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4.1 ����� G ����� κ(G) <= λ(G) <= δ(G) = min{ deg(v) | v ∈ V }

� � � κ(G) <= λ(G) !�"�#%$ e1, e2, . . . , e` (` = λ(G)) ! G !�&�'�#)(+*),�-�.0/1#)(�$ ei ,
2 2),�3�4)5)6 1 4)!�7�8�� vi /1#)(�$ vi ,�9���:�;�#)(<4)=�>�?)@�A�,B4)!�C)DFE1�1G�H)!�IJ (�$�K�,)/�L v1, . . . , vk M G !�&�'�#)(�$�K�K�N k <= λ(G) N�>�(�,�N�O κ(G) <= k <= λ(G) =P�Q #)(�$�K�K�R�N�S)T N�U)V�D�/1W)XZY+[ M<\)]�^ =�_�_)N�#�`�$ G − {e1, . . . , e`} = G1 + G2

(G = G1 ∪ G2 5�a G1 ∩ G2 = Ø ,)/�L)K�,�b)��c�d�#)( ) /�e�XZf+_)()/�L�O�g)h�� v1, . . . , v`

!�i j�/ G−{v1, . . . , vk} N M G1 R�Y M G2 ,�3 4)= e)k�eZX fl��R�mon�.�=�p�K<(�5�q��1?lRr T�$)A�,�n�. M &s'���f�_)(�5ut)m15�&)5)6+e�_),�N�O�v�w�kx3�4)!�i�j�y{z)=�>�|1R�# $ G1

,�3 4 v / G2 ,�3�4 w !�i)T N�O)A�, 2 4 M�} RB?)e�_�~)m1�)��R�#+$��F�1�)��f��)��!�� P� r f�� � _�$ 2 G���,������)!����)��f�A�?)!���m�/1_�m�w�q�>�|1R�#�$� ,������ :
��� �s� ,�3�4)! v /��1OuA�?)������#�(�#��)f�,�*)! e1, . . . , e` (` = δ(G)) /

#)(B$ {e1, . . . , e`} M v /1�),�3�4)!�&�' #)(�,�N λ(G) <= δ(G) N�> (�$
�������

4.2 ����� G N κ(G) < λ(G) < δ(G) /�e�()q�,�!�>��)~1$

K�? M ���1�l��f � � _�$�K1?�� 61_le)6�g)h ���l()/�_�m��� �qB>�|�R�#�$¡t�,�ble�¢ £)¤l/
��H�=�¥)¦�(�5)/1_�m�§)!��)��()/1O�q)mo¨��1©�ª)«���¬�a)5�(�5)q��1?)R r T�$
�������

4.3 6 3�4)������N�­�®�¯)= 1 ° 5 ,)q�,�!�A�?)±�?)>��l~1$

K�?�q����²�)� f�� � _ $ 1,2,5 M 8�³l=�&�5ZX%f�_�?l@�#´�1&l5�(�/�W�_lR�#�$ 3,4 M ­ ®�¯l=
A�,Bµ)N�>�(�§)!�L�¦�T)/1"�#�y�z)=�>�( ,�N�O�¨��1¶��1_)5)q�·�$
�%�s�¸�

4.4 δ(G) >= |G|−2 e¹6º@ κ(G) = δ(G) !º" r $xR+Y δ(G) = |G|−3 5ºa κ(G) < δ(G)

/�e (�������,�»)!�>��)~1$

∆(G) = max { deg(v) | v ∈ V } <= |G| − 1 N�#)5)6²O δ(G) <= ∆(G) 5)6 δ(G) = |G| − 2 R�Y M
δ(G) = |G| − 1 =�&�5�|1R<#%$ δ(G) = |G| − 1 ,)/�L G M ��¼������ e�,�N κ(G) = δ(G) M�½ |
R�#%$ δ(G) = |G| − 2 ,������s= κ(G) <= |G| − 3 /1#)()/1O |G| − 3 2),�¾�5)6�e�(�&{'�-�. B

=�¿�À�#)(�$ V − B M 3 4�-�.)e�,�N�A�,+¾)! x, y, z /1#)(�$�Á x / y = B �)~)|�&�' � ?)f
_)(�/1#)(�$ xy 6∈ E ~l| xz ∈ E O)Â�b)� yz ∈ E $�K1? M B =�&�'�-�.�/�_�m�§)��Ã�#)(�$
q�m 1 4�¨)e)k�e ()/1&�'�#)(lK�/�=�Ä�Å)��e´|1R�#+$ |G| − 4 2),�¾�5)6�e�(�&�'Z-�.)!��)�

(�§�N�������,�Æ)=�Ç�È)��É)()/1W�_)R�#�$
�������

4.5 3– Ê�Ë)����� G ������f κ(G) = λ(G) = P�Q #)(�§)!�" r $

&�'l-s.¡! B = {v1, . . . , vk} /º#u(F/�L (k = κ(G)) O��s3{4 vi �+�Ì�x* ei !+iuT{N C =

{e1, . . . , ek} =�&�'�-Z.)��e�(�~)m1��N�L<?)@�_�_�Í�Î�N�#+$�A�,ZY J � M�Ï Ð 3– Ê�Ë (��3�4),��� = 3) /1_�m�§)!���_)R�#%$ G − B = G1 + G2 /1&)Î�61?)f�_)()/���R�#+$ B ,���3�4 vi �



�´� vi /B�<��#�( G1 ,B3�4F/ G2 ,<3 4)=<¿ À��BR<# $ vi , �Z� M 3 e ,ZN vi 5s6�Ñ f�_l(B*
M >�/ 1 Ò)N�#+$�K�,B*)! viv /���fBO (1) v ∈ V (G1) ,)/BL M ei = viw OsY�¤�� w M vi ���<�
#)( G2 ,�3�4�O (2) v ∈ V (G2) ,)/�L M ei = viw O)Y�¤)� w M vi ������#)( G1 ,�3�4�O�/��
ei !�i Ó)R�#+$ (3) v ∈ B ,)/BL M >�( j(6= i) ����� v = vj /�e�X f�_�(�$FK�,�/�L M O vi ���
��#�( G2 ,�3�4�! wi O vj ����� #)( G2 ,�3Z4)! wj /1#)()/BL ei = viwi,ej = viwj !�iZÓ)R
#%$FK�,)/�L C = {e1, . . . , ek} =�&�'Z-�.)��e�(�§ M #��1&)5�(�$
�������

4.6 Ô�Õ 4.4 !��)� r ~1$

KÖ,<�)� !l��&�N<���l6�?�(<[ M 5 e´|², �Z� �B[lN��Z×¹mØ$ÙK<, UBÚFÛ�Ü²Ý Þ N<i�@�?lYBß T ∗

= � g ßlN eB_F/ �ºfBàZá�!<â´kã$Öß T ∗ M e1, e2, . . . , en ,BälNBis@B?lfB_�(l/�#s(B$ � g ß T �
�´� T ,B*l�%el6Beº_ �Z� G Hs,B*l! ek /²#�(s/BL f(T ) = k /�å J (<$ f M � g%ßl,B-+.�5s6Z�æ � ,B-Z. çs,BèZé�N+> (<$ � gZß�,Z9%N f ,Bµs= � q�êlLÖ_FqB,Z! T1 /²#�(B$ k = f(T1) /�#l(
/ ek 6∈ E(T1) N >Z(�$ T1 + ek M ß)N M eB_),ZN ek ! }Zë ìZí)î Ú C =<¿ À #l(�$�KB, ì ílî Ú
v�� T ∗ ,B*lN M e<_´q<, =B¿ZÀ #l(�, NBO�K�?l! e′k /²#�(B$�KB,l/BL T ′

1
= T1 +ek −e′k /�#l(B$

T ′

1 M ¼�ï ß)NZ>�(B$ w(T ′

1
) = w(T1) + w(ek)−w(e′k) ¤�=BO w(e′k) >= w(ek) e ,�N w(T ′

1
) <= w(T1)

/Be (<$ T1 = � gZß�/�_ðm<K /<5�6 T ′

1
q � g ß�N w(T ′

1
) = w(T1) = PZQ #)(<$Ù�<5�� f(T ′

1
) > k

e�, N T1 ,�i�Ó��)��à�á�$
�������

4.7 k =�ñ � ,)/�L)q Hk,n = k– ­�®)��e�(�§l!�" r $

k = 2r + 1 /<ò0kó$ k– ­{®FNse%_Ì/ºô¹8s#F(¡/º&l'{-l. V ′ N |V ′| < k õF¦ |V ′| <= 2r /
es()q�,{=�¿sÀ�#u(�$�Ô{Õ 4.5 ,��)��/�Â�b)� i, j ! H − V ′ ,�öue�( P &u��÷s#)(�3{4�/{��f
S(i, j) = {i, i+1, . . . , j−1, j}, S(j, i) = {j, j+1, . . . , i−1, i} /ó#s(º$²Á |S(i, j)∩V ′| <= |S(j, i)∩V ′|

/�ô+8´�<f¹q²ø ùZú¹!<û�ÍZeÖ_Z$ |S(i, j)∩V ′| < |S(i, j)∩V ′| el6üÔZÕ 4.5 ,B�l��/BÂºbl�B�s� NZL
( , N |S(i, j)∩V ′| = |S(j, i)∩V ′| /Be�(<$�~BX+f i / j =Bö)eZ( G−V ′ , P &)�<÷��Bf<_�?�@
|S(i, j)∩V ′| = r N+>+(B$ d(i, j) = �+� � e+(ºb�e i, j !º�s� (º§s��~s| S(i, j)∩V ′ = S(i+1, i+r)

/�e�X f�_u(�§)=�É)(�$�õ)¦ V ′ M 2 a),�ý�&)� V1, V2 &)5�?�O�A<?�±�? V1 = S(i0 + 1, i0 + r),

V2 = S(i1 + 1, i1 + r) ,�Æ)!)��f�_)(�§)=�É)(<$�K�,�b)e V ′ M G !�&�'���e�_l,�N�à�á�$
�%���Ö�

4.8 K9 ,ºý+&s�+���+N 5– ­+®sN�>+(%= H5,9 /¸ÂºþsN%eº_s�+�+��!º¬%asÎs~ó$ (f(5, 9) =

23 ¤�5)61*), � M 23 Ò)N�#+$ )

K�?0q��1&)N�g)hs��ÿ���f�� � _�$ H5,9 !�¨0����Æ���f��u()/1_�m�w�q+>�|1R�#+$�����ú)!{>
R�|�� � e�_���m1=���|	��#�_)5)q��1?)eB_�$


