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916 S X ℄ : : � 40\)`!� P∞ "STR.� V (P∞) = { ui | i = 0, 1, · · · } L��TR ui ∼ uj B)NB
| i − j | = 1. Dyx�!�L℄RXxFG��Gx-LTRB2I�!� P2∞. 7TR`�!L�!�0}� K∞.�b��� (TR) LV��q�!r^ Slater[1] n8�f��Harary � Melter[2]_s�qEO4~YvAT� [3] !�Ds�qV[G*&7�4����qM9L*&7�4����*&7w���w0�(b9u&LyR>[nj,�<��LGxRIWG�GxR�;�D*&7�j,Ra&}BLTR�yR>Lw0��a&���	*&7�4��U�2~Gx} (ro�4��L6'). bU�*&7;�qro���1V�3L��q�U�"2~;�q}�o��xTRL�q�2�GN"��xTRL�q� [3] ��~"�}��xTRL�qUGx NP - �q�.\ 1.1[4] F W = { wj | j = 1, 2, · · ·, k } U} G LGx`8TR�.�TR v ∈

V (G) �b W L"�UGx k− 	&|�
rG(v|W ) =

(

dG(v, w1), dG(v, w2), · · · , dG(v, wk)
)

.=_8NyTR u, v ∈ V (G)` rG(u|W ) 6= rG(v|W )2v�t�xTRY`�GL k-	&|"��&0 W U} G LGxo�.�TR`!)Lo�.0�} G LGx(�#TR`�} G L\|	�7& dim(G).t;�} G (} 1) LGxo�.U W = { u, v }, Q�yTRL[n&|"��	
rG(u|W ) = (0, 1); rG(v|W ) = (1, 0); rG(w|W ) = (2, 1);

rG(x|W ) = (3, 2); rG(y|W ) = (2, 3); rG(z|W ) = (1, 2),yTRL"��'$x�dLB��} G �AxTR'�2o�.�gL} G L\|	 dim(G) = 2.

N 1 { G}Lo�.�\|	�q'NE1bxM9AT�g [5], #dG+�D}��q`(w� [6]. t;�B
D,}L$�TRY`'xL"�K�}Lo�.�\|	�qd}LTR5?�q(w��qM9�qL.W��}Lo�.�\|	Lo�A



6" �B�x���p'�	O Corona +zJZz��S 917TW�8G+-Ou	d#h}'�|I�AT}L�xo�.�<o�.�G6�8e�AT}Lo`G\|	 [7−10], }L��vRo�. [11], }L k- \|	 [12]; HXg1V� Lx`�AT1Vbx� L}L\|	�q [13]; HXM9ro��L�!I�0�L'�06�AT�!I�0�'�0tA�}L\|	�q [14].mY}lL\|	�q�6e\|	LmYkgIG~
jAT [15−20]. G+mY��dLa&Uw�}L4,nedIG� [21] VP~yx}L Corona ,�&[$2L�Ok�~ Corona ,d#h}neL��� [22–25] AT~ Corona ,}L\|	���P 2 HVP~yx}L
P Corona ,�)
`� {8sVP�P 3 HW;AT~G�
P Corona ,}Lo�.�\|	�q�&IGE�LI��P 4 HCv~>wG�
P Corona ,}(Leg�6e,}\|	L�`� �2�<dqo�BJ℄~G�
P Corona,}\|	L6e�q�P 5 H�P 6 Ho$AT~`!��!mY
P Corona ,}L\|	�q�&IG~G�L\|	6e�R�#hZe� [26].

2 5Z Corona 8L.\ 2.1[21] F G � H UyxTR`o$� n1 � n2 L}�} G LTR.7&
V (G) = { vi | i = 1, 2, · · ·, n1 }. L�+&�2} G � H L Corona ,	 (1) rÆ n1 xd} H x�L} H1, H2, · · ·, Hn1

; (2) D} G LP i xTRxFGrÆ} Hi L�xTR�7} G � H L Corona ,}� G ⊙ H .

[20] AT~q}�s<Gt9��gI}L\|	� [22,23]AT~w� Corona ,DGx}L0)TRs<G��Gx}L�xTRBgI}L\|	�G�N��q1Vw� Corona,D�x}LG)oTRs<G��Gx}L�xTRBgI}L\|	��'�
`� ATs�q���~
~}L Corona ,�n8~yx}L
P
Corona ,�.\ 2.2 F G � H UyxTR`o$� n1 � n2 L}�} G LTR.7&
V (G) = {vi|i = 1, 2, · · · , n1}. S � V (H) Lmf�.�L�+&�2} G � H L
P
Corona,	 (1) /mfTR�. S ⊆ V (H); (2) rÆ n1 xd} H x�L} H1, H2, · · ·,

Hn1
; (3) D} G LP i xTRxFG S LrÆTR�. Si ⊆ V (Hi) L�xTR�7}

G � H L
P Corona ,}� G ⊙S H . 2.3 m$N�B S = V (H) K�yx}L
P Corona ,2�yx}L Corona,�VP 2.2 UG�6LVP�)
`� {8sVP���AT~
P Corona ,}L\|	�q�&IGE�LI���m$b����k��5�=V
P Corona ,}�`NP�
3 5Z Corona 8L,3(:7/BPF G � H �TR`�C� 2 Lxw}��HAT~G�
P Corona,} G⊙S H



918 S X ℄ : : � 40\Lo�.�\|	�qtA!ÆE>L+g����~�bo�.�2m6LG�I��6e8~\|	LBL��L�n8~mY
P Corona ,}L\|	6e�q�.A 3.1 F G � H UyxTR`o$� n1 ≥ 2 � n2 ≥ 2 Lxw}� S � V (H)Lmf�.�) |S| ∈ {2, 3, · · ·, n2}, t
(1) = W U} G ⊙S H LGxo�.�t W ∩ V (Hi) 6= φ, i ∈ { 1, 2,· · ·, n1 };

(2) = B U} G ⊙S H LGx(�t B ∩ V (G) = φ.j (1) F W U} G ⊙S H LGxo�.�)=q i ∈ { 1, 2,· · ·, n1 } PI V (Hi) ∩

W = φ. ^VPVP 2.2 ��_bTR vi ∈ V (G) �8NLTR u, v ∈ Si `
dG⊙SH(u, vi) = dG⊙SH(v, vi) = 1. (3.1)^R (3.1) dI�_8NLTR u, v ∈ Si � w ∈ W `

dG⊙SH(u, w) =dG⊙SH(u, vi) + dG⊙SH(vi, w)

=dG⊙SH(v, vi) + dG⊙SH(vi, w)

=dG⊙SH(v, w)2v�}d W U} G ⊙S H LGxo�.�`�
(2) F B U} G ⊙S H LGx(�) B ∩ V (G) 6= φ. ��dL��� W ′ = B −

V (G) U} G ⊙S H LGxo�.�_b8NTR x, y ∈ V (G ⊙S H) o+gk�	F? 1 x, y ∈ V (G). F x = vi, y = vj . t=qTR u ∈ B ∩ V (Hj), j 6= i PI�
dG⊙SH(x, u) =dG⊙SH(vi, u)

<dG⊙SH(vi, u) + dG⊙SH(vj , vi)

=dG⊙SH(y, u)2v�2 W ′ = B − V (G) dLo�TR x, y.F? 2 x ∈ V (Hi), y ∈ V (G).= y = vj , j 6= i, t=qTR u ∈ B ∩ V (Hj) PI�
dG⊙SH(x, u) =dG⊙SH(x, vi) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

>dG⊙SH(vj , u)

=dG⊙SH(y, u).= y = vi, t=qTR u ∈ B ∩ V (Hl), l 6= i PI�
dG⊙SH(x, u) =dG⊙SH(x, vi) + dG⊙SH(vi, vl) + dG⊙SH(vl, u)

=dG⊙SH(x, y) + dG⊙SH(y, vl) + dG⊙SH(vl, u)

>dG⊙SH(y, vl) + dG⊙SH(vl, u)

=dG⊙SH(y, u),



6" �B�x���p'�	O Corona +zJZz��S 9192 W ′ = B − V (G) dLo�TR x, y.F? 3 x ∈ V (Hi), y ∈ V (Hj), i 6= j. ^}L[n\|6�dI�
dG⊙SH(x, vi) + dG⊙SH(vi, u) ≥ dG⊙SH(x, u), u ∈ B ∩ V (Hi), (3.2)

dG⊙SH(y, vj) + dG⊙SH(vj , u) ≥ dG⊙SH(y, u), u ∈ B ∩ V (Hj). (3.3)�ÆOG(o (a), (b) y�+3k�	
(a) dG⊙SH(y, vj) 6= dG⊙SH(x, vi), 2

dG⊙SH(y, vj) > dG⊙SH(x, vi) (3.4)%
dG⊙SH(y, vj) < dG⊙SH(x, vi). (3.5)^ (1) �� B ∩ V (Hi) 6= φ. Qd=qTR u ∈ B ∩ V (Hi), |XR (3.2), (3.4) dI�

dG⊙SH(y, u) =dG⊙SH(y, vj) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

>dG⊙SH(x, vi) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

>dG⊙SH(x, vi) + dG⊙SH(vi, u)

≥dG⊙SH(x, u).xo�^ (1) �� B ∩ V (Hj) 6= φ. Qd=qTR u ∈ B ∩ V (Hj), |XR (3.3), (3.5) dI�
dG⊙SH(x, u) =dG⊙SH(x, vi) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

>dG⊙SH(y, vj) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

>dG⊙SH(y, vj) + dG⊙SH(vj , u)

≥dG⊙SH(y, u).

(b) dG⊙SH(y, vj) = dG⊙SH(x, vi). =F_8NTR u ∈ B ∩ V (Hi), ` dG⊙SH(x, u)

= dG⊙SH(y, u) 2v�t
dG⊙SH(x, u) =dG⊙SH(y, u)

=dG⊙SH(y, vj) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

=dG⊙SH(x, vi) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

>dG⊙SH(x, vi) + dG⊙SH(vi, u),dR (3.2) �`�Qd=qTR u ∈ B ∩ V (Hi) PI dG⊙SH(x, u) 6= dG⊙SH(y, u) 2v�^ (a), (b) Lk��� W ′ = B − V (G) dLo�TR x, y.F? 4 x, y ∈ V (Hi), i ∈ { 1, 2,· · ·, n1 }. �Æo (c), (d) y�+3k��
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(c) dG⊙SH(x, vi) 6= dG⊙SH(y, vi). ^ (1) ��=q u ∈ B ∩ V (Hj), j 6= i PI�

dG⊙SH(x, u) =dG⊙SH(x, vi) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

6=dG⊙SH(y, vi) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

=dG⊙SH(y, u).

(d) dG⊙SH(x, vi) = dG⊙SH(y, vi). :K�_b8NLTR v ∈ V (G⊙S H) \ V (Hi)`
dG⊙SH(x, v) = dG⊙SH(y, v)2v�Qd�=qTR u ∈ B ∩ V (Hi) PI�
dG⊙SH(x, u) 6= dG⊙SH(y, u)2v�qtd B U} G⊙S H LGx(�`�^ (c), (d) Lk���W ′ = B − V (G) dLo�TR x, y. ^+g 1, 2, 3, 4 Lk���I� (2) 2v����f���` |S| L�"�Vo 3.1 {8~G�
P Corona ,}lLo�.�2m6�2qtA!ÆE>L+g��IG~�b,}o�.LE [22, Ro 1 (ii), (iii)] }Y`G�6LI��.\ 3.2 =_TR u ∈ V (G) �g`TR v ∈ V (G) \ {u} �� dG(u, v) = 1, t0

u ∈ V (G) U} G LGx��TR�
[23, Vo 1] |X} H Uq�`��TR�{8~ Corona ,} G ⊙ H L\|	6e�R�^b} G⊙S H LD8�} 〈Hi ∪ {vi}〉 (i ∈ { 1, 2, · · ·, |G| }) Lxw+gE�ro�Qd�qwG
P Corona ,}\|	L6e�RUGxE�L�q�}q�n8|X H Ll2i1VmY
P Corona ,}\|	L�_�q�SJ 3.3 F G UTR`�C� 2 Lxw}� H UGx^TR`�C� 2 Lxw}�2L}l�B} H ∈ H K��q>wG
P Corona ,} G⊙S H L\|	6e�R��b}G�q���P 4H�P 5H#~)oAT���OG({8~
P Corona,}\|	LL�.A 3.4 F G� H UyxTR`o$� |G| ≥ 2� |H | ≥ 2Lxw}�S � V (H)Lmf�.�) |S| ∈ { 2, 3, · · ·, |H | }, Hvi

= 〈Hi ∪ {vi}〉, i ∈ { 1, 2, · · ·, |G| }, t
|G|(dim(Hvi

) − 1) ≤ dim(G ⊙S H) ≤ |G|dim(Hvi
).j (1) �4�= Wi U Hvi

LGxo�.�t |G|
⋃

i=1

Wi EU} G ⊙S H LGxo�.�gL dim(G ⊙S H) ≤ |G|dim(Hvi
) 2v�

(2) F B U} G⊙k H LGx(�^Vo 3.1(2) �� B ∩ V (G) = φ. }q'lF Bi

= B ∩ V (Hi). Q�\|	 dim(Hvi
)
d Bi, Hi � vi `��gL�Æoy�+gk�	



6" �B�x���p'�	O Corona +zJZz��S 921F? 1 =_8NTR x, y ∈ V (Hi),=qTR u ∈ Bi,PI dG⊙SH(x, u) 6= dG⊙SH(y, u)2v�t Bi U Hi LGxo�.�Od� Bi ∪ {vi} U} Hvi
LGxo�.�Qd

dim (Hvi
) ≤ |Bi| + 1,2

dim(Hvi
) − 1 ≤ |Bi|.bU

|G|(dim(Hvi
) − 1) ≤

|G|
∑

i=1

|Bi| = |B|,2I
|G|(dim(Hvi

) − 1) ≤ dim(G ⊙S H).F? 2 ==qTR x, y ∈ V (Hi),_8NTR u ∈ Bi,�� dG⊙SH(x, u) = dG⊙SH(y, u),t�` dG⊙SH(x, vi) 6= dG⊙SH(y, vi)2v�Q: Bi ∪ {vi} U} Hvi
LGxo�.�2I

|G|(dim(Hvi
) − 1) ≤

|G|
∑

i=1

|Bi| = |B|,2
|G|(dim(Hvi

) − 1) ≤ dim(G ⊙S H).^ (1),(2) Lk���I�2v����
4 5Z Corona 8L/BP,;G�HAT~
P Corona ,}\|	L6e�q	(b�}TR[n o�I8~
P Corona ,}(L>wkg�&{8~,}\|	LG�6e�R�(b�}TR[n o�Cv~6e
P Corona,}\|	L 0− 1 �`� �2�=F Hvi

= 〈Hi

∪ {vi}〉 (i ∈ { 1, 2, · · ·, |G| }), N "S�} Hvi
�g`TRGTR vi L'x[nLx`� G ⊙S H ,}LD8�} Hvi

`Gx�bTR vi L[n o
P = {Vvi,j|d(vi, vj) = j, vj ∈ Vj , j = 0, 1, · · · , N}. (4.1).A 4.1 =} Hvi

LGx(� Bvi
, t W =

|G|
⋃

i=1

(Bvi
− {vi}) U} G ⊙S H LGx(�j =F B U} G ⊙S H LGx(�|X o P (R (4.1)), �Æo (1), (2) �2���

(1) _8NTR x, y ∈ V (G ⊙S H), o+g�� W =
|G|
⋃

i=1

(Bvi
− {vi}) U} G ⊙S HLGxo�.�



922 S X ℄ : : � 40\F? 1 x ∈ Vvi,m, y ∈ Vvi,l, m 6= l, 2 dHvi
(x, vi) 6= dHvi

(y, vi) 2v�_8NTR
v ∈ Bvj

− {vj}, j 6= i `
dG⊙SH(x, vi) + dG⊙SH(vi, v) 6= dG⊙SH(y, vi) + dG⊙SH(vi, v)2v�2

dG⊙SH(x, v) 6= dG⊙SH(y, v) (4.2)2v�^R (4.2) 2I8NTR x ∈ Vvi,m, y ∈ Vvi,l, m 6= l d^ W o��F? 2 x, y ∈ Vvi,m. _8NTR v ∈ (V (G ⊙k H) \ V (Hi)) ∪ {vi} `
dG⊙SH(x, v) = dG⊙SH(y, v),Qd=qTR u ∈ Bvi

−{vi} PI
dHvi

(x, u) 6= dHvi
(y, u),2

dG⊙SH(x, u) 6= dG⊙SH(y, u) (4.3)2v�qt�d Bvi
U Hvi

L(�`�^R (4.3) 2I8NTR x, y ∈ Vvi,m d^ W o��F? 3 x ∈ Vvi,m, y ∈ Vvj ,l. ^}L[n\|6�dI�
dG⊙SH(x, vi) + dG⊙SH(vi, u) ≥ dG⊙SH(x, u), u ∈ Bvi

− {vi}, (4.4)

dG⊙SH(y, vj) + dG⊙SH(vj , u) ≥ dG⊙SH(y, u), u ∈ Bvj
− {vj}. (4.5)�ÆOG(o (a), (b) y�+3k�	

(a) m 6= l, 2
dG⊙SH(y, vj) > dG⊙SH(x, vi) (4.6)%
dG⊙SH(y, vj) < dG⊙SH(x, vi). (4.7)|XR (4.4), (4.6) dI�

dG⊙SH(y, u) =dG⊙SH(y, vj) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

>dG⊙SH(x, vi) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

>dG⊙SH(x, vi) + dG⊙SH(vi, u)

≥dG⊙SH(x, u).



6" �B�x���p'�	O Corona +zJZz��S 923xo�|XR (4.5), (4.7) dI�
dG⊙SH(x, u) =dG⊙SH(x, vi) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

>dG⊙SH(y, vj) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

>dG⊙SH(y, vj) + dG⊙SH(vj , u)

≥dG⊙SH(y, u).

(b) m = l, 2 dG⊙SH(y, vj) = dG⊙SH(x, vi). =F_8NTR u ∈ Bvi
− {vi}, `

dG⊙SH(x, u) = dG⊙SH(y, u) 2v�t
dG⊙SH(x, u) =dG⊙SH(y, u)

=dG⊙SH(y, vj) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

=dG⊙SH(x, vi) + dG⊙SH(vj , vi) + dG⊙SH(vi, u)

>dG⊙SH(x, vi) + dG⊙SH(vi, u).dR (4.4) �`�Qd=qTR u ∈ Bvi
− {vi} PI dG⊙SH(x, u) 6= dG⊙SH(y, u) 2v�^ (a), (b) Lk��� W dLo�TR x, y.F? 4 x = vi, y = vj , j 6= i, t=qTR u ∈ Bvj

− {vj}, j 6= i PI�
dG⊙SH(x, u) =dG⊙SH(vi, u)

<dG⊙SH(vi, u) + dG⊙SH(vj , vi)

=dG⊙SH(y, u)2v�2 W dLo�TR x, y.F? 5 x ∈ Vvi,m, y ∈ V (G).= y = vj , j 6= i, t=qTR u ∈ Bvj
− {vj} PI�

dG⊙SH(x, u) =dG⊙SH(x, vi) + dG⊙SH(vi, vj) + dG⊙SH(vj , u)

>dG⊙SH(vj , u)

=dG⊙SH(y, u).= y = vi, t=qTR u ∈ Bvl
− {vl}, l 6= i PI�

dG⊙SH(x, u) =dG⊙SH(x, vi) + dG⊙SH(vi, vl) + dG⊙SH(vl, u)

=dG⊙SH(x, y) + dG⊙SH(y, vl) + dG⊙SH(vl, u)

>dG⊙SH(y, vl) + dG⊙SH(vl, u)

=dG⊙SH(y, u),2 W dLo�TR x, y. = B U} G ⊙S H LGx(�t^+g 1– +g 5 dI |B| ≤

|W |.
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(2) ��o (a), (b) y�+g�� |W | ≤ |B|. (a) vi ∈ Bvi

. F B U} G⊙S H LGx(�) Bi = B ∩ V (Hi). |XVo 3.1(2), B ∩ V (G) = φ 2v�Q:�^Vo 3.4("�'MR) dI |Bvi
− {vi}| ≤ |Bi|, 2I |W | ≤ |B|. (b) vi /∈ Bvi

, 2I W = Bvi
− {vi} =

Bvi
. Q� Bvi

U�} Hvi
LGx(�gL Bvi

∪ {vi} U Hvi
LGx��TR vi L!)o�.�w�lb (1) L���5�dL�� Bi∪ {vi} U Hvi

LGx��TR vi Lo�.�Q:��` |Bvi
∪ {vi}| ≤ |Bi ∪ {vi}| 2v�2 |Bvi

| ≤ |Bi|, |W | ≤ |B|. ���OD 4.2 F G� H UyxTR`o$� |G| ≥ 2� |H | ≥ 2Lxw}�S � V (H)Lmf�.�) |S| ∈ { 2, 3, · · ·, |H | }. Hvi
= 〈Hi ∪ {vi}〉, i ∈ { 1, 2, · · ·, |G| }. } HviLGx(� Bvi

. �[I�2v�
(1) = vi ∈ Bvi

, t dim(G ⊙S H) = |G|(dim(Hvi
) − 1);

(2) = vi /∈ Bvi
, t dim(G ⊙S H) = |G|dim(Hvi

).j ^Vo 4.1 1#���5dII��|XVo 4.1 �~� 4.2 q�}[n o P (4.1) LtA��dCv>w} G⊙S H(Leg�H1 4.3) 0 =V�} Hvi
Lg`o�.^��TR vi;) 1 q�} Hvi

\ {vi} �>w!CLTRi-o�x o. Vvi,m (m = 1, 2,· · ·,

N) �LTR�&7sTR.� Bvi
;) 2 TR. |G|

⋃

i=1

{(Bvi
∪ {vi}) − {vi}} 2�} G ⊙S H LGx(�Fmf�. S ⊆ V (Hvi
),

yj =

{

1, j ∈ S;

0, j ∈ V (Hvi
) \ S.G�N�q�}[n o P (4.1) LtA��dCvYrL 0 − 1 �`� �2i6e} G ⊙S H L\|	�EV 4.4

min

t
∑

j=1

yj, (4.8)

s.t.
t

∑

j=1

|dhj − dlj | ≥ 1, h < l, vh, vl ∈ Vvi,m, Vvi,m ∈ P \ Vvi,0, (4.9)

yj ∈ {0, 1}, 1 ≤ j ≤ t. (4.10)#�� t = |V (Hvi
) \ {vi}|; D = [dij ] "S�} Hvi

\ {vi}y[n o P (R (4.1))�8�L[nW~� dij = d(vi, vj), vi, vj ∈ V (Hvi
). Q�[nW~ D J��gL |dhj − dlj |U-`�Odj\tA (4.9)U"6L�)B |Vvi,m| = 1, Vvi,m ∈ P \ Vvi,0 K� |dhj −dlj |
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= 0. q[n o P (R 4.1) LtA���2 4.4 ` t x�|�R (4.9) !b`
t

∑

m=1

(

|Vvi,m|

2

)

, Vvi,m ∈ P \ Vvi,0xj\tA�^Vo 4.1 ��R (4.8)–(4.10) 1VL�xd4J�TR vi G$�2~�} Hvi
LGx��TR vi Lo�.�Od^eg 4.3 dI
P Corina ,}L(�|XVo 3.1(2), �2 4.4 L!℄�L |G| �2�,} G ⊙S H L\|	�

5 L G ⊙S H ,/BP� H = Pn2
, Kn2�Hk�B H = Pn2

, Kn2
K�`!} G ⊙S H L\|	�^A 5.1 (� [22], � 7) A} F1,n = K1 ⊙ Pn, #\|	��	

dim(F1,n) =



























1, n = 1,

2, n = 2, 3, 4, 5,

3, n = 6,
⌊2n + 2

5

⌋

, n ≥ 7.^A 5.2 (� [23], Vo 1) F G Uxw}� H UTR`� n2 ≥ 2 L}�=} G �`��TR�t dim(G ⊙ H) = |G| dim(H);OD 5.3 = G Uxw}� H = Pn2
, n2 ≥ 7, t dim(G ⊙ H) = |G|

⌊

2n2+2
5

⌋

.j ^Ro 5.1 �Ro 5.2 dII�����^A 5.4 (� [25], Ro 5) F G Uxw}�q} G Bs<Gt9�� e′ gI}�
G′, t

dim (G) ≤ dim(G′) ≤ dim(G) + 1..A 5.5 F G � H UyxTR`o$� n1 ≥ 2 � n2 ≥ 2 Lxw}�) H = Pn2
./mf�. S ⊆ V (H), ) |S| ∈ { 2, 3, · · ·, |H | }. FD8�} H [S] xw�t��I�2v	

(1) = |S| = 2, 3, t dim(G ⊙S H) = n1;

(2) = |S| ∈ { 4 , 5, 6 }, t dim(G ⊙S H) = 2n1;

(3) = |S| ≥ 7, t dim(G ⊙S H) = n1

⌊ 2|S|+2
5

⌋

.j F Hvi
= 〈Hi ∪ {vi}〉, |S| = k. rÆTR. Si ⊆ V (Hi) �LTRy#q�

Pn2
BLxFa8H;7& si,1, si,2, · · ·, si,k. 7TR. D = { s | 2 ≤ dH(si,1, s) ≤

diam(H [Si]) − 2, s ∈ Si }. �Æ��I�	
(1) B |S| = 2 K�^Ro 5.1 �� dim(Hvi

) = 2. :MB���} Hvi
�=q��TR vi L( Bvi

. ^~� 4.2(1)dII� (1) 2v�B |S| = 3 K�w�lL��kgdII�2v�
(2) B |S| = 4 K�^Ro 5.1 �� dim(G ⊙S H) = 2. F Bvi

U�} Hvi
LGx��TR vi L(�bU�`)N`GxTR v (∈ H) PI v ∈ Bvi

. =TR v = si,1, t=
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(si,3|Bvi

) = rHvi
(si,4|Bvi

) 2v�}d Bvi
U�} Hvi

L(�`�=TR v = si,2, si,3, si,4, td~8l�`�=TR v ∈ H \ S 6= φ, t=qTR
w1, w2 ∈ D PI rHvi

(w1|Bvi
) = rHvi

(w2|Bvi
) 2v�}d Bvi

U�} Hvi
L(�`�Qd��} Hvi

L�x(^'�TR vi. ^~� 4.2(2), dI dim(G ⊙S H) = 2n1. w�lL���5dL�� |S| = 5 L+3�B |S| = 6 K�̂ Ro 5.1 ��dim (Hvi
) = 3. /

W = { vi, si,3, si,5 } (% W = { vi, si,2, si,4 }) i ∈ { 1,2,· · ·, n1 }. dLB�� W U�}
Hvi
LGxo�.�OdU�} Hvi

LGx(�^~� 4.2(1) �� dim(G⊙S H) = 2n1.

(3) F B U} G ⊙ H [S] LGx(��Æ�2��	W��B H [S] xwK� H [S] ∼= Pk, G ⊙ H [S] ∼= G ⊙ Pk. _�x i ∈ { 1, 2, · · ·, n1

}, q} G ⊙ Pk BJ<;�+&dI} G ⊙S H :

1) H;s<-TR vi,1, vi,2, · · ·, vi,m, m ∈ { 1,2,· · ·, n2 − k }, &PITR si,1 ∼

vi,1; vi,1 ∼ si,2; · · ·; vi,m−1 ∼ vi,m;

2) H;s<-TR vi,m+1, vi,m+2, · · ·, vi,n2−k, &PITR si,k ∼ vi,m+1; vi,m+1 ∼

vi,m+2; · · ·; vi,n2−k−1 ∼ vi,n2−k. m$N�B m = n2 − k K�/(X+& 2).Fs<-TR vi,1, &PITR si,1 ∼ vi,1, gI}� Gi,1; s<-TR vi,2, &PITR vi,1 ∼ vi,2, 7gI}� Gi,2, H;l~�^+& 1) �+& 2) gI}8�7&
G: Gi,1, Gi,2, · · ·, Gi,m, Gi,m+1, Gi,m+2, · · ·, Gi,n2−k.w�_ i ∈ { 1, 2, · · ·, n1 } O4�d�� dim(G ⊙S H) ≥ dim(G ⊙ H [S]):

(a) i = 1, m ∈ { 1,2,· · ·, n2 − k }. _}8� G hrs[Ro 5.4 dI�
dim(G ⊙ H [S]) ≤ dim(G1,1) ≤ dim(G1,2) ≤ · · · ≤ dim(G1,m+1) ≤ · · · ≤ dim(G1,n2−k),2I dim(G1,m) ≥ dim(G ⊙ H [S]).

(b) i = 2, m ∈ { 1,2,· · ·, n2 − k }. _}8� G hrs[Ro 5.4 dI�
dim(G ⊙ H [S]) ≤ dim(G1,m) ≤ dim(G2,1) ≤ · · · ≤ dim(G2,m+1) ≤ · · · ≤ dim(G2,n2−k),2I dim(G2,m) ≥ dim(G ⊙ H [S]).

(c) =FB i = l, m ∈ { 1,2,· · ·, n2 − k } K� dim(Gl,m) ≥ dim(G ⊙ H [S]) 2v�
(d) B i = l + 1, m ∈ { 1,2,· · ·, n2 − k } K�_}8� G hrs[Ro 5.4 dI�

dim(G ⊙ H [S]) ≤dim(Gl,m) ≤ dim(Gl+1,1) ≤ · · · ≤ dim(Gl+1,m+1)

≤ · · · ≤ dim(Gl+1,n2−k),2I dim(Gl+1,m) ≥ dim(G ⊙ H [S]). ^Ro 5.1 �� dim(G ⊙ H [S]) =
⌊2|S|+2

5

⌋

. Qd�
dim(G ⊙S H) ≥ n1

⌊2|S|+2
5

⌋

.#;�lbVo 4.1L���5�HX�}TR[n odL�� B EU} G⊙SHLGxo�.�^Ro 5.1 �� dim(G ⊙ H [S]) =
⌊ 2|S|+2

5

⌋

. Qd� dim(G ⊙S H) ≤ |B|

= n1

⌊2|S|+2
5

⌋

. gLI� (3) 2v����



6" �B�x���p'�	O Corona +zJZz��S 927^A 5.6 ([27], I� 1.2) F G Uxw}�TR. S ⊆ V (G), ) |S| ≥ 2. =_8NTR_ u, v ∈ S, =qTR x ∈ V (G) − { u, v }, PI dG(u, x) = dG(v, x) 2v�t} GL8NGxo�. W �� |W
⋂

S| ≥ |S| − 1.^A 5.7 F u, v ∈ Si ⊆ V (Hi), w ∈ V (G ⊙S H) \ V (Hi), t dG⊙SH(u, w) =

dG⊙SH(v, w).j ^VP 2.2 ���
dG⊙SH(u, vi) = dG⊙SH(v, vi). (5.1)^R (5.1) dI�

dG⊙SH(u, w) =dG⊙SH(u, vi) + dG⊙SH(vi, w)

=dG⊙SH(v, vi) + dG⊙SH(vi, w)

=dG⊙SH(v, w)OD 5.8 F G� H UyxTR`o$� n1 ≥ 2 � n2 ≥ 2Lxw}�) H = Kn2
.=8NTR u, v ∈ Si ⊆ V (Hi), w ∈ V (G⊙S H) \ V (Hi), t dG⊙SH(u, w) = dG⊙SH(v, w).j ^VP 2.2 �Ro 5.6 dII�����.A 5.9 F G� H UyxTR`o$� n1 ≥ 2 � n2 ≥ 2 Lxw}�) H = Kn2
,/mf�. S ⊆ V (H), ) |S| ∈ { 2, 3, · · ·, |H | }. FD8�} H [S] xw�t��I�2v	

(1) B |S| = n2 = 2 K� dim(G ⊙S H) = n1;

(2) B 3 ≤ |S| = n2 K� dim(G ⊙S H) = n1(n2 − 1);

(3) B 3 ≤ |S| < n2 K� dim(G ⊙S H) = n1(n2 − 2).j ^�q
P Corona ,}VP�Ro 5.2 do$IGI� (1), (2). =F W � Bo$U} G ⊙S H LGxo�.�Gx(��Æ��I� (3).GkÆ�^Vo 3.1(1) �� W ∩ V (Hi) 6= φ. ^~� 5.8 �Ro 5.6 �� W �C�� V (Hi) �L |V (Hi)| − 2 xTR�bU�
|W | ≥ |G|(|V (Hi)| − 2) = n1(n2 − 2).d B U} G ⊙S H LGx(�gLE��
|B| ≥ |G|(|V (Hi)| − 2) = n1(n2 − 2).�GkÆ�_�x i ∈ { 1, 2, · · ·, n1 }, /TR u ∈ Si �TR v ∈ V (Hi) \ Si, �s.�

W =
(

i=n1
⋃

i=1

(Si \ {u})
)

⋃

(

i=n1
⋃

i=1

(V (Hi) \ Si − {v})
)

.^~� 5.8�Ro 5.6dIW U} G⊙k H LGxo�.�bU�|B| ≤ |W | = n1(n2−2).B[ykÆ2II� (3). ���
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6 L G ⊙S H ,/BP� H = P∞, P2∞, K∞=} G Lg`o�.^U�!.�t0} G L\|	�!�%0} G '=q`!\|	�7& dim(G) = ∞. qt�0} G =q`!\|	��Hk��!} G ⊙S HL\|	��m$b��} G U`!}�^A 6.1 ([28], Vo 1) =�!} G =q`!\|	�t�!} G G�V)`!�.A 6.2 F G � H UyxTR`o$� n1 ≥ 2 � n2 ≥ 2 Lxw}�) H = P∞% P2∞. /mf�. S ⊆ V (H), ) |S| ∈ { 2, 3, · · ·, |H | }. FD8�} H [S] xw�t��I�2v	

(1) = |S| = 2, 3 t dim(G ⊙S H) = n1;

(2) = |S| ∈ { 4, 5, 6 }, t dim(G ⊙S H) = 2n1;

(3) = S ≥ 7, ) |S| /`!��t dim(G ⊙S H) = n1

⌊2|S|+2
5

⌋

.

(4) = |S| → ∞, t dim(G ⊙S H) = ∞.j ^Vo 5.5 1#���5dII� (1), (2), (3). Q�} G UTR`�C� 2 L8Nxw}�gL_8N��` M = degG(v) (v ∈ G), B |S| → ∞ K��`
degG⊙SH(v) = degG(v) + |S| > M2v�Qd} G ⊙S H mG�V)`!�^Ro 6.1 2II� (4). ���.A 6.3 F G � H UyxTR`o$� n1 ≥ 2 � n2 ≥ 2 Lxw}�) H = K∞./mf�. S ⊆ V (H),) |S| ∈ { 2, 3, · · ·, |H | }. FD8�} H [S]xw�t dim(G⊙S H)

= ∞.j ^Ro 5.6 dII��`U ��&|u,�; 
��
jIL�r��.	D�* > R T
[1] Slater P J. Leaves of trees. Congr. Numer., 1975, 14: 549–559

[2] Harary F, Melter R A. On the metric dimension of a graph. Ars Combin., 1976, 2: 191–195

[3] Khuller S, Raghavachari B, Rosenfeld A. Landmarks in graphs. Discrete Applied Mathematics, 1996,

70(3): 217–229

[4] Chartrand G, Eroh L, Johnson M A, Oellermann O R. Resolvability in graphs and the metric dimension

of a graph. Discrete Applied Mathematics, 2000, 105(1–3): 99–113
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[12] Estrada-Moreno A, Rodŕıguez-Velázquez J A, Yero I G. The k-metric dimension of a graph. Applied

Mathematics & Information Sciences, 2015, 9(2): 2829–2840

[13] Laihonen T. The metric dimension for resolving several objects. Information Processing Letters,

2016, 116(11): 694–700
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Abstract The problem on resolving set and metric dimension of graphs is a class of impor-

tant combinatorial optimization problems, related to network (vertices) information iden-

tification, involving several practical research fields such as robot navigation and network

intruder location problem. Since some networks can be created by graph products, we de-

fine the generalized Corona product of two graphs and study the resolving set and metric

dimension of these product graphs in this paper. The general structure properties of the

resolving sets and bases of these product graphs are characterized. And also, the lower and

upper bounds for the metric dimension of these product graphs are obtained. Based on the

vertex distance partition of the subgraphs in these product graphs, the general formulas for

computing the metric dimension are given. Furthermore, an algorithm and a 0 − 1integer

programming model are constructed, which are used to find bases and compute the metric

dimension of these product graphs, respectively. As an application, the metric dimension of

some special families of generalized Corona product graphs is calculated.

Key words Corona product; resolving set; representation; metric dimension; distance
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