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Types of Graphs

BRE

A NetworkX 4 %% JLIE, 77 #f 41

R

4R, RAANE; REFHEORE, ERN,
The present is theirs; the future, for which I really worked, is mine.
—— BERL4SHTRL (Nikola Tesla) | R AFZR . IS5 | 1856 ~ 1943

f_

networkx.balanced tree() BJEFEHKE
networkx.barbell graph () BIEM42EIE
networkx.binomial tree() BIEZXHE
networkx.bipartite.gnmk random graph() GIEMEHI=HE
networkx.bipartite layout () Z#HE%HE
networkx.circular layout() BEREHE
networkx.complete bipartite graph() BIEZEEZ/HE
networkx.complete graph() BIEZEE£E
networkx.complete multipartite graph() EIEZE£ZEE
networkx.cycle graph() BIEfEIRE

networkx.ladder graph() EI|E#FE

networkx.lollipop graph() GIEHEHEERE
networkx.multipartite layout() ZHEEHHE
networkx.path graph () BIEREEE

networkx.star graph() BIBEEAE

networkx.wheel graph() GIE#EE

A A A A A A A A A A A A A A A A
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ES

ABRUNXEENATJLIE, AZR A NetworkX T TREKFLEIHIEME HEEBREARN
BR. @ 1 &Em LA NetworkX 22 HIR9E . TEIEFATIIHIE F Eb &R BAJLFRE.

(a) networkx.barbell_graph() (b) networkx.wheel_graph() (c) networkx.star_graph()
(d) networkx.complete_graph() (e) networkx.complete_bipartite_graph() (f) networkx.cycle_graph()
(9) networkx.path_graph() (h) networkx.lollipop_graph() (i) networkx.ladder_graph()

N Ry

B 1. NetworkX o[fi{Lhy—LEE M E KA

=2

5e2[El (complete graph) RIEF— AR T /#E —FKILAE, BHRT —PeEENE, RE
W, MR—ALTEEFHNERIDRZEBEE—FE, BAXTERE—TEE.
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— M EEEERZL, RALNBETUBTAGFAHNARTE. IR—Z2EE MR, &
MHRNE (n-1) &b, BARXDEEENRER n(nh-1)2 &,
b, —ME 3N TRHEEE, EEE 3G -1R2=3%i, S—XWTREA—FiLEE.

2T A—ATERE, TR, XEEHELEE.

B 2. —dHxsHE

K5 14&5E 2, TEHIBHEBXEIED.

© F networkx.complete_graph() ¢l@=4ME.
(

(D= networkx.circular_layout() MENEGRANE, LR IFH,
e% networkx.draw_networkx() ##|=2E.
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import networkx as nx
import matplotlib.pyplot as plt

# forfg*, 44|91 x4 E
for num_nodes in range(2,11):

# AET2EMK
(a) G_i = nx.complete_graph(num_nodes)

# FHA R
(b pos_i = nx.circular_layout(G_1i)

# ML, EARRELE 3 * 3 FTEAR
plt.figure(figsize = (6,6))
(c) nx.draw_networkx(G_i,
pos = pos_i,
with_labels = False,

node_size = 28) Cg:)
plt.savefig(str(num_nodes) + '_%4 & .svg')

K75 1. wEEeE | ©BK6_Ch14_01.ipynb

3T ANZEEEARRADAERCHRSE, BARBTEI.

https://networkx.org/documentation/stable/auto _examples/drawing/plot_rainbow coloring.html

3. WEEEHEER
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FTY xR, BT URESENX EEERME (graph complement), HiEEBHET S, ®E
REERG, E2ERERNLESEXE—ETEERE, XHERMNBHFAEELIHE. B G HHECE
GHGC, m 4 RBFE. HE. TEE=FNMNXEK., B 5 T NetworkX i+ E H T L EFIENE.
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<

AN

SN

4

B 4. B #E. T2E=FXR, RERLNEN

¥
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B 5. A NetworkX it&EFH ¥k EFIHNE

#mm 2 22%E 5, TEEPEFEEL,

O/ random. sample () MEIiAAARIAS 1ist REEHIIHER 18 &3, EFE 9 A A%SE (36
i) hEHN—F.

O ssptnimme 18 KM,

©® F networkx.complement ()it EE G f*hE.

import networkx as nx
import matplotlib.pyplot as plt
import random

# tlEELHE
G = nx.complete_graph(9)
print(len(G.edges))

# FEALMIER — 2
edges_removed = random.sample(list(G.edges), 18)
G.remove_edges_from(edges_removed)

o]

# AFA R
pos = nx.circular_layout(G)

plt.figure(figsize = (6,6))
nx.draw_networkx(G,
pos = pos,
with_labels = False,
node_size = 28)
plt.savefig(' K .svg')

©® G_complement = nx.complement(G)
# 1E

# A E
plt.figure(figsize = (6,6))
nx.draw_networkx(G_complement,
pos = pos,
with_labels = False,
node_size = 28) Cg:)
plt.savefig('# A .svg")

R 2. LHEEMHE | @Bk6_Ch14_02.ipynb

LW AN 7
—nE

“xEEAF, Z45E (bipartite graph, biograph), iy —IRE, 28T LUEEIFRE TSRS AT
ERERTE, FRETHEXLEEE—NARFERNT S,
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BE)AE, MR—AXTEENTRESVIUEIABNTFREUNW, EEETHERKE (U, v) &
WEUBTU, VETW, HERIK BuETW, VETU, BARXRPERZ—ITZ0E.

B 6 A 4= BEHNGIT. A 6(a) A%, XELEENMALSEEETANEETRZ
B, B EHehRzEAFEETL B ZEDRZEth R FEEmdl.

B 6 (c) #l (d) WXWE—SENESELEARR, AXRELEHET, EFR—NEETAMNEET R
ZEEFE—FKiL. BNEXE-_sEMMTEE=2E.

TOEAESEKPREM. A o A%, EeRdMARETAE, RERTURRAEES, B0
RENESHLREXR.

@ (b) © (d)

B 6. 4" HE

5253l (complete bipartite graph) £ — > EEM L E#—F, UHBERTREWHERTRHEE
BREW——&ILAE. BR URERRIDRZEAHEE, WHRERRNDRZEHAEE.

# 32HE 7, HRMLERFNEE. TEIPIXEAM,

Ug V3
Us

V2
Uz
Ug \%1

B 7. A NetworkX &%/ E, FanREH S

Oum—rEE—HEEahHTA.,
Oum—pEE - aEathlHa,
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O m—45msh.

© i networkx.algorithms.is_bipartite() HEEEH"4HE.

Of networkx.bipartite_layout() REB_/SETAHE, BATEE—NTEES.

6 (c) # (d) AmETEEZH/EMTTIUE networkx.complete_bipartite_graph() €l
B, BARBTEIFEAXN R

import networkx as nx
import matplotlib.pyplot as plt
from networkx.algorithms import bipartite

G = nx.Graph()
# W =
() G.add_nodes_from(['u1','u2','u3"', 'ud'],
bipartite=0)

® G.add_nodes_from(['v1','v2','v3'],
bipartite=1)

# i

® G.add_edges_from([('ul', "v3"),
("ul', "v2"),
('ud', "vi"),
('u2', "vi"),
('u2', "v3"),
("3, Vi)
# AETE -2 H
@ bipartite.is_bipartite(G)
# M
® pos = nx.bipartite_layout(G,
['ur’,'u2",'u3’, 'u4'])
nx.draw_networkx(G, pos = pos, width = 2)
K 3. LHHE FHENBERD | ©Bk6_Ch14_63.ipynb

®/1g 4 22%E 8, TEIHEAEED.

eFH networkx.bipartite.gnmk_random_graph(6, 8,16, seed=88) 4 piEH_nE. H
B, 6 2T NEE—TETRE, 8REZFEDRE 16 A%, seed REMVIEMT.

@networkx.bipartite.sets(G)[@]E}l,‘:lj:'ﬁj\%’—%’;ﬁ*ﬁ,ﬁ 4 EIE,
networkx.bipartite.sets(G)[1] BRE -/ EE-_FETAES.

O i networkx.bipartite_layout() & —HEBSHR. z
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E 8. F NetworkX %I =K, MEHIER

import networkx as nx
import matplotlib.pyplot as plt
from networkx.algorithms import bipartite

® G = nx.bipartite.gnmk_random_graph(6, 8, 16,
seed=88)

# AELSE -2 HE
bipartite.is_bipartite(G)
# BEFTEFE1TE
® left = nx.bipartite.sets(G)[0]
# {@I 11 2' 3! 4’ 5}
# ER -4 B4R
® pos = nx.bipartite_layout(G, left)

# T CED
nx.draw_networkx(G, pos = pos, width = 2)

A 4. BHTHE BAER | O BK6_Ch14_e4.ipynb

R E T N — S REIZ S E (multi-partite graph); FF, EETHEMTE FRESS
] (complete multi-partite graph).

B 9 Fim A A NetworkX B 0B, AEHRE, XE—RE=0E. NERG=1 T RTFENTD
BEHPA 3. 6. 9, BERKBETTFS Bk6_Chl4_05.ipynb, FHiXEBLHIFESE, LHHMEHE.

B 10 i AZEHE, FENARDETARIER, BARBITFEIXNESM.
https://networkx.org/documentation/stable/auto _examples/drawing/plot _multipartite _graph.html

BAZER, B 10 FAZTFRRXMNENE.
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& 10. FNetworkX £%IHNZEHE

IEMIE]

xtFieE, IERE (regular graph) BIEEE RSN TR EHERNE. MR—NEZEUNH, B
ACHRAENE, FEEERRABRNENE. @ 11 FrA—HENE.

IENE T A5 A PR Ay
> IEMIE (regular graph): fRFATAE D RNEEER, BAXDERIRADENE,
» k-IEMIE (k-regular graph): INRAH TR EEE Kk, BAXANEHRA -EENE,
B 12 fron 3 F NetworkX 4 sl —HBEAIENIE, 1§AR 8175 > Bk6_Ch14_06.ipynb.
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12. A NetworkX 4 pf9KE#H1IE NE
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145 w

EXEEF, —M (ree) E—MEFRNLTINEBE . RAIEE, — N LEERE, HENHEEF
MERINTRZEFEE—MNEE FERRERN, B, MEE—ITRELR, #HIUFEETE
BEATR) .

WIEIRERE LA, IR KM E—MARARMD KR EEY S MARTEER. XD
WILEMETOFOHERE, BEYRRERDSE, MKEH (I domain) 2/\E5] (7,
species), XD ARFZHHTREREREYNZENEEZXR, NRENSOEMHLFIELLS.

ACCoDyum pory

Pyrobacutum aerophilym
. Nanoarchaeum equitans - - -

____ Leplospira interrogans 56601
___ Borrlia burgdorferi

-~ Treponema denticola
~ Treponema palldum

= Bifidobacterium longum
spigela flexneri 22301

-~
2224577 "OPheryma,
srigalafiexne’ e ~Stptony WhiDDlei Tyep
jaocol ~ Stre, '°8S Coslicojo,
ool Plomyces o
Esc\"e“w\ ot Cc Vermiti,
. h - teriyy
2 33 'm
o et
e ptn et s
o e tame,,
B ey,
2 oy,
RIS iy Rty 13032
ST ) ™t oy
@ n
e 5 bov
= Kz
e i
R o
§ SN
¢ s gy e, i
&

usem suapejeIn
uosseD SUBIVE

13. & apz ¥, B F kB wikimedia.org
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WETEVREMER DA ZA, BlInaEBIREMTIEARRRN. EEETIEARE DR
%, HHR ZEMHNE-—XNPRZEMHEM—HNERKEZE XESHEMNREFT-LEREFNMR, 77
BAFEMBIREWTER.

T—ZERLZNINEAW, FreEAENSREIEETHNRA,
& 14 TR AR ERIN.
15 & Fj networkx.balanced_tree() Sl A9 E &4, 1EAK B1T5 S Bk6_Chl14_07.ipynb,

16 2 A networkx.binomial_tree() I = X4, iEAXK BFT3¥ > Bk6_Ch14 08.ipynb,

B 14. AR ERR

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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440

7/

& 16. —X4t, F networkx.binomial_tree() €13

A PDF XA EHEM, KA EWA T ERF EBNLRFET, KBNS UE LA S H ALK SRS 5%,
R VAEERF HIREFTE, E2BA, FIREEA L.
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E[E (star graph) 182 T —FHEERAORS, mE 1748 —4H 7). Bk6_Chl4_09.ipynb 2HIm 17, EAR
BT,

KKK
R A R

E17. 2R

$%[E] (path graph) th o] IUE B —F4S5RA9H, E 18 44 —2H =%, Bk6_Chl4_10.ipynb 2%ImE 18, &
ARBFTFE,

NV
L G

18. &

HIIEE
(BHEER) NRIIEALE LK (Platonic solid), thI{IEZEA. EZEANEINELE, HYHIE
Z117 (regular polygons)., [ 19 s A A MERIE A, SIFIEPIEF (tetrahedron), IE7SEIA (cube).
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1EJ\EA (octahedron). IE-+_ME# (dodecahedron) F11E ——E4# (icosahedron), & 20 frr AR DIELE
HKRAGINFEERE.

(a) tetrahedron (b) cube (c) octahedron

A &

(d) dodecahedron (e) icosahedron

& B5

19. ANEZEE, EAkB (BFEER)

AN T

& v & BT
VAVAVAVAY

VVVVV

20 INEZEARABINFEER, BERkXE (HFEX)

AT EN AR AREE (Platonic graph) L2 TR E R HRNE.

B 21 R 7 AR E——IEPUME{AE (tetrahedral graph). IE7XEIAE (cubical graph). I1E/\ME{&
[E] (octahedral graph). IE+_ME{#E (dodecahedral graph) 11E ——+E{4&E] (icosahedral graph),

& 21 Pros 3 A NetworkX 2B EMER EIE, * 1 24 7 IE 2 EENEERHE.
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,
A K PDF >0 # T #: https://github.com/Visualize-ML
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(a) tetrahedral graph

(d) dodecahedral graph

(b) cubical graph

(e) icosahedral graph

21. F NetworkX £ If H/MAK EIE

% 1. e R E R

(c) octahedral graph

R EE TR E Sz TR ks
Tetrahedral graph Tetrahedron 4 6
Cubical graph Cube 8 12
Octahedral graph Octahedron 6 12
Dodecahedral graph Dodecahedron 20 30
Icosahedral graph Icosahedron 12 30

#_ 522%E 21, TEHIEH G XEIED,

eﬁﬁ networkx.tetrahedral_graph()fI&FMEAERE.
O m networkx.cubical_graph() SR EAEAE.
© A networkx.octahed ral_graph()gI2E/\E&XHE,

@ﬁﬁ networkx.dodecahedral_graph()gIB2IF+ _®E&E.

© & networkx. icosahed ral_graph()gIB2E-+HEEE.,

K PDF X A (e %45, RAFEMATEREEBHLRFET,

WAV FE R R F BRAAE, EABA, FIRAEEALL,
% B PDF Ut T #: https://github.com/Visualize-ML
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import networkx as nx
import matplotlib.pyplot as plt

# B R
def visualize_G(G,fig_name):
plt.figure(figsize = (6,6))
nx.draw_networkx(G,
pos = nx.spring_layout(G),
with_labels = False,
node_size = 28)
plt.savefig(fig_name + '.svg')

# ENEARE
® tetrahedral_graph = nx.tetrahedral_graph()

# "N
visualize_G(tetrahedral_graph,
'tetrahedral_graph')

# ExNmEhE
® cubical_graph = nx.cubical_graph()
# EN\EKRE
® octahedral_graph = nx.octahedral_graph()
# F+_HEEE
@ dodecahedral_graph = nx.dodecahedral_graph()
# E-t+mEkE
@® icosahedral_graph = nx.icosahedral_graph()
R 5. GEELHAMREEE | O BK6_Ch14_11.ipynb

FEL: EERREFREX

SF—MEEFEEEAERE, NRBRED S, EFEFDLAZX, XFEMEFERE (planar
graph) ,

MXAMIREER 21, X 5EBREERMUFHRAZTERE, B2, XL HuEE#SESFEE,
#FHEW, EMNET FEW (planar), EAZK BT 3] BK6_Chl4_12.ipynb,

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,
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