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Directed Graphs

AmE

AT SRR SR A RS

O

BREANZ—ENE, TETECHE—TE BMAHG RG], EERERFAM.
No man is an island entire of itself; every man is a piece of the continent, a part of the main.
—— 295 XB& (John Donne) | FEFA | 1572 ~ 1631

_

Al

networkx.DiGraph () SIEZHEEERK, BTRTTRMEERBHARUHTEIR DT
networkx.draw_networkx () ATLHIEMNTRL, TRERENHFEETACENEFE L
networkx.draw_networkx_edge labels () AFHEETHMUHPLEDNGE, Bxi0 ENERINE
networkx.get edge attributes() ATH)BEFAMNFEEMENTH, HPEIZHNIRR, EENNNEHE
networkx.Graph () GIRZEMEERE, AFRITDRAMBAXRUHTEILDIT

networkx.MultiGraph () RIEANZEZMMNEEENE, TUFRFE—HNTRZENEZNIER
networkx.random_layout () ATERERMMEVGRE KHSEHREETE L BFIRLIT
ne{tz;;ﬁx.spring_layout() FRBERRNELEENTSABRETYE L, BUDRENEENNFNXR BTY
0

networkx.to numpy matrix() FATREZRTERA NunPy M, HEESETEMLERERERER

A A A A A A A A
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AEE: BEEE

BEL1PHNBEELH Go. ARERNMERRS: () HREV(Go), (2 ALK AGp). AL,
CothEEH|E M Go = (V, A).

F—&FRY, TEEFIAKICHEG), ERFedge; MAREHFRAKICH AGD), ELAMIEA
(directed edge) f95%4,; H™B, ARREIN (arc, E#tarcs), il arrows, K PMEFEA, BEBETH S
B FX . T4x o3k directed,

ac, (a,c)

bd, (b,d)

ElL4M0R, 5&EFELMNEEE

ARREENZEE BRER W MR —EEEE, BEAmE2fr,. R ZE 1898 @EL
X, MFEIEMEE] (unweighted directed graph); E2XIEEREEN, HWENEGMEE (weighted directed
graph),
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2. BREZNEHE EE

REATMEREXNRES, AEXAMABIIXELEE—HFNES, FAENEESXET T 76,
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MmE 1 i F @ E Go A, Gory =& V(Go) A:
V(G,)={a,b,c,d} €]

BEE Co P REMLEEFLTE.
Go YR Ei % A(Gop) 4!

A(Gy) = {ba,ch,bd, dc,ac} ={(b,a),(c,b),(b,d),(d,c),(a,c)} )
HTEL1PE GoRAEE, FTRbEHRamiba, AETHRaZ TR bidab,
H=ih ab & a ik (head), b IYEE (tail),
& 12 A NetworkX 22, TEBIHI®E 1.

© m networkx.DiGraph() flE— A=A EENRIE . EXALEF, BATTUFMNS S
s, #HITENEFEERI T,

O 5 add_nodes_from() 753k 4 MR, B4R, FHAI TN add_node () 55k n s —
Ta, XHMEEE—B.

O add_edges_from() Jrk@ERFM—AF L. 5EE, (‘a’, 'b ) FEF
('b',"a").

O m networkx.draw_networkx () 2415 HE, EAE directed_G. HTAMMEREE
pos . Fr3kks/hvarrowsize. FFEM K/ node_size,

B3R T I MEAREINEEE,

import matplotlib.pyplot as plt
import networkx as nx

©® directed_G = nx.DiGraph()
# 1A = E £

® directed_G.add_nodes_from(['a', 'b', 'c', 'd'])
# HmEATE

@® directed_G.add_edges_from([('b’
('c

# Win—HAHA

random_pos = nx.random_layout(directed_G, seed=188)
# REMAFT, RIESREEER -

pos = nx.spring_layout(directed_G, pos=random_pos)
# EREEAAEERHTIE T R
# ERTEZIEWNEREERAREHNS BA

plt.figure(figsize = (6,6))
(d]) nx.draw_networkx(directed_G, pos = pos,
arrowsize = 28,

node_size = 180) Cg:)
plt.savefig('G_D_41f & _5i .svg")
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R 1. FH NetworkX £#|xm@mE | qgka6_Ch12_01 .ipynb

a b

o0 ®o—>0o

a

o— >0 {

b c

a d

° ° ° i % I ] ° I
ot O .‘—[

b c

L XN A

B 3. ARSI B A E

Bt K

MEEE—, FEE GolT SEEMEE (order), ®H nFr, E1FRHNEEE Go WA 4
(n=4), hLEtEI% Go A 4HME.

MEEE—F, B GoaAmNEEMMERKI (size), EA mMFR, B1F/RNE GoIA/NA S5
(m=5),

BENYRD, A8 2 HEEEENN. AMNEEE. BARKMIEONO, wFamELs),
Fi has_edge() ¥IBHAREHFER, FEEIRAME.
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directed_G.order()
# EH

directed_G.number_of_nodes()
# EmT s

directed_G.nodes
# ZIHENT R

directed_G.size()
# EH AN

directed_G.edges
# 7B ER

directed_G.number_of_edges()
# Em K

® directed_G.has_edge('a’, 'b")
# AT REF Eab®F Mz

@® directed_G.has_edge('b', 'a")
# HAMELFEbaf M Cl‘;b

KRG 2. F NetworkX itEHEEHM. K/ | Cl'ngké_cmz_m.ipynb

HE. NE

MEEE—H, FEEEE— N NSE (degree) 5 ERENBMEE.

B2, ArREFETLESE, HMEXROAE (indegree), HFE (outdegree) XA M-S

EREEF, DRMNAEREREZTANLNEE, NEMTSEEZTANFELNETE.
MEEREMZTRHKLNEE, NZTREREMTSNEEENEE. X MESHETHIR
FEEPTANEEER AERNHENRNETHSNES,

tbin, fnE1Broc, B Go s akyEh 2, icfiideg, (a)=2.

mE GoRHmafIANEA L BF LIEFEL BN TS a 1Eifdeg (a)=1. EGoHTmaky
HEARL BFLIEFAEN B TR a icfideg, (a)=1. BA, TRafMABEMNHEZMAEER

deg,, (a)=degg, (a)+degs, (a) 3)

BN AEEXRE, NEZMEFTHEZM,
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ac, (a,c)

bd, (b,d)

dPmafiEAR2, NEAT, HEHRT

BEAMIF, EGohiia b N 3, 2l dege(a) = 3,
T Goth R b MAEN 1, B LEHEA N HED, 2 deg; (b)=1. E Goh¥abfy

HEER 2, BIF 2&BENBH HAb, icfdegs, (b)=2.
R, NEMBEZMAEL, B degg, (b)=degg, (b)+degs, (P) .

ac, (a,c)

bd, (b,d)

ES TRbAEHNS, ANERT WEAH2
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® directed_G.degree()
# EmWE

dict(directed_G.degree())

directed_G.in_degree()
# HEENNE

directed_G.out_degree()
# A E e E

directed_G.degree('a")
# T EamE

directed_G.in_degree('a')
# W HalWAE

@ 0 e o o

directed_G.out_degree('a')
# FEalHE

55 3. A NetworkX HEAEEME. NE. HE | cg]B|<6_Ch12_91-ipynb

ME: kR, T=

TEEF, SEHEDRHEE (neighbors) BN 5IZ TR EEEENHMT . HEkilE, MR
PN TRZEFE—FD, BAENHEAEE.

B2 #EHEEEYF, BEMEXNE T —RXE—BNTTE,

BT, MXFEEDTRNESANE. HE. B, R{TESEHRD I—ANELERE (incoming
neighbor, indegree neighbor). HESBE (outgoing neighbor, outdegree neighbor)

NEBE, TTINIEM B ES (predecessor), M FHmafisg, ANERERAERETR alNTHR,
R = b,

HESRE, T I3RS TR (successor), P afHENMERFTH R atgmMN TR, BH=c.

BARBIAM TS bHREEWL? NEBE. HERETFZHE?

Predecessor

b

c

Successor
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6. TR aMAEBE. BEDE

BEEIXAR, #B 4tEFRETS afithE. NEWRE. HESE.

© f networkx.all_neighbors () #BAME TSR a REMABE, BIENE. HE,
O si# M directed_G %55 a i neighbors () 753k REEFKEUE H EEARTE
OsifmE directed_G %4 a tha )M successors () FAkBE HELRE.
@Sﬁ’ﬁﬁﬂ directed_G %= a f predecessors() FEAFKEBEANESE.

©® list(nx.all_neighbors(directed_G, 'a'))
# TRapEAE

® 1list(directed_G.neighbors('a'))
# Tmamy (HE) 4E

@® list(directed_G.successors('a'))
# T EanyH AR E

@® list(directed_G.predecessors('a')) Ca:)
# THRamANELE

75 4. A NetworkX itEHEEMWME. NEHE. HEXRE | Cl'235k6_0h12_e1.1pynb

BESE: EiT8
ABHA BT T ENSE (multigraph), DAY FI— 5 5 2 BAFEEFATE (parallel edge),
Wi,

&7 P~ A A NetworkX H B R EE. TRaMbZEERFEERYL, TTRaflczEBERF
Hed.

7. BEzHE

AR PDF X 1B 848, XA EM AT Eia Easm¥ s, LMl E A% m 40 MR 4 k.
MR VAFE R R F WIRALFTE, E2BA, g REEHE L,

% B PDF Ut T #: https://github.com/Visualize-ML

KA EEMIBENINY L A B sk——4 2 DrGinger: https://space.bilibili.com/513194466

KMARMITIEH, AHE B4 jiang.visualize.ml@gmail.com



Page 10 | Chapter 12 B[ | Book 6 (EBIEEE) | EREH: MINEFEREN RS

wm s Em7, BARKNIRONOFmE., OANREE/A PAnETE L NLRE. O
FA networkx.draw_networkx() & B, 81 pos SEHE NG T = 44%R, FF connectionstyle 355 [6141%
AEE, FHIEEINE

import matplotlib.pyplot as plt
import networkx as nx

® directed_G = nx.MultiDiGraph()
# IR w L

® directed_G.add_nodes_from(['a"',
# A E AR

'd'])

o
(9]

® directed_G.add_edges_from([("

AN AN A A~
OO OT O O O'
000 QT T
e e e e e e

— = = = = o=

# Wim—EHEY

# ANBETEME
(d]) nodePolect = 0],
@]l
‘I]l
11}

plt.figure(figsize = (6,6))

() nx.draw_networkx(directed_G,
pos = nodePosDict,

arrowsize = 28,
connectionstyle="arc3, rad = 0.1",

node_size = 18@) Cg:)
plt.savefig('G_D_4Ti & _7# .svg')

K% 5. F NetworkX 2%15HLE | ®Bk6_0h12_92.ipynb

i =P RAI16 FXER

B 8P 16 MEJREM=7TH (triad). = nHAXBZRERIMAESHMMNEH, RETS
ZEHEEXR, BHRESHAREEN=TTH, =THH=ITREMN, l:ﬂ]ZlEﬂ??TﬁfEE’\Jﬁa‘%
R,

B 8, BN=THIBFEECHIFRS. HP, HSH=UHFIRFEE. ENR. SEZT
HO(BIWE. BE. FEED) (KE FERTAE, ABEEE (U, up). @TF (D, down).
&/ (C, cyclical) =Zif&&E (T, transitive),

EHEREMZINEN TR, N=TARNBIEETUSE:
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http://www.stats.ox.ac.uk/~snijders/Trans_Triads_ha.pdf

003 012 102 021D

021U 021C

111D 117U

2|

201

>
D I el

2>

B 8. 16 fh=JTAKR

K3 6 2Hlm 8, TEPIMHPXRIED,

OuEslx Hbhy16 M- THARSHTHE,

O m networkx.triad_graph() #HRE=TARSAEE.

eﬁﬁ networkx.draw_networkx() #4#|E, FHF =& nx.planar_layout()4 .
G’Fﬁ text () IEETFE#HM LEAIM=TTHARS. FS5H 15 pt, F4 K Roboto Light, KEE
X5,

AR PDF X AE# 5, RAEWATEREEBHLmFE,
WAV FE R R F BRAAE, EABA, FIRAEEALL,
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import networkx as nx
import matplotlib.pyplot as plt

# 165 = T H B 4 FF

list_triads = ('@03', '@12', '102', '021D',
‘e21U', 'e21C', '111D', '111U°,
'030T', '@3eC', '201', '120D',
‘12eU', '120C', '210', '300')

—

# A
fig, axes = plt.subplots(4, 4, figsize=(10, 10))

for triad_i, ax in zip(list_triads, axes.flatten()):
(b] G = nx.triad_graph(triad_i)
# REKRFQE=TH
# LH=x4d

r nx.draw_networkx(
o G,
ax=ax,

with_labels=False,
node_size=58,
arrowsize=20,
width=0.25,
pos=nx.planar_layout(G))

ax.set_xlim(val * 1.2 for val in ax.get_x1lim())
ax.set_ylim(val * 1.2 for val in ax.get_ylim())

# B = TH 4R
ax.text(0,0,triad_1i,
fontsize=15,
font = 'Roboto’,
fontweight="1ight",
horizontalalignment="center")

fig.tight_layout()
plt.savefig('16f =t4 .svg"') Ca:)
plt.show()

@

R 6. 4% 16 M=xA | ®Bk6_Ch12_83.ipynb

I BRAE=TtH, AADHSEAN4. EEXREEQENEET 40M=xd B&EWE 10 Fir.
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9. EhBEEET=T4H

() 030C (b) 111U

() 120C (d) 021U

10. AATIHEERED=TAHTE

A PDF XA EHEM, KA EWA T ERF EBNLRFET, KBNS UE LA S H ALK SRS 5%,
MR VAFE R R F WIRALFTE, E2BA, g REEHE L,
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#1m 7 22HE 9 | 10, THEEIFIE S XBIEG,

© F networkx.DiGraph() tlEHMEE.

O networkx.is_triad() #HKAEEEEHN=TA.

Oy for IR H A networkx.all_triads()#E G EELHE=THEFE.

O networkx.draw_networkx_nodes() #4#I=TAFEMNT =,

O F networkx.draw_networkx_edges() 2%=THFEMEEN. T—22E N2 O0H
O maim T .

import networkx as nx
import matplotlib.pyplot as plt

# AlEH mE

[ G = nx.DiGraph([(1, 2), (2, 3),

o (3, 1), (4, 3),

| (4, 1), (1. a1
pos = nx.spring_layout(G, seed = 68)
# AL

plt.figure(figsize=(8, 8))
nx.draw_networkx(G,
pos = pos,
with_labels = True)
plt.savefig(' A @A .svg")

# FIWGEL A = w4 triad
O nx.is_triad(G)

# FEAAAMCE = m4A T H

fig, axes = plt.subplots(2, 2,
figsize = (8,8))

axes = axes.flatten()
© for triad_i, ax_i in zip(nx.all_triads(G),axes):

nx.draw_networkx(G,

pos = pos,
ax = ax_1i,
width=0.25,

with_labels = False)

# %H = nH FHE

= nx.draw_networkx_nodes(G, nodelist = triad_i.nodes,
(d] node_color = 'r',
t ax = ax_i,

pos = pos)

nx.draw_networkx_edges(G, edgelist = triad_i.edges,
edge_color = 'r',
width=1,
ax = ax_1i,

I—

pos = pos)
ax_i.set_title(nx.triad_type(triad_i)) Ca:)
plt.savefig('# HAE +44 = T4 FHE .svg')
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KRG 7. IRER=TAHFE | @Bk6_0h12_94.ipynb

NetworkX gliEE

NetworkX o] DUBIE R EIEHRR A CIZE, RPEENBE I LPEIREERE.

E2IES
B 11 i ARSI REGECENETRE. BaE.

G (b)

1. BEFIRGUZNLEE. EEE

#m 8 22HE 11, TEIPNXERARIGEEELD,

Oumrix, sikTEATA THPE—IFHRTHS, EAFHEFLE. HTFEEHE,
iﬁ%ﬁn,m\ Z@,‘f—i%ﬁﬁlﬁo

O/ networkx. from_edgelist() MIIRZKBUBREEE, 5% HEET
create_using=nx.Graph() EEERMNEE A LTEE., HMBEHPHEETT|IE nx.DiGraph().
nx.MultiGraph(). nx.MultiDiGraph()%

e%lﬁﬁnetworkx spring_layout() HmRTAMNE.

@5FIFH networkx.draw_networkx() Z£%|Z@mE., 5% pos BHTSALAE, S
node_color IgET A, with_labels = True BrTa#R%, node_size IEET A K/N,

QFH networkx.from_edgelist() MFIREIECIZEB@E, create_using=nx.DiGraph()
FEEENKE AT EE,

O FRFIE networkx.draw_networkx () L%HAHHEE.

A PDF XA EHEM, KA EWA T ERF EBNLRFET, KBNS UE LA S H ALK SRS 5%,
WAV FE R R F BRAAE, EABA, FIRAEEALL,
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| EREH: MINERGEVAEES

import pandas as pd
import networkx as nx
import matplotlib.pyplot as plt

# flElist
" edgelist = [('b', 'a'),
© (‘b 'd'),
(1d', ),
("e', b7),
("a’, o))
# AT E
® G = nx.from_edgelist(edgelist,
create_using=nx.Graph())
# A

plt.figure(figsize = (6,6))

® pos = nx.spring_layout(G, seed = 88)
[ nx.draw_networkx(G,
o pos = pos,
node_color = '#0058FF"',
with_labels = True,
node_size = 188)
# QlEAEE
® Di_G = nx.from_edgelist(edgelist,
create_using=nx.DiGraph())
# AT
plt.figure(figsize = (6,6))
[ nx.draw_networkx(Di_G,
[ pos = pos,
node_color = '#0058FF',
with_labels = True, ng)
node_size = 188)

KT 8. FIBSIEMGENRE | O BK6_Ch12_05.ipynb

o

A 12 AR EIEM RN LR E. FrE. XWEEMAx L RNSED. X B8RS 4

5, #1279 HIRFIAL
51 edge_key ZiILHIEZFR, 2 45 weight 21AHIINE.

AR PDF X AE# 5, RAEWATEREEBHLmFE,
MR VAFE R R F WIRALFTE, E2BA, g REEHE L,
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(@) (b)

B 12, BEHEERMYROATEE. BaE

x1 AREEEE. FrENEED

source target edge_key weight
0 b a ba 1
1 b d bd 2
2 d o dc 3
3 c b cb 4
4 a c ac 5

#_1o 9LHE 12, TEHPPIE P EIEL,

© f pandas.DataFrame() GIE#IEM, 431, 517,

O F networkx. from_pandas_edgelist() MEIRMOIERLEE.

Sy source = "source"iEEIRANMG], 4 target = "target"iIEEL RN,
NFELEE, he. ERIFAEE,

S8 edge_key="edge_key"?‘éiiﬂﬁ’aﬁ%iﬁ&é’aE’\J@J, S edge_attr=["weight"] 8%
WHNE .,

Z# create_using=nx.Graph() HECEMNELEE.

©® F networkx. get_edge_attributes() 3 E@E G AN EELIBIFE.

@FH networkx.draw_networkx()4#H L&, KK o] IAZEiXEH networkx.draw() %%
B, o, APBESESNAHMEH TRE T E.

GFH networkx.draw_networkx_edge_labels () 7ZE& HiE&NiBHFr%,

@ F networkx. from_pandas_edgelist() MEIRMOIEEEE.
Z¥ create_using=nx.DiGraph() HWECIBMNELEE.,
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import pandas as pd

import networkx as nx

import numpy as np

import matplotlib.pyplot as plt
# G2 HHE

edges_df = pd.DataFrame({

"source': ['b", 'b', 'd', 'c', 'a'l,
"target': ['a', 'd', 'c', 'b', 'c'l],
"edge_key': ['ba', 'bd', 'dc', 'cb', 'ac'l,

I

'weight': [1, 2, 3, 4, 5]})

# AL

G = nx.from_pandas_edgelist(
edges_df,
source = "source",
target = "target",
edge_key="edge_key",
edge_attr=["weight"],
create_using=nx.Graph())

@

# AME
G_edge_labels = nx.get_edge_attributes(G, "weight")
# A

plt.figure(figsize = (6,6))

pos = nx.spring_layout(G, seed = 28)
[ nx.draw_networkx(G,
o pos = pos,
node_color = '#0058FF"',
with_labels = True,
node_size = 188)
® nx.draw_networkx_edge_labels(G, pos,

G_edge_labels)
plt.savefig(' LA .svg')

# AlEHHE
[ Di_G = nx.from_pandas_edgelist(
() edges_df,
source = "source",
target = "target",
edge_key="edge_key",
edge_attr=["weight"],
create_using=nx.DiGraph())
# ARE

Di_G_edge_labels =

# A
plt.figure(figsize = (6,6))
nx.draw_networkx(Di_G,

pos = pos,
node_color = '#0058FF"',
with_labels = True,
node_size = 188)

nx.draw_networkx_edge_labels(Di_G, pos,
Di_G_edge_labels)
plt.savefig(' # m A .svg")

nx.get_edge_attributes(Di_G, "weight")
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B 12 hENEFENEEELTUEENE, BEMNERE (weighted directed graph)., E 13 thER
M FhE——FGH T B (unweighted undirected graph). B FCIEE] (weighted undirected graph). FTTiEME
[&] (unweighted directed graph). B{E[@E] (weighted directed graph).,

EREEE. LA 6 EEFRATRE (unweighted graph);, HREEE. A EEEHRABNE
(weighted graph) .

Unweighted graph

Weighted graph

[
\
|
\
| a
\
|
|
} 10
|
= |
% } " ./ /
=D \
g |
© \ 20
o |
5 \
= |
=) } 30 c
|
| 40
|
d ! d
Unweighted undirected graph } ® Weighted undirected graph
|
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, e
|
|
} a
|
\
|
| 10
\
\
] \
[=)] |
2 :
8 ‘ 20
5 |
| 30 c
\
\
} 40
| d
d Unweighted directed graph } o Weighted directed graph
[
[
|
B 13. [hEEME
NumPy #¢H

NetworkX th A¥Fi@id NumPy HACIRLEE. BB, RARLHAELLHE M BN RAeEENTT
&, NumPy BAAMEM EE A FIRX"!
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a b cd
a 0110
b (1 0 1 1 4
c |1 101
d {01 10

BHEA AT 45 BENSTRERANTR, a0 b oo d BEMNSIIBRKIINTR, a0 b,
c. d. FEMEF I RERGFE—FKIL, 0RERAFEL. thwl, EHEFE LT B2ITEH]L KFKTR
a. bz [EfFE—%iA.

BR, (4) AXNTRIER, XREA, TEE—FBHAENinR T UB%RIE .

T EIER ARAER 11 (b) B EAIEER

ab cd
a (0010
b |1 0 0 1 (5)
c |01 00O
d [00 10

A 4N EEER S, 6)EREFSANL B 14&RRT 6) EETNEEEZEXR. BAXKET
A @A cb BN TE.

RHARE (5) XNEBEAXIR.

BEXEARXEABEIARBIXREN—IE—EREER, EEgEE!

i (4) 7 (5) Fr=AY4ERER B C 198 F—EPiE3ERE (adjacency matrix), X2 ABEXNENBNEE
NEZ—.

a d
a |0 0
b |1 0/0 1
c |0 0
d |0 0

o o T o

A\ O O O 9
P O O+ O
o O B O 9

o o T o

a b c di
a [0 01 O//
b (1 0 0@
c |01 00
d |[0010

B 14, BEREmkeEnEmE
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#2510 FF NumPy #5040 (4B#24E0%) ¢8R 1 hEXmEE. EEE, TEEEEFXBIEG,

© m numpy .array() BE NumPy $28, A7 BRI AREEARRE

O )/ networkx. from_numpy_array() RIBFEEMREAE BEEISH
create_using=nx.Graph {EEtIEZ @K,

O s s AT SiFSms ., TAESUAT SIREY 0 FaMIEREL,

Of networkx.relabel_nodes() EXI@EET=iRE,

O/ numpy .array() 6IE NumPy $28, A% @ ERAREAERE

@ %/ networkx. from_numpy_array() RIBSEEMREEE, BTEETSH
create_using=nx.DiGraph igECIEZHE@E.

@tb,ﬁﬁ networkx.relabel_nodes() EXE@EET SIRE,

import pandas as pd

import networkx as nx

import numpy as np

import matplotlib.pyplot as plt

matrix_G = np.array([[0,
[1,
[1,
[,

—O
_ A ® -
(e I e )
oozl

RN, JE G
—_— = -
~

# BT B AR R [

# FATEIE MR QI T W B

G = nx.from_numpy_array(matrix_G,
create_using=nx.Graph)

©

# BN RAAE

® nmapping = {6: "a", 1: "b", 2: "c", 3: "d"}
© G = nx.relabel_nodes(G, mapping)
 matrix_Di_G = np.array([[6, 6, 1, @],
(e} [1, 6, 8, 1],

[0, 1, 0, 0],

[e, 0, 1, 0]])

# ROCH | E AR AR I
# AR MR M A

@ Di_G = nx.from_numpy_array(matrix_Di_G,
create_using=nx.DiGraph)

#BRT AL Cg;)
O pic-= nx.relabel_nodes(Di_G, mapping)

R 16. FIFA NumPy #4 (WBIRFERE) UBE | ®Bk6_0h12_97-ipynb

AEURERFHFRREA T UABRMEERRFER 1M NENEEE. BEE, sgREhA
KUpEMERiREE 2 FENETEE. FEE? ERE5EHN!
&8 11 BT MEIRER 12 P ENERE. BEE, BARBTOITXERRE.

AR PDF X 1B 848, XA EM AT Eia Easm¥ s, LMl E A% m 40 MR 4 k.
WAV FE R R F BRAAE, EABA, FIRAEEALL,
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import pandas as pd

import networkx as nx

import numpy as np

import matplotlib.pyplot as plt

é; matrix_G = np.array([[6, 1, 5, @],
[1' @l 4' 2]l

L [5, 4, e, 3l,
[6, 2, 3, 0]])

# BT E AR AE I

# AT QI T W
G = nx.from_numpy_array(matrix_G,
create_using=nx.Graph)

©

# BHRT RARE

® mapping = {0: "a", 1: "b", 2: "c", 3: "d"}
©® G = nx.relabel_nodes(G, mapping)
 matrix_Di_G = np.array([[6, 6, 5, @],
© [1, 0, o, 2],

[0, 4, o, 0],

[e, 0, 3, 0]])

# FOCH 1 F AR R AE T
# RAPEEME QI ER W E

@ DiG = nx.from_numpy_array(matrix_Di_G,
create_using=nx.DiGraph)

# BT AL Ca:)
O piG = nx.relabel_nodes(Di_G, mapping)

KT 11. FUE NumPy B (ABIEAERE) MIEAME | BK6_Ch12_08.ipynb

AR, ATMpALEENEEEFFFEAXE. TEEPRRETE, BEERNH R
WARDERNE R, BEEFNLETE, BEERNDRANLERBNESMNLR.

T—Z% & 1R A NetworkX TTI{LE ,
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