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oython, networkx T4 7%} E

> J5 7Bt Dx@EfEET 27 G=(V, E) ThaE L=y
> Google Colaboratory Z &I L, python, networkx Z{#>

> FIAZAE (A
(1) google 7AIMMZAT AL, google drive NFEH)
Q) IFR1—TZDM I —TF7T)ZEMIZER
(3) 'Google Colaboratory | Z 3B/

> FIAZTE (2B B L)
(1) google 7AIMMZAT AL, google drive NFEH)
(2) I#FTRR 1 —T =Dt 1 —T Google Colaboratory |22 R

> T74 L& google drive ICHEIRTFSNS. —EERRLI=L, REILIEIE,
google drive RMD T 7 A )L [*** ipynb] Z 1B IRL T, BAKZENTES

> Jupyter Notebook EREFRIZEZ S
> networkx, matplotlib 2 & M pythonZ4 7 5'J (X default T{E R &E



oython, networkx T4 7%} E

> BMJ 57 G=(V,E)
> V={12,3.4,56} X|V=6
» E={(1,2),(1,3),(2,3),(2,4),(2,5),(3,4),(4,5),(4,6),(5,6)}  }|E|~10

© watplotlib inline f v oav Ll - bRTHS TR
import matplot|ib.pyplot as plt
import networkx as nx
G = nx.Graph() f Graph=r 23/ 2 b+ (EMEDZ 7)) OUERE
G.add nodes from([1,2,3,4,5,6]) § node (SEEZS) 1BA0
G.add_edges_from([(1,2),0(1,3),(2,3),(2,4),(2,5),(3,4),(3,5),(4,5),(4,6),(5,6)]) H# edze (FEEES) 1BHD

. draw (G) B Graph G Fdraw (@ED
Google colaboratory 0)
[3—F] RIZEEak .

éf nELH:II ;Ef-b E
BID=FARIEHT
t O— F?b\%?‘r‘c“hé

O—RDTFIZ
EITIHRDNRTIND |

:—P@‘F(:iﬁﬁ’?%b\ir‘éh?‘k, I5—XAY
T—UDH=n, ABRFLLHRA, I—FDREEST
| WAEZELTIEEST S. BELEA-0BESE
TFRE T (ELKHEESFETIDEYIRL)



oython, networkx T4 7% 1

[EE]

> 3

M0 57 G=(V,E) R L

o #matplotlib inline
import matplot!ib.pyplot as plt
import networkyx as nx
G = nx.Graph()
G.add _nodes from([1,2,3,4,5,6])
G-add edzes. FrombFOL 20, 03042 5800 2 4002 5 ¥ (34003550, (5] (4,51, 15 BT
ncol = [Tred”, " green”, "hlue™, "cvan™, "mazenta , vellow"] B EoDoMEERd O FILETEE
ecol = [Tred”,red”, "red”, "hlue™, "blue™, "hlue™, "green™, green”, green , green | # 10FDIFEOEEFRT D FILTEE
ne-draw(G, with_labels=True, node_color=ncol, edgze_colorzecol, node_size=1000, width=3)

nx.draw(G) DA T a3 & TE
with_labels=True ... & RDINJLEK IR
node_color=ncol ... RDBZncol DEIZFLTE
edge_color=ecol ... DB Zecol DB IZERTE
node_size=1000 ... | D44 X%1000IZE%5E
width=3 ... BRD KNS (1) Z3IZE&TE

AN NI NN




python, networkx T S 7% H|
> BRI ST G=(V,E) EHE LES

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) £852(2,1) BAHAD T, (1,2)[EMmMAEFRENS(Z




oython, networkx T4 7% 1

> 3

[

k[ 57 G=(V,E) DRI YF T ZiE
> \RIYTFT M={(1,6),(2,8), (3,5), (4,10), (7,9)} X|M|=5 FBOH

o dmatplatlib inline

import matplotlib.pyplot as plt
import networkx as nx
G = . Graph ()
G.add_nodes_from([1,7,3,4,5,6,7 1
Ge.add_edges_from([01,20, 00,30, 00,60, 00,60, 02,80, 02,40, (2,60, 02,7, (2,8), (3,50, (3,6),(3,7),

I (4,9),(4,10),(5,8),(5,9), (5,100, (6,7),(6,9), (7,93, (7,100, (8,9)1)

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

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

EEIHB+I—EIRALE
Y. 95L& FIR—TUDRER
D FIZF =72 [a—F] EEA B
(DT, ZIITNnZEEak.
[O—FIEEIEE IO LT KH
[/ L] TREN(AE) Al EE -




oython, networkx T4 7%} E

> 257 G=V,E)ZAToxUr%E

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),

nx.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())

ERR, BFRRFREMFLRT

2,9),(3,4),(3,5),(4,5),0(4,6),(5,6)])

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

( 51,
B Graph# 72/ 2 +OEEIEET
Jof Graphr Fz O b D[S ERT
f Graphet 7372 0 OISR E]IEFRT
B Graphet 737z O F D[E2 TR =R
J B Graphet iz O F O[] ERT
B Graph# 2/ 0 +DFRESIEET
4), (8, 2)]
b, (2, 8), (3, 4), (3,5), (4, 5), (4, 8), (5, 6)]

print( ) Bi%KIL, python DAFEX T, FEMRN O DELDZEMEICEKRTT S

Xprint() XOREFIZENNTLNSD THUF

v IZ (X, degrees: [(1,3), (2,5),..

JIETEH1DREDIT, H2DREHST, .

V BT OA—T—23> () THEN=-THIEXXEFEH T, TOFFE@IZEKT
vV BHOLDERTIAHEEIL a7 () TRYS
v BIZIE, nx.info(G) (X, 574 T xHG DIFER(6RMIIBDERYT 57)#MF

SLI-BEHREE@mICRT
LJELVDERR




python, networkx T S 7% H|
> RICEHDNH DT 57 (mRKEATYFUT) 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([(1,2,3),0(1,3,5),01,5,9),00,6,1),(2,3,2),(2,4,4),(2,5,68),.(2,7,7),(2,8,8),(3,5,9),(3,6,1),
(3,7,4),(4,5,2),(4,8,4),(4,9,9),{4,10,3),(5,8,7),(5,9.,8),(5,10,4),(6,7,2), (6,9,3),(¥,9,5),(7,10,5),(8,9,7) 1)
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
nx.draw_networkx_labels(G, pos) ¥ nodes labels
edge labels = nu.zet edze attributes(G, “weight™) #\5
nx.draw_networky_edge_labels (G, pos, edze_labels) # edzes weizht labels ; 2
plt.show() /‘hz?ﬂ’ 3 1
5
P
5 L '-'1




todense() I,

oython, networkx T4 7%} E B 751 Cld7<

11501295
)
- > > — - ~ B 4= =+ 4= A—
> SURA LT ST7DERMDL, BEITI/IZREITII DR F:
o dmatplotlib inline ,astype(int) ‘j:,
inport matelotlib.pyplot as plt + /=
import networkx as nx ?%%JL{T?”O)“E%
G = nx.fast_gnp_randon_graph(G,0.8) # random graph: n=6, p=0.8 ﬁ}i’lﬁ&(oo’ ]_O) —C“fd:<
Y = G.nod sl = —
L Gnoes ) 2 (0,1)FREEICT D
i = nx.adjacency_matrix(G).todense() ’— —
IM = nx.incidence matrix(G).todense().astvpelint) 1T§IJ€$KELT:L\%é[j:
print ("nodes: ™, ) .transpose()
print ("edges: 7, EJ = <
print (Tadjacency matrix: ¥n™, AM) %‘fr.l-ﬁa-g—;ha(ié: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), O, 4), (1, 8), (2, 3), (2, 4, (2, §), (3,

(mi1r1111]

(mo1r111]

(M1 o0111]

(t11011]

(T 11101]

(11 1110]]

incidence matrix:

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




[EE]

oython, networkx T4 7% 1
> BATEIUI LT STDERK

o amatplotlib inline
import matelotlib.pyplot as plt
import networkx as nx
import numpy as 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(G, pos, edge labels) # edzes weizght labels

plt.show()




[EE]

oython, networkx T4 7% 1

> ﬁﬁﬁ'l%*& ((X, y)fél'éﬁ-’,—f) o %EEE?EDELLE.L?:lEEWm as plt
{#%7‘ 570);_%—@ import networkyx 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

[ S EHI ITDER, ERIZHERTHIE

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

G = nx.fast _gnp _random _graph(7, 0.5) # Z -5 LIC5F 2% ERkL, GIC{LA

conplG = nx.conplement (G) B 952760 DTS 7EERML, conpllo{A
pos = nx.circular lavout (G) B SOBEEMERTEILICES L 472 FEETFICT S
plt.subplot(],2,1] f subplot(1,2,1) = 1iT 29 OIFEEBODNUE

nx.-draw(G, pos, with_lahels=True] B 9= 26 FifE

plt.subplot(1,2,2) B osubplot(1,2,2) = {7 25| DIEHOME
nx.draw (compG, pos, with_labels=True) # 87 S Pconpl #3i8EE




[

oython, networkx ’C“7\577a"’1:+F
> WY 57 EHERATI, THFARIZAILA

8
gg
Eﬂ:

a0 0 D g o0o-1 00000 0-100
[-l D 1 l 1=t o000 o0-1ro-1 0o o0 o0-10
(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 dmatplatlib inline

import matplotlib.pyplot as plt

inpaort netwarky as nx

import numpy as np

G = nx.fast_zgnp_random_graphdb, 0.6, directed="True’) #f = /4. '
pos = nx.circular lavout (&)

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

nx-draw (G, pos, with_lahels=True)
incifi = -nx.incidence_matrix(G, ariented=s
print (incid)
+ /= > — =J =
) o ) ) EHRITAEERY S7RICEKRE
f = open(Ttest txt™, "w7, encoding="Shift-JIS")
f.writelines(["Nodes set of zraph G:¥n¥ = 7, str(G.nodes()),
foeritelines([7|Y] = 7, striG.number of nodes()), "¥n"])
f
f

XK(-)BELGEWEBEEEHEITTS

numpy L FI| FB

writelines(["Edzes set of zraph Gi¥nE = 7, striG.edezes()),

awritelines([7|E| = 7, striG.number of edeges()), "¥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 ]

=AICEDFE ()N IS



oython, networkx T4 7%} E
> EFHLI-TX AR I 7AIL (test.txt) DFEFR

LB
J71I. EBE ET 1%?\ 90 h W=l AT 3T
= ,_)'_,T"-"‘r,]b |] x + J—F + FF2Z
R B © 7 @) dmatplatlib inline festixt X
2 import matplotlib.pyplot as — .
> import networkx as nx 1 Hn?es set of graph G:
(x) B import numpy as np 2y =10, 1, 2, 3, 4, 5]
» @ sample_data 3V = B
I testcsv G = nx.fast_enp_randaom_grap 4 Edges set of graph G:
B testixt : pos = nx-circular_lavout (6) | 7 E = L0, 10 A0, 40, 0 2), 1, a0, G, 4),
ny.draw(G, pos, with_labels B El = 21
incid = -nx.incidence matri T Incidence matrix of graph G:
. _— - gt =
KN —_ to{ iy
Oa—FERIZHS P 9001 10000000 0-1000
N - " e m - o111 1-10000-110-
—_— [ ] f = open(Ttest.txt™, "u7, &
THIVER—0%ED)9D oaritolinos([Wodss sat of | 11 [0 01 000 1 11017000 0-
— fowritelines([7|Y] = 7, str - -
@i%ﬂ‘éh%)jT’r)l/ f.wrltellnesi[Edgesa B fo-10o0-1000-1000-11
[00O0OODODO-T00O0-100TOD0DSTQ

BEZTIVI)YD far = Q

f.clogsel)

74l (test.txt) DN iR
BNRTEIND 3
744 (QDEHRT) H o
S A—K3E]

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




python, networkx T S 7% H|
> AT 57 EBEEITH, csvITAILADEZFHL

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

L, GIofEA

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

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

HIE$0(0.0,1.0) THK
B0, 1)XKEEICT S




python, networkx T S 7% H|

> EFH LTz csvI7 AL (test.csv) DIEER

L
7ML BE FTr BA T91L Wl AT 3T
Q, h G B <[] Ematplotlib inljpe /@:mr ) \
import matelotliy pyplat as p
() ; nport networkx g ny o0 0 1 0 0 1 0 1 1 1 0
b - Samme_data import numpy 45 np 0 3 1 0 1 3 0 3 1 3 , 3
impaort csw
& testesv 0 (1 (0o [1 [1 (1 [0 [1 [0 [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
o 1 1 1 1 0 1 0 1 0 0 1
@:—FO) 1ﬂ|“:%%) ary = meto_ gy array (G, di i 0 0 0 0 1 0 1 1 1 0 |1
. with open(’test cov’, *w’) as 0 11 11 o 11 1o 11 1o 11 lo [0 1
THILEFI—=D0%D')v9 writer = ooy yriter(f) e T T R o e e P
— triter-aritierovs ary) 1 11 0 0 0 1 0 1 0 1 0
®§§7§$m%}774”’ 1 11 1 1 0 0 0 0 1 0 0
ZEHERZTILI)Y 0 1 1 1 0 1 1 1 1 0 0 0
o 0 0 1 1 1 0 0 0 1 1 0
@3—|‘O)E1,E|“: CSV 1 1 0 1 1 0 1 1 1 1 1 0
+4 )L (test YDOH 1 (1 {1 [1 [1 o [1 [1 [0 [1 [1 [1
J est.csv 001 1 1 0 1 0 1 0 1 0 1
@hﬁiﬁ?éhé 1 /1 /1 1 0 1 0 0 0 1 1 1
e — o 0 1 1 0 1 1 0 1 1 1 0
T74IL% (QDEFT) H 0 |0 |1 [1 (1 |1 |1 |0 |0 [1 |1 |1
HA S O—KREA \Q 00 1 0 0 0 1 0 1 0

\




