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k "�bB+ Q7 :`�T?b
AM i?Bb b2+QM/ T�`i Q7 Qm` +Qm`b2- r2 rBHH /Bb+mbb K�Mv BMi2`2biBM; `2bmHib BM ;`�T? i?2Q`vX q2
}`bi BMi`Q/m+2 b2p2`�H #�bB+ /2}MBiBQMb �#Qmi ;`�T?bX

.2}MBiBQM kXRX � ;`�T? G = (V,E) +QMbBbib Q7 � p2`i2t b2i V �M/ �M 2/;2 b2i E, r?2`2 i?2
2H2K2Mib Q7 V �`2 +�HH2/ p2`iB+2b �M/ i?2 2H2K2Mib Q7 E ⊆

(V
2

)
= {{x, y} : x, y ∈ V } �`2 +�HH2/

2/;2bX

• .2}MBiBQM kXR T`QpB/2b i?2 /2}MBiBQM Q7 � bBKTH2 mM/B`2+i2/ ;`�T?- r?B+? Bb i?2 p2`v +QKKQM
;`�T? r2 +QM+2`M BM i?Bb +Qm`b2X h?2 rQ`/ ǳmM/B`2+i2/Ǵ K2�Mb i?�i i?2 2/;2 b2i E +QMi�BMb
mMQ`/2`2/ T�B`bX Pi?2`rBb2- G Bb +�HH2/ � /B`2+i2/ ;`�T?X � ;`�T? Bb bBKTH2 B7 Bi ?�b MQ HQQTb Q`
KmHiBTH2 2/;2bX � HQQT Bb �M 2/;2 r?Qb2 2M/TQBMib �`2 2[m�HX JmHiBTH2 2/;2b �`2 2/;2b ?�pBM;
i?2 b�K2 T�B` Q7 2M/TQBMibX

• q2 b�v p2`iB+2b x �M/ y �`2 �/D�+2Mi B7 {x, y} ∈ E, r`Bi2 x ∼G y Q` x ∼ y Q` xy ∈ E.

• q2 b�v i?2 2/;2 xy Bb BM+B/2Mi iQ i?2 2M/TQBMib x �M/ y.

• G2i e(G) #2 i?2 MmK#2` Q7 2/;2b BM :- BX2X- e(G) = |E(G)|.

• h?2 /2;`22 Q7 � p2`i2t v BM G- /2MQi2/ #v dG(v), Bb i?2 MmK#2` Q7 2/;2b BM G BM+B/2Mi iQ v.

• h?2 M2B;?#Q`?QQ/ Q7 � p2`i2t v Bb i?2 b2i Q7 p2`iB+2b i?�i �`2 �/D�+2Mi iQ v, BX2X- NG(v) =
{u ∈ V (G) : u ∼ v}. h?mb r2 ?�p2 dG(v) = |NG(v)|.

• � ;`�T? G′ = (V ′, E′) Bb � bm#;`�T? Q7 G = (V,E) B7 V ′ ⊆ V �M/ E′ ⊆ E∩
(V ′

2

)
- BX2X- G′ ⊆ G.

• � bm#;`�T? G′ = (V ′, E′) Q7 G = (V,E) Bb BM/m+2/- B7 E′ = E ∩
(V ′

2

)
- r`Bi2 G′ = G[V ′]X

.2}MBiBQM kXkX hrQ ;`�T?b G = (V,E) �M/ G′ = (V ′, E′) �`2 BbQKQ`T?B+ B7 i?2`2 2tBbib �
#BD2+iBQM f : V → V ′ bm+? i?�i i ∼G j B7 �M/ QMHv B7 f(i) ∼G′ f(j).

• � ;`�T? QM n p2`iB+2b Bb � +QKTH2i2 ;`�T? UQ` � +HB[m2V- /2MQi2/ #v Kn- B7 �HH T�B`b Q7 p2`iB+2b
�`2 �/D�+2MiX aQ r2 ?�p2 e(Kn) =

(n
2

)
.

• � ;`�T? QM n p2`iB+2b Bb +�HH2/ �M BM/2T2M/2Mi b2i- /2MQi2/ #v In, B7 Bi +QMi�BMb MQ 2/;2 �i
�HHX

• :Bp2M � ;`�T? G = (V,E), Bib +QKTH2K2Mi Bb � ;`�T? G = (V,Ec) rBi? Ec =
(V
2

)
\E.

• h?2 /2;`22 b2[m2M+2 Q7 � ;`�T? G = (V,E) Bb � b2[m2M+2 Q7 /2;`22b Q7 �HH p2`iB+2b HBbi2/ BM
� MQM@/2+`2�bBM; Q`/2`X

• h?2 T�i? Pk Q7 H2M;i? k − 1 Bb � ;`�T? v1v2...vk r?2`2 vi ∼ vi+1 7Q` i ∈ [k − 1] �M/ vj '= vl
7Q` �Mv j '= l ∈ [k]X LQi2 i?�i i?2 H2M;i? Q7 � T�i? P U/2MQi2/ #v |P |V Bb i?2 MmK#2` Q7 2/;2b BM
P.

• � +v+H2 Ck Q7 H2M;i? k Bb � ;`�T? v1v2...vkv1 r?2`2 vi ∼ vi+1 7Q` i ∈ [k] - vk+1 = v1, �M/
vj '= vl 7Q` �Mv j '= l ∈ [k]X

• G2i : #2 � bBKTH2 ;`�T? rBi? p2`i2t b2i V (G) = {v1, . . . , vn} �M/ 2/;2 b2i E(G) =
{e1, . . . , em}X h?2 �/D�+2M+v K�i`Bt Q7 G- /2MQi2/ #v A(G)- Bb i?2 n@#v@n K�i`Bt BM r?B+?
2Mi`v ai,j Bb i?2 MmK#2` Q7 2/;2b BM G rBi? 2M/TQMib {vi, vj}X h?2 BM+B/2M+2 K�i`Bt M(G) Bb i?2
n@#v@m K�i`Bt BM r?B+? 2Mi`v mi,j Bb R B7 vj Bb �M 2M/TQBMi Q7 ej �M/ y Qi?2`rBb2X
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• � ;`�T? G Bb TH�M�`- B7 r2 +�M /`�r G QM i?2 TH�M2 bm+? i?�i Bib 2/;2b BMi2`b2+i QMHv �i
i?2B` 2M/TQBMibX

_2K�`F kXj U1mH2`Ƕb 6Q`KmH�VX G2i G = (V,E) #2 � +QMM2+i2/ TH�M�` ;`�T? rBi? p p2`iB+2b �M/
2 2/;2b- �M/ H2i ` #2 i?2 MmK#2` Q7 `2;BQMb BM r?B+? bQK2 ;Bp2M 2K#2//BM; Q7 G /BpB/2b i?2 TH�M2X
h?2M v − e+ r = 2X

1t2`+Bb2 kX9X a?Qr i?�i K4 Bb TH�M�` #mi K5 Bb MQiX

1t2`+Bb2 kX8X a?Qr i?�i K3,3 Bb MQi TH�M�`X

h?2 7QHHQrBM; >�M/b?�FBM; G2KK� Bb i?2 KQbi #�bB+ H2KK� BM ;`�T? i?2Q`vX

G2KK� kXe U>�M/b?�FBM; G2KK�VX AM �Mv ;`�T? G = (V,E),

∑

v∈V
dG(v) = 2e(G).

S`QQ7X G2i F = {(e, v) : e ∈ E(G), v ∈ V (G) bm+? i?�i v Bb BM+B/2Mi iQ e}. h?2M
∑

e∈E(G)

2 = |F | =
∑

v∈V
dG(v).

*Q`QHH�`v kXdX AM �Mv ;`�T? G- i?2 MmK#2` Q7 p2`iB+2b rBi? Q// /2;`22 Bb 2p2MX

S`QQ7X G2i O = {v ∈ V (G) : d(v) Bb Q//} �M/ E = {v ∈ V (G) : d(v) Bb 2p2M}. h?2M #v G2KK�
kXe-

2e(G) =
∑

v∈O
dG(v) +

∑

v∈E
dG(v).

h?mb r2 ?�p2
∑

v∈O dG(v) Bb 2p2M- KQ`2Qp2` r2 ?�p2 |O| Bb 2p2MX

*Q`QHH�`v kX3X AM �Mv ;`�T? G- B7 i?2`2 2tBbib � p2`i2t rBi? Q// /2;`22- i?2M i?2`2 �`2 �i H2�bi
irQ p2`iB+2b rBi? Q// /2;`22X
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