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oython, networkx T4 7%} E

> JI37RBIED®RERZT 57 G=(V,E) THREILI-L
> Google M Colaboratory ZFIFL, python, networkx Z{#

> A E(E)
(1) google 7HRZAT A4, google drive N5 E)
Q) T#HRI—TZD 1 —T771)ZBMN1%EER
(3) I'Google Colaboratory | Z31E /0

> FIRA7E (2B H L)
(1) google A RZAT A4, google drive N5 E)
(2) TR 1 —TZ D 1 — T Google Colaboratory ]2 E R

> 774 )LIE Google Drive IZRTF. —EAERL=5, 2EB M lE, google
drive ADIT7A )L [***ipynb] Z:EIRL T, FKIENTES

> Jupyter Notebook &EREFRIZEZ S

> networkx, matplotlib 2 & M pythonZ4 7 3') (L default T{FE A &E



python, networkx T S 7% H|

> 3

k[ 57 G=(V,E) HhE
> V={1,2,3,4,56} X|V|=6
» E={(1,2),(1,3),(2,3),(2,4),(2,5),(3,4),(4,5),(4,6),(5,6)} >I<|E|=1O

o wmatelotlib inline B v w07l /= FRTY95 2iEH
import matplotlib.pyplot as plt
import networkx: as nx
G = nx.Graph() B Graph=r 22/ 0+ CE@ES S 270 OFFRE
G.add nodes from([1,2,3,4,5,610  § node (SESD BAD
).

myc.draw (G) B Graph G Fdraw (HEED




oython, networkx T4 7%} E
> BE;MJ 57 G=(V,E) ZHEE LEER

o amatplotlib inline
import matplotlib.pyplot as plt
import networkx as nx
G = nx.Graph()
G.add _nodes from([1,2,3,4,5,6])
G.add_edges_from([(1,2),01,3),(2,30,(2,40,(2,50,(3,4), (3,5, (4,5]), (4,6), (5,6 ])
ncal = [Tred”,"green”, "blue™, "cvan”, ‘magenta”, "vellow"] B E DO omBEERd <0 IV ETEE
ecal = [Tred”,"red”, "red”, "blue™, "blue™, "blue™, "green”, "green”, green”, green” | § 0EOFEODEEFRT D FILVES
n-draw(G, with_labels=True, node_color=ncol, edgze_colorzecol, node_size=1000, width=3)

nx.draw(G) DA T3 & TE
with_labels=True ... & RDINJLEK R
node_color=ncol ... RDBZncol DEIZFLTE
edge_color=ecol ... DB Zecol DB IR TE
node_size=1000 ... | D44 X% 1000IZE%5E
width=3 ... BRD K E(1&)Z3IZE&TE

AN NI NN




python, networkx T S 7% H|
> BRY 57 G=(V,E) =B L&

o smatplotlib inline
inport matplotlib.pyplot as plt
import networkx as nx
G = nx.DiGraph() B Graphs 22/ 0+ CHMES S 70 OfFR
G.add_nodes_from([1,7,3,4,5,6])
G.add_edges_from([(1,2),02,1),01,3),(2,3),0(2,4),(2,5),(3,4),(3,5),(4,5), (4,6),(5,6)])
ncol = [red™,"zreen”, "hlue™,"cvan™, "nagenta”™, “vel low™]
ecol = [Tred”,"red”, "red”, "hlue™, "blue™, "blue”, "green”, "green”, green”, green’ ]
nx.draw(G, with_lahels=True, node_color=ncol, edge_colorzecol, node_size=1000, width=1)

G = nx.DiGraph() TERY 57 (BIZRELHD) F1ERK
XA%(1,2) £85(2,1) BAHAD T, (1,2)[EMmMAERENS(Z




python, networkx T S 7% H|

> EWT 5T G=(V,E) DERAIVFUJ EHEE
> MARYFUYT M={(1,6), (2,8), (3,5), (4,10), (7,9)}  ¥|M|=5 FED
o amatplot[ib inline

import matplotlib.pyplot as plt
import netwarkx as nx

G = nx.Graph()

G.add_nodes_from([1,2,3,4,5,6,7,8,9,10])
G-add_ﬂdgES_frDml:[“ ,E:I:“ ,3:';“ ,5:' ' “ ,Ei:lal:E,S:Isl:E,'q':lsl:E,E:Isl:E,?j ' EE,EJ:[S;E],EH:EJ: [3,?:':
(4,5),04,8),04,9),(4,100,(5,8),(5,9), (5,100, (6,7), (6,90, (7,8), (7,100, (8,9 1)

ecol = [Thlack™,"hlack™, "hlack™, " red™ . "black™, "black™, "black™, "hlack™, "red”,"red™, "hlack™, "hlack™,
“black™, "black™, "hlack™,"red” . "black™, "black™, "black™, "black™, "black™, "red”, "black™, "hlack™]

nx.draw (G, with_lahels=True, edgze color=ecol)




oython, networkx T4 7%} E

ERR, BFRRFRERFLRT

> 557 G=(V,EyATxUrEE

o amatplotlib inline
inport matplotlib.pyplot as plt
import networkx as nx
G = nx.DiGraph()
G.add nodes from([1,7,3,4,0,6])

G.add_edees_from([(1,20,(2,10,01,3),(2,3),(2,4),

. infolG))

G.nunber _of nodest)

print ("Info of Graph:”,
print (“number of nodes:”,
print ("nodes:”, G.nodes())
print (“degrees:”, G.degrea())

print ("number of edges:™, G.number_of edges()
print ("edges:”, G.edges())

2,0),(3,4),(3,58),(4,5), (4,6),(5,6)])
raph# 23/ = 2 + D[R] = F"

) raph= 25 2 D[ o#] = Fr

raph= 735 9 FD[SEE]=FT

raph= 227 2 F D [ESDRE =Fr

raph=t 237 2 D[R] R

[

raph=t 73/ 2 F D [EES|T*HFT

G
G
G
G
) HG
G

Info of Graph: DiGraph with 6 nodes and 11 edges

number of nodes: B

nodes: [1, 2, 3, 4, &, f]

degrees: [(1, 30, (2, 5), (3, 4), (4, 4), (5,
nunher of edzes: 11

edges: [Q1, 23, @1, 33, (2, 1), (2, 3), (2, 4

4), (68, 2)]

b, (2, 83, (3, 4), (3, 8), (4, 5), (4, 6], (5, B)]

print( ) BI#d, python DEHEX T, FEMAR ) DEDFEMEICEKRTRT S

Xprint() XOAEIZENNTLVHD THS
v BIZ(X, degrees: [(1,3), (2,5),..

JIEMB1DRHIT, H20D XA 5T,

V BT OF—T7—2a (" “VTHEN-EBRIEIXFS T, ZOFFE@EIZERT
vV BEDODLDERTTHIGEEIE, a7 () TRYS
v BIZIE, nx.info(G) (&£, 9574 T UG DER(6RIIBDERT Z7)H1E

SLI-EHRZEE@mICRT
LJELVDERR




python, networkx T S 7% H|

> RICEAD DD 7 (RREHAITVFT) DIEE

o matplatlib inline
import matplotlib.pyplot as plt
import netwarkx as nx

G = nx.Graph()

G.add_nodes_from([1.,2,3,4,5,6,7,8,9,10])
G.add_weighted_edges_from([(1,2,30,01,3,5),01,5,9),01,6,1),02,3,2),(2,4,4),(2,5,6),(2
(3,7,9),(4,5,2),(4,8,4),0(4,9,8),(4,10,3),(5,8,7),(5,9,8),(6,10,4),(6,7,2), (6,9
ecal = [] # colors of edges
for i in range(G.number_of _edges()):
ecal .append ("hlack™) B default color of edges: "hlack”
for i in [2,8,11,14]:
ecal [i] = “red” B colar of matching edges: “red”
Borint (ecal)
pos = nx.spring_layout (G) # positions for all nodes, spring=!%a

nx.draw_networkx_nodes(G, pos) # nodes
nx.draw_networky edges(G, pos, edege colorsecol) # edzes

r SN Y L D
), (7,9,5),(7,10,5),(8,9,7)])

nx.draw_networkx_labels(G, pos) ¥ nodes labels
edge labels = nu.zet edze attributes(G, “weight™)
nx.draw_networkyx_edze_labels(G, pos. edze_labels) # edezes weizht labels

Iy
plt.show() /‘hz?n: , =,
5 N
ﬁjj? \;m %
A
7 7




todense() I,

oython, networkx T4 7%} E B 751 ClE7<

11501295
)
- > > — - ~ B 4= =+ 4= A—
> SURA LT ST7DERMDL, BEITIIERITII DR F:
o dmatplotlib inline .astype(int) ‘j:,
inport matelotlib.pyplot as plt + /=
import networkx as nx ?%{f\)[,'f-fg”@ﬁgé
G = nx.fast_gnp_randon_graph(G,0.8) # random graph: n=6, p=0.8 ﬁ}i’lﬁ&(oo’ 10) —C“fd:<
Y = G.nod e = —
e B (0, 1) RETIZT D
i = nx.adjacency_matrix(G).todense() ’— —
IM = nx.incidence matrix(G).todense().astvpelint) 1T§IJ€$EELT:L\15TI%[3:
print ("nodes: ™, ) .transpose()
print ("edges: 7, EJ = S
print (Tadjacency matrix: ¥n™, AM) %1qﬁa—d—hlié:b\

print (Tincidence matrix: ¥n™, IM)
nx.draw_spring(G, with_labels=True])

nodes: [0, 1

I:I! 1
edeges: [0, 1)

adiacency matrix:

2, 3, 4, 8]
, (0, 2), (0, 3), (0, 4), (0, 58), (0, 2), (1, 3), 00, 4), (1,80, (2,3), (2, 4), (2, B), (3,

(mi1r1111]

(mo1r111]

(M1 o0111]

(t11011]

(T 11101]

(11 1110]]

incidence matrix:

(111 11000000000 0]
(moooori111000000]
[tooot1o000111000]
[otoonoi1o0010071710]
ootirooo01o010101]
[oooitooo0too10011]]




[E=]

oython, networkx T4 5 7% 1
> BEAMFETUA LT STDER

o wmatplotlib inline
import matplotlib.pyplot as plt
import networkx as nx
import numpy 25 np
G = nx.fast_znp_random_graph(10,0.6) # random zraph

for i,i in G.edges():
Geadi [iJ[i]["weight’] = np.random.randint (4, 10)

pos = nx.circular_lavout (G) # positions for all nodes
nx.draw_networky nodes(G, pos) # nodes

nk-draw_networkx_edzes(G, pos) # edzes

nx.draw_networky labels(G, pos) # nodes labels

edege_labels = nx.get _edege_attributes(G, “weight™)
nx.draw_networkyx edge labels(@, pos, edge labels) # edzes weizght labels

plt .show()




[E=]

oython, networkx T4 5 7% 1

> ﬁﬁﬁ'l%*& ((X, Y)@*gjé) ° %EEE?EDELLE.L?:lEEWm as plt
{T—I.%g‘ 570):_-&-@ import networkx as nx

B nodes [ name @ (x, w)]

pos = {

1 ¢ ( 141.34694, 43.08417 ),
2 [ 140.74, 40.82444 ),

47« ( 127.88111, 26.2125 ),
I

G = nx-Graph()
G.add nodes fromipos)
G.add_edges from{[(1, 20, (2, 1), (2, 33, (2, 5), (3, 20, (3, 4), (3, 5}, (:

nx.draw(G, pos, with_labels=True)




python, networkx T S 7% H|

> 3

o matplotlib inline
import matplotlib.pyplot as plt
import netwarkyx as nx

G = nx.fast_gnp _random _graph(7, 0.5)
conplG = nx.conplement (G)

pos = nx.circular lavout (G)

plt.subplot(],2,1]
nx-draw(G, pos, with_labels=True)

plt.subplot (1,2,2)

kAT ST ITNER, EAICHARTHIE

B =S L0 2FMEREL, GICHEA
B 9526 0TS 7EERML, conpGlITHA

P SOEESEETEICICAS L 72 FEEEICT &

B osubplot(1,2,1) = 197 28] DIEEOUE
S e ] R = ]

B subplot(1,2,2) = 197 25 DIEBDAUE

nx.draw (compG, pos, with_labels=True) # 87 S Pconpl #3i8EE




[

oython, networkx T4 5 7% 1

> BRE1Y 57 EERET, -‘rﬂex#gm)gz« ==

S
ok
tﬂ:

o o0oo0ooo0o0-1 00000 0D-1 00
-t 01 1 1t 1-1ro0 0 0-10-10000-10
(00100011 1T 1 0Oo00D0-10000-l
(00 O0-1TOO0O0O-1 00T 1 1 00-1 000D
[0t 0 O-1 0DO0DOQO-TDO0OO0O-1 1 11 1000
[0 0 OO0 DOO0-10O0O0ODO0DOD0DDOD-T 111

BRTS7%HEE

o matplatlib inline

import matplotlib.pyplot as plt

import networkyx as nx

import numpy as np

G = nx.fast_egnp_random_grapkdb, 0.6, directed="True’) #§ = 4. "
pos = nx.circular_layout (G) \
nx.draw(G, pos, with_labels=True)

incifi = -nx.incidence_matrix(G, ariented=s
print (incid)

B 4= 26 #E
J.todense().astypelint) § 3575

) o ) ) EEITHEERI Z7RIZETE
= openl test.txt™, "w”, encoding="Shift-JI5S")
writelines(["Nodes set of graph Gi¥nY = 7, str(G.nodes()),

f

f.

foritelines([7[%] = 7, striG.number of nodes()), "¥n"]) X(-]_H%L,fd:[,\tﬁﬁtfﬁ(:f;é
f.

f.

numpy L FI| B

writelines(["Edzes set of zraph G:¥nE = 7, striG.edzes()), "¥n"1)
writelines([7|E] = 7, stri{G.number of edzes()), "¥n"])
incif array = np.arrav(incif) <
f.writelines(["Incidence matrix of zraph G:¥nd = ¥n™, striincifi_array), "¥n"])
f.closel)

— O — O O O
et et e e ]

EAIZEDFS(—)IENT IS



oython, networkx T4 7%} E
> BEFHLI=TERNT7A4)L (test.txt) DFEER

LB
J71I. EBE ET 1%?\ 90 h W=l AT 3T
= j?a’f,’b |] x + Jd—F + 2k
IB E—-ﬂ (Al Q - o dnatplotlibh inline test.ixt %
2 import matplotlib.pyplot as — .
ry e 1 Hn?es set of graph G:
() I e sy =1[0,71, 2,3, 4,45]
» @ sample_data 3V = B
I testcsv G = nx.fast_enp_randaom_grap 4 Edges set of graph G:
[ testixt : pos = nx.circular_layout (G) ok = E[D’ . (@, 4, 0, 20, i, 30, 0, 4,
nx.draw(G, pos, with_lahels B El = 21
incid = -nx.incidence matri T Incidence matrix of graph G:
. _— - gt =
> — t[ Ig|:|
Da—KFOE/IZH S P 900110000000 0-1000
N - " e m - o111 1-10000-110-
—_ [ f = open(Ttest.txt™, "w7, e
THIVER—DED)ID oaritolinos([Wodss sat of | 11 [0 01 000 1 11017000 0-
— fowritelines([7|Y] = 7, str - -
@i%ﬂ‘éhéj?’r)l/ f.wrltellnesi[Edgeaa B fo-10o0-1000-1000-11
[00O0OODODO-T00O0-100TOD0DSTQ

BEZ TV far = Q

f.clogsel)

74l (test.txt) DN iR
BNRTEIND 3
74 IL%& (QDEFRT) H o
S5 A—K3HE]

o - Foeritelines([“Incidence ma
@a—FDARIZTFR




python, networkx T S 7% H|
> ;AT 57 EBEITH, csvITAILADEEFHL

o amatplotlib inline
import matplotlib.pyplot as plt
import networkx as nx
import numpy as np
import csw

L, GITfEA

G = nx.fast_gnp random _graph(Z0, 0.5)

nx.draw (G, with_lahels=True) i G “=iEmE numpy ;b*”ﬁ
ary = nx.to_numpy_array (G, divpe=int) TTHlE LRy (E= T3 < 0, 1588 25
with open(’test.csv™, "w’) as f: _
csV /\i%i&ﬂ writer = csv.writer(f) dtyp/e__lnt (j:’
= writer.writerowsary) Bﬁ?ﬁﬂ'?”@ﬂ_ﬁi&

HIE$0(0.0,1.0) THK
(0, 1)XKEEICTH




python, networkx T S 7% H|
> EFHLT= csvI7 A )L (test.csv) DFEES

s
7ML BE FTr BA TY1L Wl AT 3T

+3J—F + FF2Ak

= J7AIl O X Y TR
o B B W v 01 Smatelotlib inll g /@w - \
import matelotliy pyplat as p ’
() i mport networkx g ny 0o 000 1 0 0 1 0 1 1 1 0
b - Samme_data import numpy as Hp
NP — 0 0 1 0 1 1 0 1 1 1 1 1
B testcsy o (1 [0 [1 [1 [1 o [1 [o [1 [1 [1
G = nx.fast_znm random_graph( 1 0 1 0 1 1 0 0 1 0 1 1
n.draw (G, with |ahels=True) 0 (1 |1 |1 0 1 0 1 [0 (0 |1 |D
001 1 1 1 0 1 0 1 0 0 1
@:—FO) iﬁ\l“:%%) i = ”H't':,'—”““\w_arrayiﬁs dt 1 /0 0 0 0 (1 0 1 |1 |1 0 |1
. -~ with openCtest.cev’, v’y as | g 4 1 0 1 0 1 0 1 0 0 f
THILEFI—=D%7')vD writer = csy.yriter(f) e T T R o e e P
— A e rons ey) 1 1.1 0 0 0 1 0 1 0 1 0
®§§7{?$m6774}[’ 1 1.1 1 1 0 0 0 0 1 0 0
ZEHERZTILIV)Y 0 1 1 1 0 1 1 1 1 0 0 0
0o 0 0 1 1 1 0 0 0 1 1 0
@3—|‘0)E1,E|“: CSV 1 1 0 1 1 0 1 1 1 1 1 0
1 (1 (1 |1 [1 [0 [1 [1 [0 [1 [1 [1
74 ) (test.csv) DA 01 1 1 0 1 0 1 0 1 0 1
§h§i§ﬁ<éhé 1 /1 /1 1 0 1 0 0 0 1 1 1
e — 0 0 1 1 0 1 1 0 1 1 1 0
774 I8 (QDE ) H 0 [0 |1 (1 [1 (1 [1 [0 0 [1 [1 |1
SA S O—KRE A \Q 0 0 1 0 0 0 1 0 1 0

!
+

!
ﬁ
p

\




