038 0,5 a4l 0,5 1 &S Cawl Jb saablis cCunypd cpl 0 1] een
Dgdien yimpu gt dmodld I piales i b dims e Lt § o {3 et} Opgear 1

iawd Cpl 5l Jie 33,5 o ol 5 lmo STLJL Bls b adls] piscen

50 kL
A (B.1),(D.4),(E)5)

ged o2litl o5 )53 Sl plgiee il ) G5B gl Cand (25 pasle

edge list = {'A':{'B':1, 'D':4, 'E':5}, 'B':{'A':3},...}

) Jio

In: = nx.Graph()
.add_edge (), Y)

.add nodes from([Y,¥f])
.add_edge (Y, ¥)

.add_edges_from([(2,3), (4,1)])

Qe Q9 « 9 Q9

' Curly Brackets
¥ Adjacency List
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In: nx.draw networkx(g, node color='orange',K node size=400)

Out:

In: g.nodes ()

Out: [1, 2, 3, 4]

In: g.edges ()

Out: [(1, 2), (1, 4), (2, 3), (3, 4)]

=

RS Capd b ol S s o TOpglne cannd” b Sl L TS ol eils e
g ik [¥ 5 V] oS ) 08 bhdluen Jho jsbay oeb o pll 0,5 2 sladluon
LpS g v 9 V] le.tao)f &y o; Sodsluor

In: g.adjacency list()
Out: [[2, 41, [1, 31, [2, 41, [1, 31]

WS &S opgbots dged iy Mlatmped (6" g lgiee ) TBLST ol (izmen
v e . X oo o, e . . \ oo
U" Cawl Lho)f O‘)?bf"’ Cow yb 8 Mos ‘d)“"‘"i?.': u.u))| 9 03¢ Ubo)f ﬂ:b bcu‘ K d)ﬂ&i:

' Dictionary’s Keys

" Nodes’ Adjacency Lists
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8,5 ,ka Loslw &1,5 Y- JS6

NetworkX ,» bsys 1,8 Y-£ IS

In: nx.to dict of lists(qg)
Out: {1: [2, 4], 2: [1, 31, 3: [2, 4], 4: [1, 31}
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5 oolazwl b 1) NetworkX ;s sasslool slaasus 1 (S5 "yglbne Canppd” cpimon aulys oo

(Y—\c Jiw) M)J Cawd )i) LSL&,JS
In: g = nx.ladder graph(10)
nx.draw networkx(g)

Out:

In: print(g.adjacency list())

Out:
(r, w01, 0, 2, 111, 1, 3, 121, [2, 4, 131, [3, 5, 1471,
(4, 6, 151, [1e, 5, 71, [8, 17, 61, [9, 18, 71, [8, 191,
(0, w11, (1, 10, 1231, [2, 11, 131, [3, 12, 141, [4, 13,
151, (16, 5, 141, [17, 6, 151, [le6, 18, 71, I[8, 17, 191,
[9, 18]]

oS Ol Mt pgd (6028" lyte 1l ety STL

In: print(nx.to dict of lists(g))
Out:

{0: (1, 10}, 1: (O, 2, 11], 2: [1, 3, 12], 3: [2, 4, 13], 4: [3, 5,

141, 5: [4, 6, 151, 6: [16, 5, 71, 7: [8, 17, 6], 8: [9, 18, 7], 9:

(8, 191, 10: [0, 11}, 11: [1, 10, 12}, 12: [2, 11, 13], 13: [3, 12,

14], 14: (4, 13, 15], 15: [16, 5, 14], 16: [17, 6, 15], 17: [1l6, 18,

71, 18: [8, 17, 191, 19: [9, 18]}

Numpy (e sile £-A-Y

Bl 4zl dg2s o1 Jb o slabaly ST Cad (g0l (pagitalin 0l pasee sl g5 0
el o Oygo cpl g 53 9 o pule ol 3 dbgrpe
In: nx.to numpy matrix(g)

Out: matrix([[ 0. 1. 0. 1.],
(1. 0. 1. 0.1,
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In: print(nx.to scipy sparse matrix(qg))

Out: 1
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' Vocabulary
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' Matrix Permutation
" Tie Patterns

" Fitness of Block Models
¥ Matrix Transpose

® Digraph Matrix

” Sociomatrix

¥ Matrix Addition

* Matrix Subtraction

* Matrix Multiplication
" Walks

"' Reachability

" Compounding Relations
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' Polytree
" Rooted
" Labeled
¥ Recursive
® Directed
" Free
Y

Binary

A
Ternary
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' Multidimensional Visualization Techniques
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' Games of Chance
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' Leonhard Euler
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Eulerian
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' Freeman

¥ Jacob Moreno

" Social Compositions
¥ Context

® Standard Data Structures



Ao SIS 5 a Y Juad

5 GiloseS 4 45 WS o wald 1) ol claon] 5 Slles §) (b odlizul Sl Ll e
S o S sloin] elaylitle olss I gilad (g piSojl]

al)) elas) bylsle Juls 35 5 LS bandd clil Gy ol SIS 4l W e
AR o

ogMay i3 go ol (aBly (555 ) ol inles o lodl Vsl 5 it w0 i > dl S
LélS amd e Lt coluo a1y blyy (o] Slilsar g oo iuled 1) d325e SleMbI >
Ol iwly (pran )3 g WS (oo Il Sy ol dcgene sl |y Clulre (pinen
gl i (SosS Ghulony Goyb Aol I ol i (el oxe S0 4 ) Slaslone
Siledse (gl LALS 1 Jle Gl ol (Lt SIS Cjge @ Gl |y (dos Blas 51 6k
5 Gl o olawl Wby pole o awliiilyy ¢ wlidCum; « S8 059> 0 (oliundae b Pluws
lisbes (lgalSios daodls _alojl bl clodSed s ol (sl LS «yigmels pole
2 SIS Glen Gl orimes | kiloog Nay HiSle ad oo odlitnl Olule by
88 )k

027505 & Sy gy =308 Sl Ty el o Jlie i) SIS slaen oS

Y \ I R RN
¢ Opbian (Sl jps dbyrne (1 aUsS ¢ ghien saallge ¢ ST (650l SSy SIS lolay

loas mLb '3 50,95 8ig 8 At o (£ 5bisl (b ppune

' Traversals

" Bellman-Ford

" Dijkstra

¥ Ford-Fulkerson

® Kruskai

* Nearest Neighbor

¥ Depth-First Traversal

* Breadth-First Traversal
* Graph Traversals

" Graph Coloring
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' Connected Components,
¥ Hamiltonian Paths
" Eulerian Paths

¥ .
Traveling Salesman Problem
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¥ Endpoint

" Incident

¥ Simple Adjacency

8 Out-Degree

’ In-Degree
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¥ Grid-Based Graph

" Two-Dimensional Grid
¥ Regular Graph

® Complete Graph
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' Mixed Graph

¥ Multigraph
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¥ Signed Graph

® Biased Graph

* Finite and Infinite Graphs
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' Connected and Disconnected Graph
¥ K-Vertex-Connected Graph
" K-Connected

¥ Weakly and Strongly Connected Graph
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¥ Discovery Edges
" Back Edges

¥ Stack
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In: g = nx.barabasi albert graph (10, 5)

print (nx.info (g))
In: edges = nx.dfs edges(g, 0)

sl osi €5 5 5 g9y sl

NetworkX ,» ' i - Libl,b G1,8 ¥-3Y IS
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In: print(edges)

Out: <generator object dfs edges at 0x000000000A742318>

S i b suiSis" as b cage (2l 4 (edge object) bl cuyy cuslss
o3l b mailgi oo e s 5 Canl MBS s, Ml 5 mwspd S <K el izl ojbe o

toS odlatwl 5 Gygo 4 el I (list function) cusyes &b

In: print(list(edges))

Mo g o Canpd SO Syeo 4 1y (list on nodes) alyS 5 sabans slao)S 5l cwwyed
2,8

In: print(list(nx.dfs tree(g,0)))

Out: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]

&eo 0)S 3l &S 1) (gliins B wilgi o (tree function) i > mb jemwd 5l eslaiwl b yioren
S Mg Cuwl 0 a8, DFS bl yy o

In: tree = nx.dfs tree(g, 0)

print (list (tree.edges()))

' Object Generator

¥ Lazy Evaluation
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In: nx.draw NetworkX(tree)

Out:

o o,S o]y a8 Wb,S walgd il 1) (o mison L) el Simyd S dfs_successors ol
o Mo gt (GBS talew sl sin slo0)8) o b 3o slao)S l od g S
HEVOOWVE. Y
In: successors = nx.dfs_successors(g, 0)\
print (successors)
Out:

{0: [9], 1: [5], 2: [e], 3: [7], 5: [2, 4], 6: [3], 8:

o lmo)S ol j3 a8 w8 e dloul 1) (omisin L) e Simys S dfs_predecessors ol
sl Yoo loins (GBS Sl ) (B sloe)S) g b Bl slo)S g S
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In: predecessors = nx.dfs predecessors(g, 0)

print (predecessors)

cr-dyl plalon Y0¥

ool Sl e (506 (53,5 JWd b o(BFS) (odaw (sgmiun w2)o8l b o ol alew
BFS 15" (b9 wilomoo |y a5 o e 5l (250 50 50 )50 ol 2 4 (e sl b) e
ol 0103L B lunod dod (Soomine L 5 (ad pdaw (3 0,5 K luod dod (gomine Joli
dols 1y 0,5 93y Aol oy yalieS Wlg o iy yoN s i oyl 4 sl (gdmy oy b o )
s sl 4y g2y 05 53 G SUPFH b edid e S ) Gl S Gromen S
S g 131 I8 e (32 s plorl b o Jgl (st

bo sl 25 2y 2 3 p00 H0 yme (2 50liS (8L (sl awm ol (sormine oSl 457 (o)
s ol palasli (S0 cloo S b ilalols o sl jhio 5365 51 "S" 0,8 alols a5 gl oo L
o) W 4 g 03,8 g cditaan "™ b selg alold (gl iy wloly 451" K o oles
lao,S" cpl elosd w35L M3 o5 ledl ) Hlaidpo oS (0 SB ) o) cnl olner o
2356 M3 & SlSlan o s 4l ] pobmo (sloo,S g 0392 451y g3 alols gl "s" )l
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&S putwd oLelS olen JLo> 4 NetworkX s c;axﬁ —5bhL G Sl eoliwl b cuand oyl 4o
In: edges = nx.bfs edges(g, 0)
print (list (edges))

Out: [(O, 8), (O, 9, (0, 5), (0, &), (0O, 7), (8, 3), (9, 1),

In: print(list(nx.bfs tree(g,0)))

Qut: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9]
In: tree = nx.bfs tree(g, 0)

print (list (tree.edges()))

Out: [(O, 8), (0, 9), (0, 5), (0, 6), (O, 7), (5, 2), (5, 4),

In: nx.draw NetworkX(tree)

Out:
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oS o Clas 1) (i g G sl00)S ¢ pns

In: successors = nx.bfs successors(g,0)
print (successors)

OQut: {0: [8, 9, 5, 6, 7], 8:

In: predecessors = nx.bfs predecessors(g,0)

print (predecessors)

Out: {1: 9, 2: 5, 3: 8, 4: 5, 5: 0, 6: 0, 7: 0, 8: O,

9: 0}

l.f u.a.u-u.’ 9y dl.ma)f le).g BFS d).l.‘.f..i.l) PRI R Jbu‘ CA..»).Q‘B ‘W*“"b )Uéi}l as )9]aalo.tb
@ w03l e oS cul ol (LS el opl 45wl Sglate DFS (6 ,uiSsn ;3 ot dlool o pd
ol (65505 SIS o iman 9) Syl =BG GBS ke (sl a5 ol Sl
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w250 &5 (g ypme (g2 F0bigS (L0155 L) Al Lads L )87l a8 o g Ll Jgbo (58,5 Jlai 0
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In: g = nx.watts strogatz graph(0.5 ,2 ,20)
nx.draw NetworkX(g)

Out:

8,5 Yo Uy (uilEg yisl Oy B1,F F-YT JSC5

Edsger Dijkstra '
Gl @ 1y ol o awyls @lio 5> wewlos Ol [iaSols el m oyl oaidn oaimdadl)) pb ol ys w6501 ol pU
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In: print(nx.info(qg))
Out:
Name: watts strogatz graph(20,2,0.5)
Type: Graph
Number of nodes: 20
Number of edges: 20
Average degree: 2.0000
:\uﬁlfsjcml oly 8IS 5 iy oldss cél
In: nx.watts strogatz graph?
Out:
Signature:

nx.watts strogatz graph(n, K, p, seed=None)

Docstring:

Return a Watts—-Strogatz small-world graph.

Parameters

int

The number of nodes

int

Each node is joinedwith its °~ "k’ nearest neighbors in a ring

topology.

VVatts—Strogatz‘
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p : float
The probability of rewiring each edge
seed : int, optional

Seed for random number generator (default=None)

o Mos &b ) ol GLE S5 55 dlai 99 40 1 bl snailas nx.dijkstra_path abs
GelisS 5> oSl b g 03,8 lyd (939)9 Clgin |y ()lid]) Gs 5 bl da gy
a3 e laled (293 lgin | e

In: nx.dijkstra path(g, 0, 15)

Out: [0, 2, 1, 17, 18, 15]

&b cpl ewlo NX.dijkstra_path_length bl eslacl b 1y e cpl Jobo muilgi oo cpiod

e Sy g 035 S8l |y cunl ()l A5 Sjg g dalle 0)5 Sy g @ite 0)5 G «829y9 Ol
a3 oo ialed (293 )3 sl e (3 50bsS Job plgin o ) oo

Tn: nx.dijkstra path length(g, 0, 15)

Out: 5
w8 gyl g B1LS 3 a8 oo illy ol S Cunypd 4 IS Sl
In: print(g.nodes())
Out: [0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 31, 32, 33]

S yune b 08 o bl 1) oKl o] Sitertool aw. ;I itertools.combinations() b

WS o st |y @ baugs CulS e Jsb 93 (losSl mtans |) B1LS 53 29290
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In: import itertools
In: print(list(itertools.combinations(g.nodes(), 3)))

Out: [(O0, 1, 2), (O, 1, 3), (0, 1, 4), (O, 1, 5), (O, 1, 6), (O, 1, 7),

oS 2laad s ()5 (asede LIy ool sl 558 b jl &S (ouls cglite job 4 ol (o0
teS dgoxo (O Mm) o S

In: print(list(itertools.combinations(g.nodes()[:5], 3)))

15 55, 2 Slbos 1Y

1wl 3l 55 (laedgy b Slibas 5l (S Ll b (0208 SledlS Sl e Sledl)S sbxl
I s sledl,S sl Sllos a0 ool 5 Lialps Slles (bs)y ool @ adgl Sllos o
o b pLe] (Ll L) bao S s |y ablsl assle aSd Jldbe 3 loee @l peis sl )b

e |y (Olijee GBS b Jlite 5) s il B8 5l iged o TS gl Sllas o
S o GRS b ooy )8 ljae SIS )3 oI ledlS 5l (A 2k L sl

3 el 5 oo Sl op8 LS Sy 5l s S 1S G b Uy Oles @
Bl e JoSe GBS o 559y 1,5 lad GBS el s )

‘ Elementary Operations
! Graph Rewrite Operations
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Freeman LC (2004) The development of social network analysis: a study in the
sociology of science. BooKSurge, LLC, North Charleston

\ Unary Operations

" Dual Graph

Binary Operations r

Disjoint Union of Graphs ¢
Cartesian Product of Graphs °
Tensor Product of Graphs !
Strong Product of Graphs v

A Lexicographic Product of Graphs
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Properties of Social Networks
Data Collection in Social Networks
Data Sampling

\
Y
Y
* Social Network Analysis
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In: import networkx as nx
g = nx.scale free graph (40, alpha=0.41, beta=0.54, gamma=0.05,

delta in=0.2, delta out=0, create using=None, seed=None)

' Right-Skewed
¥ Periphery of Nodes
" Hubs
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In: print(nx.info(g))

Out: Name:
directed scale free graph (40,alpha=0.41,beta=0.54,gamma=0.05,delta
~in=0.2,delta out=0)
Type: MultiDiGraph
Number of nodes: 40
Number of edges: 78
Average in degree: 1.9500
Average out degree: 1.9500

In: plt.figure(figsize=(8,8))

layout = nx.spring layout(g)
nx.draw_networkx (g, layout=layout, with labels=True,

node_size=800, node color='yellow')
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In: Import networkx as nx
g = nx.watts_strogatz graph(25, 5, 0.4)
print (nx.info (g))
Out: Name: watts strogatz graph(25,5,0.4)
Type: Graph

Number of nodes: 25

Number of edges: 50

' Long-Range Shortcuts
¥ Connectors
¥ Uniform

¥ Exponentially
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Average degree: 4.0000
In: nx.draw networkx(g, node color='c', node size=300)

Out:
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' Robin Dunbar

Y Cognitive Limit

" Stable Social Relationships
" Social Contact

b Long-Term Memory

” Cultural Values

¥ Symbols

* Motives
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¥ Specialized Applications
® Demographic Data
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" Ratings Vs. Complete Rankings
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' Online Surveys

" Deployed Applications

" Custom Application

f Monitoring User Behavior
® Information Accuracy

” Information Validity

¥ Information Reliability

* Measurement Error
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In: import
import
import
import

In:

iy yin b &l o g BIS (b S 3,5 plosS )l 93 bl S e 8L
S o 6yglae immn 08 S sl )

sys

os

networkx as nx

urllib

def read 1j friends(g, name):

# fetch the friend-list from LiveJournal

response=urllib.urlopen('http://www.livejournal.com/misc/fdat

.bml? user='+name)

for line in response.readlines():

#Comments in the response start with a "#'

if line.startswith('#'): continue

#the format is"<name" (incoming)or">name" (outgoing)
parts=line.split ()

#make sure that we do not have an empty line

if len(parts)==0: continue

#add the edge to the network

if parts[0]=="<":

g.add edge(parts[1l],name)
else:

g.add edge (name,parts[1])

OlesS)l 5550 08 Ko Pl g BIS B o S plegS)l 0 o opl S e iluedly
(ol S d3e ] 63yt lake) WS o yunn | gius 3o Max_depth ¢ L3

In:

' Social Network Analysis for Startups

¥ String Seed
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def snowball sampling(g, center, max depth=1, current depth=0,
taboo list=[]):
# if we have reached the depth limit of the search, bomb out.
print center, current depth, max depth, taboo list
if current depth==max depth:
print 'out of depth'
return taboo list
if center in taboo list:
print 'taboo!'
return taboo list #we've been here before
else:
taboo list.append(center) # we shall never return
read 1j friends(g, center)
for node in g.neighbors (center) :
taboo list=snowball sampling(g, node,
current depth=current depth+l, max depth=max depth,
taboo list=taboo 1 ist)

return taboo list

2 ol g oS L aS b o) ealed Ciuyw |y (g = net. Graph()) Gls o oy bel
ol (wgd aSuis punlgd o &S Conl uS dbgyie S .08 o it SNOWDAI_sampling () &b
sy 1y read_lj_friends () xb o a5 4 55 5k snowball xb oS (g)l> pdises |,
S o G113 5l )50 el (g gl

In: g=net.Graph/()

snowball sampling(g, 'valerois')
Out:

valerois 0 1 []

zhabaevent 1 1 ['valerois']

out of depth

farbys 1 1 ['valerois']

out of depth

zlove 1 1 ['valerois']
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out of depth

cute n gorgeous 1 1 ['valerois']
out of depth

st shtuchka 1 1 ['valerois']
out of depth

vorodis 1 1 ['valerois']

PPAJEK s o 3 (B palgls 6 S ges Ao 0SS Ca

In: net.write pajek(g, "LiveJournaData.net")

nx.read_pajek ("LiveJournalData.net”) b I -l o « NetworkX ,» bl 5,8 5L <y
2,5 odla!

i 4 o 9 4325 A
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Davis Southern Women g gl a5 3 b5 8L3 51 NetworkX i oG po,ls dab
5,8 wsld ooy 1y 3L, MALPIOLHD iy j1 o0kl b s 5 03,5 sy |y plyS gt S’ sl

In: g = nx.davis_southern women graph ()

oS oy 1y SIS el g oS s o sl

In: g.nodes()
Out:

['Flora Price', 'Nora Fayette', 'E10', 'Verne Sanderson', 'El2',

'E14', Frances Anderson', 'Dorothy Murchison', 'Evelyn Jefferson',

'Ruth DeSand', Helen Lloyd', 'Olivia Carleton', 'Eleanor Nye',

'11', 'e9', 'E8', 'ES5', E4', 'E7', 'E6', 'El', 'Myra Liddel',

'E3', 'E2', 'Theresa Anderson', Pearl glethorpe', 'Katherina

Rogers', 'Brenda Rogers', 'E13', 'Charlotte McDowd',6 Sylvia

Avondale', 'Laura Mandeville']

oz ok SIS Gl e ol & el Tan " BIS Sy 3 05 Sl oo ire K
a0 £9 90 b Cunl (S 0,5 S cjlaips S8l S (gl 300 (saw .l 0,5 Y Ladl dlus
oxaklis a5 " ag 3 an 0" g sl 0,5 4 eigid,ly (cladign oamailis a5 63,9 an,d" il
S Al 1) BLS ol 510,58 1o do 3 anly wcuwl 0)3 3l odiguiz ) (cladign

il oo Joe 225 by 4 S5 (ilejgan b g osaline gl

In: plt.figure(figsize=(10, 10))

pos = nx.random layout (g)
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nx.draw (g, node size = 90, node color='cyan',6 with labels=False)
nx.draw networkx labels (g, pos)

plt.show()

S (g0 Ly 1) OY S5 53 0 jgme SIS Gl

Flora Price

Charlotte McDowd
El

/NN

Brenda B4

Eleanor Nye

PP i gld poew 43 U5 SIS 0T JSS
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In:

Out:

0,5 mhaww > Julod g 4350 10 Juad

g.degree ()

{'Brenda Rogers': 7, 'Charlotte McDowd': 4, 'Dorothy Murchison': 2,

'l0': 5, 'El1l': 4, 'El1l2': 6, 'E13': 3, 'E14': 3, 'E2': 3,

6, 'E4': , 'E5': 8, 'E6': 8, 'E7': 10, 'E8': 14, 'E9': 12,

'Eleanor Nye': 4, 'Evelyn efferson': 8, 'Flora Price': 2, 'Frances
Anderson': 4, 'Helen Lloyd': 5, Katherina Rogers': 6, 'Laura
Mandeville': 7, 'Myra Liddel': 4, 'Nora ayette': 8, 'Olivia
Carleton': 2, 'Pearl Oglethorpe': 3, 'Ruth DeSand': 4, Sylvia

Avondale': 7, 'Theresa Anderson': 8, 'Verne Sanderson': 4}

et )90 31 (Sy SdS  og g) kLS 5 "lao)S 423 " oy (sly Ygoss
Mool Jlis! g wyls 0,35 Qe e b Bolad BIF K b a5 WS (58 g oo odlainl pl )3 giuan

ol (Y=0) S5 b & 0)5 dyd pl )8 g Gl +,0 ) Wgm
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In:

Out:

In:

Out:

0,5 000 v b Bolai BI,5 S slaa,d pujo O-F JS

plt.hist (nx.fast gnp random graph (5000, 0.01) .degree() .values())

(array ([ 13., 94., 451., 1330., 1345., 1074., 547

.7

114., 26., 6.1), array([ 26. , 31.3, 36.6, 41.9,

47.2, 52.5, 57.8, 63.1, 68.4, 73.7, 79. 1),

<a list of 10 Patch objects>)

(O-F JS8) watSo 1y (i ugld 065 o SIS pl)S gt dnly colellie 4 iS5 L
plt.figure (1)

plt.hist (nx.degree(qg) .values())

(array([ 8., 8., 2., 3.

array([ 2. , 3.2, 4.4, 5.6, 6.8, 8. , 9.2, 10.4,
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11.6, 12.8, 14. 1),

<a list of 10 Patch objects>)

PP omgld OUj e &S 3l slasyd pa595 0-€ S

Bl 08 gl (gt gy b G5 SIS loses 31 M alsyb aSs” Sl 9]

GLS b o ol o) S e il 4Sed oyl glial ol ookl g K, NetworkX

oS Ll ol oy 0 1y Kb Sldas plod wilgi e 8 o3 0 oLt Lo 4 |y (graph object)
(0-0 JSs)

In: nx.ego graph(g, 'Theresa Anderson')

Out: <networkx.classes.graph.Graph at 0xd735b00<

In: ego net = nx.ego graph(g, 'Theresa Anderson')

In: print(nx.info(ego_net))

' Ready-Made Function
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Out: Name:
Type: Graph
Number of nodes: 9
Number of edges: 8
Average degree: 1.7778
In: pos=nx.shell layout (ego net)
nx.draw networkx(ego net, pos, node size=800,
node color='magenta')

Out:

9 ugld e UG S5 45 0,5 G 1 (il )3) yeome-3,8 aSus 0-0 YK
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Y Jbo
(N =1000 i) )5 Jljo b oyl (bl Juo ol 2 SIS G lanl qoyls aad Jlo ol o
3 BS5 S el o o 5l g il (ME2 m) ¥ alas 05y gl a2 Jolas 5
S JS 0 My (0850 b g 4Sd Ssled o oS gl sl (ligS 4y ol SISl
(B=Y 5 0-F ledSis) s,

# Create a Barabasi-Albert graph model

In: G = nx.barabasi albert graph (1000, 2)

# Let's draw the graph
In: pos= nx.spring layout (G)

In: nx.draw(G, pos, node color='c', node size=60 ,with labels=False)

D; "” QQ){J‘ u.umgl)lg)b’oj 0—1 JSu.S

# find node with largest degree
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In: node degree = G.degree()

# calculate number of nodes

In: G.order()

Ou: 1000

# calculate number of edges

In: G.size()

Out: 1996

# find node with the largest degree

In: node degree= G.degree()
In: (largest_deg, degree)=
sorted (node_degree.items (), key=itemgetter (1)) [-1]

# Create ego graph of node with the largest degree

In: node_ego= nx.ego_graph(G,largest degq)

# Draw ego graph
In: pos= nx.spring layout (node ego)
In: nx.draw(node _ego, pos, node color='c', node size=120

,with labels=False)
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' Marvel Universe Social Graph
¥ Marvel Worldwide, Inc.

" Marvel Comics


https://fa.wikipedia.org/wiki/%DA%A9%D8%AA%D8%A7%D8%A8_%DA%A9%D8%A7%D9%85%DB%8C%DA%A9
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In: import networkx as nx
import unicodecsv as csv
import numpy as np
import scipy.stats
import matplotlib.pyplot as plt

from operator import itemgetter

lolostd o sl ()5 Ll b 1y ™ flayed oi” o S iyl b Sl s 5 50
@ &S glodhy dsgemme wlwl y I8 pl (Wb oo dBlS] H068 jobo &y 6,5 gy (! jl) WS sl
22950 Pl S o Jito ( Slo e olod)
In: def graph func(path):
graph = nx.Graph (name="Heroic Network")
with open (path, 'rU') as data:
reader = csv.reader (data)

for row in reader:

' Cesc Rossellé

" Ricardo Alberich
" Joe Miro

¥ Comic book

® Heroic Network

* Hero-to-Hero
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graph.add edge (*row)

return graph

yoe b )38 1) (NEro-network.Csv) sols dsgesme (s yuune 5 03,5 Slodl8 1) al e

Db g iy SIS Pl 4 e piite G @l ol Sl L jlas] bl e

graph = graph func("dataset local path")

Out:

In:

Out:

Out:

S oo Ao |y Ly g oo S slaws Jls
graph.order ()
6426
graph.size ()
167219

graph.nodes ()

[u'QUESADA, JOE', u'ZEITGEIST II/AXEL CL', u'LOGA II',
u'PIECEMEAL/GILBERT E', u'BENWAY, DR.', u'FRIEDLANDER, SHARON',
u'DREAMING CELESTIAL/T', 'MODRED THE MYSTIC', u'THOMAS, DR. STAN',
u'FIREWALL/THEARY/MIN ', u'DR. AUSTUS', u'RAYMOND, NORA JONES',

u'DEATHRAVEN/JOSHUA RA', u'MARROW/SARAH ', u'EPOCH',......]

0ud Bl ygad ) 5l Serg 45 > 45 ldl " eldlind pea” 4 pyjlily 2S5 sl

In:

Out:

11bl oo ;0S5 5l gl Mes s 5l (Sl g 039 loed-arm e s bl

graph.edges ()

' Snapshot
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[ (u'QUESADA, JOE', u'ZURI'),

(u'QUESADA, JOE', u'GLADIATOR/MELVIN POT'),

(u'QUESADA, JOE', u'SMITH, KEVIN'),

(u'QUESADA, JOE', u'OKOYE'),

(u'QUESADA, JOE', u'RALF'),

(u'QUESADA, JOE', u'PALMIOTTI, JIMMY'),

(u'QUESADA, JOE', u'BLAKE, BECKY'),

(u'QUESADA, JOE', u'MYSTERIO/QUENTIN BEC'),

(u'QUESADA, JOE', u'WATSON-PARKER, MARY '),

(u'QUESADA, JOE', u'QUINN, ASHLEY'),

(u'QUESADA, JOE', u'MCKENZIE, LYDIA'),... ]
3,5 oolizusl INEtWOTKX wlbulis ) o5 sty Lidses jeas (glys 45 cand] I 35,3 a5 30l
alls s built-in nx.info() i, 5 edlazel b ol e |y & IS cleMbl 35 Jb o)

23905 anmlxe NEtWOrkX
In: nx.info (graph)
Out:
'Name: Heroic Social Network\nType: Graph\nNumber of nodes:
6426\nNumber of edges: 167219\nAverage degree: 52.0445'

S 2P (ol pimar plopd 4555) (b ol 53 51 1y (575555 453 s 2 o
ol e b Cpased b SIS a3 oS cul M gxb QST Jols s oad siie 4

ol LT L3 e 0imilis S canl " oSt o i 45 Sy bl ne 4 )

' Hero-to-Comic
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def graph from gdf (path) :
graph = nx.Graph (name="Characters in Comics")
with open (path, 'rU') as data:
reader = csv.reader (data)
for row in reader:
if 'nodedef' in row[0]:
handler = lambda row,G: G.add node (row[0],
TYPE=row[1])
elif 'edgedef' in row([O0]:
handler = lambda row,G: G.add edge (*row)
else:
handler (row, graph)

return graph

(et o Jls! 1, (COmic-hero-network.gaf) laesls acgesme (s prune g wailgs olyd 1y U
graph = graph from gdf ("dataset local path")
In: nx.info (graph)
Out: 'Name: Characters in Comics\nType: Graph\nNumber of nodes:
19090\nNumber of edges: 96104\nAverage degree: 10.0685"'

In: graph.order ()
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Out: 19090
In: graph.size()
Out: 96104

Y

lod=am SiaS" 4 ) (plogd) Lol 0 S glp 1y SIS S b aaB eS|
A58l o 3] aSs ol (15,3) (63,3 prdaws ;D 45 sl (gpn o owyp Lo B oS gl Sl
& cpl 2yl NetworkX ,s ool (gjlw osly S ¢ 55,5 aSs” G 51 Ml 3 13" 2l el

o Jgb iS1io g a8 0,5 il i slainl S 1l3 (53555 b olog )l
ego_net = nx.ego graph(graph, character, hops)
oS oyl " ol b g S 4y Sy in ol o ol Sy a3 aSid 0dgdme iy yeS
PN (g0 Jold oy o plonil) @il atily ails)d b (Lol Siis jl (ad y90 il am uls o0

(el Lol 58 Siluon

In: graph = graph from gdf ("../comic-hero-network.gdf")
In: graph.order ()
Out: 19090
In: graph.size()

Out: 96104
Lol 55 5 puiS allao ) "GRIFFIN 11/ JOHNNY HO™ &ils b e wanlys oo 45 4 558

- = .. . 1 0 = Y . = e
Se 390 ol 3 ey Sl S e 3 1y ploed ol (el S5 L) e (Soluan Ladd
(DA JS5) el

In: ego _net = nx.ego_graph(graph, "GRIFFIN II/JOHNNY HO", 1)

' Comic-to-Hero Network
Y Hops
" Direct Neighbors
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In: plt.figure(figsize=(10, 10))
pos = nx.spring layout (ego_net)
nx.draw networkx (ego net, pos, with labels=True,
node size=800,

alpha=1, node color='r")
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In:

Out:

In:

Out:

2905 225 55 QL 5 LnoS
ego_net.order ()
17
ego_net.size ()

16

OSelnas 53 2985 5 ) sie &) @S oy |y LB 92 b S Sl & panlsse ST dglise
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In:

In:

Out:

In:

Out:

In:

ego_net = nx.ego graph(graph, "GRIFFIN II/JOHNNY HO", 2)

ego_net.order ()

100

ego _net.size()

175

plt.figure(figsize=(20, 20))

pos = nx.spring layout (ego_net)

nx.draw networkx (ego net, pos, with labels=True,
node size=800,

alpha=1, node color='r")

In:

In:

Out:

In:

Out:

3l L3 GBS 58 1e )3 lizman 1 oy S il
BV JS) oS oy ) oy A Camdg dolo (95T

ego_net = nx.ego_graph(graph, "GRIFFIN II/JOHNNY HO", 3)

ego _net.order ()

8163

ego net.order ()

20797
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In: plt.figure(figsize=(20, 20))

pos = nx.spring layout (ego_net)

nx.draw_networkx (ego net, pos, with labels=True,

node size=200,

alpha=1, node color='r'")
o900 cpl amd e (1S 1) aSd ojlul (aag BB gk 4 Ve JSS (o3 aw e
S Lol gl o Sl gty 4 laados dizpn S oo o |y (o diluon dyluon) o

Dgd o 0193 yiaS &by )3
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' Social Club

" World Wide Web

" Malicious Networks
¥ Destabilizing

® Effectiveness
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' Correlated

' Top Ten

v Upvote

¥ Krackhardt Kite Graph
? Kite-Like
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import networkx as nx

$matplotlib inline

import matplotlib.pyplot as plt

In: g = nx.krackhardt kite graph()

In: colors = ['x', 'g', 'g', 'g', 'g', 'm', 'm', 'r', 'c', 'c'l
sizes = [800, 300, 300, 300, 300, 600, 300, 800, 400, 400]

labels = {0: '0O', 1:'1', 2:'2', 3:'3', 4:'4', 5:'5', 6:'6",

In: nx.draw_networkx (g, node color=colors,
node_ shape='D',with labels=True,
labels=labels,node size=sizes)

plt.show ()
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In: nx.degree centrality(g)

Out: {0:

1:

0.4444444444444444,

0.4444444444444444,

0.3333333333333333,

0.6666666666666666,

0.3333333333333333,

0.5555555555555556,

0.5555555555555556,

0.3333333333333333,

0.2222222222222222,

0.1111111111111111}

D3t (] (a8 & glinys oo oyt Sl m) Jo5 Spgear ) B9 @l 4 ol

oS

In: print(sorted(nx.degree centrality(g) .items (), key=itemgetter

(1), reverse=True))

' Python Map

¥ Node-Value Pairs
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Out:

[(3, 0.6666666666666666), (5, 0.5555555555555556), (6,
0.5555555555555556) ,

(0, 0.4444444444444444), (1, 0.4444444444444444), (2,
0.3333333333333333),

(4, 0.3333333333333333), (7, 0.3333333333333333), (8,
0.2222222222222222),

(9, 0.1111111111111111)]

aws Sl Gl 5 wib e B 1) (glasys coiSye Jbe cpyiin ¥ oojleds 0)5 a5 WS sy
Glas)d CoiSie pyiaS sl A ojled 6,5 S5 (saw jl Cunl Jlayed p (Jlasl i) <YL

Gl Jate 1550 0)5 S$ 0 b |y 5 canl
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In: degree = nx.degree(qg)
plt.hist (degree.values (), bins = 10)
plt.title ("Degree Values for the Krackhardt Kite Graph")
plt.xlabel ("Degree")
plt.ylabel ("Frequency")
plt.show ()

Out:

1S o otnlie a5 weSilen amd o LS 1y )81, colS TGS (dasyd w0V S
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In: import operator
In: graph = graph from csv("../hero-network.csv")
In: all deg = sorted(graph.degree().items (),

key=operator.itemgetter(l), reverse=True)

' Normal Distribution
¥ Bell-Shaped Curves
" Hero Social Network

¥ Network of Comic Book Characters
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In: for node in all deg[0:10]: print node
Out:

(u'CAPTAIN AMERICA', 1908)

(u'SPIDER-MAN/PETER PAR', 1737)

(u'IRON MAN/TONY STARK ', 1522)

(u'THING/BENJAMIN J. GR', 1416)

(u'MR. FANTASTIC/REED R', 1379)

(u'"WOLVERINE/LOGAN ', 1371)

(u'"HUMAN TORCH/JOHNNY S', 1361)

(u'SCARLET WITCH/WANDA ', 1325)

(u'THOR/DR. DONALD BLAK', 1289)

(u'BEAST/HENRY &HANK& P', 1267)
b s Sy 51 ool cclogi-ar el S 3 5 ologd 0 dpsle sl K> by
& Jate slro)S 1oyd U djls o 0B 1) Lo &S cuwl NetworkX «lbuls™ ;| degree_centrality

.AS’Ay»EXA1)(J}}}aL;hm;fLﬁ’ﬂAd‘@o)f)h eV J&ﬁﬁtshm)fﬂAd(qud u;g)o)?)m
In: centrality = nx.degree centrality (graph)
In: all deg = sorted(centrality.items (), key=itemgetter(l),
reverse=True)

"o

In: for node in all deg[0:10:]: print "%s: %0.3f" % node
Out:
CAPTAIN AMERICA: 0.297

SPIDER-MAN/PETER PAR: 0.270

IRON MAN/TONY STARK : 0.237
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THING/BENJAMIN J. GR: 0.220

MR. FANTASTIC/REED R: 0.215

WOLVERINE/LOGAN : 0.213

HUMAN TORCH/JOHNNY S: 0.212

SCARLET WITCH/WANDA : 0.206

THOR/DR. DONALD BLAK: 0.201

BEAST/HENRY &HANK& P: 0.197

o2 bl aayd 00,8 Iy 1) 0)5 o da)d b (lojd-armlopd 45l 423 (5:0ke drlxe (6l

In:

In:

Out:

oS o 45 )3 250 (slao)S IS Baw o 1) donts Cale 53 5 03903 e
degrees = graph.degree ()
sum of edges = sum(degrees.values())
avg_deg = float (sum_of edges/ (graph.order()))
print (avg_deg)

52.0

pb & b G NetworkX .cuwl pl,8 giud S5 5l oslatwl 6,5 dsjd ol s sl yine gy S5
s ;5 slowilS )3 L Jlolyd 51 SVsb Cowypd G &b cpl (Jb ol b oyl> degree_histogram

In:

Out:

Lok &l S CleMbl wwl (Sas a5 il )5 o5k 1,

nx.degree_ histogram(graph)

[0, 53, 86, 104, 150, 182, 178, 185, 230, 224, 245, 254,

187, 194,60, 193, 123, 143, 123, 108, 131, 119,..]
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% 4 plthist () ab jogasds o enl > matplotlib Glbols” jl eslitwl Wl o yigs ol S

In: plt
Out:
plt.
plt.
plt.
plt.

0,5 mhaww > Julod g 4350 10 Juad

(00 JS5) adl 5

.hist (graph.degree () .values (), bins=500)

title ("Degree Values of the Hero Network")
xlabel ("Degree")
ylabel ("Frequency")

show ()

Ol RE-4- lo S S glas > 595 0T IS

O R

Aok lzo cpl Dy oy (O35 CoSre slae I ol e daaSid > (35 e sle)S e (sl
bogio 0 yiSasS 45 aleo,S dosl (e jl g 03,8 Ly |y )b San S oo )S L oS slao,S
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i 1y 4l 50,500 oo S plad maitn i b3 aSh (sl (gldn > €3S o sline ailon il
L8 Syl dn wul agppied 3 pSelul lp lre @ly 3w )3 e e
Al oS 505 (gleo S plad 4y dnly 0)5 Sl s ey oMb
Y Jlio
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In: nx.closeness centrality(g)

Out: {0: 0.5294117647058824,

1: 0.5294117647058824,

2: 0.5,
3: 0.6,
4: 0.5,

5: 0.6428571428571429,

6: 0.6428571428571429,

7: 0.6,

8: 0.42857142857142855,
9: 0.3103448275862069}

In: print(sorted(nx.closeness centrality(g).items (), (1),

' Smallest Average Path Length
¥ Sequence of Relationships
" Immediate Connections

¥ Indirect Ties
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key=itemgetter reverse=True))

Out:
[(5, 0.6428571428571429), (6, 0.6428571428571429), (3, 0.6),
(7,0.6), (0, 0.5294117647058824), (1, 0.5294117647058824),
(2, 0.5),(4, 0.5),(8, 0.42857142857142855),

(9, 0.3103448275862069) ]

Pl s )b 1y (S35 CaiSye it £ g D & ojlads (slao)S S o osnlio &S jolalen
ol b ol b sy ,S0s oo )S 4 wilgi o oS A5 Sliw b g ) jeis 45 bausg
> Lol Casldl ()l oo Sy Camdg ol S0 oYl (S35 oS e in oS
yalsS Aol She cplplo g 3,0 3¢9 (gpnd Ol ol j3 a8 ols w5l B cols GI,S
Colfh SIS awdy sleil g andls > a5 A ojlad 0)5 Wil )5 S L) ga9e il Gl
31y (S5 oS o 5 > oS pn a3 iaS 08 (] )5 el sl o ol
BV JS) sl )18 oS SIS T (S5 caiS o i 4 (2 sl
In: closeness = nx. closeness centrality(g)
plt.hist (closeness.values(), bins = 10)
plt.title("Closeness Values for the Krackhardt Kite Graph")
plt.xlabel ("Closeness")
plt.ylabel ("Frequency")
plt.show ()

Out:
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0.50 A
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Syl

T T
0.30 0.35 0.40 0.45
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baid o 5l Can gz LB (S35 oS pe 30 L " (S0P oS se wig & jghilen
) (g oo G oS 4y aSls > im0 S5 1) (G5 23 L) GBS ALid 05 s
Wk &S dmd o LS 358 g )b g8 polie b ol sledl o &5 s e Liles
s 35 43 3| i Ll Aol 48 sl oS Jalis o Jlze ol 3 LS

Y Jbs

s &S GloygB 03 g e3gei yp ) Glosgd-ar plod SIS " a5 S milsige
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In: close cent = nx.betweenness centrality(graph)
norm close cent = nx.betweenness centrality(graph,
normalized=True)
weigh close cent = nx.betweenness centrality(graph,

weight="weight")
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)5 peblgd aule
In: all close = sorted(norm close cent.items(),
key=itemgetter (l), reverse=True)
In: for node in all close[0:10:]: print "%s: %0.3f" % node

Out:

SPIDER-MAN/PETER PAR: 0.074
CAPTAIN AMERICA: 0.057
IRON MAN/TONY STARK : 0.037
WOLVERINE/LOGAN : 0.036
HAVOK/ALEX SUMMERS : 0.036
DR. STRANGE/STEPHEN : 0.029
THING/BENJAMIN J. GR: 0.025
HAWK: 0.025

HULK/DR. ROBERT BRUC: 0.024
MR. FANTASTIC/REED R: 0.024

CoiS po duoloee )0 &S Canl wywd led (598 Ulogd Cuwypd Dgd o odblie a5 olailen

el CoS e Y-Y-0
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In: nx.betweenness_centrality(g)
Out: {0: 0.023148148148148143,
1: 0.023148148148148143,
2: 0.0,
3: 0.10185185185185183,
4: 0.0,
5: 0.23148148148148148,
6: 0.23148148148148148,
7: 0.38888888888888884,
8: 0.2222222222222222,
9: 0.0}
In: print(sorted(nx.betweenness centrality(g).items(), (1),

key=itemgetter reverse=True))

' Person’s Reachability

¥ Intermediary
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Out:
[(7, 0.38888888888888884), (5, 0.23148148148148148), (o,
0.23148148148148148), (8, 0.2222222222222222), (3,
0.10185185185185183), (0, 0.023148148148148143), (1,
0.023148148148148143), (2, 0.0), (4, 0.0), (9, 0.0)]

s 125 ol usly yol ol caslls 1) " ol o3 5" oy V ojloud 05 i o &5 jglailons

Jate din )3 39250 glao)S 4]y (Vg A oyl (slro)S) (slactls glao)S o wile slo)S

51,8 Al

Y Jbo
S Glopd 03 908 yp |y glopdarglopd GBSy nlin CofS e Glpe ormen
o aw 1y s ol el duab Lo dgad asede |y did g il slinsS e (gl
gl Jas! () iz 5 (G5 sloe)S olass (clys) oadJloys clogS )T (s oS Apuslono Cilisis
(b
In: bet cent = nx.betweenness centrality(graph)
norm bet cent = nx.betweenness centrality (graph,
normalized=True)
weigh bet cent = nx.betweenness centrality(graph,
weight="weight")
Out:
051 @08 oo 4 > jip oS 03 ly Tl G awbre (glp & pskailen

03,5 awle (b ol 5l Jloy dens 5l odliinl b 1) a5y sloo,S " Sle co3Spe aubled oo
© b a3 o Sy el @l LT S 08 oyt 5
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In: all bet = sorted(norm bet cent.items (), key=itemgetter(l),
reverse=True)
In: for node in all bet[0:10:]: print "%s: %0.3f" % node
Out:

SPIDER-MAN/PETER PAR: 0.074

CAPTAIN AMERICA: 0.057

IRON MAN/TONY STARK : 0.037

WOLVERINE/LOGAN : 0.036

HAVOK/ALEX SUMMERS : 0.036

DR. STRANGE/STEPHEN : 0.029

THING/BENJAMIN J. GR: 0.025

HAWK: 0.025

HULK/DR. ROBERT BRUC: 0.024

MR. FANTASTIC/REED R: 0.024
Wolverine dron Man Captain America Spider-Man) cusyd cpl » ologd b
oS yo b loygd 03 Cuvypd pd &S sitwn SluS” ales I (Mr. Fantastic 4 Thing / Benjamin
@l @ baye Canpd) (LB cuwnd p 5p glpd e Jb ol bsiad b Y e

)l jgas (e Cus b Jgl CusBge dw et (03 CuiS e
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a1l Ay (IS ) (o lme cdomias oyl (] olaS 359 1 Lol 1 dndd, o
4 85 ol oin 08 Sy By S ol & Sl GBS 5o Sl (i 4 S35 S
oS il oS Bl b badye 0)5 Sy oS Canline (s emen Sl Jale ;03 e slo)S
sy ol b lape 05 S 4 o (g gty jlitel g 45y sl (S0 Y ()5 130 L o) Jaiie
dulie )3 (298 S| L) LLsyigs 03l %3 @l @ il anils oo 395 L (slae 5
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) Jle

hre e’ (gly 1, NetworkX ailsuls” ;1 nx.eigenvector_centrality (9) b wwlys

oS 3 s Soluwat B & e (ol oS eslital S IS1S ClS B 5 "oy Jop oS so
S o ey 1) Sl I Lo oSl ((glaz > o 3S se e ilan)

In: nx.eigenvector centrality(g)
Out: {0: 0.3522091841983857,

1: 0.3522091841983857,

2: 0.28583482369644964,

3: 0.4810206692001181,

4: 0.28583482369644964,

5: 0.39769090281372055,

6: 0.39769090281372055,

' Stochastic Eigenvector Scoring
" Related Influence

" Well-Connected

" 11l-Connected
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7: 0.19586101425312444,
8: 0.04807425308073237,
9: 0.011163556091491361}
In:
print (sorted(nx.eigenvector centrality(g).items(),
key=itemgetter (1) , reverse=True))
Out:
[(3, 0.4810206692001181), (5, 0.39769090281372055), (6,
0.39769090281372055), (0, 0.3522091841983857), (1,
0.3522091841983857), (2, 0.28583482369644964), (4,
0.28583482369644964), (7, 0.19586101425312444), (8,
0.04807425308073237), (9, 0.011163556091491361)]
o35 4Kl )3 adliisn L3 1y o2y o €3S psitr ¥ ojlas 0,5 9300 adalite oS jghilon
a5 50 oylois slao,S &S cuwl cpl el jo Slaalie 1 S0 (SO o) ) Hlade oy iaS A o)ledd
(sla2p) B CoiSre slajline 3 Jp )8 A ple 3 e A Wes [ 1) pgw g pod 4,
G e b e sloose s oS 1aBS 5 g 3 el i s (b 5 (S5
T 3 S g JolS st Ll i 15 (sl 5 4in) SIS i 5 o Wl tigde 4l
oS yo VL L slo S (m F 0,5 4 g audls 4 (639)9 ) im ¥ 05 4 Ll (693 b it
St Juate gl )

s ol cpl el (gyape (Wlo— ) (s5p0 000 duasuiio b (o3l)8l joas (ylojl S (slp
cov |y 3 Slasenad wilgy oo bl i o 5l 208 ¢ lojle ey » ey JB olbls)
Uy b b (gip oo S bipe )6 laow 4 ) lojle cuicren g 03l H38 50
S ool 1) e leMbl ¢ ylojle (sl alg o 5 atily 1) cleMbl Sl by Jatans
29 g 4 Lglojlo cpl il glojle 13 5 W lp Sle laais Jals wlg e o5 SleMb]
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Siye sbo e &S Cul L podds WS Jos u,oL»l ol g edl N oleMb] ol & A.u‘yux
2B los b el b iy Kgn g 50 L5000 1pj 9 o0 odnel \o.\ial.,gs o8l il a5
g s g ya
Y Jo
ooy Olospd=ar ooy SIS Tsome Moy Jop oS a" J orlital b paslys o Jite cul o
sleajlonsly 5l (S eetS Man |y caitean o9 Jhp CojSye ey (s &5 SlopB 03 5 038
4> 51 sl o NetworkX abuls” > nx.eigenvector_centrality IS cpl sl (gl 34250
nx.eigenvector_centrality_number_numpy e a5 35l 3g39 35 (6,500 (gjlwesly
&l 5 Casl NUMPY bg, 51 sy (oaly o I el el S5 s slass Ldody Jgl Uos o
il o siwlio S5 slalrges
In: eigen cent = nx.eigenvector centrality(graph)
In: all eigen = sorted(eigen cent.items(), key=itemgetter(l),
reverse=True)
In: for node in all eigen[0:10:]: print "%s: %0.3f" % node
Out:
CAPTAIN AMERICA: 0.117
IRON MAN/TONY STARK : 0.103
SCARLET WITCH/WANDA : 0.101
THING/BENJAMIN J. GR: 0.101
SPIDER-MAN/PETER PAR: 0.100

MR. FANTASTIC/REED R: 0.100

VISION : 0.099

\ .
Cosmopolitans
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HUMAN TORCH/JOHNNY S: 0.099
WOLVERINE/LOGAN : 0.098

BEAST/HENRY &HANK& P: 0.095

5 18 gl CunBge dw 3 jeia Iron Man 4 Captain America cusyd cpl ;5 a5 cul Ll
Oloxd S5 Ll 88 )18 oy ol 50 5 03l Cawd I 1) 243 CusBge Spider-Man (s oyl b

Cawl 0 yalls Giam Cuxdae ) LI (6395 S gt MiSION a cis

W—@') ‘“—o

z = Yoo . e . “ . &
by ot b g b Sl p (Bolad (08 ST )l S o ol ol e onanlis
353 3l ol dmio K & sl (Sae ((63,Sus b g 53 S 5 S plKin 4 (Jle i)
O &S Cwl mo cpl 4 VO asio—ad; (Jle Glgim ASb e Vg e dorio—asy Ol
e b asto—ady b gdiw 4 (Bolal S S§ g9y 0 SIS L 0y8 S cwl S TVE Jlois |
oS sl b g dortio Sl jiage iy Jleinl b g dorto S gy ol 5l 00 colin < VO
5 S5 slar ) Gl iS e () oS pre Jhme dw g doiomdd) (g (ol Gl .l
d dily ©ada W Wies OIS 4L 5 ewlie g bl Jhes dw ol 45 canl ol (Ll
L oS5l ol sndilis asio—ag, kas aSdb s il o oS (oldls (gladse
Jogr xS ye b badis Sy ) doxhomagd) 43,8 e Uil @Sl Gk 45 Cal | gdei

213 bg 9 Syi sl SBaSd 3 (298 Hlwn 3o w258 el (Sg 3)1> cplitio ofug

' Page Ranking Technique
¥ Surfing the Web
" Structural Positions of Nodes

¢
Flow of Influence
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In: import
import
import

import

In: graph

bl 1, ases

In: graph.
graph.
graph.
graph.
graph.
graph.
graph.
graph.
graph.

graph.

networkx as nx
networkx.algorithms as alg
numpy as np

matplotlib.pyplot as plt

S s 3ol |y GBS (5
= nx.DiGraph ()
208 g (slaty 3 5 Ll (s oliem 4 85 V0 ) (Suiled 4 0)5 V0 (sS]
oS (0
add node ('Will', {'age': 22, 'posts': 75})
add node('Linda', {'age': 30, 'posts': 12})
add node('Smith', {'age': 33, 'posts': 207})
add node ('Mark', {'age': 29, 'posts': 382})
add node('Bill', {'age': 29, 'posts': 107})
add node ('Jack', {'age': 32, 'posts': 372})
add node('Rose', {'age': 19, 'posts': T71})
add node ('Peter', {'age': 28, 'posts': 111})
add node ('Hilda', {'age': 27, 'posts': 75})

add node ('Mary', {'age': 27, 'posts': 56})

' Fabricated Twitter Network
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graph.add node('Glenn', {'age': 34, 'posts': 89})

graph.add node('Rick', {'age': 22, 'posts': 121})

graph.add node('George', {'age': 31, 'posts': 43})

graph.add node('Markus', {'age': 24, 'posts': 113})

graph.add node('Alex', {'age': 32, 'posts': 67})

wh

S e s i sl " ls” el ol & e IS |y oS b gy 45 b
&l oMoy ouS o odliwl Nx.add_edge () Lz, 5l yobate ol sl awlid o 1y (oS 4>

STURC SRR P A R N [ U SV SPCT B

In:

graph.add edge('Will', 'Alex', {'Weight': 3,

'relationship':

'friend'})

graph.add edge('Will', 'Markus', {'Weight': 2,

'relationship':

"friend'})

graph.add edge ('Will', 'George', {'Weight': 1,

'relationship':
graph.add_edge (
'relationship':
graph.add_edge (

'relationship':

graph.add edge ('

'relationship':

graph.add edge ('

'"friend'})

'Linda', 'Alex', {'Weight': 5,

'friend'})

'Linda', 'Markus', {'Weight': 4,

'friend'})
Linda', 'George', {'Weight': 1,
'friend'})

Smith', 'Alex', {'Weight': 3,

' Metadata
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'relationship': 'friend'})

graph.add edge('Smith', 'Markus', {'Weight': 4,
'relationship': 'friend'})

graph.add edge('Smith', 'George', {'Weight': 4,
'relationship': 'friend'})

graph.add edge('Mark', 'Alex', {'Weight': 2,
'relationship': 'friend'})

graph.add edge('Mark', 'Markus', {'Weight': 2,
'relationship': 'friend'})

graph.add edge('Mark', 'George',K {'Weight': 5,
'relationship': 'friend'})

graph.add edge('Bill', 'Alex', {'Weight': 3,
'relationship': 'friend'})

graph.add edge('Bill', 'Markus', {'Weight': 2,
'relationship': 'friend'})

graph.add edge('Bill', 'George', {'Weight': 1,
'relationship': 'friend'})

graph.add edge('Jack', 'Alex', {'Weight': 1,
'relationship': 'friend'})

graph.add edge('Jack', 'Markus', {'Weight': 2,
'relationship': 'friend'})

graph.add edge('Jack', 'George',K {'Weight': 1,

'relationship': 'friend'})



(09l E x5, L) (sloal gbaasud Jdod

graph.add edge('Rose', 'Alex',6 {'Weight': 4,

'relationship':

'friend'})

graph.add edge('Rose', 'Markus',6 {'Weight': 4,

'relationship':

'friend'})

graph.add edge('Rose', 'George',K {'Weight': 5,

'relationship':

'wife'})

graph.add edge('Peter', 'Alex',6 {'Weight': 2,

'relationship':

'friend'})

graph.add edge('Peter', 'Markus', {'Weight': 2,

'relationship':

'friend'})

graph.add edge('Peter', 'George', {'Weight': 4,

'relationship':
graph.add edge (
'relationship':
graph.add edge (
'relationship':
graph.add_edge (
'relationship':
graph.add edge (
'relationship':
graph.add_edge (
'relationship':

graph.add edge (

'friend'})

'Hilda', 'Alex', {'Weight': 2,

'"friend'})

'Hilda', 'Markus', {'Weight': 2,

'wife'})

'Hilda', 'George', {'Weight': 1,

'friend'})

'Mary', 'Alex', {'Weight': 4,

'friend'})

'Mary', 'Markus', {'Weight': 5,

'friend'})

'Mary', 'George', {'Weight': 4,

YA
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'relationship': 'friend'})

graph.add edge('Glenn', 'Alex', {'Weight': 3,
'relationship': 'friend'})

graph.add edge('Glenn', 'Markus', {'Weight': 3,
'relationship': 'friend'})

graph.add edge('Glenn', 'George', {'Weight': 1,
'relationship': 'friend'})
graph.add edge ('Rick', 'Alex', {'Weight': 5,
'relationship': 'friend'})

graph.add edge('Rick', 'Markus', {'Weight': 2,
'relationship': 'friend'})

graph.add edge('Rick', 'George',6 {'Weight': 1,
'relationship': 'friend'})

1S yal Slol & 1) eyl yo (ly nX.NOdES () oo, «dl,3 55 bao)S cowpd objb lp

In: graph.nodes|()
Out: ['Rick', 'Alex', 'Glenn', 'Rose', 'Bill', 'Smith',
'Mark', Will', 'Jack', 'George', 'Markus', 'Linda', 'Peter',
'Mary', 'Hilda'l]
300,85 o 5L 1y 0,5 s baly pl nx.nodes (data = True) lyl (K> Byl
In: graph.nodes (data = True)
Out:
[('"Rick', {'age': 22, 'posts': 121}),
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("Alex', {'age': 32, 'posts':

671),

('"Glenn', {'age': 34, 'posts': 89}),

('"Rose', {'age': 19, 'posts':

('Bill', {'age': 29, 'posts':

71}) .,

107}),

('"Smith', {'age': 33, 'posts': 207}),

('"Mark', {'age': 29, 'posts':

('will', {'age': 22, 'posts':

('"Jack', {'age': 32, 'posts':

('George', {'age': 31, 'posts':

('Markus', {'age': 24, 'posts':

('Linda', {'age': 30, 'posts':

('Peter', {'age': 28, 'posts':

("Mary', {'age': 27, 'posts':

('Hilda', {'age': 27, 'posts':

In: graph.edges|()

Qut: [('Rick', 'Markus'),

('Alex',Glenn'), ('Alex',

('Alex', 'Smith'), ('Alex',

("Alex', 'Jack'),..]

('Rick',

In: graph.edges(data=True)

Out:

[('Rick', 'Markus',

'friend'}), ('Rick’',

{'Weight'

'Alex',

'Rose'"),

Mark'),

382}1),

75}),

372}),

431),

113}),

121}),

1111),

561}),

751) 1

'Alex'"),

('Alex',

('Alex',

('Rick',

'George'),

'Bill'"),

'will'"),

: 2, 'relationship':

{'"Weight':

5, 'relationship':

YA«
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'friend'}), ('Rick', 'George', {'Weight': 1,'relationship':
'friend'}), ('Alex', 'Glenn', {'Weight': 3, 'relationship':
'friend'}), ('Alex', 'Rose', {'Weight': 4, 'relationship':
'friend'}), ('Alex', 'Bill', {'Weight': 3, 'relationship':
'friend'}), ('Alex', 'Smith', {'Weight': 3, 'relationship':
'friend'}), ('Alex', 'Mark', {'Weight': 2, 'relationship':
'friend'}),..]

In: print"Density of the graph: ", nx.density(graph)

Out: Density of the graph: 0.171428571429

MMIJ,)AOl,\gWs@l.wl&zuouau;ﬁgwﬁm:@OLuw

2 JL Y s L) o Lo Lol sl JU Vo0 byl (35500 odmis N * (N-1) / 2 b, | 45)
ol (Sen OYlasl don 1YY dgus gng0 Y ladl z8ly 40 on)l> GIS

In: print(nx.info(graph))
Out: Name:

Type: DiGraph

Number of nodes: 15

Number of edges: 36

Average in degree: 2.4000

Average out degree: 2.4000
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iiane Y Lasl 2l 0,5 1 a3 ouiS dulie Hl3ges (5 1) o S (gldnyd oS e dly 98]
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In: nx.degree centrality(graph)

Out: {'Alex': 0.8571428571428571, 'Bill': 0.21428571428571427,
'George':.8571428571428571, 'Glenn': 0.21428571428571427,
'Hilda':.21428571428571427, 'Jack': 0.21428571428571427,
'Linda':.21428571428571427, 'Mark': 0.21428571428571427,
'Markus':.8571428571428571, 'Mary': 0.21428571428571427,

'Peter':.21428571428571427,..}

1l el oISl lS (0 e (a8 e (it I oy palye S

In: centrality = sorted(nx.degree centrality(graph).items(),

key=lambda e: e[l], reverse=True)
print (centrality)

Out: [('Alex', 0.8571428571428571), ('Markus',
0.8571428571428571), ('George', 0.8571428571428571),
('Mary', 0.21428571428571427), ('Glenn',
0.21428571428571427), ('Rose', 0.21428571428571427),

('Bill', 0.21428571428571427), ('Smith',
0.21428571428571427), ('"Mark', 0.21428571428571427),
('Wwill', 0.21428571428571427), ('Rick"',

0.21428571428571427), ('Linda', 0.21428571428571427),
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('Hilda', 0.21428571428571427), ('Peter',
0.21428571428571427), ('Jack', 0.21428571428571427)]
ge SIS 3 a5 wes LSl b aw g2 g oesSile Sl g e oanlis & glailen
S 1y byl ey iy cdalllas
&S )by 2954 NX.assortativity.average_neighbor_degree () Jzo NetworkX ;| ¢, &b
o ¢ ol Grakid o3y b S e dsle LT (Solear 423 bugie 0S8 gy
At Cauwgd S 381y ilatio b aS" w0 1) Sl 8l Sl (g lLae
In: assortativity =
sorted(nx.assortativity.average neighbor degree (graph) .
items (), key=lambda e: e[l], reverse=True)
print (assortativity)
OQut: [('Peter', 12.0), ('Glenn', 12.0), ('Rose', 12.0), ('Bill',
12.0), ('Smith', 12.0), ('Mark', 12.0), ('Will', 12.0),
('Rick', 12.0), ('Linda', 12.0), ('Hilda', 12.0), ('Mary',
12.0), ('Jack', 12.0), ('Alex', 3.0), ('George', 3.0),
("Markus', 3.0)]
bder S g g0 diln daid o) g «Shle cuenl (o 4y (05 iy &5ty JlaS 4
250 Ll 2 5 sl (Sl i 45 59 42,9 VL b (o318
(010 JS3) SIS oy ez
In: plt.figure(figsize=(12,12))
layout = nx.random layout (graph)

nx.draw networkx (graph, layout, node color='c',

' Social Networking Terminology
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node size=1000, alpha = 0.4)

Out:

29530 L oaud didle piu gl dSiud S ddo—dudy (il 0-Y0 IS

arbrs 20l Cod 4 lle @S (KBl g loodls asgerme ly o)l sl b
(sl yd CujS e
In: nx.pagerank(graph)
Out:
{'"Alex': 0.17460386794062185,
'Bill': 0.03968236634817788,
'George': 0.17460386794062185,

'Glenn': 0.03968236634817788,
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'Hilda': 0.03968236634817788,
'Jack': 0.03968236634817788,
'Linda': 0.03968236634817788,
'Mark': 0.03968236634817788,
'Markus': 0.17460386794062185,
'Mary': 0.03968236634817788,
'Peter': 0.03968236634817788,
'Rick': 0.03968236634817788,
'Rose': 0.03968236634817788,
'Smith': 0.03968236634817788,

'Will': 0.03968236634817788}

o¥les LB Gephi (sl pguas dtus bawgs a5 3505 0,83 GraphML cw s 5 1) GBS g5 o

In:

In:

In:

1w
nx.write graphml (graph, “../graph.graphml”)

2903 03633 o5 PNY Rl Cuod )3 |y i (e il ol

plt.savefig(™../graph.png”)

o luor £-0

G = nx.Graph() # or DiGraph, MultiGraph, MultiDiGraph, etc
G.add path([0,1,2,3])

G.neighbors (0)
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LQJ.: 0-0

Coanl 1 o] 3 4 905 piie " igmd (gdigy )35 " leis b (gldllis NAVY Lo )3 g3
351 o) o9, ol IVl ges a5 Lelomnl slaaSd ;5 oledbl jLanl ol "aSs sl
|y 50055 45 (3Ldl" b Lo (ST Ly s Cwgd oy Ldgs lats| el 3l s oSyl s oS
ot |y Jaie clopg)S 45 oS o bl 1) ey Yiain) ol oS 3 bl "wlis e
xd o bl 1y a8l G g oS o S5 alols sl a8 conl ) o b caeal bl o Juate

) o ]38l ]y aSl yal o jd SleMbl b i G 393 digi 4 &S
Sy L3 s 3 ,e 0 a5 SlaS 5 el S lelis 4 aSs oL, SLbs 81 el 5
ety ol azye il iage @lge (B 3 e A Sl o oSy Wi
)ilj 9 J\MS‘-{Q Jua.m 1) d.;lflb 09; 90 &S Lot L;g‘l.m..b}u cuv);u uu‘.w] » Lg(b .J)‘b o d)w
Yooro S o os Jy o 4 o3L8l ciitd (6550 b b sloo,S olod daign ol Sy b
A e Jludizl 0,500 b glaonyl i 1 el 4l dlen Syl ol et (<l

Db o oy pi Gygo & (g)il oS g b ax )

B = Z:=1|:C-Ci}]+zlj=1|:c_c'ji} —a

‘ k |

(i # 1))

Jai lsisy o5 cul Sl 0 4 plrs! Cjf sl 04 oanlite a5 plxadl C il 5 &S
iy 4 1 gk g g Blo i 4 batigy & Casl Sloj 3 plradl C g g oo i

At (38U )d 5 Jloyl sladisy olax
e odlizal oy sz b oS 35 Ly el " iy S350 " Sl ojlpen Al 5
Coge Ll i (63550 b shdls Sae &8 (glao S 5l azws o] 8l slp "oog b jbeo”

' Granovetter
" The Strength of the Weak Ties

.
Anchors
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L bdauly b dl; lia Casl (e oyS ol Cusl pie s aSud 51 53 asd (clabaul
O b g dgme b plomasl 4 b X9 gl L cplpl S Joe Ll w1 50 cage
S Sloj |y (eldie slooS Algi o gl 45 (5psb 4 2 g2y (Stuused (3> b e g3 ()
21y wile s g i sloo,S Cundge -V S5 S ol ccusl cileSy aSis Lo

) e il 4l S

Slo- b (50,5 3 mtlias (S80S Cmlgn 0-1 K3

' Relays
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d929 Jlpw o o2 joib hogllze citun (elaia] dSid sbagys S350 (alio 39 baylne

ol il Bua & Jlaw (pl Clos ccaas 1> Suwl yins coiS o jlre plaS )lge plad oy 513yl

Sy ol lp olre Jlea cnl dea Jljlse s 3 (bl b2l (St Lddos g 4 js

1wl 0del Hlre ya 5l odlitnl (¢l aUgS aoMS Ll )3 34 g0 edltwl aSus Hlidbo | gy

S A8 oo o ) aloo)S lise cnl sl Cgime 9 Cpped lp lime slaz > oS e ()
WSS e (Joe ddlaie S 1) SleMbl Ce s 4 Wilg o

bl Alawly ydey S Gl yoge aSid (3 (60,8 & Cawl gl o] pl o dwlin cuiSe (Y

D955 dmd o (L Hlre oyl sl gwyied (e 6pSoill gl (S)lre (S35 CoS e (F
)94»@ ).M.u...a )ig..) L;'Jao)f ‘nlo.? 4 Cepw 015 n_i: )l SleMb

23l (oS e A0l e G sl (Stnly Coeal (lomin (o9 0fig sy CujShe (F
Gl 8505 GBS > doas
b gl y3 o3 e 0 Gl (S5 5 i (i) oSy slne dw 4 2255 L
SN g Il ) 0)5 a4 Jate sl dhe (hiled 4 5l S g el pimpe g il e
sl 053 g & W) AeS sldgy €8 (65 @ b (S35 g sl oS e

ol 2 cud O(EIOGE) asye b 1) olej S sl sl o) o5 o il 1, SISl 5

' Kruskal’s Algorithm
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L ooy « ey oS e WAGS o odliiwl 4l SO pre 8 plulis (gl b
ol ol Sl & (Soo5 a8 e oS5 aSd 0 (0 AP i a2 Y
oS plo & 08 Ky sind bl Mos cppne Job Lawgio oy yialisS L a5 Gl o (alews
0,5 sy yuwno o yialeS dlawd iy b (glo,S ‘"u;ﬁtﬂ.g CoiS pe Ak 4SS ) d>g0
DS oo 5 3 A SIS (o pags lgia |y (1S )y 05 ol 5l o L bl )l (4l )
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Jios in) w23, o |y ol Sl slogSl 5 75,8 (sloo )" Julow oS (5 Juad DS
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4 aSud K05 oSl L oo sleng)S iz Ll o U 80 S8 Lo @ )7 ol plosl
. . *ae Y F Z . A \ .
raSs 3 Baas Wl sl 3bj el )5 oS JEs a5 wiws Lible eomeie sling,S
e SlopgyS nj ololid Cuenl Xgdo C8L (g sbbaSid b awglie ) e pé
Ak 4 ) 0gdlly sloin] laddss (oo (slodg,S p A Cul pl  dadSid
olepdy ilods o3l drwgi S Gy M emiie slemg,S ps alolid (clp (odamie clodg,
Sy oim) M g (an ol d gl Ygans o5 (Jlail atpin b oloadlge in) J3beo
b aSudyj oy g 030 Ml il byl (SSBax b 08 b (bglas (gLl &5 il a8
(95 (BW bl -y

' Norms
¥ Social Characteristics
" M-Slice
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S 53 1y bodls glsige 5 At (oid )3 5 5k st L oS00 e (B0 5 s (slaodh
WS e Jlasl 1y ot cloodls &) (yiod slemdgine Ssed 05 | b3y ool ey
dnoly Sgeud 39800 cge pol (nl S Jelod |y (eloinl &Sl S pplyse ST ogada
A3l (g kil
ly sloin] saass > blite sloatwgs (5w (lp oo silwosly S NetworkX abobs
Bl calw sly Somud sodld 5l o)l dad S o wlyd NX.find_cliques () &b &,k jl
derge Jole o g 4355 (6l NX.find_cliques () @b 5l s g 03,5 oolawl Jolite  twgs
e 0 k2 SIS )
ol Sl 5 i Sl Jo=NP oo 23 ¢ lslbne Llod 4y o818 Sy ,0 oo 3,5 Iy
by 42 i sl SLELS (gl Joloro (8l WS o Ay (led Spgody dmodls u) |l
0> Cuody (o) gl Cal Sae b 0Bl (63b) (loj Bpo pilie
o) 4 5 ygaiil oKl Loy cauiS odlatwl Wl 1 cpyed ol (slp moyhd Aab Lo 48T Slaosls
iy 5 ol 5 s daodly acgosme 4yl s & e Jl ) b ol 0 a3 vé)sli 2T
L ey (shal (slyr ol (S sl e 5 b oo Doy s S S, > Jiona (3,5
|y kol ool asgaime I (Sas Lioky peilyise ) apily dzdly Alibls SgreS JSite dmodls don
S o3l 355 el 5 40355 e o 315 03,8 5
S oy 1) SIS cpl 4 bgrje leMbl 1 (5 ad o]l

In: print (nx.info (£b))

out:

Name:

Type: Graph

' Craw!
¥ Closed Community

(https://snap.stanford.edu/data/egonets-Facebook.html) " Stanford University
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Number of nodes: 1820

Number of edges: 7846

Average degree: 8.6220

In:

In:

In:

Out:

ey oo 413 4y g8 GB1)S e Y
fb = nx.read edgelist("../facebook combined minimized.txt",
create using=nx.Graph(), nodetype=int)

cliques = [x for x in nx.find cliques (fb)]

"ay 05" pipgd g Sl )3 cenl "l )5 pb gl g b Canped” (slebls 5

Sl bl @ya8 ol (lis gl ped ysiw 3l e (SBlal CleMbl (A sl (S
(P JS) sl 1y UK il (05551
pos = nx.spring layout (fb)
plt.figure(figsize=(12,12))
plt.axis ('off")

nx.draw networkx (fb, pos=pos, with labels=False, node size=80)

' Edge-List Files
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S g 0315 dSgacee Sl yF sl ) JSW

oo 2yl 299 S5 plote ddlaie (b d9d5) plin 45 B o Ui zadg 4 odld degecre
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In: cliques

Out:
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(f, o, 133, 280, 322, 315, 236],
73, 48, 88, 126],

73, 48, 299],

236, 322, 88],

53, 88, 48, 322],

53, 315, 3227,

~

~

~

~

~

53, 299, 48],
53, 299, 194, 346, 92],
53, 54, 48],
119, 48, 54],

~

~

~

119, 2801,
126, 48, 88, 3227,
226, 149, 343, 333, 201,

~ ~

~

=
~

O O O O O O O O O o o o o
~

226, 149, 343, 326, 312, 115, 20],

~

2,03 329 SIS )3 Jaoeo Lz o @il (o)
In: n _cliques = len(cliques)
print (n_cliques)

Out: 10193

toily aily GBS 3 (1,5 L) Jsloro ol 4 (2155 aply aslsl jo g

In: sizes of cliques = [len(x) for x in cliques]
print(sizes_of cliques)

Out:

5, 8 5,6, 8 5, 6, 5 5,5, 4, 6, 17,
11, 11, 11, 11, 11, 11, 10, 10, 11, 11, 11,
11, 11, 11, 4, 6, 6, 6, 7, 5, 5, 8, 10, 10, 8, 10, 10, 10, 10, 9,
11, 12, 11, 12, 9, 9, 12, 13, 12, 13, 11, 11, 12, 9, 9, 11, 11, 12,
12, 9, 9, 10, 10, 11,..]

[e)}
~
~J
~
(€3}
~
N
~
= (€3} o w1
~ ~
[e)} (€3}
~ ~
(€3} (€3}
~ ~
[e)} [ee]
~ ~
[e)}
~
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In: maximum clique_ size = max(sizes_of cliques)
print (maximum clique_size)

Out: 16

oS g ) V8 3150 ST b cglglises 203 o)l byl 5

In: maximu cliques = [x for x in cliques if len(c) ==
maximum clique_size]

print (maximu cliques)

Out:
[tr9, o, 271, 26, 67, 56, 122, 277, 322, 21, 170, 200, 186, 25, 188,
3231, I[9, 0, 271, 26, 67, 56, 122, 277, 322, 21, 170, 200, 186, 25,
188, 2521, [9, 0, 271, 26, 67, 56, 122, 277, 322, 21, 170, 200,
186, 142, 188, 3231, [9, 0, 271, 26, 67, 56, 122, 277, 322, 21,
170, 200, 186, 142, 188, 2521, [9, 0, 271, 26, 67, 56, 122, 277,
322, 285, 170, 200, 186, 25, 188, 3231, [9, O, 271, 26, 67, 56,
122, 277, 322, 285, 170, 200, 186, 25, 188, 25217,
..
N )
In: n maximum clugies = len(maximu cliques)
print (n_maximum clugies)
OQut: 26

0,5 V5 oo gl 5l plaS7 yo a8 o )l> BI,S 55 cglate M atutin Jise Y5 45 Canline oyl
SRS a3 den (25,818 1 Suie o) ggite Jioeo Y8 ol plad 13 50 ol 4 it (435 L)
ol o 1y

:J8lo 03l lawgio dnols

In: average clique size = sum(sizes of cliques)/n _cliques
print (average clique_ size)
Out: 8
In: maximum clique sets = [set(x) for x in maximu cliques]
In: print(maximum clique sets)
Out:
[set([0, 322, 67, 200, 9, 170, 271, 323, 277, 186, 56, 25, 26, 188,



(09l 625,10 L) (sloia] (beSus Jloss W

122, 21]1), set([O, 322, 67, 200, 9, 170, 271, 252, 277, 186, 56,
25, 26, 188, 122, 21]), set([O0, 322, 67, 200, 9, 170, 142, 271,
323, 277, 186, 56, 26, 188, 122, 21]),..]

Ole 33 48 1S ealitl ( Sbwgd L) bao )5 5l atws 4l 03,81 sl \L;amlf FIlONE Vi W1 P
aipdn o)l b Jaste V5 Lo a8 wusl anily sb 4 s Syiie doxiie | diuin b ded

:M)l.)

In: friends in all maximum cliques = list (reduce(lambda x, y:
x.intersection(y), maximum clique sets))
print (friends_in all maximum cliques)

Out: [0, 67, 200, 122, 271, 277, 56, 186, 26]

g oo 013 ity Jasme” V5 ded ;D 45 155 39y 5 A a5 Canl ol 4SS o idls L

i cups YT

Atilie s 5 R b o Cudd Gasite 0F K (luen s |(Sebs oy
PhoS g algulat oS fla Jb L dies oS 5l Slasgerms 0,5 K Siluen
Gl 05 dnbre ((gplpw) IS Cogar w5 e Spgar w2 Gl 1) Sl 2l xS e 2
2 &S > WS e 156 oS S (Siluan” 5y (w3 SloaSid gl g) oo o > Jlro
Sere ol STl gl b sl "BIS Sy (Sabss e Sitles (Wlaer aSid (sl ) LIS s
) ol 05 dpslors BN cladion 5yt s JEo b oloeSed 5 IS s 5

ol 5953 Yl ] ppnds 45 A o LS
I s oMb pasedie s 1§ Gl (gogo Jlns Yo sloia] sloaSils (sl (Sadp coys
@ pdye dlotel (i Jll B o cpl diten Cungd a6 L & sl pasd g

' Reduce Function
¥ Clustering Coefficient

" Multiple Cores
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Wiley Hlul g odd i Lilg oo
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In: nx.clustering(qg)

Out:

.6666666666666666,
.6666666666666666,
.0,
.5333333333333333,
.0,

.5,

.5,
.3333333333333333,
.0,

.0}

O o J o U o w N P O
o O O o O B O B o o

Ao |y BIS 3 0,5 o gl Sadss cops NetworkX abuls” 5l nx.clustering b
oS sl 555 e dnyd 01l Wil yide 0,5 Ky Sadsd cayd e H35 b S o

ol 4 3 YU Jlail b ooty dgmg (sline 4
SIS lp |y " Sass colps ke &S oS |ysl 1, nx.average_clustering() b sl

In: nx.average clustering(qg)
Out: 0.5199999999999999
¥ Ji

iolo R a8 sl 0)5 yb (Sades o polie dpwlone

In: nx.clustering(graph)

' Cliquishness
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Out:
{u'QUESADA, JOE': 1.0,
u'ZEITGEIST II/AXEL CL': 1.0,
u'LOGA II': 0.7040169133192389,
u'PIECEMEAL/GILBERT BE': 0.8768873403019745,
u'BENWAY, DR.': 0.954248366013072,
u'FRIEDLANDER, SHARON': 0.5136507936507937,
u'DREAMING CELESTIAL/T': 0.7282282282282282,
u'MODRED THE MYSTIC': 0.37714776632302405,
u'THOMAS, DR. STAN': 0.9636363636363636,
u'FIREWALL/THEARY/MIN ': 0.6688251618871416,
u'DR. FAUSTUS': 0.6133333333333333,..]

:J?Quf Ayubnods*ﬁ U§¢$95 gg)2>La»§@ QJ?Sl
In: nx.average clustering(graph)

Out: 0.7746541217110626

SBS S e o 05 Sy oy ) (Sais cuyd plsie 955> et Al
tosS oo 0ol 5 Oyaody dhawgio (gauddss @bl s 5 oS ] Sl

In: ego net = nx.ego graph(graph, "QUESADA, JOE")

In: len (ego_net)

Out: 40

In: nx.average clustering(ego net)

OQut: 1.0

Gluon Fr on) Cawl 0)5 Fr b glasis (¢l)ls Joe Quesada yaseis S o odalie &S jghilen
oS oy |y ol (dore aSl dolo Sl G qsg (Sadsd copd 1 Lol (5

In: nx.clustering(ego net)

Out:
{"QUESADA, JOE': 1.0, u'ZURI': 1.0, u'GLADIATOR/MELVIN POT': 1.0,
u'SMITH, KEVIN': 1.0, u'OKOYE': 1.0, u'RALF': 1.0, u'PALMIOTTI,
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JIMMY': 1.0, u'BLAKE, BECKY': 1.0, u'MYSTERIO/QUENTIN BEC': 1.0,
u'WATSON-PARKER, MARY ': 1.0, u'SPIDER-MAN/PETER PAR': 1.0,
u'MCKENZIE, LYDIA': 1.0, u'LAMY, KELLY': 1.0, u'URICH, BEN': 1.0,
u"BLACK PANTHER/T'CHAL": 1.0, u'MR. FANTASTIC/REED R': 1.0,
u'THING/BENJAMIN J. GR': 1.0, u'QUINN, ASHLEY': 1.0, u'CAPTAIN
AMERICA': 1.0, u'MALICE V/NAKIA': 1.0, u'NELSON, CANDACE': 1.0,
U'MARTINEZ, ALITHA': 1.0, u'BUTCH': 1.0, u'EIGHTBALL': 1.0,
u'DAREDEVIL/MATT MURDO': 1.0, u'ROSS, EVERETT KENNET': 1.0,
u'POTTER, BETSY BEATTY': 1.0, u'BLACK WIDOW/NATASHA ': 1.0,
u'EVERETT, BILL': 1.0, u'DAKESIAN, NANCI': 1.0, u'SHARPE,
ROSALINDE': 1.0, u'NELSON, FRANKLIN FOG': 1.0, u'MILLER, FRANK':
1.0, u'HUMAN TORCH/JOHNNY S': 1.0, u'OSBORN, LIZ ALLAN': 1.0, u'DR.
STRANGE/STEPHEN ': 1.0, u'DARLA': 1.0, u'INVISIBLE WOMAN/SUE ':
1.0, u'PAGE, KAREN': 1.0, u'LEE, STAN': 1.0}

Dy 1y "ails b aSs” g3 (lojd) 0,5 pa  bgspe | Sades oy duwlbe cubls (@l oyl
(=Y JS5) ol o dbls] @iy CC=Y pluS” ya a8 Llo o8 51 (slac goone lawss JOB Quesada

In: plt.figure(figsize=(30,30))
pos = nx.random_ layout (ego_net)

nx.draw_networkx (ego_net, pos, node size=3000, with labels=True)
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In: print(nx.info(graph))
Out: Name:
Type: DiGraph
Number of nodes: 15
Number of edges: 36
Average in degree: 2.4000
Average out degree: 2.4000
In: plt.figure(figsize=(8,8))
layout = nx.random layout (graph)
nx.draw _networkx(graph, layout, node color='r', node size=500,

alpha = 0.8

' Triadic Census Function
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In: print(nx.triadic_census(graph))
Out: {'201': 0, '021C': O, '021D':
'003': 221, '300': O,

"1110': 0, '030T':

36, 210" 0,
'012': 0, '021U': 198,
0, '120C': O,

'120U': 0, '030C':
'120D': 0, '102':
'111D': 0}
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In: nx.transitivity(graph)

Out: 0.19453974709267596

sl olazs] baSs Slassas I Sy " Sass elis S wsliS Lile 4 ], | SaoS
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In: nx.radius(graph)
Out: NetworkXError: Graph not connected: infinite path length

In: nx.diameter (graph)

Out: NetworkXError: Graph not connected: infinite path length

Bilo b ddlge G oSSt ol > sl ccanl (a2l L) uadie do BI,S 15 009 pudly doeis oyl
i85 (0 5100 ) Cogods |y SIS Jate

In: sub _graph = nx.connected component subgraphs (graph)

oS Sl e 0l )3 "l b aldge (055" 005 I sl @ S ke
In:
cur_graph = graph
if not nx.is connected(cur_graph) :
# get a list of unconnected networks

sub _graph = nx.connected component subgraphs (cur graph)

main graph = sub graph([0]

' Small-World Effect
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# find the largest network in that list
for sg in sub graph:
if len(sg.nodes()) > len(main graph.nodes()) :

main graph = sg
cur graph = main graph

505 ey mee @b <G nX.connected_component_subgraphs (graph) U
6 S e b 1 "GLS Ll Al K b ol ool (sied ol L) iate (clnadlge
In: len (graph)

Out: 6426

In: [len(s) for s in sub graph]

Out: [6408, 9, 7, 2]

In: print(nx. number connected components (graph) )

Out: 4
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' Connected Components
" Distribution of the Component Sizes

" Isolated Components
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In: [len(s) for s in nx.connected component subgraphs(graph) if len(s)
> 5]
Out: [6408, 9, 7]
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In:

In:

Out:

In:

Out:
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sub_graph = sub graph[0]

nx.diameter (sub_graph)

nx.radius (sub_graph)

22 sl ) e,S 5l cw d NX.connected_components (graph) &b sk osle 55 (som ]

S e syl G1,S adlge

o Aol (g palioS dinitin m il pABl (350 51 32)5 L) 635y 09 Jhme sl (1935

In:

Out:

In:

In:

Out:

In:

Out:

In:

Out:

355 s lSel sl adlge Sy 1 e SIS 4 Sloj 53 slhme (1l Auolixe 4SS )3 0,5 n ]

ecc = nx.eccentricity(sub_graph)

Y Jte

fb = nx.read edgelist("../facebook combined minimized.txt",

create using=nx.Graph (), nodetype=int)

nx.radius (fb)

3

nx.diameter (fb)

5

print(nx.info (fb))
Name:

Type: Graph

Number of nodes: 1820
Number of edges: 7846
Average degree: 8.6220
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In:

Out:

In:

Out:

In:

In:
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nx.number connected components (fb)
1

len (fb)
1820

sub graph = nx.connected component subgraphs (fb)

[len(s) for s in sub graph]

[1820]
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In:
import networkx as nx
def hierarchy pos (G, root, width=1., vert gap = 0.2, vert loc = O,
xcenter = 0.5 ):
def h recur (G, root, width=1l., vert gap = 0.2, vert loc = 0,
xcenter = 0.5,
pos = None, parent = None, parsed = [] ):
if (root not in parsed):

parsed.append (root)

if pos == None:

pos = {root: (xcenter,vert loc)}
else:

pos[root] = (xcenter, vert loc)
neighbors = G.neighbors (root)
if parent != None:

neighbors.remove (parent)
if len(neighbors) !=0:
dx = width/len (neighbors)
nextx = xcenter - width/2 - dx/2
for neighbor in neighbors:
nextx += dx
pos = h recur (G,neighbor, width = dx, vert gap =
vert gap, vert loc = vert loc-vert gap, xcenter=nextx, pos=pos,
parent = root, parsed = parsed)

return pos

return h recur (G, root, width=1., vert gap = 0.2, vert loc = O,

xcenter = 0.5)
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In
G=nx.Graph ()
G.add edges from([(1,2), (1,3), (1,4), (2,5, (2,6), (2,7), (3,8),
(3,9), (4,10), (5,11), «(5,12), (6,13), (6, 14), (7, 15, (7, 16), (8,
17), (8, 18), (9, 19), (9, 20), (10, 21), (10, 22)])
pos = hierarchy pos(G,1)
nx.draw (G, pos=pos, with labels=True, node_size= 500,
node color='orange')
Out:

' Vertical Location of Root

¥ Horizontal Location of the Root
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' Single Linkage
¥ Average Linkage
" Complete Linkage



VY 09,5 o 3 Julos 1 Juad

YU 2 ol 5l an adgs gl Cussy Gl gy 93 5l plgie |y ledads sunades
3,509y 9 2 &Sl 392y b (sl b (eialin) ml 4 YU o 33 g (S5 b (B5men)
5 ol odlatwl Hlre oy Cunl (S ciiS o oolaiw] (gabades ploul gly pl)T9,00 porbs
sl adly Sglize MolS gl (siuadsd aylys b
Do e ol €8> cabu gl Vb @ by 3,505, Sl ey (el 3 1S P b (Bgmen Y
4B)S a5 )3 adgd Sy plgin Bl 53 03l o @Bly 1) S (oo g9 )b 3jdke slaodls | piyeSl n
I8 (el 4s93) adgs oy Ll dan Sl b a8 o iy aoldl 5T )3 daasgs pleal b g (54 0
CudeS 5 900 Ol (Sl A by pledl GLSESS I (Sl eslinal L laades plésl S
\ &, . . . . LIRS .o he . .. . . e . &
Lgus ¢ d)tsdo’a.\ Lgus s‘_,’_i) Lgus .)1 Au)l{.c fl.cbl dw )' 6‘4:90) .)).Suo Syguo dgw Dbo]
N & ool 350y Wl adsh o lsim 0 o g b S Nam 5 adbiaes
@ ool giuisn gy omb & Y 3Sag) Sl Gy ol p il b edulae Y
LS5 Ldsd Sy L, 30 byl Taslemcd s sl K6 Tly b 59 e odlitl iSasS sloadlge
SBl adgs ol aoml @ Vb 2S5y (665,150 b g T sl &5 slae S ples g5l &S
. o L. .
P90 e Al po 1 )3 TADgE 05 9> 4 o
Y JW
Lol 51 a8 o 8 ool (slaodly I onlil b Jlo cpl p3 (o5l podluls (caddbed 459 muian Aolo
Sl @yl (wlye dludis (sldded (sl auiins (gjlwodly zun NEIWOrkX ailsols’ -eSb oS
" lug i L Lol 05,5 eunlss solitel SCIPY diws 5 dsnge (silpealuds (ciiades
(Y US) Canl i ani g [http://okomestudio.net/]

In:

' Sampled Linkage

¥ All-Pairs Linkage

" Centroid Linkage

" Tree-Like Structure
® Sub-Clusters

" Taro Sato
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import matplotlib.pyplot as plt
from scipy.cluster.hierarchy import dendrogram, linkage
from numpy import array

import numpy as np

mat = array([184, 222, 177, 2162,3 1,
45, 123, 128, 200,
129, 121, 203,
46, 83,
831)

dist mat = mat

linkage matrix = linkage(dist mat, 'single')

print linkage matrix

plt.figure (101)
plt.subplot(l, 2, 1)
plt.title("ascending")
dendrogram(linkage matrix,
color_threshold=1,
truncate mode='lastp',
labels=array(['a', 'b', 'c', 'd', 'e', 'f'l),
distance_sort='ascending')
plt.subplot(l, 2, 2)
plt.title ("descending")
dendrogram(linkage matrix,
color threshold=1,
truncate mode='lastp',
labels=array(['a', 'b', 'c', 'd', 'e', 'f'l),
distance sort='descending')
def make fake data():
amp = 1000.

x = []

for i in range (0, 10):
s = 20
x.append (np.random.normal (30, s))

y.append (np.random.normal (30, s))
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plt.

plt.
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i in range (0, 20):

s =2

x.append (np.random.normal (150, s))
y.append (np.random.normal (150, s))
i in range (0, 10):

s =5

x.append (np.random.normal (=20, s))
y.append (np.random.normal (50, s))
figure (1)

title('fake data')

scatter (x, vy)

d =[]
for i in range(len(x) - 1):
for j in range(i+l, len(x) -1):
d.append(np.sqrt (((x[1]1- x[J])**2 + (y[i]l-y[]])**2)))
return d
mat = make fake data()

plt.figure (102)

plt.title ("Three Clusters")

linkage matrix = linkage (mat, 'single')

print "three clusters"”

print linkage matrix

dendrogram(linkage matrix,

truncate mode='lastp',
color_threshold=1,

show leaf counts=True)

plt.show()
[[ 1. 2. 45. 2.]
[ 3. 4. 46. 2.]
[ 5. 7. 83. 3.]
[ 6. 8. 121. 5.]
[ 0. 9. 177. 6.1]

three clusters
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In: mat

Out: [45.245034231790527,
52.318030166215507,
62.669312651126731,
61.023428681366973,
44.312064158396517,
58.228649487002663,
74.700976436821762,
35.956497691214871,
33.423710737357311,
206.50594326367511,
206.46813737653895,
207.32596327946229,
210.9789592576071,
206.63628599779912,

' Distance Matrix
¥ Ascending

" Descending
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In: len (mat)

Out: 741
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In: G=nx.path graph(10)

nx.draw networkx (G)

Out:
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' Partition

v
Boolean Value
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In: partition = [[O,1]1,(2,3]1,1[4,5], [6, 71, [8, 911
M = nx.blockmodel (G,partition)
In: nx.draw networkx (M)

Out:

Sl Mo aSysb 4 oy 4o |y GlaSol Jae s s a5 5, dsng Cillasl ol ailizendss
(F-YY US5) wlod adgs Sol 93 Sl gy Mg

In: partition = [[0,1,2,3]1,1[4,5, 6, 7, 8, 911
M = nx.blockmodel (G,partition)
In: nx.draw networkx (M, node size=800)

Out:
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In: print(nx.info(G))
Out: Name:

Type: Graph

Number of nodes: 212

Number of edges: 284

Average degree: 2.6792
In: nx.draw _networkx(G)

Out:


https://networkx.github.io/
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In:
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#!/usr/bin/env python
# encoding: utf-8
Example of creating a block model using the blockmodel
function in
NX. Data used is the Hartford, CT drug users network:
@article{,
title = {Social Networks of Drug Users in {High-Risk} Sites:
Finding the Connections},
volume = {6},
shorttitle = {Social Networks of Drug Users in {High-Risk}
Sites},
{http://dx.doi.org/10.1023/A:1015457400897},
doi = {10.1023/A:1015457400897},

url

number = {2},

journal = {{AIDS} and Behavior},

author = {Margaret R. Weeks and Scott Clair and Stephen P.
Borgattiand Kim Radda and Jean J. Schensul},

month = jun,

year = {2002},
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pages = {193--206}
}

nuon

# Authors: Drew Conway <drew.conway@nyu.edu>, Aric Hagberg
<hagberg@lanl.gov>
from collections import defaultdict
import networkx as nx
import numpy
from scipy.cluster import hierarchy
from scipy.spatial import distance
import matplotlib.pyplot as plt
def create hc(G):
"""Creates hierarchical cluster of graph G from distance
matrix"""
path length=nx.all pairs shortest path length (G)
distances=numpy.zeros ((len(G),len(G)))
for u,p in path length.items():
for v,d in p.items () :
distances[u ] [v]=d
# Create hierarchical cluster
Y=distance.squareform(distances)
Z=hierarchy.complete(Y) # Creates HC using farthest
point
linkage
# This partition selection is arbitrary, for illustrive
purposes
membership=1list (hierarchy.fcluster(Z,t=1.15))
# Create collection of lists for blockmodel
partition=defaultdict (list)
for n,p in zip(list(range (len(G))) ,membership) :
partition[p] .append(n)
return list(partition.values())
if name == "' main_ ':

G=nx.read edgelist ("C:/Users/Zuhair/Desktop/
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hartford drug.edgelist")
# Extract largest connected component into graph H
H = next (nx.connected component subgraphs (G))
# Makes life easier to have consecutively labeled
integer nodes
H=nx.convert node labels to integers (H)
# Create parititions with hierarchical clustering
partitions=create hc (H)
# Build blockmodel graph
BM=nx.blockmodel (H,partitions)
# Draw original graph
pos=nx.spring layout (H,iterations=100)
fig=plt.figure(l,figsize=(6,10))
ax=fig.add subplot (222)
nx.draw (H, pos,with labels=False,node size=10)
plt.x1lim(0,1)
plt.ylim(0,1)
# Draw block model with weighted edges and nodes sized by
Number of internal nodes
node size=[BM.node[x]['nnodes']*10 for x in BM.nodes ()]
edge width=[(2*d['weight']) for (u,v,d) in
BM.edges (data=True) ]
# Set positions to mean of positions of internal nodes from
original graph
posBM={}
for n in BM:
xy=numpy.array([pos[u] for u in BM.node[n]['graph']])
posBM[n]=xy.mean (axis=0)
ax=fig.add subplot (666)
nx.draw (BM, posBM, node_ size=node size,width=edge width, =Fal
with labels se)
plt.x1lim(0,1)
plt.ylim(0,1)
plt.axis('off'")
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In: import networkx as nx
$matplotlib inline

import matplotlib.pyplot as plt

9 o oo NEWOrkX ilsulis” )3 39590 Karate Club 815 5l oalawwl b 1y 095 4 lawl )

oS oo Adlore 5] I g

In: g = nx.karate club graph()
nx.density (g)
Out: 0.13903743315508021

oS polona |y JIS Taome 5 il (p92re3,9) 4l 45 S, e ol

In: ego = nx.ego_graph(g, 8)
nx.density (ego)

Out: 0.6666666666666666

S &S (oS cuid aSls b awslie > ) JS > Karate Club oS cd o jouas oS jolaslon
G STk s (Sl JB g o750
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In: nx.density(graph)
Out: 0.00810031232553549
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In: nx.shortest path(g, 0, 8)

Out: [0, 8]

In: nx.shortest path length(g, 0, 8)
Out: 1

In: nx.average shortest path length(g)
Out: 2.408199643493761

Eccentricity ' Maximum

. Y
Extensiveness
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3 6l e o nlisS Cowpd a5 a0 0] L 4 NX.AII_pairs_shortest_path() b

:W 1) k_él)f )J O)f

In: print(nx.all pairs shortest path(g))

out: {0: {0: (O], 1: [O, 11, 2: (O, 2], 3: [O, 31, 4: [0, 4], 5: [0, 51,
6: [0, 6], 7: [O, 71, 8: [O, 8], 9: [O, 2, 9], 10: [O, 10], 11: [O,
111, 12: [O, 121, 13: [O, 131, 14: [0, 2, 32, 141, 15: [0, 2, 32,
5], 16: [0, 5, 161, 17: (O, 17], 18: [O, 2, 32, 18], 19: [0, 19],
20: [0, 2, 32, 201, 21: (O, 211, 22: [0, 2, 32, 221, 23: [0, 2, 32,
23], 24: [0, 31, 24], 25: [0, 31, 25], 26: [O, 8, 33, 26], 27: [O,
2, 271, 28: [0, 2, 28], 29: [0, 2, 32, 29],..}

oS I B1,S 50 e )5 plad g pold 0)5 S o |y W e (i ligST 0l g oo Cpimon

In: print(nx.all pairs shortest path(g) [1])

Out: {O0: [1, O], 1: [1], 2: [1, 2], 3: [1, 3], 4: [1, O, 4],
5}, 6: (1, O, 6}, 7: [1, 7], 8: [1, O, 8], 9: [1, 2, 9], 10: [1, O,
0}, 11: (1, O, 111, 12: [1, O, 12], 13: [1, 13], 14: [1, 2, 32,
141, 15: [1, 2, 32, 15], 16: [1, O, 5, 16], 17: [1, 17], 18: [1, 2,
32, 18], 19: [1, 19], 20: [1, 2, 32, 20], 21: [1, 21], 22: [1, 2,
32, 221, 23: (1, 2, 32, 23], 24: (1, 2, 27, 24, 25: [1, O, 31,
25], 26: [1, 13, 33, 26], 27: [1, 2, 27), 28: [1, 2, 28], 29: [1,
2, 32, 291, 30: [1, 30], 31: [1, O, 31], 32: [1, 2, 32], 33: [1,

5: [1, O,

0
2

13, 331}

5 Jlol 1y (b)) (slaoly oo S 1yj il e Sy (olun] (slaeSsd 53 SIS b dvulons
2 AS e SaS OleMbl Ll b sl egos Syd 4 b apeloe gy opl 5l g S 0 <l
gin b ol 2ol s iy Sled s oy ol camp Wl plos Loy (ledlS
390 9) (52,8 bl Luils)8 Wil e Wl &5 51559 Sll)S 55 S0 (ggw Sl )l SleMl
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¥ Normalized Graphs
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In:

Out:

Out:

By

In:

Out:

In:

Out:

In:

Out:
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nx.diameter (g)

5

print (nx.eccentricity(g))

{0: 3, 1: 3, 2: 3, 3: 3, 4. 4, 5: 4, 6: 4, 7: 4, 8: 3, 9: 4, 10: 4,
11: 4, 12: 4, 13: 3, 14: 5, 15: 5, 16: 5, 17: 4, 18: 5, 19: 3, 20:
5, 21: 4, 22: 5, 23: 5, 24: 4, 25: 4, 26: 5, 27: 4, 28: 4, 29: 5,
30: 4, 31: 3, 32: 4, 33: 4}

Sl 3,5 polde I (6,isSy S Packet NetworkX «sbsls” 1 nx.eccentricity () g,

Ak (6 puiSHd IS o )3 48T ST e Dl
:C~w')ijib)9¢q ;ﬂ)i )Eé Ay»tzn Ld)g)s;J d)
eccentricity = nx.eccentricity(g)
print (max (eccentricity.values()))
5
radius = nx.radius(9)
print (radius)
3

print (min (eccentricity.values()))

3

' Edge Weights
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In: und graph = graph.to undirected()
reciprocity =
float (nx.number of edges (und graph) /nx. number of edges (graph))
print (reciprocity)

OQut: 1.0
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" Islands

" Networks of Similarities
" Networks of Correlations
" Derived Network

® Multiple Lines

*Valued Network

¥ Line Multiplicity
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" Lazarsfeld and Merton

v Assortativity

¥ Person-to-Person Network

® Club-to-Club Network
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D uas NetworkX
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In: import networkx as nx
from networkx.algorithms import bipartite
In: B = nx.Graph()
B.add nodes_ from([1,2,3,4,5,6,7,8], bipartite=0)
B.add nodes from(['a', 'b','c','d','e'], bipartite=1l)
In: nx.draw _networkx (B, node color='y', node size=800)

Out:

' Suggested Friends

¥ Suggested Preferences
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In: B.add edges_from([(1,'a"), (1,'D"), (2,'D"), (2,'c'), (3,'c"),
(3,'d"), (4, 'd"), (4, 'e'), (5, 'd"), (5, 'e"), (6, 'd"), (7,
'd"), (8, 'e'), (8, 'a")l)

(V=5 JS8) o8 oy |y G5 el J

In: nx.draw networkx (B, node color='y', node size=800)

Out:
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In: Dbipartite.is bipartite(B)

Out: True

ty bl (aie) dined «83 opl LT ouiS (awy o e o5la] Jl>

In: nx.is connected(B)

Out: True

S oy 2 |y (o259 SBIS ol lao S degare sl Jlo

In: Dbipartite.sets(B)
Qut: ({'a', 'b', 'C', 'd'/ 'e'}/ {l/ 21 3/ 41 5/ 61 7/ 8})

In: Dbottom nodes, top nodes = bipartite.sets(B)
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list (bottom nodes)
Out: ['a', 'c', 'b', 'e', 'd']
In: 1list(top nodes)
Out: [1, 2, 3, 4, 5, 6, 7, 8]

ol i3 0,5 Sy wlely 45 315 3439 6,5 dsgemme 93 (33 )9] Cawds (gl (6,500 by,

In: top nodes = set(n for n,d in B.nodes(data=True) if
d['bipartite']==0)
bottom nodes = set(B) - top nodes

In: list(top nodes)

Out: [1, 2, 3, 4, 5, 6, 7, 8]

In: list (bottom nodes)

Out: ['a', 'c', 'b', 'e', 'd']

S oy ) SIS (JBe a0l

In: Dbipartite.density (B, nodes)
Out: 0.3333333333333333

sl 25 g GBS (500 31t Ll 335 93) 008, SR> dpslmo (2,

In: round(bipartite.density (B, bottom nodes), 2)
Out: 0.35

(V=Y JS8) oS Bl ]y Lol 51 (S 5T 38l oo (Bl e iz )1

In: B.remove edge(6,'d")
nx.is connected (B)
Out: False
In: nx.draw networkx (B, node color='y', node size=800)

Out:

' Rounded Density
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In: G = bipartite.projected graph (B, top nodes)

top_nodes sl 4 ao)S | dcgeme sl Jols 4l cpl )b U G s adb-S A

(V=A JS8) ouiS (wype |y SIS ol @l ) (B by 3L o

In: G.edges()

Out: [(1, 8), (1, 2), (2, 3), (3, 4), (3, 5, (3, 7), (4, 8), (4, 5),
(4, 7), (5, 8), (5, 7]

In: G.nodes ()

Out: [1, 2, 3, 4, 5, 6, 7, 8]

In: nx.draw networkx (G, node color='y', node size=800)

Out:
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In:

Out:

In:

Out:

In:

Out:
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(V-1 JS5) cool (bottom nodes) (5o acgazee 5l olao )5 Jolis adlo— S AL yuogd

G = bipartite.projected graph (B, bottom nodes)
G.nodes ()

[ta', 'c', 'b', 'e', 'd']

print (G.edges () )

[(ta', '©"), ('a', 'e"'), ('c¢', 'b"), ('c', 'd'),

nx.draw networkx (G, node color='y', node isze=800)
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In: B = nx.complete bipartite graph(3, 2)

In: nx.draw networkx (B, nx.random layout(B), node size = 800)

Out:
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In:

Out:

In:

Out:

In:

Out:

(‘“ ‘Y) b; AL o0 gblguuaﬁq—sb J.Als d‘; Y-y J&w
X=set ([0,1,2])
bipartite.density (B, X)
1.0
Y=set ([3,4])
bipartite.density (B, Y)
1.0

£ Jbe
il oo (V)Y JS5) (im0 dobas GBS Sy o Jlto gl o
randB = bipartite.random graph (15, 10, 0.5)

nx.draw networkx (randB, nx.random layout (randB), node size=800,

node color='magenta', edge color='orange')



Yoo S g )d Julod Y ad

@ @ ® ©
(10 Y +) 0,5 asgamo 93 by ouides g3 _cdobad 81,5 Y-V JSub

irled S (sl by Sl o (i g SIS G 4 VO S inles ) b Ve
(V=AY JSC3) mad plosil ol g9y 2 65 e

In: X, Y = bipartite.sets (randB)

position = dict ()

position.update( (n, (1, 1)) for i, n in enumerate(X) ) # put
nodes

from X at x=1

position.update( (n, (2, 1)) for i, n in enumerate(Y) ) # put
nodes

from Y at x=2

nx.draw (randB, pos=pos, with labels=True, node size=800,

node_color='magenta')

plt.show ()
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In: print(nx.info(randB))
Out: Name: fast gnp random graph(30,50,0.5)
Type: Graph
Number of nodes: 80
Number of edges: 726
Average degree: 18.1500

i b ol o g3 Ladlg (8L, 1l Ul S wyp ey ol

In: nx.is bipartite (randB)



Yov

Out:

In:

In:

Out:

Out:
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True

S (yp |y degeome 93 2 slao)S by Jb>
randB_top = set(n for n,d in randB.nodes(data=True) if
d['bipartite']==0)
randB_bottom = set(randB) - randB_ top
print (list (randB top))
(o, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29]
print (list (randB bottom))
[30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45,
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62,
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79]

oS 2095 (i o0 455 uatnn L1385 ousld ¢ 5 ) 095 (im0 dcgacme 93 Lo SISl
U opl oS oalatwl €0I0r() mb x50 &b S 51 oyl diaB < polaio pl (gl 08 i
°)§&)()¢.‘.‘.’3L5‘):’ b,&..olﬁk_{.i)‘.\ioBob% o;i)w&wdﬁw Mool (5SS S

In:

Out:

In:

In:

c = bipartite.color (randB)
print (c)

{0: 1, 1: 1, 2: 1, 3: 1, 4:
11: 1, 12: 1, 13: 1, 14: 1,
1, 21: 1, 22: 1, 23: 1, 24:
30: 0, 31: 0, 32: 0, 33: O,
0, 40: 0, 41: 0, 42: 0, 43:
49: 0, 50: 0, 51: 0, 52: O,
0, 59: 0, 60: 0, 61: 0, 62:
68: 0, 69: 0, 70: 0, 71: O,
0, 78: 0, 79: 0}

15:

1,

34:

0,

53:

0,

72

nx.set node attributes(randB,

:Am:uf

i, 6: 1, 7: 1, 8: 1, 9: 1, 10: 1,

l6: 1, 17: 1, 18: 1, 19: 1, 20:

1, 26: 1, 27: 1, 28: 1, 29: 1,

35: 0, 36: 0, 37: 0, 38: 0, 39:

0, 45: 0, 46: 0, 47: 0, 48: 0,

54: 0, 55: 0, 56: 0, 57: 0, 58:

0, 64: 0, 65: 0, 66: 0, 67: 0,

73: 0, 74: 0, 75: 0, 76: 0, 77:

'bipartite’',

print (randB.node[30] ['bipartite'])

c)

S syt 1y BoyS 5l (S5 09,5 A o]



(09l Ep5 ) L) (sloal sbrasud Jdod YoA

Out: 0
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! Information Diffusion

2 Viral Marketing

* Collaborative Filtering Systems
4 Emergency Management
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! Diffusion of Innovation
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Epidemics
® Herd Behavior
* Information Cascades
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Epidemiology
6 Ethnography
7 Sender
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Receiver
% Medium
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? Persuasion

3 Adopt the Innovation

4 .
Rumor Propagation

> Adopter

® Discontinuous Change

7 Intervention
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In: # NetworkX for network representation
import networkx as nx
#Some handy mathematical functions
import math
#Random numbers from numpy
import numpy as np
import numpy.random as rnd
#Important elements of matplotlib
import matplotlib.pyplot as plt
import matplotlib.colors as clr
import matplotlib.cm as cmx
#Plot all graphics in-line in the notebook
$matplotlib inline

In: SPREADING SUSCEPTIBLE = 'S'
SPREADING INFECTED = 'I'
SPREADING RECOVERED = 'R’

def spreading init( g ):
"""Tnitialise all node in the graph to be susceptible""".
for i in g.node.keys: ()
er.node[i] ['state'] = SPREADING SUSCEPTIBLE

In: def spreading seed( g« pSick ):
"""Inject a random proportion of nodes in the graph""".
for i in g.node.keys: ()

! Susceptible-Infected-Susceptible Model
2 Susceptible-Infected Model
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if (rnd.random() <= pSick):
er.node[i] ['state'] = SPREADING INFECTED
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In: def spreading make sir model ( pInfect. pRecover ):
"""Return an SIR model function for given infection and
recovery probabilities."""

# model (local rule) function
def model( g« 1 ):
if g.node[i] ['state'] == SPREADING INFECTED:
# infect susceptible neighbours with probability

pInfect
for m in g.neighbors(i):
if g.node[m] ['state'] == SPREADING SUSCEPTIBLE:
if rnd.random() <= pInfect:
g.node[m] ['state'] = SPREADING INFECTED

# recover with probability pRecover
if rnd.random() <= pRecover:
g.node[i] ['state'] = SPREADING RECOVERED
return model

il ) Jae @l S5 LS S @l ol oS e iy @b < g |y bl wul (eiS]
"&LJuf _ﬂoc‘gﬂ)f‘sbm)f uﬁhﬁ ﬁl)‘JJﬁ 903)5

In: def spreading step( g. model ):
"""Run a single step of the model over the graph."""
for i in g.node.keys():
model (g« 1)

Jlesl (paseie 1S5 olad S L) ()5S Ghig) Jde (ne o5 008 (o0 iyl (U (ppiznen
S

In: def spreading run( g. model. iter ):

"""Run a number of iterations of the model over the
graph."""

for i in xrange (iter):
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In:

In:

Out

Sloka ] aSius 3 (Ll A Jad

spreading step(g. model)

n = 1000
er = nx.erdos renyi graph(n. 0.01)

(A=Y JS5) oS oo oy 1y e )loe plodex 25l 1 onlazal b

fig = plt.figure(figsize=(10. 8))

# some visual styling for the figure
ax = fig.gcal()

ax.grid(False) # no grid

ax.get xaxis().set ticks([]) # no ticks on the axes
ax.get yaxis().set ticks([])

# run the spring layout algorithm over the network

pos = nx.spring layout (er. iterations = 50. k = 2/math.sqrt(n))

# draw the network using the computed positions for the nodes

nx.draw networkx edges(er. pos. width = 1. alpha = 0.4)
nx.draw networkx nodes(er. pos. node size=100. alpha = 1.
linewidths = 0.5)

plt.show ()

! Erdos-Renyi ER Model
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In: # initialise with 5% sick people
spreading init (er)
spreading seed(er. 0.05)

In: # SIR model with 30% infection rate and 10% recovery rate
model = spreading make sir model(0.3. 0.05)
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In: # run SIR model dynamics over the network
spreading run(er. model. 100)

In: infected = [ v for (v. attr) in er.nodes(data = True) if
attr['state'] == SPREADING RECOVERED ]
print float (len(infected)) / n

Out: 0.994
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name = input(“enter your name”)

() s iz Sl g () s S ks el

S oo palyd pydoc.help i eslatl b 1) s/ eS8 oo 4l 3550 5 5]y delp(<obj>)

o 23 29290 Slads)l S 3o 59l 45 WS ooy slodd (gjlucdye Cuwpd i (<OBj>) &b

s 31 (layyf S Rog W oo £9y0 7L &S 2l S Ry Al 4 a2 g b cul (B

1y Lol dir() 1 S’ oo olianl (o) b (Sig) 4o & Al Lo 4SSl Ko Lab okl LS 4

S5 o 5l ed dleld &

' Prior Compilation
¥ Bytecode

" Statements

" Float

® Complex

* Boolean

A4
Comments
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G p3Y W yusio 53 (gl (A8 bl b pMel s

» L Complex String dnt Dictionary List Tuple sSle) e3ld g5 o 45 Llg5 o puxito S
Ak A8l yanasy dbdls gl e ng WS oLl (6,0 (b

Topas g oo 03 Holaid] paie S 4 ke S &S olKid Dgd 0 ol Ly Sygo 4 sl
DS e Dope SS9 Spgear ol panass g

€5 Sl mds i S b olaisl b (Solw 4 )8 ol ey s 1) g9 Al o e
D5 (o g glita

S olaid] lojed jekay yuxie cpiis @ ]y sy ke S aad o 0jl] el

Sb ol psie plis a1y s b pais Gl (Ses e
dacl

ly 395 yolio il sod Ll &S Camline yl & (6l yends i |y Jgli s ool gy o e
XY FAFN0 OVYY Jlio lgin cdimd puss

=Y 5 oliel slael =Y oo dlael =Yl asle ¥ snl 40 dliel ol ond aidlo o3y £ dw
o250 5 (Blg il Cuound 90 Jolis &S Laliseo slac]

A SQIE(X) 5 pow(x,y) dog(x) €xp(x) abs(x) . float(x) dnt(x) : Jols Joliie (g3 milos

» .,..)

mystr = “This is a quick Python 3.x syntax guide.”

D)0 3929 50l > “Character” ool ¢4

o o] o3 andy S 4y it S (o) allioe ggm 4185 S Slusyigy 4 sl

' Immutable Objects
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€8 & ) B 8 olil 5y50 ole slaaid) ploin LIS ok 4 pbhais)
(39505 odlawl el (s920 Aelsd ) (type character) ¢ 51,18

D9 o ol andy ool Gl gl (“94L ) abaw o (%) Lbsd () S sl J&
SIS o Jos =Y ke 1 leml )3 g g oo g9 ¢ 5l (slatdy ((Sloumn il b) (sleuas L

Sy () wgiome (o sl (1) LSS Gl () gn sl (+) Jols cJghiie glacdy slaygil
A cwyac ) d‘)’. (ln) 9 03940 L)")"

WNigas d)lg Ailes o ‘(“\”) ool G SIS 51 eolasinl b ((JyS) 0509 (sla ST

tols Jolute (glaissy (slobo,

str.count(sub, beg=0, end=len(str)),
str.isalpha),

str.isdigit(),

str.lower(),

str.replace(old, new),

str.split(str = © ©),

str.strip(),
str.title(),
Jsb 0,5 g sl den(string) ¢ ausy G 4 X b sl Str(X) Jolds Jslite (slas, mlgs
Gl atdy S
Lo 48

Ol Al g S5l Wl Cunpd polie sl polie b eIl Cpe 09)5 Su Cunid
I3 5158 5500 Cun b (1903 3 |y (o ad
Mo loss jguazee 8Ty b g 005 lis Ll Lawgs 45 cansl (63,190 Jolds Cans 03

myList = [1, [2, 'three"], 4]
i3 i3 1y 5 (slagl Al e ecsiny St oy b LU Sl (0l (slagin g
) Ll S e Jae =) Jlie 51l 53 5 Kad e gopd ¢ 3l dmaidy diile uspd (sloeadli

S i Ll g Canyd g oo

' Mutable Objects
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Cond 5800 (55 clotontd ol o Al 4dly yolis loin |y oy (clogio pd ils o Lo o
Bl (6,500 (258 lag b Jols
(09) Cogae g () 1S5 (+) 1SS |([2] 9 [) oy 3 45)ke s pd Slidas
il 3 3,l90 Jold Joltio giwyod milgs
slicing ([ ] and [:]),
concatenation (+),
repetition (*),
membership (in),
Cal 335 3)lge Jold Jolite s pd (slosis,
list.append(obj),
list.insert(index, obj),
list.count(obj),
list.index(obj),
list.remove(obj),
list.sort(),
list.reverse(),

list.pop().

LU b kUi

3 o8 ol ino il & s ol P81 5 s bl i s (b S
(8,5 50 53 cl il o plsin Ol b bl ol e 1) o plgices 4 pMel )l o S
Sl S 35 0 )5 5 J313 53 5 Sig3e 1 () LS b 5l olet] (55l b S
Mo 25l 4l 3929 SIS, (9, csIlul (slodys

myTuple = (1, 'spam’, 4, 'U")
255 59y 4 5503 BB Sy @ jeiite S5 (S0me) el L g ) U S
030>z 5 Lot 28 4 Canns Lol ¢ Bolay lyuuss ply 55 Wodly 5l clblis g ying o (03105 Caps
g g0
P9 (oo (IN) Cugas g () 1S5 (+) )5 ([:] 9 1) o ol «hb Slidee
1= (17,) Mo 10l il (o) LIS b S5 e S b Jb K

' Immutable Ordered Sequence
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L i

L) o |y 295 polie Algr o &S At (6 S BB Ll el (olos yuiSod
polie & bgpa sl alS g5 Jals o5 it (ilopnys Jpi2) 'in Joi (ogi o i
polie g Aitwd audy b oslacl ’\fw a8 3l il oy go L alS s L5yl
ALl gl olgds < g e ATl e
LS | ezl 9 s ygamme ({1) 7 USS izeie 8Ty by oMST s Sy g 4y (6,iSed K
: o 95 o I (1) alaiigd codle S b ] Hlade 1 S ya g (o)
{'food"'spam’, 'taste": 'yum'}
D)5 e lS Sy g ([) 8Ty il oolinl b g oo 1) Lo yiutiSod joolie b))
il 1) 3)lge Jold zuly (5 uiSod sledy)
dict.keys(),
dict.values(),
dict.items(),
dict.get(key,
default = None),
dict.has_key(key),

dict.update(dict2),
dict.clear()

18 puiSed ) S5 sl

for key, value in a_dictionary.items(): print key, value
o

g oo 03latwl Aol (gl Gl S (gl a5 At (68 paenad Mied )8 lyle df cljle

Af Hgtwd (950 AslgB
[if expression: statement(s)],
[if expression: statement(s); else: statement(s)],

' Hash Table Type

¥ Curly Braces
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[if expressionl: statement(s); elif expression2: statement(s); else: statement(s)],
i iyl g i "DOOI" LMS ) Jgy shdl 'Lale 5 cay
el olidl (g)lade ©yg0 pl ) WS (0 B8 w3 |y (5 g o pE Mo b (il
o3 o Bl 1) (93)90 b g Sl puly

Waals

ol Olile 5l Sob 65,50 slyal a0l 3 il
Ol Canl Sen ¢ygnly jo fOr dals b o J1)SO polie I Canyed S L for adls for ads
s e il ansly 35 1) else o )lusl

[for x in X: print(“current letter is :”, X)]

widg bys o o cul Sloj b g baS I Sel G, ,Se sla! ol While ails while adls
1920 0asl8 295 1,3
[while condition: statement(s)]

b & o) Jooro Sygo du bo &S 395 0 12l (Jy00 o s €lSe (gLl iso while-else w)le
sl 25 s o (5376 0228 g gyl adls 51 ()8 ellas

while condition: statement(s); else: statement(s)
Sl a)ke Olygies cpliadls Jyus Shle b g g
0l o dils 5l koMl &5 Sle 4 1l g o glad il clyal &S 980 el Break
ol Jusl
D95 malaid a0 g Ay Cowd I ) 393 40145 syl cadls a5 395 o el :Continue
IS L ygiwd males od bol el LS 5550 (970 Llod l coylie G aS 24u 0 okl Sloj Pass
Do |yl
"i" & arange(i, j, K) :Jke oy S o g5 0, 1, ..., N-1] olsel 5 o pd :range(N)
il p5 K" g B by "] gy (i)

\
True and False

" Break
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Lde Cawypd S bl g 1SS e Madls" dlp o) SR 1 ool odlatul s ypd Sy
'd?DU DA.C[B L,u.d' 0.))5 D.)Lu} ‘) 095 )K CLM).Q‘B AS)D .LM‘
[ <expression> for <target>in <iterable> <condiction> ],

ol &lei

50 0158 355 o 1ya] Canlsd 3 Oyg 3 A sl lilis J) g, Mas Al K
def function_name(parameters): "function_docstring"; function_statements; return
[expression],

Mie ils S5y |y (gyladke g U ST s L3 3)90 U (295 &9 Wb (5 35 o5k &y
& P65 2% oSl S g |y ()53 b pb Slgices @b o 335 ail ) T Loy
(395 o0 pLol (63,8 wwgh ol (slailj o &S (6,8 aslar) bS50 1,
Dgus oo iy mb yiel)l g pU JLod & def culdS aalS 1 oolatwl b b G
&l =Y g 398 0 bl def S adds' L oS ‘Yﬁ)lf bwgi o (i yai @lei =) gl milgy glgil
aile (L yidhay @) odd Azl 151>

dir(),

len(),
abs(),

e o3lil gl el 3 (el 2913) OlesSl €55 Sl

Sgdien Jitie o S a4 @b & lislagS T 45 F3lo3 90 leslesS )]

g0 bolis yialyl 26 L1y LglegS )T lin gl 5 313 10 o oS logS)]

ity e el @l Ml 3 (25 Jie s> plegSil o o 5t sledlesS )]
Dyl 0gg b Slealyd > jlade gub a8 2 e oolaiwl Jloj

' None

¥ User-Defined Function
" Built-in Functions

f Argument

® Required Arguments

* Keyword Argument

" Default Arguments
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g g 03l cuamd plowl ¢ asiiol (Bl (53l wanlys o 4 loj ¢ yuite Jgbo (slalosS)]

Al 4wl Sliiwe (@l yo b ol jo wodlitul 350 milgs  colod S 39 o Ao gy
JB Cy e

s Boyb bl 4y (w0 B andgo ol pol pl canl gl 3 2 y0de S g0l LB
95 bl " it ol
29 0 0ol 5 Shibe o bl 03,55k (sl + BB 3,5 )

fileObject = open(file_name [, access_mode]][, buffering]),
Sl )lke S e (g pid (Slel
(ol b el bl S 0355k e T
ey b ly Bl S 03,55k e W
(938l ki (gl L S5 (55l caen A"
(rdg g ol Gl BB S Sk cae e
ol g b sl BB Sy 55k caa M W
Lol bl > bx sleodh o & by g ol Gl BB K S5k cqe M+ A"
WNigd o
syl cdls bl Sy o 85L e 0"
ey S odlizl  fileObject.close() 5 sl 5 LB K e gl T bbb K e
g0 03l Gloj hg) cpl Do Ty Bl (5 g uS o SL ) landgl wleMbl ya close()
D b & o5l )30 asliy oS
S oo wald le Bl 5yt sl ) (alieds) sl 08" gile ' bl Bis g b pb s
108" 13,5 )y gy o

' Variable-Length Arguments
¥ System-Independent Manner
" File Opening

¥ Closing a File

N NN
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99 ¢

os.rename(“‘old_name.txt”, “new_name txt”),

os.remove(file_name),
A8 oolawwl ¢ fileObject.read([count]) ;| wlgs o ¢ e G wles (<l :YJﬁlA S ol

ol Calises (glogo
Wlgd oo o)Ly 1y L plos mread() oo,
s o 1) 6 5l s S )b o creadline() (s,
Slgd o ly b 5l s pd S bglad plos readlines() i,
3l 3l a0 6 (4] i BB Sy 5, 4, pm WIItE() b, b6 o sy

U] Cag 20

¥

NameError,
TypeError,

IndexError,
KeyError,

oS g e el i iy o] j3 il b las gun 45 (Liiwl) €XCEPLION gt I o3l
Do Jolis JSlawl pa
g oo |yl dien iyl Iy jaws plodl 1 L8 wwoles o

kdgjte

S8 e sl bt 5 LS ls5 iy le5 Jolis o ol (5l o8 b b G ° Joile S
S S i |y bl 5 03,5 euimg S 1) baas b S o

' File Renaming and Deleting
" Reading a File

" Writing in a File

¥ Exceptions

® Module
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PSie sl oad aidg Ll sy bl 318 S Jsilo S clsine Sl (DY) gl BB
Do o Lyl s o)y
:Jle g 1al IMpOrt gy 1 eolatwl b silgs o legsle

import modulel,

module2,
module3,

WJlte sl €8 eslil Joslo Sy ol slasSg 005 35 sl ol sl 9t
from modulel import namel, name3, name3,
Meo 0395 o3kl Jgile Sy (slool plos (1,55l (sl Ll e IMpPOTrt * &Le
from modulel import *,

Yy

S o aseiie |y oIS Lsl 4 canl SleeS g jl (slasgarme LIS S

i Ly 5 (45505 st 5 (IS (sl pine) 031> (slitel Mo oo 35

ASalSin 45 358 cn oali (ilwadsl gy b oIS esile ¢ INIt_() gy oyl 2 ossile b,
g oo 131y g cnl gl g bl WS cpl jl e diges S

class class_name: class_body g MS” sl

objl = class_name() Ll alool

' Constructor Method
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NetworkX (90! i Cowga

allis 5 (lSao> bl sl 3 asio 3 S g sl b5 Sl ate Sy NetworkX
GShs b obaSus wioms sbaSils cuwl sazn el 0)Sles 5 sbg s le
L baSud wile odle slaaSid > o dien oleShy Lal s Jooopd (Sjdes
setiSly liy; Gloeois) igmen (HBly Sl 0 ol bl cuimd o gy (Balad glalages
i3 & ol JWel 5 mdigr Jlail soarlil (g)9 saSed sy sloauly] alhordg i)
Wlos Wy sl aSis S oo g 455 5 0,083 (6 5,b 1) el wle o NetworkX
ol Slawbro (gladio 1) Ky NEWOTKX .S o]l 1) dSs ¢ 03,5 sl |, 45s (cledute
Jusgl > 09 sl e den & bS ol (pagas Ll (gl I8l £y dswg I3l &
SIS FORTRAN 5 C ++ C wiibe 5l 5 e slidl) b Wl oo dlliS ol 1393 Y- -0
oS (gaSes 3 (35 pom0sS L) yymemosS colos b g uiSin 5 (6 yiSen K lsin Al oyl
S wile | pdpblusl o5y algi e oyS 398 o Tl sl o byl g WoyS 5 i
e il oyl g bl 0,5 15 Sy 5 BLT Ky ¢ XMLs o5 Sy cprgead Sy ¢ st 45,
&l 4 L) b GlologS )] polassl (shas & 155 09 odlitul 05 Sy lsin L5 (sl o
o g 1y (S5 g sy iy He) 5, Sy slezgs Slgiie Jb g 08 SIS
Jb sbosls b alehb @jge 4 Ly (18h pdiblusl L ads) o)l &5 hasye (gpuises
S &S ) (0ya8 5 Sloj symw yjg Mile) olgmdy sbaodls wislg o g Wigk oo 03l Linled (g,Lis]
Lol s Jlods] cditnds g pur 9310 Aiojls 45" S y5 wlido ;5 Jluo (¢l NetworkX as 31
5 el JTon) (Bly (sbid slaass Julos g 4505 (sl b3S ()l

S oo o3l 3,5kl GBS slaaz oSN 5V

" Hashable Object
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231> (ongs) e (3295 g oS B (slagod ] (lod S acgoona

ol Gl (g5 o9y 4 5 M Sl b Jole s (59 2 03litsl g i (4l
loaSes 5 T (bolas GldlS S GlidlS b ) il sloasls gl @)
ool Jloy] & e guas

S (o odlitl ()b wlie I Laosls (3,5 3)ls sl (gl (Ul

Slagod 3 GLS s 5 ilss ey SUKel 5 jlas BLS oauSals als Lols NetworkX
Cul 0 s 9 .pajek .graphml .gml .adjlist ..edgelist :xilo (gl

Ll al S8LS el byl b sl snts alb (S5 diey K st NetworkX
S 3lp A 5l 3580 0313 g2 5 (Sl 0dmn SLSESS sl S o0 w23 matplotlib
Wi ot (S o ol atun o] lp 68 bly G NetworkX) 34 eslazwl Graphviz
a5l YL 5 Python 3.0 sla aseus b jein NetworkX ,»  Sél)s

BI,5 gl
>>> Import networkx as nx # import library

:JU g 0)5 o ( JB BT sl
<<<G = nx.Graph() # create new simple undirected graphs
<<<EG = nx.empty_graph(100) # create an empty graph
<<<DG = nx.DiGraph # create a simple directed graphs
<<<MG = nx.MultiGraph() # create undirected with parallel edges
<<<MDG = nx.MultiDiGraph() # create directed with parallel edges
<<<CG = nx.complete_graph(10) # create a complete graph
<<<PG = nx.path_graph(5) # create a chain of nodes

<<<CBG = nx.complete_bipartite_graph(nl, n2) # create bipartite
<<<GG = nx.grid_graph([10, 10, 10, 10]) # arbitrary dimensional lattice

' Native

¥ Classic Graphs

" Random Graphs

¥ Synthetic Networks

<\
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1315 sl 3y 4 oliwd
>>> G.graph

e Og SIS 4 has
>>> G.to_undirected()

>>> G.to_directed()
1815 sldl g eyS 08 S

>>> G.to_directed()
o 5

1ol S 05 S 0,8 aslsl
>>> G.add_node(1)
oo )3 5l s yod (2,5 adls]
>>> G.add_nodes_from([3, 4, 5]) # takes any iterable collection
0,5 alwd N 0,8 a8l
>>> H = nx.path_graph(10)
>>> G.add_nodes_from(H)
10,5 S5 lgim «B1,S S 3,8 délsl
>>> G.add_node(H)

:l:ao)f Sy u.«.ulod
>>> G.number_of nodes()
18,8 slo )3 yinles
>>> G.nodes()
:Uao)f &‘9;‘ u'“’L""

>>> type(G.nodes()) # it will show class list
oo ,S dazxe (0] Gy
>>> nx.relabel_nodes(G, mapping, copy = True) # mapping new labels
oo ,S Cogie (ow)p
>>> G.has_node(1)
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el

il S o Ll
>>> G.add_edge(1, 2)
ol 5l (oo (35 8L
>>> G.add_edges_from([6, 7]) # automatically add those nodes
a1 Syl 0,8 Ll
<<<edge = (“a”, “b”)
>>> G.add_edge(*edge)

il Cogas )

>>> G.has_edge(“a”, “b”)
b Sl isled

>>> G.number_of_edges()
b S o

>>> G.remove_edge(1, 2)
b iy d Bl
>>> G.remove_edges_from([(1, 2), (3, 4)])
1SS sl iales
>>> G.edges()
iae b (oges (pblg>
>>> nx.read_format(“path/to/file.txt”,...options...)
il b caspd uilss
>>> el = nx.read_edgelist(“test.edges”, comments = “#”)
(6 51 oo g (s
>>>al =nx.read_adjlist(“test2.adj”)
1w yd (oges (yubys
>>> nx.write_format(g, “path/to/file.txt”,...options...)
1l Conpd by
>>> nx.write_edgelist(G, “newFile.edges”, comments = “#”, data = True)
Ll glgl iales
>>> type(G.edges()) # it will show class list
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S S5

SB s GLS skl
>>> DG = nx.DiGraph() # creates simple directed graphs
DG 4 Jlijy sl o5 LS|
>>> DG.add_weighted_edges_from([(1, 2, 2.7), (3, 1, 0.5)])
(29 4D dplne
>>> DG.out_degree()
bdasio ol 4 (>gy3 4o )d duwlre
>>> DG.out_degree(with_labels = True) # Boolean should be capitalized
:SUCCESSOIS youey b (g dpwloro
>>> DG.successors(1)
Predecessors ;v b 8 dusbxo
>>> DG.predecessors(1)
by Loty diwnleo
>>> DG.neighbors(1)
iae g SIS @ sl SIS has
>>> DG.to_undirected()

sraaswio &1,

(S 3g) aasuie (43,5 adlsl
>>> G = nx.Graph(day = “Wednesday”)
aasuieo (0,5 ja) 4
>>> G.graph[“day” ] = “Thursday”
oo ,S 4 dasuin (3,5 alsl
<<<G.add node(1, time = “Sam”) # attributes are optional
>>> (G.add_nodes_from([3], time = “2am”)
o 3 sladasuin cél ;s
>>> G.node[1]
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Ll & dasuin (0,8 adlsl
>>> G.add_edges from([(1, 2), (3, 4)], color = “blue”)
b sledasuie cél,
>>> G[1][2]
1ol dasine S Hlade il
>>> G[1][2][“color’]

PESTEL

S & s Jl oo 4Ll
<<<G.add_edge(1, 2, weight = 3.3)
>>> G.add_edge(3, 4, weight = 4.3)
1059 G905 42 dwlxe
>>> G.degree(1)
Hlaig 0,5 ) duwle
>>> (G.degree(1, weight = “weight™)
oS (sdad 4> ) duwbxe
>>> G.degree(weight = “weight”)

S ia SIS

Wl &l it
>>> MG = nx.MultiGraph()
MG Gl,S 4 b 5,8 2l
>>> MG.add_weighted_edges from([1, 2, 0.75), (1, 2, 1,25), (2, 3, 0.75)])
1Ol ) dpwle
>>> MG.degree(weight = “weight”)

Sa¥lS 1,5 ldas

<<<nx.subgraph(G, nbunch) # induce subgraph of G on nodes in
nbunch
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<<<hx.union(G1, G2) # graph union

<<<nx.disjoint_union(G1, G2) # graph union/all node are different

<<<nx.cartesian_product(G1, G2) # return Cartesian product graph

<<<hx.compose(G1, G2) # combine graphs identifying common nodes

<<<hx.complement(G) # graph complement

<<<hx.create_empty_graph(G) # return an empty copy of the same
graph class

<<<nhx.convert_to_undirected(G) # return an undirected copy of G
>>> nx.convert_to_directed(G) # return a directed copy of G

1S BoniS sy

# Using a call to one of the classic small graphs
>>> petersen = nx.petersen_graph()

>>> tutte = nx.tutte_graph()

>>> maze = nx.sedgewick_maze_graph()

>>> tet = nx.tetrahedral_graph()

# Using a (constructive) generator for a classic graph
>>> k 5 = nx.complete_graphs(10)

>>>k 3 5 =nx.complete_bipartite_graph(3, 5)
>>> parbell = nx.barbell_graph(15, 15)

>>> |ollipop = nx.lollipop_graph(5, 10)

# Using a stochastic graph generator

>>> er = nx.erdos_renyi_graph(50, 0.5)

>>> ws = nx.watts_strogatz_graph(20, 2, 0.5)
>>> ba = nx.barabasi_albert_graph(50, 5)

>>> red = nx.random_lobster(100, 0.9, 0.9

Sl aus Joloo

tasi o laadge b bossjlo (8L

>>> nx.connected_components(G)
0,5 42> (ol Bao)S' (13,8 5y

>>> sorted(nx.degree(G).values())
tuaSuie 0,5 4 ) duwlwe
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>>> G.degree(1)

>>> G.degree()

>>> nx.is_connected(G)

>>> nx.clustering(G)

>>> nx.clustering(G, with_labels = True)
>>> nx.clustering(G, 1)

>>> nx.shortest_path(G, 1, 3)

>>> nx.shortest_path_length(G, 3, 1)
>>> G.in_degree()

>>> G.out_degree()

<<<G.order()

<<<nx.number_of _nodes(G)
>>> |en(G)

<<<G.size()
>>> nx.number_of _edges(G)

>>> nx.diameter(G)

>>> nx.radius(G)

Liwgm Y ¢ Juad

1l 3 dod Ao

1S g Swed b hate ow)

S polyr (S o Al

0,5 (Sags cupd dwlxe

tuaSuie g ol 5)S  (Sades cups dule

05 93 (e (3 ymlgS (8L
10,5 93 Ot o (2 ymUgS Jobo (8L
G QIS (39)9 42 @i (b
G OIS (295 @2 @iy oL

:l.zzao)f Sl c\wl?bo

b Sl dpule

1S jlad sl

@S 3STpe o8l
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>>> nx.find_cores(G)

>>> nx.degree_centrality(G)

>>> nx.betweenness_centrality(G)

>>> nx.closeness_centrality(G)

>>> nx.eigenvector_centrality(G)

>>> import matplotlib.pyplot as plt # Can use GraphViz

>>> plt.clf()

>>> nx.draw(G)

>>> nx.draw_random(G)
>>> nx.draw_circular(G)
>>> nx.draw_spectral(G)

>>> plt.show() # to show the file

>>> plt.savefig(“myFig.png”) # save as png file

>>> plt.close()
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Bipartite

Block

Boundary

Centrality (package)
Clique

Cluster

Components (package)
Core

Cycles

Dag

Distance measures

Ow (package)

Isolates

Isomorphism (package)
Link analysis (package)
Matching

Mixing

MST

Operators

Shortest paths (package)
Smetric

Adjacency list
Multiline adjacency list
Edge list

GEXF

GML

Pickle

GraphML

LEDA

YAML
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m-Slice

m-Core

0SX

Word Clouds

Metadata

Super-Component

Hyperlinks

Methodological Tool
Computational Network Modeling Tool
Small-World Effect

Chain Effect

Effectiveness

Related Influence

Disjoint Union of Graphs

Disjoint Non-Overlapping Communities
Overlapping Communities

Socialise

Transition Probability Matrix (TPM)
Social Support Literature
Immediate Connections

Massa Communication

Email Communications

Face-to-Face Communications

1)

glad-m

AN

oSl ol |

als

ol )j

4y Jgé o35}l
kS

by, I3

S Sl g (55l Jra I3
SesS sbis Sl
o

Ll (5,135 31

lome sledlyS glo]
Oligren p frlate Clelaiz]
liggen cleloza]
PF el

JICR N

bl colas ol
daulgd L)

e bl

ol L)

oxz 4oz obls)



YA

(092l E x5, L) (sloial slrasud Jdod

Indirect Ties

Boolean Value

Cultural Values

Fitness of Block Models

Lazy Evaluation

Exceptions

Solely a Proposed Metaphor
Inference

Network Robustness and Vulnerability
Archival Records

Immutable Objects

Mutable Objects

Comments

Information Validity

Trustor

Mutual Trust

Horizon of Observability
Persuasion

Early Majority

Late Majority

Administrative Privileges

Expansion and Contraction of Communities

Free Vs. Fixed Choice
Information Diffusion
Diffusion of Innovation

Sign Shifting

Transferring of Non-Materials
Static Communities

Dynamic Communities

Link Communities
Information Fusion Communities
Isolation

Anthropology

Structural Cohesion
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Break sl
Mumps 929l
Edge Weights Jb o3l
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Keyword Argument sulS legSl
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Variable-Length Arguments wiie Job (slslegSl
Required Arguments 53590 (sleglegSl
Threshold of Exposure apelge il
Infected Mo by Ml o)l
Cohesive Group Analysis 295 plousl U]
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Depth-First Search (DFS) e (P i sl
Spectral Bisection Algorithm il (iBugd v 6]
Kruskal’s Algorithm BCMEPCIN]
Multilevel Algorithms awin sl Sl
Heuristic Algorithms St ygu (slpa X
Tie Patterns bl slagSl
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Voting Patterns SxSuly sl

Disassortative Mixing Pattern

Assortative Mixing Pattern

Assortativity

Social Tissue
Gangs
Bytecode

Partition
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Market Segmentation
Level-Structure Partitioning
Network Segmentation

Deterministic Compartmental Model

Graph Partitioning
Partitioning Electronic Circuits
Scale-Free

Curly Braces

Vector of Adoption Behavior
Stochastic Eigenvector Scoring
Min-Cut

Normalized Cuts

Custom Application
Specialized Applications
Closure

Closing a File

Backlinks

Bellman-Ford

Boolean

Exponentially

Modularity Optimization
Destabilizing

Directionless

Current-Flow Edge Betweenness

Geodesic Edge Betweenness

Random-Walk Edge Betweenness

Collaborative Filtering (CF)
Content-Based Filtering (CBF)
Rumor Propagation

Adopt the Innovation

Early Adopters
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Potential Adopters

Late Adopters

Adopter

Prussia

Opening Post

Built-in Support

Main Platforms
Connectors

Network Dynamics
Campaign

Descriptive SNA Applications
Explanative SNA Applications
Communication Messages
Finding Communities
Follow

Link Prediction

Proposals

Stable Configurations
Breadth-First Traversal (BFT)
Depth-First Traversal (DFT)
Graph Traversals
Preferential Attachment
Social Tie

Multiplex

Complete Linkage

Average Linkage

Centroid Linkage

Sampled Linkage

All-Pairs Linkage

Uniplex

Asymmetric Dyad Ties

Missing or Unobserved Links
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Ready-Made Function
Triadic Census Function
Sigmoid Function

Reduce Function

Discussion Forum

Complete Network Analyses
Link Analysis

Sociocentric Analysis
Triadic Analysis

Social Network Analysis
Visualize Data

Data Visualization

Event History Analysis
Dynamic Network Analysis
Sociometric Analysts
Transitivity

Matrix Transpose
Suggested Preferences
Merging and Splitting of Communities
Snapshot

Ecological Nnteractions
Between-Species Interaction
Within-Species Interaction
Social Interaction
Discontinuous Change

File Renaming and Deleting
Matrix Subtraction
Column-Row Intersection
Natural Divisions

Page Ranking Technique

Standard Analysis Techniques
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Incident

Social Contact
Completeness

Sparse

Diversity

User-Defined Function
Graph Generator Functions
Built-in Functions

Sequence of Relationships
Two-Dimensional Grid
Distribution of the Component Sizes
Power Law Distribution
Normal Distribution
Software Tool Development

Object Generator

Sociogram
Vertex-Separator
Divisive

Hash Table

Critical Mass

Flow of Influence
Islands

Box Plots

Matrix Addition
Data Collection in Social Networks
Five Star Movement

Hops

Conjoint Frameworks

Cyclic
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Cycle

Rounded Density
Multi-Paradigm
Node Multi-Membership
Multi-Participation
Multimode
Multiplexity

Line Multiplicity
Multiplicity
Polytree
Right-Skewed

Interactive Plotting Pane

Periphery of Nodes
Network Periphery
Long-Term Memory
State

Maximum Eccentricity
Privacy

Loop

Vitality

Micro

Retail Marketing

Web Crawlers

Measurement Error

Multiple Lines

Statistical Properties/Structural
Properties of Social Networks
Reading a File

Well-Connected
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Clustering

Hierarchical Clustering
Graph clustering
Elongated Clusters
Spherical Clusters
Irregular Clusters

Core Clusters

Sociometric Data
Demographic Data
Systematic Relational Data
Affiliation Data
String Seed
Granularity

Social Circle
Vocabulary
Dijkstra
Out-Degree
Average Degree
In-Degree

Core Number

Ratings Vs. Complete Rankings

Minimum Spanning Trees
Spanning Tree

Queries

Central Nervous Systems
Command

Feature-Based Classification
Information Accuracy
Kronecker Delta

Trail

Immutable Ordered Sequence
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Cosmopolitans
Bidirectional
Dichotomous
Dichotomic
Suggested Friends
Reciprocity
Bimodal Network
Dyad

Top Ten

Laggards

Stack

APIs

Stable Social Relationships
Binary Relationship
Reciprocated Relationship
One-Way Relationship
Vertices

Labeled Vertex
Cut-Vertex

Leaf Vertex

Sink

Long-Range Shortcuts
Link-Based Ranking
PageRank

Biomedical Events

Crawl

Medium

Growth of Population

Herd Behavior
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Relays

Graph Coloring
Relation

Silent Social Relations
Weak Relations
Longitudinal Relations
Compounding Relations
Cohesive Relations
Individual Evaluation
Social Psychology
Single-Linkage Method
Complete-Linkage Method

Average-Linkage Clustering Method

Constructor Method
Likelihood-Based Methods
Greedy Approach

Scalable Approach
Recovered

Opinion Leaders

Rooted

Interpreted Language

Ruby Programming Languages
Context

Chain-Like

Node-Value Pairs
Sub-Clusters

Complete Subnetwork

Dense Subgraphs

Giant Subgraph

Connected Maximal Induced Subgraph

Subgrouping
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Cohesive Subgroups

Community Structure
Construction of Knowledge Body
Tree-Like Structure

Relational Structure

Standard Data Structures
Clique-Like Structures

Role Structures

Man-Made Networks

SARS
Susceptible-Infected-Susceptible
Susceptible-Infected

Susceptible-Infected-Recover-Susceptible

Affinity

k-Core Construct

Social Compositions

Friend Recommender Systems
Rubella

Measles

Social Capital

Critical Level
Susceptible-Infected-Recovered
Hierarchy

Network Measures

Roster vs. Free Call

Ternary

Closed Triples

Complete Triad

Overlapped Triad

Triad

Unconnected Triads
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World Economic System
Special System of Reference
Yeast Two-Hybrid System
System-Independent Manner
Interconnected Systems
Recommendation Systems
Collaborative Filtering Systems

Signaling

Kart Index
Leicht-Holme-Newman Index
Hero Social Network

Social Communication Network
Valued Network

User-ltem Network
Club-to-Club Network
International Network s
Fabricated Twitter Network
Person-to-Person Network
Ego-Centered Network
Spatial Network

Global Technological Network

Heroic Network

Network of Comic Book Characters

Derived Network
Online Social Networks
Animal Social Networks
Citation Networks
Information Networks
Trust Networks
Biological Networks

Complex Networks
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Research Networks

Protein-Protein Interaction Networks

Interpersonal Contact Networks
Small-World Networks

Directed, Weighted, and Evolving Networks

Clusterable Networks
Two-Mode Networks
Tripartite Networks
Networks of Similarities
Food Webs
Technological Networks
Malicious Networks
Synthetic Networks
Power Grids

Affiliation Networks
Co-Citation Networks
Networks of Correlations
Coauthorship Networks
Co-Participation Networks
Corporate Networks
One-Mode Networks
Intensity

Startups

Radius

Upvote

Motif Count

Community Detection
Temporal Community Detection
Identity

Float

Passive Listener
Structural Intuition
Hashable Object
Object-Oriented
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Social Contagion

Ascending

Tensor Product of Graphs
Lexicographic Product of Graphs
Cartesian Product of Graphs
Strong Product of Graphs
Matrix Multiplication

Fast Matrix Multiplication
Jaccard Coefficient

Clustering Coefficient

Whole-Network Clustering Coefficient

Great Plague of London
Unsupervise Task
Adoption Categories
Supervised Classification

Lifetime of a Diffusion

Focal Actor
Statements
Dissimilarity

Light Members
Successive Snapshots
Depth of Search

Elementary Operations
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Graph Rewrite Operations
Basic Matrix Operations
Binary Operations

Matrix Operations

Unary Operations

Nonnetwork

Geodesic Distance

Damping Factor

Call

Biological Process

Network-Based Dynamic Process Models
Sender

Degeneracy of the Network
Fragmentation

Collapsed

Polio

Multidimensional Visualization Techniques
Ford-Fulkerson

List of Tuples of Nodes

Nodes’ Adjacency Lists

Adjacency List

Edge Lists

Portable
Information Reliability
Reachability

Person’s Reachability
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Marvel Universe Social Graph

Erdos-Renyi Graph
Standard Graph

k-Vertex-Connected Graph

kite-like graph

Barabasi-Albert Graph
Random-Lobster Graph

Multigraph
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Mathematical Graph ol Glys
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Grid-Based Graph S 81,5
Regular Graph plate W13
Ladder Graph ok Gl

Half-Edges, Loose Edges Graph
Watts-Strogatz Graph

Weakly and Strongly Connected Graph
Random Graphs

Bipartite Graphs

Biased Graph

Classic Graphs

Finite and Infinite Graphs
Lattices Graphs

Normalized Graphs

Distinct Groups

Activated

Single Broadcast Node
Long-Term Core Nodes

Alters

Eccentricity

Scholar-Scholar Citation Records
Extensiveness

Spread of Violence

Deployed Applications

Surfing the Web

Bottleneck

Receiver
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Stratification

Logarithm of the Order of the Network

Anchors

Skew-Symmetric Matrix

Image Matrix
Matrix Permutation
Column Matrix
Row Matrix

Null Matrix
Distance Matrix
Diagonal Matrix
Laplacian Matrix
Symmetric Matrix
Triangle Matrix
Adjacency Matrix
Square Matrix
Identity Matrix
Sociomatrix
Digraph Matrix
Module
Metabolic

Balanced

Completely Closed Triangles

Simple Adjacency

Python-Based Graph Toolkit

Object Set
Opposite Sets
Role Sets

Overlapping Cliques
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Aggregate Constraint
Social Constraints
Dyadic Constraint
Cognitive Limit
Motives

Maximal Clique
Maximum Clique
Cliquishness

Harvard Researchers
Complex
Intervention
Multistep Flow Model
Step Flow Model

Blockmodeling

Modeling Large-Scale Online Networks

Blockmodels

Graphical Models

Contagion Models
Continuous-Time Epidemic Models
Modularity

Emergency Management
Centers for Network Research
Manchester Anthropologists
Eigenvector Centrality
Centrality Degree
Betweenness Centrality
Centrality Closeness
Large-Scale Problems
Susceptible

Planarity

Path

Eulerian Paths

Neurological Pathways

Hamiltonian Paths
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NP-Complete

Traveling Salesman Problem
Thread

Trustee

Popularity

Equivalence Measure
Dominant Eigenvector
Outside Sources

Debate

Source of the Diffusion
Source and Destination of a Relationship
Diffusion Curve

Bell-Shaped Curves
First-Order Zone

Network Exposure

Position

Horizontal Location of the Root
Vertical Location of Root
Structural Positions of Nodes
Component

Connected Components
Isolated Component
Boundary Spanners
Eigencomposition
Intermediary

Average Shortest Path

Meso

Amount of Exposure

Hosts

Nontrivial
Antipathy
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Skewed

Navigation

Adoption Rate

Open Source Software
Nearest Neighbor
Descending

User-Level Installation
Monitoring User Behavior
Online Surveys

Structural Balance Theory
Actor-Network Theory
Signed Graph Theory
Individual Tipping Points
Endpoint

Fluctuation Points
Subversive Roles
Saturation Point

Tipping Point

Python Map

Symbols

Network Data Representation
Physical Representations
Scatter Plots

Link Sampling

Node Sampling
Respondent-Driven Sampling
Data Sampling

Chain Sampling

Snowball Sampling
Writing in a File
Semi-Periphery
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Affiliation

Joint Affiliation

Import Data

Social Networking Terminology
Brokerage

Mediate

Third Party

World Wide Web

Social Media Websites
Mediation

Ebola virus

Attributes or Identities of Nodes
Social Characteristics
Nontrivial Topological Features
Emergent Properties
Wikipedia

Correlated

Node’s Coreness
Multiple Cores
Network Core
Stochastic Equivalence
Structural Equivalence
Regular Equivalence
Network Connection
Overlapping Social Circles
Agglomerative

Direct Neighbors
Co-Membership
Homogeneous

Gene Co-Expression

Homophily
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Black Death Epidemic
Epidemics
Epidemiology

Norms

None

Reflexive Ties

Edges Between Community
Inter-Partition Edges

Back Edges

Discovery Edges

One Way

Uniform
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