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© /> 7 DEFE: Definition of graphs

© #k %7225 7 Various types of graphs

© Euler B ¥ Hamilton P
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inition of graphs

27 7 Graphs

o HEHFETIEA Y b7 —72 (networks) & H 15
o f VX —%v b
o b FOEMND
o 2L
o 1EEFIH
o HEDEN Y JTICHH

o PEf% (relations) %z ARk
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7' 7 DiEF: Definition of graphs

R DDA TR T T T « Fy T2

Various graphs in the real world

e SINET
https://www.sinet.ad.jp/aboutsinet

@ The Internet
https://www.opte.org/the-internet

o ANA F&HRIX
https://www.ana.co. jp/group/investors/irdata/
annual/pdf/16f/16_F_08.pdf
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7' 7 DiEF: Definition of graphs

72 7 DEF%: Definition of graphs

°o /7 =(V,E)
TE (vertex) DEE
o E: i (edge) DEA
e=(u,v): THR u & v ZH3
Hu & v Zilde DU & WD
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‘3%: Definition of graphs

ﬁﬁ? 7 AT T T

Directed and non-directed graphs

o fE[[] 22 7: non-directed graphs

o HIZAEDENT T T

0o 0:E—V xV: Ad bR\ DFH
e HIMZZ 7: directed graphs

o AIZMZDHEZ7 7

o OV E —V: th

e 07 E—V: &
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75 7 DEF: Definition of graphs

8+€0 = Vo

@+€2 = U

Ote, = vg
BRI FE AP

fi] 1.1:

V= {U0701,02,U3}

E - {607 €1,€2,€3, €4, 85}

8_60 =1 a+€1 = U1
8_62 = V3 8+e3 = V9
0 es = g O%es; = vy
D
€2
€o €1 €5
€3 :

=7

(%1

V2

7/25



¢: Definition of graphs

fi] 1.2:

V= {2)07711,@2,03}

E ={eg,e1,€e9,€3,€4}

860 == {’Uo, Ul} 861 == {’Uo,’UQ} 862 == {UQ,’Ug}
dey = {v1,v2} dey = {va,v3}

SR APS 8/25



7' 7 DiEF: Definition of graphs

72 7 DEF 2 : Definition of graphs 2

o THAIZHAE Lz EHRT 5
o [ 71Xt LT
0 §:V = 2F: THE»SHDOES
o AT 71T LT
o 6TV =2 THEZMM L T2HOES
0 07V = 2F: THEZKRE L T2HUDES
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777 inition of graphs

Bl 1.3: (B 1.11RE)

V' = {vo, v1, v, v3}

E = {607 €1,€9,€3, €4, 65}

5+U0 = {60} 5_U0 = {61,64} (5+U1 = {81,62} 5_’01 = {60, 63}
0Twy ={es} 0wy ={es}  0Tvz={ese5} 6 vz = {es}

BRI AP 1 0 / 2 5



7' 7 DiEF: Definition of graphs

Bl 1.4: (B 1.2 12300

V= {/U07 U1, Vg, U3}

E= {607 €1, €2, €3, 64}

dvy = {60,61, 62} v = {60763}
Ovy = {61, €3, 64} dvz = {62,4}

BRI AP 11 / 25



¢: Definition of graphs

KEL: Degree of vertex

o M T 71T LT
o HE v T2 6:V =28
o THM v DIHL |dv]

o AMIZZ 71T LT
o 6T :V = 2B THA MBS T3 UDES
0 07V = 2B THERKE L T2 UDES
o THm v DIEXEL: |61
o THR v DAL |6 v
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k472277 7: Various types of graphs

N

Y

56422 7 7: Complete graphs

TARTOELADOHZFENUDIEET A 75 7

Ky K

komplete: KA 3G
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k472277 7: Various types of graphs

IERI "2 7 Regular graphs

FTRTCOTELEDOXEDE L W[ 7 7
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k472277 7: Various types of graphs

— #8272 7: Bipartites

o THRDI 2 DDEEITHIN., RENDUHEN

SR APS 15/25



k472277 7: Various types of graphs

B 2.1: 1SEFRH

SR APS 16/25



k472277 7: Various types of graphs

Nt

562 __#H2Z 7: Complete bipartites

EDEZRPEDZ R HEIENTNWS

SR APS 17/25



k472277 7: Various types of graphs

/RK: Trees

P DN 2 7, AR EER?D 5,

O

AT, EEDOTHRDMR (root) 127225 Z LD TE 5,

SR APS 18/25



k472277 7: Various types of graphs

il 2.2: [Al—DAR

() (B)

SR APS 19/25



Euler A% & Hamilton B

Euler BARE: —2&F = Euler circuits

o [Kénigsberg DAf . : Graph Bilim D iff
o Leonhard Euler (1707-1783)

@ https://www.scientificamerican.com/article/
how-the-seven-bridges-of-koenigsberg-spawned-new-math/

o M7 71T LT, £ TCOLE—ETOED, JLOTHRIZER
ZEEEOIY 3
o J& (path): D%
o ETOIHEDRKEBMEEDIGE DA, Euler EHEFIET 5
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Euler A% & Hamilton B

il 3.1:

(& @ €1
0

€3 €6

v3) V)
Euler EAR& D

€g —7> €3 —> €5 —> €5 —> €4 — €2 — €1

BRI AP 21 / 25



Euler A% & Hamilton B

Euler AR ZHNZHEST 274 T4 7

o %Iz (enumerate): 2 T/RT

o RN L, HIFEIICUEY 5

o BTOUZE KT O, WMRICRK R ZRET 2
o MEEMT 2:ADBE 2T 7 DIUDD L
o BRI o 722

o FERZ NS 5% B

M AP 22/25



Euler B ¥ Hamilton P

Algorithm 1 Euler BAEFIZED 71TV X 4

// > Eeyler: HLZADOY R b, FIHIE Eeyler = 0
// > 7 BHA
procedure ENUMERATEEULER (v, Egjer)
if (v == 1) A (|Eguler| == |E|) then
Ko7 Euler BB Eeyer 2 IRFF
else
for all ¢ € v do > /v \ZHERS 2 2T Dl

if e & Egyler then
EI/Euler = EEyler U {6}

w = e\ {v} >//ied v & DIER
enumerateEuler(w, EL )
end if
end for

end if
end procedure

R 23/25



Euler A% & Hamilton B

Hamilton BA#%: Hamilton circuits

o M Z 71T LT, £ TOHFZ —E I OREH L T, R
R % PH

o WEt—n 2= BEETQHEL RS

M AP 24 /25



Euler A% & Hamilton B

il 3.2:

EAES D 1]

Vg —> V1 —> V3 —> Vg — VU2 — U

SR APS 25/25
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