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Abstract

The processing of large amounts of data and the solution of complex problems are

increasingly demanding the performance of multiprocessor systems. Many multipro-

cessor systems use interconnected networks as the underlying topology. Interconnect

networks determine the performance of multiprocessor systems. In systems where

processors and the communication links between them are likely to fail, it is impor-

tant to consider the fault tolerance of the network. Traditional connectivity is only

for processor failure, and edge connectivity is only for communication link failure. In

this context, the strong connectivity of the network is proposed, which allows simulta-

neous failure of the processor and communication link. One of the most fundamental

considerations in the design of an interconnected network is the connectivity of the

network. The n-dimensional star graphs Sn has many excellent properties as a favor-

able topology for interconnected networks. Therefore, we give the strong connectivity

of Sn and strong natural connectivity.
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�#N!:�æ§>ëÏ5�#Nó´�æ"Ïd�©�Ñ
�ärëÏ5�½Â±9�ärë

Ï5��
5�"

��pë�äÏ~¬��ï¤��Ã�ãG = (V (G), E(G))§Ù¥V (G) = {v1, v2, . . . , vn} �
L
ãG�º:8§E(G) = {e1, e2, . . . , en}�LXãG�>8§º:vÚ>e©O�LXpë�ä¥
�?nìÚ?nì�m�Ï&ó´"éuãG�?¿��º:v§·�^NG(v)5L«:v���§

=Úv�ë�º:8§-NG[v] = NG(v)∪{v}§^EG(v)L«Úv�ë�>8"-U ⊆ V (G)´ãG�

��º:f8§NG(U) =
⋃

v∈U NG(v) \ UL«º:8U���"-V ′ ⊆ V (G)´ãG���º:f

8§dV ′p�Ñ5���fãG[V ′]´��º:8´V ′§>8´ãG¥�ü�à:Ñ3V ′¥�¤k

>8�8Ü"^dG(v)5L«º:v3ãG¥�Ý§δ(G) = min{dG(v)| v ∈ V (G)}L«ãG���
Ý"3��ãG¥§XJ?¿��º:v�ÝÑ�k§@o·�Ò¡ãG´k�Kã"XJdG(v) = 0§

Kv´���á:"

-G = (V (G), E(G))´��ëÏã§KãG�ëÏ5(>ëÏ5)κ(G)(λ(G))���Ä�½Â´

íØ��)ØëÏ�ã½²�ã�º:(>)���ê8"XJG− F´ØëÏ�½ö�´���á
:§@oF´ãG���:�§Ù¥F ⊆ V (G)"éuF ⊆ E(G)§XJG−F´ØëÏ�§@oF´
ãG���>�"����æ8F ⊆ V§XJéuV \F ¥�z�º:x§Ñk|NG(x)∩(V \F )| ≥ g§
K¡F´��g-Ð��æ8"¦�G − FØëÏ���g-Ð��æ8�¡�ãG���g-Ð��"

g-Ð�����Äê¡�ãG�g-Ð�ëÏÝ§^κ(g)(G)L«"XJG− F�z�©|��kg + 1

�º:§K¡�æ8F ⊆ V (G)´��g-�	�æ8"¦�G− FØëÏ���g-�	�æ8�¡�

ãG ���g-�	�"g-�	����Äê¡�ãG�g-�	ëÏÝ§^κ̃(g)(G)L«"

(ã®�y²´ë�õ?nìXÚ�­��1ÿÀ�{[1]§(ãäk!:Ý$!�»�!é

¡!N�§Ýp�A:"(ã�5�®²�2�ïÄ§~X�äÝ[2–4]§rMengerëÏÝ[3, 5]§

ëÏ5[6, 7]§(�ëÏÝ[8, 9]§¤©ëÏÝ[10]Ú�i\¯K[11, 12]��"d	3©z[13]¥§

WangÄgJÑ
rëÏ5�Vg§¿��Ñ
�.(ã�rëÏÝÚg,ëÏÝ"�©Ì�ïÄ


�n ≥ 4�§Sn��
rëÏ5"�©Äk��
Sn�ëÏÝ§3dÄ:þ§ÏLéSn�k�:

ëÏÝÚ>ëÏÝ?1^��O\§l
��
Sn�;ëÏ5!�ëÏ5�"2(ÜrëÏ5�

�
r;�ëÏ5�(Ø"Ó��©�ïÄ
rg,ëÏ5!r;�g,ëÏ5�(Ø"k'r

ëÏ5�k'VgÚ5�ò3e�Ü©�[�Ñ"

2. ý��£

3��

(
1 2 · · · n

p1 p2 · · · pn

)
¥§i→ pi"�
�Bå�§·��±¦^p1p2 · · · pn L«��(

1 2 · · · n

p1 p2 · · · pn

)
"z���Ñ�±^Ø���¦ÈL«"~Xµ

(
1 2 3

2 3 1

)
= (123)"AO/§(

1 2 · · · n

1 2 · · · n

)
= (1)"ü����¦Èστ´kτ�σ�EÜ¼ê§~Xµ(12)(13) = (132)"éu

d?vk½Â�â�ÚÎÒ§K�Ì[1]"

e¡é(ãSn �½Â?1{ü0�"(ãSnkn!�º:§¿�z�º:Ñkx = x1x2 . . . xn
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�/ª§Ù¥1 ≤ xi ≤ n§¿�éuØÓ�1 ≤ i, j ≤ n§kxi 6= xj"·�½Â��$�“ ◦ ”§T$

�¦�x = y ◦ (i, j)§~Xx = x1x2 · · ·xi · · ·xj · · ·xn§@oy = x1x2 · · ·xj · · ·xi · · ·xn§Ù¥x, y ∈
V (Sn)"ü�ØÓ�º:x, y ∈ V (Sn)§(x, y) ∈ E(Sn) ��=�x = y ◦ (1, i)§�2 ≤ i ≤ n(�[2])"

Sn�±y©�n�fãS
1
n§S

2
n§· · ·§Sn

n§Ù¥z�S
i
n3I\iÎG����� �Ñk���½

�i§z�Si
nÓ�uSn−1§�1 ≤ i ≤ n"5¿Sn´AÏ�Cayleyã"(ãS4Xã 1¤«"

Figure 1. The star graph S4

ã 1. (ãS4

½Â2.1 ([13]) �G = (V,E)´���²�ëÏã§XJδ(G − F ) ≥ g§Kr�æ8F ⊆ V ∪ E¡
�rg-Ð��æ8"¦�G − FØëÏ���rg-Ð��æ8F �¡�ãG ���rg-Ð��"

rg-Ð�����Äê¡�ãG�rg-Ð�ëÏÝ§^κλ(g)(G)L«"eãGk��rg-Ð��§K

ëÏãG´rg-Ð�ëÏ�"ãG �r0-Ð�ëÏÝ�¡�ãG�rëÏÝ§P�κλ(G)§ãG �

r1-Ð�ëÏÝ�¡�ãG�rg,ëÏÝ§P�nκλ(G)"eF ⊆ E§KãG�rg,ëÏÝ¡�

ãG �rg,>ëÏÝ§L«�nλ(G)"

b�g′ ≥ g"XJ��ëÏãG´rg′-Ð�ëÏ�§@oãGk��rg′-Ð��F"Ïd�±

��δ(G − F ) ≥ g′§2(Üg′ ≥ g§·�kδ(G − F ) ≥ g"Ïd§ãG�´rg-Ð�ëÏ�"dd

·�keã½n¤á"

½n2.2 ([13]) -g′ ≥ g§�G´��rg′-Ð�ëÏã"@oκλ(g′)(G) ≥ κλ(g)(G)"

½Â2.3 ([13]) �G = (V,E)´���²�ëÏã§XJG−F�z�©|��kg+ 1�º:§Kr

�æ8F ⊆ V ∪E ¡�rg-�	�æ8"¦�G−FØëÏ���rg- �	�æ8F �¡�ãG �

��rg-�	�"rg-�	����Äê¡�ãG�rg-�	ëÏÝ§^κ̃λ(g)(G)L«"eãGk�

�rg-�	�§KëÏãG ´rg-�	ëÏ�"

b�g′ ≥ g"XJ��ëÏãG´rg′−�	ëÏ�§@oãGk��rg′-�	�F"Ïd�±
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��G− F�z�©|��kg′ + 1�º:§2(Üg′ ≥ g§·�kG− F�z�©|��kg + 1�

º:"Ïd§ãG�´rg-�	ëÏ�"dd·�keã½n¤á"

½n2.4 ([13]) -g′ ≥ g§�G´��rg′-�	ëÏã"@oκ̃λ(g′)(G) ≥ κ̃λ(g)(G)"

½n2.5 ([13]) -G´��rg-Ð�ëÏã§@oκλ(g)(G) ≥ κ̃λ(g)(G)"

½n2.6 ([13]) -G´��rg-�	ëÏã§@o�g = 01�§kκλ(g)(G) = κ̃λ(g)(G)"

3ù�Ü©¥§Ï~b�n ≥ 4§¿��â���� ��I\iÎGiéSn?1y©§Ù

¥1 ≤ i ≤ n"½ÂEi,j(Sn) = ESn
(V (Si

n), V (Sj
n))§Ù¥i, j ∈ [1, n]�i 6= j"éu?¿�x ∈ V (Si

n)§

·�½Âx+ = x ◦ (1, n)§¡§�x�	Ü��§¿�-N(x)�º:x3Sn¥�¤k��"Snk±e

5�"

·K1 ([1]) é?¿��ên ≥ 1§Sn´n− 1�K�§´:D4Ú>D4�"

·K2 ([13]) é?¿��ên ≥ 2§Sn´�Üã"

·K3 ([14]) é?¿��ên ≥ 3§Sn���´6"

·K4 ([14]) é?¿��ên ≥ 2§λ(Sn) = κ(Sn) = n− 1"

·K5 ([13]) é?¿�i, j ∈ [1, n]�i 6= j§|Ei,j(Sn)| = (n− 2)!"

·K6 ([15])é?¿�x, y ∈ V (Sn)§ex�y��§K§�ü�vk�Ó���§=|N(x)∩N(y)| =
0¶ex�yØ��§K�õk���Ó���§=|N(x) ∩N(y)| ≤ 1"

·K7 ([15]) é?¿�x, y ∈ V (Si
n)§Ù¥i ∈ [1, n]§kx+ 6= y+"

3. Sn�r;�ëÏ5

½n3.1 é?¿��ên ≥ 3§κλ(Sn) = n− 1"

y²µ -F´Sn���r�"eF ⊆ V (Sn)§�â·K4§k|F | = n − 1"eF ⊆ E(Sn)§�â

·K4§k|F | = n − 1"�T½n�(J3þã�¹¥¤á"Ïd§b�n ≥ 3�F * V (Sn), F *
E(Sn)§-Fv = F ∩ V (Sn)§Fv 6= ∅§¿�-Fe = F ∩ E(Sn)§Fe 6= ∅"b�F´Sn���r�§

�|F | ≤ n− 2"Ï�|Fv| ≤ n− 3§d·K4�Sn − Fv´ëÏ�"Ï�Fe´Sn − Fv���>�§¤

±Sn−Fv−Fekü�©|"-|Fe| = i§Ï�n ≥ 3§¤±n!−|Fv| ≥ n!− (n−2− i) > 2(i+1)¤á"

Ïd§3Sn−Fv−Fe¥k��©|C§¦�|V (C)| ≥ i+1"3C¥§-º:8Vc´d3Sn−Fv�Fe

'é�º:�¤"Ïd|Vc| ≤ |Fe| = i"du|Vc|+ |Fv| ≤ |Fv|+ |Fe| = |F | ≤ n− 2§��â·K4§

��Sn − Fv − Fe´ëÏ�§�F´Sn���r�gñ"�|F | ≥ n− 1"

-u = (1)§v = (12)§¿�-F = {(1, i) : 3 ≤ i ≤ n} ∪ {uv}§KF´Sn���r�§Ï

dκλ(Sn) ≤ n− 1"(Üκλ(Sn) ≥ n− 1§kκλ(Sn) = n− 1"

XJ��ãG�z���º:�FÑU�áÑ5��º:§KëÏãG´�ëÏ�"d	§

eG− Fkü�©|§Ù¥��©|´�á:§KãG´;|F |�ëÏ�"

½n3.2 é?¿��ên ≥ 4§Sn´;(n− 1)�ëÏ�"
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y²µ -F´Sn���º:�§d·K4§ |F | = n − 1"-Fi = F ∩ V (Si
n)§Ù¥i ∈ [1, n]§

�|F1| ≥ |F2| ≥ · · · ≥ |Fn|"-Sn − F´ØëÏ�§én?1©a?Ø"

(1) n = 4

�n = 4�§|F | = n− 1 = 3§¿�Si
4
∼= S3§I�Ä±e�¹"

�¹1µ |F1| = 1

d|F1| ≥ |F2| ≥ |F3| ≥ |F4|��|F1| = |F2| = |F3| = 1§|F4| = 0"d·K4��§Si
4 − Fi´ë

Ï�§Ù¥i ∈ [1, 4]"qd·K5��§?¿ü�ØÓ�fãSi
4�mk(n− 2)! = 2^Õá���>§

KS4[V (Si
4 − Fi) ∪ V (S4

4 − F4)] ´ëÏ�§Ù¥i ∈ [1, 3]"ÏdS4 − F ´ëÏ�§gñ"

�¹2µ |F1| = 2

d|F1| ≥ |F2| ≥ |F3| ≥ |F4|��|F2| = 1§|F3| = |F4| = 0"dSi
4
∼= S3Ú·K4��§Si

4 − Fi´

ëÏ�§Ù¥i ∈ [2, 4]"d·K5Ú·K7 ��S4[V (S2
4 − F2) ∪ V (S3

4 − F3) ∪ V (S4
4 − F4)]´ëÏ

�"d|F1| = 2��S1
4 − F1 ´ëÏ�§½ökü�©|�þ�K2§½ökü�©|§Ù¥��

©|´�á:"eS1
4 − F1´ëÏ�½ökü�©|�þ�K2§d·K5��S4 − F´ëÏ�§g

ñ"eS1
4 − F1kü�©|§Ù¥��©|´�á:u"eu

+ = F2§KS4[V (S1
4 − u− F1) ∪ V (S2

4 −
F2) ∪ V (S3

4 − F3) ∪ V (S4
4 − F4)]´ëÏ�"Ïd§S4 − Fkü�©|§Ù¥��©|´�á:u"

eu+ 6= F2§KS4 − F´ëÏ�§gñ"

�¹3µ |F1| = 3

d|F1| ≥ |F2| ≥ |F3| ≥ |F4|��|Fi| = 0§Ù¥i ∈ [2, 4]"dSi
4
∼= S3Ú·K4��§Si

4 − Fi´

ëÏ�§Ù¥i ∈ [2, 4]"d·K5��S4[V (S2
4 − F2) ∪ V (S3

4 − F3) ∪ V (S4
4 − F4)]´ëÏ�"qd·

K5��|E1,i(Sn)| = 2§Ù¥i ∈ [2, 4]"Ïdd|F1| = 3��S4 − F´ëÏ�§gñ"

(2) n ≥ 5

éun = 4�(Ø¤á§Ïdén?18Bb�"b�n ≥ 5�§éuSn−1(J¤á§=

eF´Sn−1 ���º:��|F | = n − 2�§Sn−1 − Fkü�©|§Ù¥��©|´�á:"y3
�ÄSn��¹µ

�¹1µ |F1| ≤ n− 3

d|F1| ≤ n−3��|Fi| ≤ n−3§Ù¥i ∈ [1, n]"d·K4��§Si
n−Fi´ëÏ�§Ù¥i ∈ [1, n]"

qd·K5��§?¿ü�ØÓ�fãSi
n�mk(n − 2)! ^Õá���>"qn ≥ 5§K(n − 2)! ≥

2n − 6 ≥ |Fi| + |Fj |§Ù¥i 6= j�i, j ∈ [1, n]§d·K7��§Sn[V (Si
n − Fi) ∪ V (Sj

n − Fj)]´ëÏ

�§Ù¥i 6= j�i, j ∈ [1, n]§ÏdSn − F´ëÏ�§gñ"

�¹2µ |F1| = n− 2

d|F1| = n − 2��|F2| = 1§|Fi| = 0§Ù¥i ∈ [3, n]"d·K4Ú·K5��§Sn[V (S2
n −

F2) ∪ V (S3
n − F3) ∪ · · · ∪ V (Sn

n − Fn)]´ëÏ�"b�S1
n − F1´ëÏ�§dn ≥ 5�|Ei,j(Sn)| =

(n− 2)! > n− 1 ≥ |Fi|+ |Fj |§Ù¥i 6= j�i, j ∈ [1, n]§KSn − F´ëÏ�§gñ"l
S1
n − F1´

ØëÏ�§d8Bb���§S1
n − F1kü�©|§Ù¥��©|´�á:v"ev

+ = F2§(

ÜSn[V (S1
n − v − F1) ∪ V (S2

n − F2) ∪ V (S3
n − F3) ∪ · · · ∪ V (Sn

n − Fn)]´ëÏ�§KSn − Fkü�©
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|§Ù¥��©|´�á:"ev+ 6= F2§KSn − F´ëÏ�§gñ"

�¹3µ |F1| = n− 1

d|F1| = n− 1��§|Fi| = 0§Ù¥i ∈ [2, n]"d·K4Ú·K5��§Sn[V (S2
n − F2)∪ V (S3

n −
F3)∪ · · · ∪V (Sn

n −Fn)]§qdSn�½Â��§S
1
n−F1¥�z�:Ñk1�	Ü��§ÏdSn−F´

ëÏ�§gñ"

nþ��§Sn´;(n− 1)�ëÏ�"

XJãG�z���>�FÑU�áÑ5��º:§KëÏãG´;�|F |>ëÏ�"

½n3.3 é?¿��ên ≥ 4§Sn´;�(n− 1)>ëÏ�"

y²µ -F´Sn���>�§d·K4§|F | = n− 1"-Fi = F ∩E(Si
n)§Ù¥i ∈ [1, n]§�|F1| ≥

|F2| ≥ · · · ≥ |Fn|"�C´Sn¥¤k���>�¤�8Ü§Ó�-Fc = F ∩ C"e¡·�én?1©
a?Ø"

(1) n = 4

�n = 4�§|F | = n− 1 = 3�Si
4
∼= S3"

�¹1µ |F1| ≤ 1

d|F1| ≥ |F2| ≥ |F3| ≥ |F4|��|Fi| ≤ 1§Ù¥i ∈ [1, 4]"dSi
4
∼= S3Ú·K4��§Si

4 − Fi´

ëÏ�§Ù¥i ∈ [1, 4]"qd·K5��§?¿ü�ØÓ�fãSi
4 �mk(n − 2)! = 2 ^Õá��

�>"5¿|F | = 3§Ø���5§b�|Fc ∩ E1,2(S4)| = 2§Ï�|Fc| ≤ 3�1fã¤kº:�	Ü

��k(n − 1)! = 6§d·K5��§S4[V (S1
4 − F1) ∪ V (Sj

4 − Fj)] − Fc´ëÏ�§Ù¥j ∈ {3, 4}"
�q/§S4[V (S2

4 − F2) ∪ V (Sj
4 − Fj)] − Fc ´ëÏ�§Ù¥j ∈ {3, 4}"Ïd§S4 − F´ëÏ�§

�F´S4���>�gñ"-|Fc ∩ Ei,j(S4)| = 2§i, j ∈ [1, 4]�i 6= j"aq/§S4 − F´ëÏ�§
gñ"

�¹2µ |F1| = 2

d|F1| = 2��|Fi| ≤ 1�|Fc| ≤ 1§Ù¥i ∈ [2, 4]"dSi
4
∼= S3Ú·K4��§Si

4 − Fi´ëÏ

�§Ù¥i ∈ [2, 4]"qd·K5��§S4[V (S2
4 − F2) ∪ V (S3

4 − F3) ∪ V (S4
4 − F4)] − Fc´ëÏ�"

d|F1| = 2��§S1
4 − F1´ØëÏ�§KS

1
4 − F1kü�©|§Ù¥��©|´�á:§½ökü

��²��ëÏ©|"b�S1
4 − F1kü�©|§Ù¥��©|´�á:v§e|Fc| = 1��v'é§

KS4[V (S1
4 − v − F1) ∪ V (S2

4 − F2) ∪ V (S3
4 − F3) ∪ V (S4

4 − F4)]− Fc´ëÏ�"ÏdS4 − Fkü�
©|§Ù¥��©|´�á:v"e|Fc| 6= 1�Ø�v'é§½|Fc| = 0§KS4 − F´ëÏ�§gñ"
b�S1

4 − F1kü��²��ëÏ©|§qd|Fc| ≤ 1§��S4 − F´ëÏ�§gñ"

�¹3µ |F1| = 3

d�§|F2| = |F3| = |F4| = |Fc| = 0§d·K4Ú·K5��§S4 − F´ëÏ�§gñ"

(2) n ≥ 5

(Ø3n = 4�¤á§én?1êÆ8B{"b�n ≥ 5�§(ØéSn−1¤á§=eF´Sn−1 �

����>��|F | = n− 2§KSn−1 − Fkü�©|§Ù¥��©|´�á:"e¡�ÄSn ��
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¹µ

�¹1µ|F1| ≤ n− 3

d|F1| ≤ n − 3��|Fi| ≤ n − 3§Ù¥i ∈ [1, n]§�|Fc| ≤ n − 1"d·K4��§Si
n − Fi´

ëÏ�§Ù¥i ∈ [1, n]"qd·K5��§?¿ü�ØÓ�fãSi
n �mk(n − 2)! ^Õá���

>§�(n − 2)! > n − 1 ≥ |Fc|§Ù¥n ≥ 5§KSn[V (Si
n − Fi) ∪ V (Sj

n − Fj)] − Fc´ëÏ�§Ù

¥i, j ∈ [1, n]�i 6= j"�Sn − F´ëÏ�§gñ"

�¹2µ|F1| = n− 2

d|F1| = n − 2��|Fi| ≤ 1§Ù¥i ∈ [2, n]§�|Fc| ≤ 1"d·K4��§Si
n − Fi´ëÏ

�§Ù¥i ∈ [2, n]"qd·K5��§?¿ü�ØÓ�fãSi
n�mk(n − 2)! ^Õá���>§

�(n− 2)! > 1§Ù¥n ≥ 5§¤±Sn[V (S2
n − F2) ∪ V (S3

n − F3) ∪ · · · ∪ V (Sn
n − Fn)]− Fc´ëÏ�"

du|F1| = n− 2�S1
n
∼= Sn−1§b�S

1
n − F1´ëÏ�§KSn − F ´ëÏ�§gñ"l
S1

n − F1´

ØëÏ�§d8Bb�§S1
n − F1kü�©|§Ù¥��©|´�á:v§e|Fc| = 1��v'é§

KSn[V (S1
n − v−F1)∪ V (S2

n −F2)∪ · · · ∪ V (Sn
n −Fn)]−Fc´ëÏ�"ÏdSn −Fkü�©|§Ù

¥��©|´�á:"e|Fc| = 1�Ø�v'é½ö|Fc| = 0§KSn − F´ëÏ�§gñ"

�¹3µ|F1| = n− 1

d�§|F2| = |F3| = · · · = |Fn| = |Fc| = 0§d·K4Ú·K5��§Sn − F´ëÏ�§gñ"

nþ��§Sn´;�(n− 1)>ëÏ�"

XJãG�z���r�FÑU�áÑ5��º:§KëÏãG´r�ëÏ�"d	§eG −
Fkü�©|§Ù¥��©|´�á:§KãG´r;|F |�ëÏ�"

½n3.4 é?¿��ên ≥ 4§Sn´r;(n− 1)�ëÏ�"

y²µ -F´Sn���r�§d½n3.1§|F | = n− 1"-Fi = F ∩ V (Si
n)§F e

i = F ∩ E(Si
n)§Ù

¥i ∈ [1, n]§�|F1 ∪ F e
1 | ≥ |F2 ∪ F e

2 | ≥ · · · ≥ |Fn ∪ F e
n|"�C´Sn¥¤k���>�¤�8Ü§Ó

�-Fc = F ∩ C"én?1©a?Ø"

(1) n = 4

�n = 4�§|F | = n− 1 = 3§(n− 2)! = 2§|Fc| ≤ 3�(n− 2)! = 2"

�¹1µ|F1 ∪ F e
1 | ≤ 1

du|F1 ∪ F e
1 | ≤ 1§K|Fi ∪ F e

i | ≤ 1§Ù¥i ∈ [1, 4]§�|Fc| ≤ 3"d½n3.1§Si
4 − Fi − F e

i´

ëÏ�§Ù¥i ∈ [1, 4]"qd·K5 ��§?¿ü�ØÓ�fãSi
4 �mk(n − 2)! = 2 ^Õá�

��>"5¿|F | = 3§Ø���5§b�|Fc ∩ E1,2(S4)| = 2§Ï�|Fc| ≤ 3�1fã¤kº:�	

Ü��k(n − 1)! = 6§d·K5��§S4[V (S1
4 − F1 − F e

1 ) ∪ V (Sj
4 − Fj − F e

j )] − Fc´ëÏ�§Ù

¥j ∈ {3, 4}"�q/§S4[V (S2
4 − F2 − F e

2 )∪ V (Sj
4 − Fj − F e

j )]− Fc ´ëÏ�§Ù¥j ∈ {3, 4}"Ï
d§S4 − F´ëÏ�§�F´S4���r�gñ"-|Fc ∩ Ei,j(S4)| < 2§i, j ∈ [1, 4]�i 6= j"aq

/§S4 − F´ëÏ�§gñ"

�¹2µ|F1 ∪ F e
1 | = 2
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du|F1 ∪ F e
1 | = 2§k|Fc| ≤ 1§|Fi ∪ F e

i | ≤ 1§Ù¥i ∈ [2, 4]"d½n3.1§Si
4 − Fi − F e

i´

ëÏ�§Ù¥i ∈ [2, 4]"Ï�|F2 ∪ F e
2 | + |F3 ∪ F e

3 | + |F4 ∪ F e
4 | + |Fc| = 1§d·K4Ú·K5§

S4[V (S2
4 − F2 − F e

2 )∪ V (S3
4 − F3 − F e

3 )∪ V (S4
4 − F4 − F e

4 )]− Fc ´ëÏ�"d|F1 ∪ F e
1 | = 2ÚS1

4
∼=

S3§kS
1
4 − F1 − F e

1´ëÏ�§½ökü�©|§Ù¥��©|´�á:§½ökü��²

��ëÏ©|"b�S1
4 − F1 − F e

1´ëÏ�§Ï�|F2 ∪ F e
2 | + |F3 ∪ F e

3 | + |F4 ∪ F e
4 | + |Fc| = 1§

|N(V (S1
4−F1−F e

1 ))∩(V (S2
4)∪V (S3

4)∪V (S4
4))| ≥ 4§��S4−F´ëÏ�§gñ"b�S1

4−F1−F e
1k

ü��²��ëÏ©|§(Ü|F2∪F e
2 |+|F3∪F e

3 |+|F4∪F e
4 |+|Fc| = 1§KS4−F´ëÏ�§gñ"b

�S1
4−F1−F e

1kü�©|§Ù¥��©|´�á:v§(Ü|F2∪F e
2 |+|F3∪F e

3 |+|F4∪F e
4 |+|Fc| = 1§

�±5¿�§S4[V (S1
4 − v−F1−F e

1 )∪V (S2
4 −F2−F e

2 )∪V (S3
4 −F3−F e

3 )∪V (S4
4 −F4−F e

4 )]−Fc

´ëÏ�"ÏdS4 − F´ëÏ�£gñ¤½ökü�©|§Ù¥��©|´�á:"

�¹3µ|F1 ∪ F e
1 | = 3

du|F | = n − 1 = 3§k|Fc| = 0§|Fi ∪ F e
i | = 0§Ù¥i ∈ [2, 4]"dSi

4
∼= S3§i ∈ [1, 4]Ú½

n3.1��Si
4 − Fi − F e

i´ëÏ�§Ù¥i ∈ [2, 4]"Ï�|F2 ∪ F e
2 |+ |F3 ∪ F e

3 |+ |F4 ∪ F e
4 |+ |Fc| = 0§

d·K4Ú·K5��§S4 − F´ëÏ�§gñ"

(2) n ≥ 5

(Øén = 4�¤á§én?1êÆ8B{"b�n ≥ 5�§(ØéSn−1¤á§=eF´Sn−1 �

��r��|F | = n− 2§KSn−1 − Fkü�©|§Ù¥��©|´�á:"e¡�ÄSn��¹µ

�¹1µ|F1 ∪ F e
1 | ≤ n− 3

du|F1 ∪ F e
1 | ≤ n − 3§K|Fi ∪ F e

i | ≤ n − 3§Ù¥i ∈ [1, n]§�|Fc| ≤ n − 1"d½n3.1§

Si
n − Fi − F e

i´ëÏ�§Ù¥i ∈ [1, n]"qd·K5 ��§?¿ü�ØÓ�fãSi
n�mk(n− 2)! ^

Õá���>"Ï�n ≥ 5§¤±(n− 2)! > n− 1§�Sn[V (Si
n − Fi − F e

i ) ∪ V (Sj
n − Fj − F e

j )]− Fc

´ëÏ�§Ù¥i, j ∈ [1, n]�i 6= j"ÏdSn − F´ëÏ�§gñ"

�¹2µ|F1 ∪ F e
1 | = n− 2

du|F1∪F e
1 | = n−2§K|Fi∪F e

i | ≤ 1§Ù¥i ∈ [2, n]§�|Fc| ≤ 1"d½n3.1§Si
n−Fi−F e

i´

ëÏ�§Ù¥i ∈ [2, n]"Ï�|F2 ∪ F e
2 | + |F3 ∪ F e

3 | + · · · + |Fn ∪ F e
n| + |Fc| = 1§d·K4Ú·K5§

Sn[V (S2
n−F2−F e

2 )∪V (S3
n−F3−F e

3 )∪· · ·∪V (Sn
n−Fn−F e

n)]−Fc ´ëÏ�"du|F1∪F e
1 | = n−2§

d8Bb�§S1
n−F1−F e

1´ëÏ�§½ökü�©|§Ù¥��©|´�á:"b�S
1
n−F1−F e

1´

ëÏ�§Ï�|F1 ∪ F e
1 | = n − 2§d·K7§|N(V (S1

n − F1 − F e
1 )) ∩ (V (S2

n) ∪ V (S3
n) ∪ V (Sn

n))| ≥
(n − 1)! − (n − 2) > 1§Ù¥n ≥ 5§(Ü|F2 ∪ F e

2 | + |F3 ∪ F e
3 | + · · · + |Fn ∪ F e

n| + |Fc| = 1�

�§Sn − F´ëÏ�§gñ"b�S1
n − F1 − F e

1kü�ëÏ©|§Ù¥��©|´�á:v"X

J|Fc| = 1�Fc�v'é§KSn−Fkü�©|§Ù¥��©|´�á:¶XJ|Fc| = 1�FcØ�v'

é§KSn−F´ëÏ�§gñ"XJ|Fc| = 0§�|Fi| = 1§i ∈ [2, n]§eFi�v��§KSn−Fkü
�©|§Ù¥��©|´�á:¶eFiØ�v��§KSn − F´ëÏ�§gñ"

�¹3µ|F1 ∪ F e
1 | = n− 1

d|F1 ∪F e
1 | = n− 1��|Fi ∪F e

i | = 0§Ù¥i ∈ [2, n]§�|Fc| = 0"d½n3.1§Si
n −Fi −F e

i´

ëÏ�§Ù¥i ∈ [2, n]"qd·K5��§?¿ü�ØÓ�fãSi
n �mk(n− 2)! ^Õá���>"
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Ï�n ≥ 5§�(n−2)! > 0§¤±Sn[V (S2
n−F2−F e

2 )∪V (S3
n−F3−F e

3 )∪· · ·∪V (Sn
n−Fn−F e

n)]−Fc

´ëÏ�"qÏ�|Fc| = 0§(ÜS1
n − F1 − F e

1¥�z�º:Ñk	Ü��§l
Sn − F´ëÏ�§
gñ"

nþ¤ã§Sn´r;(n− 1)�ëÏ�"

4. Sn�rg,ëÏ5

Ún4.1 -F ⊆ V (S4)�|F | ≤ 3§eS4 − F´ØëÏ�§KS4 − Fkü�©|§Ù¥��©|´
�á:"y²µ�â·K4Ú|F | ≤ 3§eS4 − F´ØëÏ�§K|F | = 3§-Fi = F ∩ V (Si

4)§Ù

¥i ∈ [1, 4]�|F1| ≥ |F2| ≥ |F3| ≥ |F4|"

�¹1µ|F1| = 1

d�§|F1| = |F2| = |F3| = 1§|F4| = 0§d·K4§Si
4 − Fi´ëÏ�§Ù¥i ∈ [1, 4]"qd·

K5��§?¿ü�ØÓ�fãSi
4 �mk(n − 2)! = 2^Õá���>§¿�|Ej,4(S4)| = 2 > 1 =

|Fj |+ |F4|§KS4[V (Sj
4−Fj)∪V (S4

4 −F4)]´ëÏ�§Ù¥j ∈ [1, 3]"l
S4−F´ëÏ�§gñ"

�¹2µ|F1| = 2

du|F | = 3§k|F2| = 1§|F3| = |F4| = 0§d·K4§Si
4 − Fi´ëÏ�§Ù¥i ∈ [2, 4]"q

d·K5��§?¿ü�ØÓ�fãSi
4 �mk(n − 2)! = 2^Õá���>§S4[V (S2

4 − F2) ∪
V (S3

4 − F3) ∪ V (S4
4 − F4)]´ëÏ�"du|F1| = 2§KS1

4 − F1´ëÏ�§½ökü��²�

�ëÏ©|§½ökü�©|§Ù¥��©|´�á:"b�S1
4 − F1´ëÏ�½ökü��

²��ëÏ©|§d·K5§?¿ü�ØÓ�fãSi
4 �mk(n − 2)! = 2^Õá���>§¿

�|N(V (S1
4 − F1)) ∩ (V (S2

4) ∪ V (S3
4) ∪ V (S4

4))| = 4 > 1 = |F\F1|§ù¿�X3S4 − F¥��k
�^>ë�S1

4 − F1ÚS4[V (S2
4 − F2) ∪ V (S3

4 − F3) ∪ V (S4
4 − F4)]§ÏdS4 − F´ëÏ�§gñ"

eS1
4 − F1kü�©|§Ù¥��©|´�á:v"qd|F2| = 1§eF2�v��§KS4 − Fkü�©

|§Ù¥��©|´�á:v"eF2Ø�v��§KS4 − F´ëÏ�§gñ"

�¹3µ|F1| = 3

d�§|F2| = |F3| = |F4| = 0§d·K4§Si
4 − Fi´ëÏ�§Ù¥i ∈ [2, 4]"d·K5 ��§

S4[V (S2
4−F2)∪V (S3

4−F3)∪V (S4
4−F4)]´ëÏ�"¿�|N(V (S1

4−F1))∩(V (S2
4)∪V (S3

4)∪V (S4
4))| =

3 > 0 = |F2|+ |F3|+ |F4|§l
S4 − F´ëÏ�§gñ"

Ún4.2 �n ≥ 4§-F ⊆ V (Sn)�|F | ≤ 2n− 5§eSn − F´ØëÏ�§KSn − Fkü�©|§Ù
¥��©|´�á:"

y²µ dÚn4.1§�n = 4�§(J¤á"én?18Bb�§b�n ≥ 5�§(ØéSn−1¤

á"y3b�Sn − F´ØëÏ�§Ù¥F ⊆ V (Sn)�|F | ≤ 2n − 5§d·K4§ |F | ≥ n − 1"

�Fi = F ∩ V (Si
n)§Ù¥i ∈ [1, n]�|F1| ≥ |F2| ≥ |F3| ≥ · · · ≥ |Fn|"Äky²±e(²"

(²µ 1 ≤ |F2| ≤ n− 3

(²�y²µeF2 = ∅§K|F2| = |F3| = · · · = |Fn| = 0§d·K5§Sn[V (S2
n − F2) ∪ V (S3

n − F3) ∪
· · · ∪ V (Sn

n − Fn)]´ëÏ�"qÏ�S1
n − F1¥z�:Ñk	Ü��§ÏdSn − F´ëÏ�§gñ"

DOI: 10.12677/aam.2024.133102 1089 A^êÆ?Ð

https://doi.org/10.12677/aam.2024.133102


Ü¦=§�­=

e|F2| ≥ n− 2§K|F | ≥ 2(n− 2) = 2n− 4 > 2n− 5§ù�|F | ≤ 2n− 5gñ"

�â(²§éuz�i ∈ [2, n]§Si
n − Fi´ëÏ�§¿�|F2| ≥ 1"du|F | ≤ 2n− 5§K|F1| ≤

2n − 6"5¿�§|Ei,j(Sn − F )| ≥ (n − 2)! − (2n − 5) ≥ 1§Ù¥i, j ∈ [1, n]�n ≥ 5§Ïd3

zéSi
n − Fi�mÑk�^>ë�§Ù¥i ∈ [1, n]"duSn − F´ØëÏ�§K��S1

n − F1´

ØëÏ�§¿�-C1
1§C

2
1§· · ·§Ca

1´S
1
n − F1��²�©|§x1§x2§· · ·§xb´S1

n − F1��á

:"-X = {xi : xi´Sn − F��á:}§5¿§XJxi ´Sn − F��á:§Kx+i ∈ F\F1§Ù

¥i ∈ [1, b]"Ïd§�â·K6§|X| ≤ |F2|+ |F3|+ · · ·+ |Fn|"

XJ|F1| ≤ 2n − 7§d8Bb�§a = 1�b = 1",��¡§Ï��n ≥ 5§|N(V (C1
1 )) ∩

(V (S2
n) ∪ V (S3

n) ∪ · · · ∪ V (Sn
n))| ≥ (n− 1)!− |F1| − 1− (|F | − |F1|) ≥ (n− 1)!− (2n− 4) ≥ 18§Ï

d3Sn −F¥��k�^>ë�C1
1ÚSn[V (S2

n −F2)∪ V (S3
n −F3)∪ · · · ∪ V (Sn

n −Fn)]"ex+1 ∈ F§
KSn − Fkü�©|§Ù¥��©|´�á:"ÄKSn − FëÏ§gñ"XJ|F1| = 2n − 6§@

o|F2|+ |F3|+ · · ·+ |Fn| ≤ 1§Ïd|X| ≤ |F2|+ |F3|+ · · ·+ |Fn| ≤ 1§=|X| ≤ 1"d|N(V (Ci
1)) ∩

(V (S2
n−F2)∪V (S3

n−F3)∪ · · · ∪V (Sn
n −Fn))| ≥ |V (Ci

1)|− (|F2|+ |F3|+ · · ·+ |Fn|) ≥ 2−1 = 1§Ù

¥1 ≤ i ≤ a"=�1 ≤ i ≤ a �§3Sn − F¥��k�^>ë�Ci
1ÚSn[V (S2

n − F2) ∪ V (S3
n − F3) ∪

· · · ∪ V (Sn
n − Fn)]"?�Ú§eX = {x1}�x+1 ∈ F§KSn − Fkü�©|§Ù¥��©|´�á

:"ÄKSn − FëÏ§gñ"

XJëÏãG�z���g,�|F |ÑU�áÑ5�^>§KG´�g,ëÏ�"d	§eG−
Fkü�©|§Ù¥��©|´�á>§@oG´;|F |�g,ëÏ�"

½n4.3 éu?¿�ên ≥ 5§Sn´;2n− 4�g,ëÏ�"

y²µ -F ⊆ V (Sn)´Sn���g,�§|F | = 2n− 4"�Fi = F ∩ V (Si
n)§Ù¥i ∈ [1, n]�|F1| ≥

|F2| ≥ |F3| ≥ · · · ≥ |Fn|"Äky²±e(²"

(²µ1 ≤ |F2| ≤ n− 2

(²�y²µeF2 = ∅§K|F2| = |F3| = · · · |Fn| = 0§d·K5§Sn[V (S2
n − F2) ∪ V (S3

n − F3) ∪
· · · ∪ V (Sn

n − Fn)]´ëÏ�"qÏ�S1
n − F1¥z�:Ñk	Ü��§KSn − F´ëÏ�§gñ"

e|F2| ≥ n− 1§K|F | ≥ 2(n− 1) = 2n− 2 > 2n− 4§ù�|F | = 2n− 4gñ"

�¹1µ|F1| ≤ n− 3

Ï�|F1| ≥ |F2| ≥ |F3| ≥ · · · ≥ |Fn|§|Fi| ≤ n− 3§Ù¥i ∈ [1, n]"d·K4§Si
n−Fi´ëÏ�§

Ù¥i ∈ [1, n]"qd·K5��§?¿ü�ØÓ�fãSi
n �mk(n− 2)!^Õá���>"Ï�n ≥

5§k(n−2)! > 2n−6 ≥ |Fi|+ |Fj |§Ù¥i 6= j§i, j ∈ [1, n]"Ïd§Sn[V (Si
n−Fi)∪V (Sj

n−Fj)]´

ëÏ�§Ù¥i 6= j§i, j ∈ [1, n]"l
Sn − F´ëÏ�§�F´Sn���g,�gñ"

�¹2µn− 2 ≤ |F1| ≤ 2n− 7

f�¹2.1µ|F2| ≤ n− 3

Ï�|F1| ≥ |F2| ≥ |F3| ≥ · · · ≥ |Fn|§|Fi| ≤ n− 3§Ù¥i ∈ [2, n]"d·K4§Si
n−Fi´ëÏ�§

Ù¥i ∈ [2, n]"qd·K5��§?¿ü�ØÓ�fãSi
n �mk(n− 2)!^Õá���>"Ï�n ≥

5§k(n−2)! > 2n−6 ≥ |Fi|+ |Fj |§Ù¥i 6= j§i, j ∈ [2, n]"Ïd§Sn[V (Si
n−Fi)∪V (Sj

n−Fj)]´
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ëÏ�§Ù¥i 6= j§i, j ∈ [2, n]"l
Sn[V (S2
n−F2)∪V (S3

n−F3)∪· · ·∪V (Sn
n −Fn)]´ëÏ�"b

�S1
n−F1´ëÏ�§e|Fn| = 1§dun ≥ 5§K(n−1) +n−2 = 2n−3 > 2n−4 = |F |§gñ§Ï

d|Fn| = 0"Ï�(n−2)! > 2n−7+0 ≥ |F1|+|Fn|§¤±Sn[V (S1
n−F1)∪V (Sn

n−Fn)]´ëÏ�§2(

ÜSn[V (S2
n−F2)∪V (S3

n−F3)∪· · ·∪V (Sn
n−Fn)]´ëÏ�§KSn−F´ëÏ�§�F´Sn���g

,�gñ"b�S1
n−F1´ØëÏ�§Ï�|F1| ≤ 2n−7 = 2(n−1)−5§dÚn4.2§KS1

n−F1kü�

©|§Ù¥��©|´�á:"-C´S1
n−F1���©|§Ï�n ≥ 5§¤±(n−1)!−(2n−7)−1 >

(2n− 4)− (n− 2) = n− 2"�Sn[V (C) ∪ V (S2
n − F2) ∪ V (S3

n − F3) ∪ · · · ∪ V (Sn
n − Fn)]´ëÏ�§

�F´Sn���g,�gñ"

f�¹2.2µ|F2| = n− 2

d�§|F3| = |F4| = · · · = |Fn| = 0§|F1| = |F2| = n− 2"d·K4Ú·K5§Si
n − Fi´ëÏ�§

Ù¥i ∈ [3, n]§�Sn[V (S3
n−F3)∪V (S4

n−F4)∪ · · · ∪V (Sn
n −Fn)]´ëÏ�"b�S2

n−F2´ëÏ�§

Ï�(n−2)!− (n−2) > 0§��â·K4Ú·K5§Sn[V (S2
n−F2)∪V (S3

n−F3)∪· · ·∪V (Sn
n−Fn)]´

ëÏ�"-S1
n−F1´ëÏ�§Ïun ≥ 5§¤±(n−1)!−(n−2) > (2n−4)−(n−2) = n−2"Ïd§

Sn[V (S1
n−F1)∪V (S2

n−F2)∪· · ·∪V (Sn
n−Fn)]´ëÏ�§=Sn−F´ëÏ�§gñ"-S1

n−F1´Ø

ëÏ�§Ï�|F1| ≤ 2n−7 = 2(n−1)−5§dÚn4.2§KS1
n−F1kü�©|§Ù¥��©|´�á

:"-C´S1
n−F1���©|§Ï�n ≥ 5§¤±(n−1)!− (n−2)−1 > (2n−4)− (n−2) = n−2"

�Sn[V (C)∪V (S2
n−F2)∪V (S3

n−F3)∪ · · · ∪V (Sn
n −Fn)]´ëÏ�§�F´Sn���g,�gñ"

b�S2
n − F2´ØëÏ�"Ï�|F2| = n − 2§d½n3.4§S2

n − F2kü�©|§Ù¥��©|

´�á:§-B´S2
n − F2���©|§Ïun ≥ 5§K(n− 1)!− (n− 2)− 1 > (2n− 4)− (n− 2) =

n − 2§ÏdSn[V (B) ∪ V (S3
n − F3) ∪ V (S4

n − F4) ∪ · · · ∪ V (Sn
n − Fn)]´ëÏ�"-S1

n − F1´ë

Ï�§Ïun ≥ 5§¤±(n − 1)! − (n − 2) > (2n − 4) − (n − 2) = n − 2§�â·K5Ú·K7§

Sn[V (S1
n−F1)∪V (B)∪V (S3

n−F3)∪V (S4
n−F4)∪ · · · ∪V (Sn

n −Fn)]´ëÏ�§�F´Sn���g

,�gñ"-S1
n−F1´ØëÏ�§Ï�|F1| ≤ 2n− 7 = 2(n− 1)− 5§dÚn4.2§KS1

n−F1kü�

©|§Ù¥��©|´�á:"-C´S1
n−F1���©|§Ï�n ≥ 5§¤±(n−1)!− (n−2)−1 >

(2n− 4)− (n− 2) = n− 2"�Sn[V (C) ∪ V (S3
n − F3) ∪ V (S4

n − F4) ∪ · · · ∪ V (Sn
n − Fn)]´ëÏ�§

¤±Sn[V (B)∪ V (C)∪ V (S3
n −F3)∪ V (S4

n −F4)∪ · · · ∪ V (Sn
n −Fn)]´ëÏ�§ÏdSn −F÷v±

e�/��µ

(1) Sn − Fkü�©|§Ù¥��©|´�á:§gñ¶(2) Sn − Fkn�©|§Ù¥kü�
©|´�á:§gñ¶(3) Sn − Fkü�©|§Ù¥��©|´�^>§÷v(Ø"

�¹3µ2n− 6 ≤ |F1| ≤ 2n− 4

d(²|F2| ≥ 1§K|F1| ≤ 2n− 5§|F2|+ |F3|+ · · ·+ |Fn| ≤ 2§d·K4Ú·K5��Sn[V (S2
n−

F2)∪V (S3
n−F3)∪V (S4

n−F4)∪· · ·∪V (Sn
n −Fn)]´ëÏ�"b�S1

n−F1´ëÏ�§Ï�n ≥ 5§¤

±(n−1)!−(2n−5) > 2§ÏdSn[V (S1
n−F1)∪V (S2

n−F2)∪V (S3
n−F3)∪· · ·∪V (Sn

n−Fn)]´ëÏ�§

gñ"b�S1
n − F1´ØëÏ�§-C1§C2§· · ·§Ck(k ≥ 2)´S1

n − F1�©|§XJ|V (Cj)| ≥ 3§

K|N(V (Cj))∩(V (S2
n)∪V (S3

n)∪· · ·∪V (Sn
n))| ≥ 3§Ù¥j ∈ [1, k]"2(Ü|F2|+|F3|+· · ·+|Fn| ≤ 2§

KSn−F ÷v±e�/��µ(1) Sn−Fkü�©|§Ù¥��©|´�á:§gñ¶(2) Sn−Fk
ü�©|§Ù¥��©|´�^>§÷v(Ø¶(3) Sn − Fkn�©|§Ù¥kü�©|´�á
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:§�F ´Sn���g,�gñ"

nþ¤ã§�n ≥ 5�§Sn´;2n− 4�g,ëÏ�"

Ún4.4 �F ⊆ E(S4)§�|F | ≤ 3"XJS4 − FØëÏ§KS4 − Fdü�©||¤§Ù¥��©|
´�á:"

y²µPFi = F ∩ E(Si
4)§i ∈ [1, 4]§PS4�¤k��>�¤�8Ü�C§�Fc = F ∩ C"�â·

K5§|Ei,j(S4)| = (4−2)! = 2§Ù¥i, j ∈ [1, 4]§i 6= j"Ø���5§b�|F1| ≥ |F2| ≥ |F3| ≥ |F4|§
d|F | ≤ 3��|F4| = 0§ÄK|F | ≥ 4× 1 = 4 > 3§gñ"d·K4��S4

4 −F4´ëÏ�"�e5�

Ä±e�¹µ

�¹1µ|F1| ≤ 1

d�§|Fi| ≤ 1§i ∈ [1, 4]§�â·K4§Si
4 − Fi´ëÏ�§Ù¥i ∈ [1, 4]"5¿|Fc| ≤ 3§Ø

���5§b�|Fc ∩ E1,2(S4)| = 2§Ï�1fã¤k�	Ü��k(n − 1)! = 6�§d·K5��§

S4[V (S1
4 − F1) ∪ V (Sj

4 − Fj)] − Fc´ëÏ�§Ù¥j ∈ {3, 4}"�q/§�±��S4[V (S2
4 − F2) ∪

V (Sj
4 − Fj)] − Fc´ëÏ�§Ù¥j ∈ {3, 4}"ÏdS4 − F´ëÏ�§gñ"e|Fc ∩ Ei,j(S4)| < 2§

i, j ∈ [1, 4]§�i 6= j§aq/§S4 − F´ëÏ�§gñ"

�¹2µ|F1| = 2

d�§|Fc| ≤ 1�|Fi| ≤ 1§i ∈ [2, 4]§d·K4§Si
4 − Fi´ëÏ�§Ù¥i ∈ [2, 4]"d·K5§

S4[V (S2
4 − F2) ∪ V (S3

4 − F3) ∪ V (S4
4 − F4)] − Fc´ëÏ�"d|F1| = 2��§S1

4 − F1kü�©|§

Ù¥��©|´�á:§½ökü��²�©|"eS1
4 − F1kü��²�©|§d|Fc| ≤ 1�

�S4−F´ëÏ�§gñ"b�S1
4−F1kü�©|§Ù¥��©|´�á:v§e|Fc| = 1�Fc�v'

é§KS4[V (S1
4 − v − F1) ∪ V (S2

4 − F2) ∪ V (S3
4 − F3) ∪ V (S4

4 − F4)]− Fc´ëÏ�§d�S4 − Fk
ü�©|§Ù¥��©|´�á:v"e|Fc| = 1�FcØ�v'é½ö|Fc| = 0§KS4 − F´ëÏ�§
gñ"

�¹3µ|F1| = 3

d�|F2| = |F3| = |F4| = |Fc| = 0§d·K4Ú·K5��S4 − F´ëÏ�§gñ"

Ún4.5 �F ⊆ E(Sn)§�|F | ≤ 2n− 5§n ≥ 4"XJSn − FØëÏ§KSn − Fkü�©|§Ù¥
��©|´�á:"

y²µ�n = 4�§�âÚn4.4§(Ø¤á"én?1êÆ8B{§b�n ≥ 5�§(ØéSn−1¤

á§=eF´Sn−1���>��|F | ≤ 2n − 7§KSn−1 − Fkü�©|§Ù¥��©|´�á:"
-Fi = F ∩ E(Si

n)§i ∈ [1, n]�|F1| ≥ |F2| ≥ · · · ≥ |Fn|§PSn�¤k��>�¤�8Ü�C§

�Fc = F ∩ C"�Ä±e�¹µ

�¹1µ|F1| ≤ n− 3

Ï�|F1| ≥ |F2| ≥ · · · ≥ |Fn|§K|Fc| ≤ 2n−5�|Fi| ≤ n−3§i ∈ [1, n]§�â·K4§Si
n−Fi´

ëÏ�§Ù¥i ∈ [1, n]"Ï�n ≥ 5§�â·K5§ |Ei,j(Sn)| = (n − 2)! > 2n − 5 ≥ |Fc|§Ù
¥i, j ∈ [1, n]�i 6= j§�Sn[V (S1

n − F1) ∪ · · · ∪ V (Sn
n − Fn)]− Fc´ëÏ�§ÏdSn − F´ëÏ�§

gñ"
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�¹2µn− 2 ≤ |F1| ≤ 2n− 7

Ï�|F1| ≥ n−2§K|Fi| ≤ n−3§i ∈ [2, n]§�|Fc| ≤ n−3§�â·K4§Si
n−Fi´ëÏ�§Ù

¥i ∈ [2, n]"Ï�n ≥ 5§�â·K5§|Ei,j(Sn)| = (n− 2)! > n− 3 ≥ |Fc|§Ù¥i, j ∈ [2, n]�i 6= j§

�Sn[V (S2
n − F2) ∪ · · · ∪ V (Sn

n − Fn)] − Fc´ëÏ�"dn − 2 ≤ |F1| ≤ 2n − 7§d8Bb�§

S1
n − F1 ´ëÏ�§½ökü�©|§Ù¥��©|´�á:"b�S

1
n − F1´ëÏ�§Ï

�|Ei,j(Sn)| = (n−2)! > n−3 > 0§KSn−F´ëÏ�§gñ"b�S1
n−F1kü�©|§Ù¥��

©|´�á:v§Ï�(n−2)!−1 > n−3 > 0§KSn[V (S1
n−v−F1)∪V (S2

n−F2)∪· · ·∪V (Sn
n−Fn)]−Fc

´ëÏ�§ÏdSn − F´ëÏ�£gñ¤½öSn − Fkü�©|§Ù¥��©|´�á:"

�¹3µ2n− 6 ≤ |F1| ≤ 2n− 5

d�|Fi| ≤ 1§i ∈ [2, n]§�|Fc| ≤ 1§d·K4Ú·K5§Sn[V (S2
n − F2) ∪ V (S3

n − F3) ∪ · · · ∪
V (Sn

n − Fn)]− Fc ´ëÏ�"qd|Fc| ≤ 1§KSn − F´ëÏ�£gñ¤½ökü�©|§Ù¥�
�©|´�á:"

½n4.6 éu?¿�ên ≥ 4§nλ(Sn) = 2n− 4"

y²µ-u = (1)§v = (12)§¿�-F = {ux : x ∈ {(1, i) : 3 ≤ i ≤ n}} ∪ {vx : x ∈ {(1, i) : 3 ≤
i ≤ n}}§d·K2§SnvkÛ�§Ïd§éux ∈ V (Sn − F )§dSn−F (x) ≥ n − 2 ≥ 1§n ≥ 4"

�F´Sn���g,>�§¤±nλ(Sn) ≤ 2n− 4"

eF´Sn�����g,>�§dÚn4.5knλ(Sn) ≥ 2n − 4§(Ünλ(Sn) ≤ 2n − 4§

knλ(Sn) = 2n− 4"

XJëÏãG�z���g,>�FÑU�áÑ�^>§@oãG´�g,|F |>ëÏ�"

½n4.7 éu?¿�ên ≥ 4§Sn´�g,(2n− 4)>ëÏ�"

y²µ-F´Sn���g,>�§K�â½n4.6�|F | = 2n − 4"-Fi = F ∩ E(Si
n)§ i ∈

[1, n]�|F1| ≥ |F2| ≥ · · · ≥ |Fn|§PSn�¤k��>�¤�8Ü�C§�Fc = F ∩ C"én?
1©a?Ø"

£1¤n = 4

�n = 4�§|F | = 4§·�I�Ä±e�¹"

�¹1µ|F1| ≤ 1

d�§|Fi| ≤ 1§i ∈ [1, 4]"d·K4§Si
4−Fi´ëÏ�§Ù¥i ∈ [1, 4]"d·K5§3?¿ü�f

ã�mk(n−2)! = 2^Õá���>"5¿|F | = 4§|Fc| ≤ 4§(n−1)! = 6"Ø���5§b�|Fc∩
E1,2(S4)| = 2§Ï�1fã¤k�	Ü��k(n − 1)! = 6 �§d·K5§���3��j ∈ {3, 4}¦
�S4[V (S1

4−F1)∪V (Sj
4−Fj)]−Fc ´ëÏ�"Ø���5§b�S4[V (S1

4−F1)∪V (S4
4−F4)]−Fc´

ëÏ�§XJ|Fc ∩ E1,3(S4)| = 2§K|Fc ∩ E2,4(S4)| = |Fc ∩ E3,4(S4)| = |Fc ∩ E1,4(S4)| = 0"l


S4[V (Si
4 − Fi) ∪ V (S4

4 − F4)] − Fc ´ëÏ�§Ù¥i ∈ [1, 3]"ÏdS4 − F´ëÏ�§gñ"X
J|Fc ∩ E1,3(S4)| < 2§KS4[V (S1

4 − F1) ∪ V (S3
4 − F3)] − Fc´ëÏ�"aq/§kj ∈ {3, 4} ¦

�S4[V (S2
4 − F2) ∪ V (Sj

4 − Fj)]− Fc´ëÏ�"ÏdS4 − F ´ëÏ�§gñ"

�¹2µ|F1| = 2
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d�|Fi| ≤ 2§i ∈ [2, 4]§�|Fc| ≤ 2"

f�¹2.1µ|F2| ≤ 1

3T�¹¥§|Fi| ≤ 1§i ∈ [2, 4]§�|Fc| ≤ 2"d·K4Ú·K5§S4[V (S2
4 −F2)∪V (S3

4 −F3)∪
V (S4

4 − F4)] − Fc´ëÏ�"du|F1| = 2§KS1
4 − F1´ØëÏ�§¿�S

1
4 − F1kü�©|§Ù

¥��©|´�á:¶½ökü�©|§Ù¥��©|´�^�á>¶½ökü�©|§z�©

|�º:ê�3"eS1
4 − F1 kü�©|§Ù¥��©|´�á:v"Ï�|Fc| ≤ 2§�â·K6§

S4[V (S1
4 − v−F1)∪V (S2

4 −F2)∪V (S3
4 −F3)∪V (S4

4 −F4)]−Fc´ëÏ�§ÏdS4−F´ëÏ�(g

ñ)½ökü�©|§Ù¥��©|´�á:(gñ)"eS1
4 − F1kü�©|§Ù¥��©|´�^

�á>§(Ü|Fc| ≤ 2��§S4 − F´ëÏ�(gñ)½ökü�©|§Ù¥��©|´�^�á>"

eS1
4 − F1kü�©|§z�©|�º:ê�3§(Ü|Fc| ≤ 2��§S4 − F´ëÏ�(gñ)"

f�¹2.2µ|F2| = 2

d|F | = 4�|F3| = |F4| = |Fc| = 0§d·K4Ú·K5��§S4[V (S3
4 −F3)∪V (S4

4 −F4)]−Fc´

ëÏ�"du|Fi| = 2§KSi
4 − Fi´ØëÏ�§¿�S

i
4 − Fikü�©|§Ù¥��©|´�á

:¶½ökü�©|§Ù¥��©|´�^�á>¶½ökü�©|§z�©|�º:ê�3§Ù

¥i ∈ [1, 2]"eSi
4 − Fikü�©|§Ù¥��©|´�á:vi§Ù¥i ∈ [1, 2]§¿�v1v2 ∈ E(S4)§

@oS4 − Fkü�©|§Ù¥��©|´�^�á>"ÄKS4 − F´ëÏ�§gñ"

�¹3µ|F1| = 3

d�§|F2| + |F3| + |F4| + |Fc| = 1§=|Fi| ≤ 1§i ∈ [2, 4]§�|Fc| ≤ 1"d·K4Ú·K5�

�§S4[V (S2
4 − F2) ∪ V (S3

4 − F3) ∪ V (S4
4 − F4)] − Fc´ëÏ�"d|F1| = 3��§S1

4 − F1kn�

©|§Ù¥kü�©|´�á:¶½ökn�©|§Ù¥k��©|´�á:§k��©|´

�á>¶½ökn�©|§¿�n�©|þ��á>"eS1
4 − F1kn�©|§Ù¥kü�©|

´©O´�á:v1Úv2"d(n − 1)! − 2 = 4 > 1��§S4[V (S1
4 − v1 − v2 − F1) ∪ V (S2

4 − F2) ∪
V (S3

4 − F3) ∪ V (S4
4 − F4)] − Fc´ëÏ�§(Ü|Fc| ≤ 1§k|N(v1) ∩ (V (S2

4) ∪ V (S3
4) ∪ V (S4

4))| =

1 = |N(v2) ∩ (V (S2
4) ∪ V (S3

4) ∪ V (S4
4))|§KS4 − F´ëÏ�(gñ)½öS4 − Fkü�©|§Ù¥

��©|´�á:(gñ)"eS1
4 − F1kn�©|§k��©|´�á:§k��©|´�á>§

(Ü|Fc| ≤ 1��§S4 − F´ëÏ�(gñ)½öS4 − Fkü�©|§Ù¥��©|´�á:(gñ)"

eS1
4 − F1kn�©|�þ��á>§q|Fc| ≤ 1§d·K6§S4 − F´ëÏ�§gñ"

�¹4µ|F1| = 4

d�|F2| = |F3| = |F4| = |Fc| = 0§d·K4Ú·K5��S4 − F´ëÏ�§gñ"

£2¤n ≥ 5

én?18Bín§b�(ØéSn−1¤á§=eF´Sn−1�����g,>��|F | = 2n − 6§

KSn−1 − Fkü�©|§Ù¥��©|´�á>"e¡�ÄSn��¹µ

�¹1µ|F1| ≤ n− 3

d�§|Fi| ≤ n − 3§i ∈ [1, n]§|Fc| ≤ 2n − 4"d·K4§Si
n − Fi´ëÏ�§Ù¥i ∈ [1, n]"

d·K5§3?¿ü�fã�mk(n − 2)!^Õá���>§�(n − 2)! > 2n − 4§Ù¥n ≥ 6§
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KSn[V (S1
n − F1) ∪ · · · ∪ V (Sn

n − Fn)] − Fc´ëÏ�§=Sn − F´ëÏ�§gñ"�n = 5�§

(n − 2)! = 6 = 2n − 4 ≥ |Fc|"Ø���5§b�|Fc ∩ E1,2(S5)| = 6§Ï�1fã�	Ü��

k(n− 1)! = 24§d·K5��§S5[V (S1
5 − F1) ∪ V (Sj

5 − Fj)]− Fc´ëÏ�§Ù¥j ∈ {3, 4, 5}"a
q/§kS5[V (S2

5 −F2)∪ V (Sj
5 −Fj)]−Fc ´ëÏ�§Ù¥j ∈ {3, 4, 5}"ÏdS5 −F´ëÏ�§g

ñ"

�¹2µ|F1| = n− 2

f�¹2.1µ|F2| ≤ n− 3

d�|Fi| ≤ n − 3§i ∈ [2, n]§|Fc| ≤ n − 2"d·K4§Si
n − Fi´ëÏ�§Ù¥i ∈ [2, n]"d

·K5§(n − 2)! > n − 2 ≥ |Fc| (n ≥ 5)§ÏdSn[V (S2
n − F2) ∪ · · · ∪ V (Sn

n − Fn)] − Fc´ëÏ�"

d½n3.3��§S1
n − F1´ëÏ�½ökü�©|§Ù¥��©|´�á:"b�S

1
n − F1 ´ëÏ

�§qn ≥ 5§k(n − 2)! > n − 2§ÏdSn[V (S1
n − F1) ∪ V (S2

n − F2) ∪ · · · ∪ V (Sn
n − Fn)] − Fc´

ëÏ�§=Sn − F´ëÏ�§gñ"b�S1
n − F1kü�©|§Ù¥��©|´�á:v§Ï

�(n− 1)!− 1 > n− 2§Ù¥n ≥ 5§¤±Sn[V (S1
n− v−F1)∪V (S2

n−F2)∪ · · · ∪V (Sn
n −Fn)]−Fc´

ëÏ�"�Sn−F´ëÏ�½öSn−Fkü�©|§Ù¥��©|´�á:§ù�F´Sn���g

,>�gñ"

f�¹2.2µ|F2| = n− 2

d�|F3| = |F4| = · · · = |Fn| = |Fc| = 0§d·K4Ú·K5��§Sn[V (S3
n−F3)∪V (S4

n−F4)∪
· · · ∪ V (Sn

n − Fn)] − Fc´ëÏ�"b�S
j
n − Fj´ëÏ�§Ù¥j ∈ {1, 2}§�(n − 2)! > 0 = |Fc|§

KSn[V (S1
n − F1) ∪ V (Sj

n − Fj)]− Fc´ëÏ�§Ù¥j ∈ [3, n]"aq/§Sn[V (S2
n − F2) ∪ V (Sj

n −
Fj)]− Fc´ëÏ�§Ù¥j ∈ [3, n]"ÏdSn − F´ëÏ�§gñ"

Ø���5§b�S1
n − F1´ØëÏ�§S

2
n − F2´ëÏ�"�â½n3.3§S1

n − F1kü�©|§

Ù¥��©|´�á:v§d·K5��§Sn[V (S1
n−v−F1)∪V (S2

n−F2)∪· · ·∪V (Sn
n −Fn)]−Fc´

ëÏ�"ÏdSn−F´ëÏ�½öSn−Fkü�©|§Ù¥��©|´�á:§ù�F´Sn���

g,>�gñ"

b�Sj
n−Fj´ØëÏ�§Ù¥j ∈ {1, 2}"�â½n3.3§Sj

n−Fjkü�©|§Ù¥��©|´

�á:vj§Ù¥j ∈ {1, 2}"d·K6§Sn[V (S1
n−v1−F1)∪V (S2

n−v2−F2)∪V (S3
n−F3)∪· · ·∪V (Sn

n−
Fn)]−Fc´ëÏ�"b�v1�v2��§d·K7��§|N(vj)∩ (V (S3

n)∪ V (S4
n)∪ · · · ∪ V (Sn

n))| = 0§

Ù¥j ∈ {1, 2}§ÏdSn − Fkü�©|§Ù¥��©|´�á>v1v2"b�v1 �v2Ø��§(
Ü|Fc| = 0��§Sn − F´ëÏ�§gñ"

�¹3µn− 1 ≤ |F1| ≤ 2n− 7

Ï�|F | = 2n − 4�|F1| ≥ n − 1§K|Fi| ≤ n − 3§i ∈ [2, n]§|Fc| ≤ n − 3"d·K4 ��§

Si
n − Fi´ëÏ�§Ù¥i ∈ [2, n]"d·K5��§(n − 2)! > n − 3 ≥ |Fc|§n ≥ 5§KSn[V (S2

n −
F2) ∪ V (S3

n − F3) ∪ · · · ∪ V (Sn
n − Fn)] − Fc´ëÏ�"d|F1| ≤ 2n − 7§Ún4.5Ú8Bb��

�§S1
n − F1´ëÏ�§½ökü�©|§Ù¥��©|´�á:"b�S

1
n − F1´ëÏ�§Ï

�(n− 2)! > n− 3§n ≥ 5§KSn − F´ëÏ�§gñ"b�S1
n − F1kü�©|§Ù¥��©|´

�á:v§Ï�(n − 2)! − 1 > n − 3 ≥ |Fc|§n ≥ 5§KSn[V (S1
n − v − F1) ∪ V (S2

n − F2) ∪ V (S3
n −
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F3) ∪ · · · ∪ V (Sn
n − Fn)]− Fc´ëÏ�§ÏdSn − F´ëÏ�½öSn − Fkü�©|§Ù¥��©

|´�á:§gñ"

�¹4µ|F1| = 2n− 6

Ï�|F | = 2n − 4��|Fi| ≤ 2§i ∈ [2, n]§|Fc| ≤ 2"d·K4��§Si
n − Fi´ëÏ�§Ù

¥i ∈ [2, n]"d·K5��§(n − 2)! > 2 ≥ |Fc|§n ≥ 5§KSn[V (S2
n − F2) ∪ V (S3

n − F3) ∪
· · · ∪ V (Sn

n − Fn)] − Fc´ëÏ�"d|F1| = 2n − 6Ú8Bb���§S1
n − F1´ëÏ�½ök

ü�©|§Ù¥��©|´�á>"eS1
n − F1´ëÏ�§d(n − 2)! > 2 ≥ |Fc|§n ≥ 5§�

�Sn − F´ëÏ�§gñ"eS1
n − F1kü�©|§Ù¥��©|´�á>uv§�â·K6§

Sn[V (S1
n − u − v − F1) ∪ V (S2

n − F2) ∪ · · · ∪ V (Sn
n − Fn)] − Fc´ëÏ�§d·K6Ú·K7��§

|N(u)∩(V (S2
n)∪V (S3

n)∪· · ·∪V (Sn
n))| = 1 = |N(v)∩(V (S2

n)∪V (S3
n)∪· · ·∪V (Sn

n))|§¿�|Fc| ≤ 2§

¤±Sn − F´ëÏ�£gñ¤½öSn − F kü�©|§Ù¥��©|´�^�á>uv£÷v(
Ø¤"

�¹5µ2n− 5 ≤ |F1| ≤ 2n− 4

d�§0 ≤ |F2|+ |F3|+ · · ·+ |Fn|+ |Fc| ≤ 1§d·K4Ú·K5��§Sn[V (S2
n − F2) ∪ V (S3

n −
F3)∪ · · · ∪ V (Sn

n −Fn)]−Fc´ëÏ�"d·K6��§Sn −F´ëÏ�½öSn −Fkü�©|§Ù
¥��©|´�á:§gñ"

Ún4.8 �F ⊆ V (Sn) ∪ E(Sn)�|F | ≤ 2n− 5§n ≥ 4"XJSn − F ´ØëÏ�§KSn − Fkü�
©|§Ù¥��©|´�á:"

y²µ�n ≥ 4�§eF ⊆ V (Sn)�|F | ≤ 2n − 5§�âÚn4.2�§Sn − Fkü�©|§Ù¥

��©|´�á:§�3T�¹eÚn¤á"eF ⊆ E(Sn)�|F | ≤ 2n − 5§�âÚn4.5�§

Sn − Fkü�©|§Ù¥��©|´�á:§Ïd3T�¹eÚn�¤á"�·�b�F ⊆
V (Sn) ∪ E(Sn)�|F | ≤ 2n− 5§Ù¥F ∩ V (Sn) 6= ∅§F ∩ E(Sn) 6= ∅§Ó�-Sn − F´ØëÏ�"
-Fi = F ∩ V (Si

n)§F e
i = F ∩ E(Si

n)§Ù¥i ∈ [1, n]§�|F1 ∪ F e
1 | ≥ |F2 ∪ F e

2 | ≥ · · · ≥ |Fn ∪ F e
n|"

�C´Sn¥¤k��>�¤�8Ü§Ó�-Fc = F ∩C"Ïd§1 ≤ |F1|+ |F2|+ · · ·+ |Fn| ≤ 2n−6§

1 ≤ |F e
1 |+ |F e

2 |+ · · ·+ |F e
n|+ |Fc| ≤ 2n− 6"

�n = 4�§|F | ≤ 3"e|F | ≤ 2§�â½n3.1��S4 − F´ëÏ�§gñ"e|F | = 3§d½

n3.4��§S4 − F´ëÏ�½ökü�©|§Ù¥��©|´�á:"Ïd�Únéun = 4 ¤

á"ey�n ≥ 5�§(JE¤á"b�n ≥ 5�(ØéSn−1¤á§=XJ|F | ≤ 2n−7§�Sn−1−F
ØëÏ�§Sn−1 − Fkü�©|§Ù¥��©|´�á:"e¡�ÄSn��¹µ

�¹1µ|F1 ∪ F e
1 | ≤ n− 3

d�§|Fc| ≤ 2n − 6§|Fi ∪ F e
i | ≤ n − 3§Ù¥i ∈ [1, n]"d½n3.1§Si

n − Fi − F e
i´ëÏ�§

Ù¥i ∈ [1, n]"dun ≥ 5§(n− 2)! > 2n− 5 > 2n− 6 ≥ |Fc|§¤±Sn[V (Si
n − Fi − F e

i ) ∪ V (Sj
n −

Fj − F e
j )]− Fc´ëÏ�§Ù¥i, j ∈ [1, n]�i 6= j§=Sn − F´ëÏ�§gñ"

�¹2µn− 2 ≤ |F1 ∪ F e
1 | ≤ 2n− 7

d�§|F2 ∪ F e
2 |+ |F3 ∪ F e

3 |+ · · ·+ |Fn ∪ F e
n|+ |Fc| ≤ n− 3"d½n3.1§Si

n − Fi − F e
i´ëÏ

�§Ù¥i ∈ [2, n]"dun ≥ 5§(n− 2)! > n− 3 ≥ |Fc|§¤±Sn[V (S2
n − F2 − F e

2 ) ∪ V (S3
n − F3 −
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F e
3 )∪ · · · ∪V (Sn

n −Fn−F e
n)]−Fc´ëÏ�"du|F1 ∪F e

1 | ≤ 2n− 7§d8Bb�§S1
n−F1−F e

1´

ëÏ�½ökü�©|§Ù¥��©|´�á:"P|F1 ∪ F e
1 | = i"b�S1

n − F1 − F e
1´ëÏ�§

Ï�(n− 1)!− i > 2n− 5− i§n ≥ 5§ÏdSn−F´ëÏ�§gñ"b�S1
n−F1−F e

1kü�©|§

Ù¥��©|´�á:v§Ï�(n− 1)!− 1− i > 2n− 5− i§n ≥ 5§ÏdSn − F ´ëÏ�£gñ¤
½öSn − Fkü�©|§Ù¥��©|´�á:£÷v(Ø¤"

�¹3µ2n− 6 ≤ |F1 ∪ F e
1 | ≤ 2n− 5

d�§|F2∪F e
2 |+|F3∪F e

3 |+· · ·+|Fn∪F e
n|+|Fc| ≤ 1"d½n3.1Ú·K5§Sn[V (S2

n−F2−F e
2 )∪

V (S3
n−F3−F e

3 )∪· · ·∪V (Sn
n−Fn−F e

n)]−Fc´ëÏ�"Ï�|F2∪F e
2 |+|F3∪F e

3 |+· · ·+|Fn∪F e
n|+|Fc| ≤

1§ÏdSn − F´ëÏ�£gñ¤½öSn − F kü�©|§Ù¥��©|´�á:£÷v(Ø¤"

½n4.9 éu?¿�ên ≥ 4§nκλ(Sn) = 2n− 4"

y²µ-F´Sn�����g,r�§KdÚn4.8��|F | ≥ 2n− 4"

-u = (1)§v = (12)§¿�-F = {ux : x ∈ {(1, i) : 3 ≤ i ≤ n}} ∪ {(12)(1, i) : 3 ≤ i ≤ n}§
K|F | = 2n− 4"d·K2§SnvkÛ�§Ïdéux ∈ V (Sn − F )§dSn−F ≥ n− 1− (n− 2) = 1§

�F´Sn���g,r�§¤±nκλ(Sn) ≤ 2n− 4"Ïd§nκλ(Sn) = 2n− 4"

5. (Ø

�©ïÄ
n�(ãSn�g = 0!g = 1��rëÏ5�"=�g = 0�§éu?¿�ên ≥ 4§

kκλ(Sn) = n− 1"?�Ú3^�\r�Ä:þ§=�g = 1���
nλ(Sn) = 2n− 4!nκλ(Sn) =

2n− 4"du�©vkïÄg ≥ 2�Sn�rëÏ5§Ïdùò´��8�ékïÄd���K"
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