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Abstract 

A set 𝐿 = {𝑙1, 𝑙2, … , 𝑙𝑘} ⊆ 𝑉(𝐺) is a geodetic resolving set of 𝐺 if 𝐿 is a geodetic set and for 

every 𝑙𝑖, 𝑙𝑗 ∈ 𝑉(𝐺), the representations are distinct, that is, 𝑅(𝑙𝑖|𝐿 = {𝑙1, 𝑙2, … , 𝑙𝑘}) ≠

𝑅(𝑙𝑗|𝐿 = {𝑙1, 𝑙2, … , 𝑙𝑘}) for all 𝑙𝑖, 𝑙𝑗 ∈ 𝑉(𝐺)  . The minimum cardinality of geodetic resolving 

set is known as a geodetic resolving number, it is denoted by 𝑔𝑟𝑒𝑠(𝐺). Here, we construct the 

extended mesh and enhanced mesh of ladder graph and step ladder graphs. Also we found 

the geodetic resolving number of honey comb regular triangulene mesh 𝐻𝑅𝑟𝑇𝑀(𝑛) and 

honey comb derived regular triangulene mesh 𝐻𝐷𝑅𝑟𝑇𝑀(𝑛). 
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INTRODUCTION 

In 1945, the concept “ Resolving set” defined by Slater  and in 2000, Chartrand et al. defined 

the concept of resolving number [see 1,2,7]. Extended mesh EX(2, n) is a 2 × n mesh in 

which every 4-cycle is turned into a complete graph. There are mn vertices in an extended 

mesh and we denote each vertex as (k, l) for k = 1,2, …… . , n and l = 1,2. Enhanced mesh 

EN(2, n) is obtained by replacing each 4 cycle of M(2, n) by a wheel, the hub of the wheel 

being a new vertex. Let hkl, 1 ≤ k ≤ n − 1, l = 1 be the hub vertices. 

1. Geodetic resolving number of cycle related graphs 

Definition 1.1 

A set T = {t1, t2, … , tk} ⊆ V(G) is a geodetic resolving set of G if T is a geodetic set and for 

every ti, tj ∈ V(G), R(ti|T = {t1, t2, … , tk}) ≠ R(tj|T = {t1, t2, … , tk}), that is, the 

representations are distinct for all ti, tj ∈ V(G)  . The minimum cardinality of geodetic 

resolving set is known as a geodetic resolving number, it is denoted by gres(G). 

Example 1.2 

 
Figure 1.1: R(m|M = {ma,mh,mi}); m ∈ V(G) 

 

In Figure 1.1, M = {ma, mh, mi} is a  geodetic set and     R(mb|M = {ma, mh, mi}) =
R(mc|M = {ma, mh, mi}) = R(md|M = {ma, mh, mi}). Thus M does’t form  a geodetic 

resolving set in G. Thereafter,  append the vertex mb  to M, then we observed  from Table (1) 

, M′ = {ma, mb, mh, mi} make a geodetic resolving set in G so as  gres(G) = 4. 

 

Table 1:    𝐑(𝐦|𝐌′) 

𝐦 ∈ 𝐕(𝐆) Representations 

R(ma|M′) 
R(mb|M′) 
R(mc|M′) 
R(md|M′) 
R(me|M′) 
R(mf|M′) 
R(mg|M′) 

R(mh|M′) 
R(mi|M′) 

(0,1,5,5) 

(1,0,4,4) 

(1,1,4,4) 

(1,2,4,4) 

(2,1,3,3) 

(3,2,2,2) 

(4,3,1,1) 

(5,4,0,1) 

(5,4,1,0) 
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Remark: 1.3 

From Figure 1.1, g(G) = 3, res (G) = 2 and gres(G) = 4. Thus the geodetic resolving 

number and resolving number can be different. 

Theorem: 1.4     

For the Gear graph Gn , gres(Gn) = {
n if n = 3

n − 1 if n = 4, 5
n − 2 if n ≥ 6

 

Proof 

Let V(Gn) = {l1, l2, …… , ln} ∪ {t1, t2, …… , tn} ∪ v, where deg(tj) = 3, deg(li) = 2;  i, j ∈

[1, n] and the central vertex is v. 

Case (i) If 𝐧 = 𝟑. 
Suppose N1 = {l, t} forms a geodetic resolving set of G3. Since d(l, t) = diam (G3) and every 

vertex of G3  lies in I[N1]. Also R(li|N1 = {l, t}) = R(tj|N1 = {l, t}) for some li , tj ∈

V(G3),which is conflict to the description of geodetic resolving set. Obviously 𝑁1
′ =

{𝑙1, 𝑙2, 𝑙3} is a geodetic resolving set of 𝐺3. Thus 𝑔𝑟𝑒𝑠(𝐺3) = 3 = 𝑛. 

 

 
 

Case (ii) If 𝒏 = 𝟒, 𝟓 

Let 𝑀1 = {𝑙1, 𝑙2, … . . , 𝑙𝑛−1} be the geodetic resolving set of 𝐺𝑛. Since 𝑔(𝐺4) = 2 = {𝑙𝑡, 𝑙𝑗} 

where 𝑑(𝑙𝑡, 𝑙𝑗) = 𝑑𝑖𝑎𝑚 (𝐺𝑛)and 𝑔(𝐺5) = 3 = {𝑙, 𝑙𝑡, 𝑙𝑗};  𝑑(𝑙, 𝑙𝑡) = 𝑑(𝑙, 𝑙𝑗) = 𝑑𝑖𝑎𝑚 (𝐺𝑛). 

Also 𝑅(𝑙|𝑀1 = {𝑙1, 𝑙2, … . . , 𝑙𝑛−1}) ≠ 𝑅(𝑡|𝑀1 = {𝑙1, 𝑙2, … . , 𝑙𝑛−1}) for every 𝑙, 𝑡 ∈ 𝑉(𝐺𝑛). 
Hence 𝑔𝑟𝑒𝑠(𝐺𝑛) = 𝑛 − 1, 𝑛 ≥ 4, 5. 
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Case (iii) If 𝒏 ≥ 𝟔 

Choose 𝑀1
′ = {𝑙1, 𝑙2, …… , 𝑙𝑛} − {𝑙𝑖, 𝑙𝑗}, where 𝑙𝑖, 𝑙𝑗 doesn’t have common neighbors. Based 

on Table (2), all the representations are different. Also 𝑀1
′  forms a geodetic set, hence 

𝐼[𝑀1
′] = 𝑉(𝐺𝑛). Clearly 𝑀1

′  make a geodetic resolving set of 𝐺𝑛 and |𝑀1
′ | = 𝑛 − 2. Suppose 

𝑔𝑟𝑒𝑠(𝐺𝑛) < 𝑛 − 2 . Assume 𝑔𝑟𝑒𝑠(𝐺𝑛) = 𝑛 − 3. Let 𝑁1
′ = {𝑙1, 𝑙2, … . . , 𝑙𝑛−3} be the geodetic 

resolving set of 𝐺𝑛. Since all the vertices of 𝐺𝑛 𝑏𝑒𝑙𝑜𝑛𝑔𝑠  to 𝐼[𝑁1
′] and it satisfies the geodetic 

condition. But 𝑅(𝑙|𝑁1
′ = {𝑙1, 𝑙2, …… . , 𝑙𝑛−3}) = 𝑅(𝑡|𝑁1

′ = {𝑙1, 𝑙2, …… . , 𝑙𝑛−3}) for some 𝑙, 𝑡 in 

𝐺𝑛, which is conflict to the definition of resolving set. Thus 𝑁1
′ = {𝑙1, 𝑙2, …… . , 𝑙𝑛−2} is the 

geodetic resolving set of 𝐺𝑛. Hence 𝑔𝑟𝑒𝑠(𝐺𝑛) = 𝑛 − 2. 

Theorem: 1.5 

For the connected graph G with cardinality n,  1 ≤ 𝑟𝑒𝑠 (𝐺) ≤ 𝑔(𝐺) ≤ 𝑔𝑟𝑒𝑠(𝐺) ≤ 𝑛. 

Proof: 

A resolving set needs atleast one vertex and so 𝑟𝑒𝑠(𝐺) ≥ 1. Also each geodetic set contains 

minimum two vertices and size of the resolving set is doesn’t exceeds the geodetic set, so as  

𝑟𝑒𝑠 (𝐺) ≤ 𝑔(𝐺). As well as, every geodetic resolving set act as a  geodetic set, so as 𝑔(𝐺) ≤
𝑔𝑟𝑒𝑠(𝐺). Further more, each geodetic set needs atmost n vertices so that 𝑔𝑟𝑒𝑠(𝐺) ≤ 𝑛. 

Remark: 1.6 

From table (3), the bounds are clear . 

Table (3): [ Bounds of G] 

G 𝑔(𝐺) ; 𝑔𝑟𝑒𝑠(𝐺); 𝑟𝑒𝑠 (𝐺) 
Path graph 

𝑃𝑛, 𝑛 ≥ 3 

𝑟𝑒𝑠 (𝑃𝑛) = 1 

𝑔(𝑃𝑛) = 𝑔𝑟𝑒𝑠(𝑃𝑛) 𝑎𝑛𝑑 𝑔𝑟𝑒𝑠(𝑃𝑛) < 𝑛. 
Cycle graph 

𝐶2𝑛, 𝑛 ≥ 2 

𝑟𝑒𝑠 (𝐶2𝑛) > 1 

𝑟𝑒𝑠 (𝐶2𝑛) = 𝑔(𝐶2𝑛) 
𝑔(𝐶2𝑛) < 𝑔𝑟𝑒𝑠(𝐶2𝑛) 

Complete graph 

𝐾𝑛, 𝑛 ≥3 

𝑟𝑒𝑠(𝐾𝑛) < 𝑔(𝐾𝑛) 
𝑔𝑟𝑒𝑠(𝐾𝑛) = 𝑛 

 

Theorem: 1.7 

If 𝐺 = 𝐶12+8𝑛𝐻8+4𝑛 is an n- acene[𝑏, ℎ]biphenylene, then 𝑔𝑟𝑒𝑠(𝐺) = 3 

Proof: 

Consider 𝐺 = 𝐶12+8𝑛=𝑡𝐻8+4𝑛=𝑚 

 
Figure1.2 (a):  Dibenzo [b, h] biphenylene 𝐺 = 𝐶20𝐻12 
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Suppose 𝑀 = {𝑢, 𝑣𝑚−2}  forms a geodetic resolving set of 𝐺. Thereafter 𝑑(𝑢, 𝑣𝑚−2 ) =
𝑑𝑖𝑎𝑚(𝐺). From Figure 1.2 (a) 𝑢, 𝑣𝑚−2 are mutually eccentric vertices and all the vertices of 

𝐺 lies in 𝐼[𝑢, 𝑣𝑚−2] but the representations  𝑅(𝑢𝑖|𝑀) and 𝑅(𝑣𝑗|𝑀) are equal for some 𝑢𝑖, 𝑣𝑗  
in G. 

 
Figure 1.2 (b): Dinaphtho[b,h]biphenylene 𝑮 = 𝐶28𝐻16 

It is conflict to the description of geodetic resolving set. Let 𝑀′ = {𝑢, 𝑣, 𝑤} be the geodetic 

resolving set of 𝐺. From Figure 1.2 (b), 𝑑(𝑢,𝑤) = 𝑑𝑖𝑎𝑚(𝐺) − 1;  𝑢, 𝑤 exist on the first and 

last cycle of 𝐺, and 𝑑(𝑢, 𝑣) = 𝑟𝑎𝑑(𝐺), 𝑑(𝑣, 𝑤) = 𝑟𝑎𝑑(𝐺) − 1. Since all the vertices of 𝐺 lies 

in 𝐼[𝑀′] and from table (4), the representations 𝑅(𝑢|𝑀′) and 𝑅(𝑣|𝑀′) are different for all 

𝑢, 𝑣 ∈ 𝑉(𝐺). Thus 𝑔𝑟𝑒𝑠(𝐺) = 3 

Table (4): Finding the representation of geodetic resolving set for 𝐺( Figure 1.2 b) 

𝑢 ∈ 𝑉(𝐺) 𝑅(𝑢|𝑀′) 𝑣 ∈ 𝑉(𝐺) 𝑅(𝑣|𝑀′) 

𝑢1 

𝑢2 

𝑢3 

                   . 

                   . 

𝑢𝑘 

                  .  

                  . 

𝑢𝑚−3 

𝑢𝑚−2 

(0, 𝑟, 𝑑 − 1) 

(1, 𝑟 − 1, 𝑑 − 2) 

(2, 𝑟 − 2, 𝑑 − 3) 

( .          3         . ) 

(.           2           .  ) 

( 𝑟 − 1, 1 , 𝑑 − 𝑟) 

(.         2          .  ) 

( .            3         . ) 

(𝑑 − 2, 𝑟 − 2,1) 

(𝑑 − 1, 𝑟 − 1,0) 

𝑣1 

𝑣2 

𝑣3 

             . 

             . 

𝑣𝑘 

              . 

              . 

𝑣𝑚−3 

𝑣𝑚−2 

(1     , r − 1  , 𝑑) 

(2, 𝑟 − 2, 𝑑 − 1) 

(3, 𝑟 − 3, 𝑑 − 2) 

(  .       2              . ) 

(.          1             . ) 

(𝑟, 0, 𝑑 − (𝑟 − 1)) 

( .        1              .  ) 

(.        2               . ) 

(𝑑 − 1, 𝑟 − 3, 2) 

(𝑑 , 𝑟 − 2, 1) 

Theorem: 1.8 

If 𝐺 = 𝐶4𝑛+2𝐻2𝑛+4 is an [n] phenacene then 𝑔𝑟𝑒𝑠(𝐺) = {
3 𝑖𝑓 𝑛 = 2
n 𝑖𝑓 𝑛 ≥ 3

 

Proof 
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Figure 1.3  Representation of geodetic resolving set of (a) 𝐶10𝐻8  (b) 𝐶18𝐻12   

Case (i) 𝑰𝒇 𝒏 = 𝟐 

Clearly 𝐺 = 𝐶10𝐻8 and one edge is common for two even cycles. The geodetic number of 

𝐶2𝑛 is 2. Let 𝑆 = {𝑢′𝑖 , 𝑣′𝑖} be the geodetic set of 𝐺. Further 𝑢′𝑖 and 𝑣′𝑖 are mutually eccentric 

vertices and 𝑑(𝑢′𝑖 , 𝑣′𝑖) = 𝑑𝑖𝑎𝑚(𝐺). Obviously every vertex of 𝐺 lies in 𝐼[𝑆] and the 

representations 𝑅(𝑢𝑘|𝑆) and 𝑅(𝑣𝑘|𝑆) are equal for some 𝑢𝑘 , 𝑣𝑘 in 𝐺. Hence 𝑆′ =
{𝑢′𝑖, 𝑤

′
𝑖, 𝑣

′
𝑖} act as a geodetic resolving set in 𝐺. Thus 𝑔𝑟𝑒𝑠(𝐺) = 3. 

Case (ii) If 𝒏 ≥ 𝟑 

Choose 𝑆 = {𝑎1, 𝑎2, … . , 𝑎𝑛} is a geodetic resolving set of 𝐺. Since none of the vertex in 𝑆 

belongs to the same cycle of 𝐺. Therefore each vertex in S belongs to distinct cycles of 𝐺 and 

it satisfies the condition of geodetic resolving set. Obviously 𝑆 is geodetic and 𝑅(𝑢𝑖|𝑆) and 

𝑅(𝑣𝑗|𝑆) are different for every 𝑢𝑖 , 𝑣𝑗  in 𝐺. Suppose 𝑔𝑟𝑒𝑠(𝐺) < 𝑛. Consider 𝑆′ =
{𝑎1, 𝑎2, … . , 𝑎𝑛−1} be the geodetic resolving set in 𝐺. Certainly it is a geodetic set and some 

representations are same with respect to 𝑆′, which is a contradiction. Thus 𝑆 =
{𝑎1, 𝑎2, … . , 𝑎𝑛} act as a geodetic resolving set in 𝐺 so as  𝑔𝑟𝑒𝑠(𝐺) = 𝑛. 

       Table (5): The representation of geodetic resolving number for [4] phenacene [Figure 

1.3 (b)] 

𝑣 ∈ 𝑉(𝐺) 𝑟(𝑣|𝑆 = {𝑎1, 𝑎2, 𝑎3, 𝑎4}) 𝑣 ∈ 𝑉(𝐺) 𝑟(𝑣|𝑆 = {𝑎1, 𝑎2, 𝑎3, 𝑎4}) 

𝑢1 

𝑢2 

𝑢3 

𝑢4 

𝑢5 

𝑢6 

𝑢7 

𝑢8 

𝑢9 

𝑢10 

(1,4,6,8) 

(2,3,5,7) 

(3,2,4,6) 

(4,1,5,5) 

(5,0,4,4) 

(4,1,3,3) 

(5,2,2,2) 

(6,3,3,1) 

(7,4,4,0) 

(8,5,3,1) 

𝑣1 

𝑣2 

𝑣3 

𝑣4 

𝑣5 

𝑣6 

𝑣7 

𝑣8 

 

 

(0,5,5,7) 

(1,4,4,6) 

(2,3,3,5) 

(3,2,2,4) 

(4,3,1,5) 

(5,4,0,4) 

(6,3,1,3) 

(7,4,2,2,) 

 

 

 

2. Construction of the extended mesh and enhanced mesh from ladder graph 
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Theorem: 2.1 

If a step ladder graph 𝑆(𝐿𝑛),   𝑔𝑟𝑒𝑠(𝐺)  =  {

3 𝑖𝑓 𝐺 = 𝑆(𝐿𝑛)

3 𝑖𝑓 𝐺 = 𝐸𝑁[𝑆(𝐿𝑛)]

𝑛 + 2 𝑖𝑓 𝐺 = 𝐸𝑋[𝑆(𝐿𝑛)]
 

Proof: 

Case (i) : If 𝑮 = 𝑺(𝑳𝒏), 𝒏 ≥ 𝟐 

𝐿𝑒𝑡 𝑉[𝑆(𝐿𝑛)]  =  {𝑥11 , 𝑥12 , … . . , 𝑥1𝑛 }  ∪ {𝑥21, 𝑥22 , …… . 𝑥2𝑛} ∪ {𝑥31, 𝑥32, …… . 𝑥3𝑛−1 }  ∪
{𝑥41, 𝑥42, …… . 𝑥4𝑛−2} ∪……..∪ {𝑥𝑛1, 𝑥𝑛2} and let 𝐻 =  {𝑥1𝑛, 𝑥𝑛1} be the geodetic set of 𝐺.  

Also 𝑑(𝑥1𝑛, 𝑥𝑛1) = 𝑑𝑖𝑎𝑚 (𝐺) and all the vertices of 𝐺 lies in 𝐼[𝑥1𝑛, 𝑥𝑛1].  Hence 𝑔(𝐺) = 2.  

Further more 𝑅(𝑥𝑖𝑗 | 𝐻 =  {𝑥1𝑛, 𝑥𝑛1})  =  𝑅(𝑥𝑗𝑖| 𝐻 =  {𝑥1𝑛, 𝑥𝑛1}) for some 𝑥𝑖𝑗  and 𝑥𝑗𝑖 , 1 ≤

 𝑖 ≤  𝑗 ≤  𝑛.  Obviously 𝐻′ = {𝑥11 , 𝑥1𝑛, 𝑥𝑛2} forms a geodetic resolving set of 𝐺.  Since 

𝑔(𝐺) =  2 and 𝑅(𝑥𝑖𝑗|𝐻
′   =  {𝑥11, 𝑥1𝑛, 𝑥𝑛2})  ≠ 𝑅(𝑥𝑗𝑖  |𝐻

′   =  {𝑥11, 𝑥1𝑛, 𝑥𝑛2}) for every 

𝑥𝑖𝑗 , 𝑥𝑗𝑖 ∈  𝑉 [𝑆 (𝐿𝑛)].  Thus 𝑔𝑟𝑒𝑠(𝐺)  =  3. 

Case (ii) If 𝑮 = 𝑬𝑵 [𝑺(𝑳𝒏)] 

Consider 𝑉(𝐺)  =  𝑉[𝑆 (𝐿𝑛)]  ∪  {ℎ11, ℎ12, … . . , ℎ1(𝑛−1) } ∪ {ℎ21, ℎ22, … . . , ℎ2(𝑛−2) }  ∪

 ……∪ ℎ(𝑛 −1)1 ,where ℎ𝑖𝑗 , 1 ≤  𝑖, 𝑗 ≤  𝑛 − 1 is the hub of each wheel. Suppose 𝐻 =

{𝑥1𝑛, 𝑥𝑛1} is the geodetic resolving set of 𝐺.  Further 𝑑 (𝑥1𝑛, 𝑥𝑛1)  =  𝑒 (𝑥1𝑛) and 𝑥1𝑛, 𝑥𝑛1  
are mutually eccentric vertices of 𝐺.  But 𝑅(𝑥𝑖𝑗| 𝐻 = {𝑥1𝑛, 𝑥𝑛1})  =  𝑅 (𝑥𝑗𝑖| 𝐻 =  {𝑥1𝑛, 𝑥𝑛1}) 

for some 𝑥𝑖𝑗 and 𝑥𝑗𝑖 , which is conflict to the description of geodetic resolving set. Clearly 

from Figure 1.4 (𝑎), 𝐻′  =  {𝑥11, 𝑥1𝑛, 𝑥𝑛2 } forms a geodetic resolving set of 𝐺. Further it act 

as a geodetic set as well as it is a resolving set.  Thus 𝑔𝑟𝑒𝑠(𝐺) = 3. 

 
Figure 1.4: (a) EN[S(𝐿6)]  (b): EX[S(𝐿𝑛=6)] 

 

Case (iii) If 𝑮 =  𝑬𝑿[𝑺(𝑳𝒏] 

𝐸𝑋 [𝑆(𝐿𝑛)] contains 3𝑛 complete graphs.  Each one is in the form of 𝐾4 and the degree of 

each vertex in 𝐾4 is 3. Clearly 𝑔(𝐾4)  =  4.  Suppose 𝐻 = {𝑦11, 𝑦1𝑛, 𝑦𝑛1, 𝑦𝑛2} forms a 

geodetic resolving set in 𝐺 =  𝐸𝑋[𝑆(𝐿𝑛] .Theorem 1.1[see 11], extreme vertices 
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𝑦2𝑛, 𝑦3(𝑛−1), … , 𝑦(𝑛−1)3 lies in H, which is a contradiction.  Therefore we include each 

extreme vertices of 𝐺 to 𝐻.  Now 𝐻′ = {𝑦11, 𝑦1𝑛, 𝑦2𝑛, 𝑦3𝑛−1, 𝑦4𝑛−2, ……… . , 𝑦𝑛2, 𝑦𝑛1} is a 

geodetic set and the representations are different for all 𝑦1𝑖, 𝑦𝑖𝑛 ∈ 𝐺.  Thus 𝐻′  =
 {𝑦11, 𝑦𝑛1, 𝑦1𝑛, 𝑦2𝑛, ……… . , 𝑦𝑛2} act as a geodetic resolving set in 𝐺.  So as  𝑔𝑟𝑒𝑠(𝐺)  =
 𝑛 +2 

Corollary 2.2 

If 𝐺 is an 2 × n; (𝑛 = 𝑔𝑘) mesh then  𝑔𝑟𝑒𝑠(𝐺)  =  {

3 𝑖𝑓 𝐺 = 𝐿𝑔𝑘
3 𝑖𝑓 𝐺 = 𝐸𝑁(𝐿𝑔𝑘)

𝑔𝑘 + 2 𝑖𝑓 𝐺 = 𝐸𝑋(𝐿𝑔𝑘)

 

Poof 

 
Figure 1.5: (a) 𝐿𝑔𝑘  (b): 𝐸𝑁(𝐿𝑔𝑘)  (c):  𝐸𝑋(𝐿𝑔𝑘) 

[Table 6]: The Representation of geodetic resolving set for Figure 1.5 (a) ,(c) 

𝒗
∈ 𝑳𝑔𝑘 

𝑹(𝒗|𝑯

=  {𝟏 ,𝑔𝑘  , 𝑔𝑘−𝟏 }) 

𝑹(𝒗|𝑯 = {𝜷𝟏, 𝜶𝟏, 𝜶𝟐, … . . 𝜶𝑔𝑘, 𝜷𝑔𝑘 })𝒗 ∈ 𝑬𝑿(𝑳𝑔𝑘):𝑔𝑘 ≥ 𝟑 

𝛼1 (0, 𝑔𝑘 − 1, 𝑔𝑘 − 1) (1,   0, 1, 2, 3, …… (𝑔𝑘 − 2), (𝑔𝑘 − 1), (𝑔𝑘 − 1)) 
 

𝛼2 (1, 𝑔𝑘 − 2, 𝑔𝑘
− 2) 

( 1,            1, 0, 1, 2… ., 𝑔𝑘 − 3,
𝑔𝑘 − 2, 𝑔𝑘 − 2) 

 
𝛼3 (2, 𝑔𝑘 − 3, 𝑔𝑘 − 3) (2,      2, 1, 0, 1, … . .    𝑔𝑘 − 4, 𝑔𝑘 − 3, 𝑔𝑘 − 3) 

 
𝛼4 .. (   3,       3,          2, 1 , 0  , 1, ……       𝑔𝑘 − 4, 𝑔𝑘 − 4) 

 
𝛼𝑔𝑘−1 (𝑔𝑘 − 2,     1     , 1) …… 

𝛼𝑔𝑘 (𝑔𝑘 − 1,   0        ,2) (   𝑔𝑘 − 1     ,      𝑔𝑘 − 1,          𝑔𝑘 − 2          . ……         1,       0  , 1) 
 

𝛽1 (     1   , 𝑔𝑘, 𝑔𝑘 − 2) (    0, 1,         1, 2, 3,
… . . 𝑔𝑘 − 3, 𝑔𝑘 − 2, 𝑔𝑘 − 1, 𝑔𝑘 − 1) 

 
𝛽2 (2, 𝑔𝑘 − 1, 𝑔𝑘 − 3) (  1    ,   1, 1, 1, 𝑔𝑘 − (𝑔𝑘 − 2),…… . . 𝑔𝑘 − 3, 𝑔𝑘 − 2, 𝑔𝑘 − 2) 
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𝛽3 (3, 𝑔𝑘 − 2, 𝑔𝑘 − 4) ( 2, 2,    1 ,   1,   1,     𝑔𝑘 − (𝑔𝑘 − 2) ……𝑔𝑘 − 4, 𝑔𝑘 − 3,
𝑔𝑘 − 3) 

 
𝛽4 …. (3,    3, 2,   1,   1,   1, 𝑔𝑘 − (𝑔𝑘 − 2), … , 𝑔𝑘 − 5,    𝑔𝑘 − 4,

𝑔𝑘 − 4) 
 

       … …..                        ……… 

𝛽𝑔𝑘−1 (𝑔𝑘 − 1,     2     , 0) ( 𝑔𝑘 − 2  , 𝑔𝑘 − 2, 𝑔𝑘 − 3, 𝑔𝑘 − 4, … , 𝑔𝑘 − (𝑔𝑘 − 2),   1,   1 , 1,
1) 

 
𝛽𝑔𝑘 (𝑔𝑘,        1, 1) (𝑔𝑘 − 1, 𝑔𝑘 − 1,      𝑔𝑘 − 2,

𝑔𝑘 − 3,……    𝑔𝑘 − (𝑔𝑘 − 2), 1, 1  0) 

 

Table (7): The Representation of geodetic resolving set for Figure 1.5 (b) 

𝒗
∈ 𝑬𝑵(𝑳𝑔𝑘) 

𝑹(𝒗/𝑯
= {𝟏 ,𝑔𝑘  , 𝑔𝑘−𝟏 }) 

𝒗 𝑹(𝒗/𝑯
= {𝟏 ,𝑔𝑘  , 𝑔𝑘−𝟏 }) 

𝒗 𝑹(𝒗/𝑯
= {𝟏 ,𝑔𝑘  , 𝑔𝑘−𝟏 }) 

𝛼1 (0, 𝑔𝑘 − 1, 𝑔𝑘 − 1) ℎ1 (1, 𝑔𝑘 − 1, 𝑔𝑘
− 2) 

𝛽1 (1,   𝑔𝑘, 𝑔𝑘 − 2) 

𝛼2 (1, 𝑔𝑘 − 2, 𝑔𝑘 − 2) ℎ2 (2, 𝑔𝑘 − 2, 𝑔𝑘
− 3) 

𝛽2 (2, 𝑔𝑘 − 1, 𝑔𝑘
− 3) 

𝛼3 (2, 𝑔𝑘 − 3, 𝑔𝑘 − 3) ℎ3 (3, 𝑔𝑘 − 3, 𝑔𝑘
− 4) 

. ….. 

. …. . ….. . …. 

. …. . ….. . …. 

𝛼𝑔𝑘−1 (𝑔𝑘 − 2,    1 , 1) . ….. 𝛽𝑔𝑘−1 (𝑔𝑘 − 1, 2, 0) 

𝛼𝑔𝑘 (𝑔𝑘 − 1 , 0, 2) ℎ𝑔𝑘−1 (𝑔𝑘 − 1, 1, 1) 𝛽𝑔𝑘 (𝑔𝑘,          1,      1) 

Honey Comb Regular Triangulene Mesh 𝑯𝑹𝒓𝑻𝑴(𝒏) 

Theorem: 2.3 

If 𝐺 =  𝐻𝑅𝑟𝑇𝑀 (𝑛) is a honey comb regular triangulene Mesh then 

𝑔𝑟𝑒𝑠(𝐺) = 

{
 
 

 
 
𝑛+7

3
𝑖𝑓 𝑛 = 2𝑚 + 𝑘, 𝑚 ≥ 1, 𝑘 = 𝑚 − 1

𝑛+6

3
 𝑖𝑓  𝑛 = 3𝑚, 𝑚 ≥ 1

𝑛+5

3
𝑖𝑓   𝑛 = 4𝑚 − 𝑘, 𝑚 ≥ 1, 𝑘 = 𝑚 − 1

 

Proof: 

Honey comb regular Triangulene Mesh 𝐻𝑅𝑟𝑇𝑀 (𝑛), 𝑛 ≥  2 is a group of hexagons arranged 

in the form of pyramid.  It contain n hexagonal layers and in each layer one cycle is 

decreased from the previous. 

Case (i) 𝒏 = 𝟐, 𝟑 𝒐𝒓 𝟒 

Let 𝐻 =  {𝑙1 , 𝑙2 , 𝑙3 } be the geodetic resolving set of G.  Since 𝑑 (𝑙1, 𝑙2) =  𝑑(𝑙2, 𝑙3 )  =
 𝑑(𝑙3, 𝑙1 )  =  𝑑𝑖𝑎𝑚 (𝐺) –  1 and all the vertices of G lies in I[S].  Also representations 

𝑅(𝑙|𝐻  ), 𝑅(𝑙’ |𝐻 ) are different for every 𝑙, 𝑙′ in G.  Thus gres (G) = 3. 
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(5,6,1) 

(6,0,6) 

(5,1,6) 
(2,4,4) 

(4,3,3) 

 
Figure 1.6: Representing the geodetic resolving set of HRrTM (6) 

Case (ii) : If  n = {
2m + k m ≥ 2 k =  m − 1
3m m ≥ 2

4m − k m ≥ 2 k = m − 1
 

Let us indicate the vertex l1 in the final layer and l2, l3 , …… . . lm+2 ;  2 ≤  m ≤  n in the 

initial layer.  First we find the lower end of geodetic resolving number is m+ 2, that is 

gres(G)  ≥  m + 2. Suppose g(G) < m+ 2. Accordingly H = {l1 , l2 , lm+2 }. Since each 

vertex in H forms two distinct geodesic paths between themselves.  So it cover only the three 

side layers of G, it is conflict to the description of geodetic resolving set.  Hence we require 

atleast m+ 2 vertices to attain the condition of geodetic resolving set.  Moreover, we will 

verify an upper end of geodetic resolving set of G is m+2, that is gres(G)  ≤ m + 2.  Let L =
{l1 , l2 , … , lm+2 } be the geodetic resolving set of  G.  Since 

d( l1 , l2);  d(l1 , l3); …… . d(l1 , lm+2 )   are same as diam (G) − 1 and d (l2 , lm+2)  =
 diam (G)  − 1.  Further more all the vertices of G lies in I[L] and R(l|L ) , R (l′ |L) are 

different for every l, l′ in G.  Thus |L|  =  m + 2 and  gres (G)  ≤  m + 2. For distinct values 

of m, we get different forms of geodetic resolving number which is same as m+ 2. 

Definition: 2.4 

A graph G is called a perfect geodetic resolving  if g(G)  =  res(G)  =  gres (G). 

Theorem: 2.5    If G =  HDRrTM (n) is a honey comb Derived Regular Triangulene Mesh 

then G is a perfect geodetic resolving . 

Proof 

Honey Comb Derived Regular Triangulene Mesh of dimension 1 is obtained by taking the 

union of honey comb Regular Triangulene Mesh and its stellation. Each hexagons of 

HRrTM(n) is turned into a wheel graph. To prove G is a perfect geodetic resolving  ie, 

g(G)  =  res(G)  =  gres (G). First we find g(G)  =  gres (G). Suppose g(G)  ≠  gres (G)  that 

is only the possibility is  g(G)  <  gres (G). Let H = {u′′, v′′, w′′} be the geodetic  resolving 

set of G.      
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Since d(u′′, v′′) = d(u′′, w′′) = d(v′′, w′′) = diam(G) and all the vertices of G lies in I[H], 
representations R(ui|H ) and  R (vi |H) are different for every ui, vi ∈ V(G) . Consider H′ =
{u′′, v′′} ⊂ H, then the vertex w′′ ∉ I[H′] . Obviously H′ = {u′′, v′′} is not a geodetic set , 

which is conflict to our assumption. Thus g(G)  =  gres (G). Next we confirm  res(G)  =
 gres (G). Assume res(G)  ≠  gres (G), that is only the possibility is  res(G)  <  gres (G). Let 

H = {u′′, v′′, w′′} be the geodetic  resolving set of G. Since d(u′′, v′′) = d(u′′, w′′) =
d(v′′, w′′) = diam(G) then all the vertices of G lies in I[H] and the representations 

R(ui|H)  and  R (vi |H) are different for every ui, vi ∈ V(G) . Consider H′′ = {v′′, w′′} ⊂ H, 

then the representations R (ui |H
′′) and R (vi |H

′′) are equal for some ui, vi ∈ V(G) ,which is 

conflict to our assumption. Thus  res(G)  =  gres (G), and we attain g(G)  =  res(G)  =
 gres (G). Hence G is a perfect geodetic resolving  ∎ 

 

REFERENCES 

[1]  Chartrand G, Eroh L, Jhonson M A, Oellermann O R 2000 Resolvability in graphs and 

the metric dimension of a graph , Discrete Applied Mathematics. 105 (1-3): 99-113. 

[2]  Brigham R C, Chartrand G, Dutton R D and Zhang P 2003 Resolving domination 

number of a graph Mathematica Bohemica 128(1): 25-36. 

[3]  Diestel R 2005 Graph Theory, p.8.3rd Edition Springer- Verlag. 

[4]  R. Muntean and P. Zhang, On geodomination in graphs, Congr. Numer.143 (2000) 

161–174. 

[5]  J. Xu, Topological Structure and Analysis of Interconnection Networks, Springer, 2001. 

[6]  G. Chartrand, C. Poisson, P. Zhang: Resolvability and the upper dimension of graphs. 

International J. Comput. Math. Appl. 39 (200), 19-28. 

[7]  G.Chartrand, F.Harary and P.Zhang, On the geodetic number of a graph, Networks 39 

(2002) 1-6. 

[8]     Slater, PJ 1975, ‘Leaves of trees’, Congr. Numer., vol. 14, pp. 549-559. 

 

 


