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Abstract  

 

The plan of any settlement/site can be represented as a set of elements/zones in which is 

determined the relation of adjoining. And thus, the plan of any settlement can be fully described 

by the following sets: the set of elements and by sets of interconnections of each element. And 

then the index of correlation of plans of settlements is a superposition of two indexes of 

correlation: the index of correlation of sets of zones/elements and the index of correlation of sets 

of interconnections.  The higher is the index of correlation of settlements, the more similar are 

compared settlements, i.e.: they consist of more similar sets of elements, and interconnections of 

the common elements are more similar. 
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1. Introduction to the problem 

 

The matrix-vector method was elaborated for comparing plans of multi-room buildings. 

According to this method, the plan of any building can be represented as a system of the 

following parameters: number of rooms, adjacency index (calculated after the corresponding 

appropriate adjacency matrix, which shows whether certain rooms are adjacent), and direct 

passability index (it is calculated according to the corresponding matrix of passability, which 

shows whether there is a direct passage between any two rooms). These three parameters form 

3D vectors (X, Y, Z). To estimate the degree of resemblance of plans of two buildings should be 

calculated the index of correlation of two corresponding 3D vectors (for more details see Nonno, 

Akulov 2017). 

At first glance, this method can be easily applied to plans of settlements (actually to plans of any 

archaeological sites), if we consider various zones in a certain settlement as separate rooms. 

However, in the case of settlements, there are no rigid boundaries between different zones: even 

if one can clearly enough determine where one zone is, and where another is, there are no 

barriers/walls between them, and therefore such a parameter as passability loses its meaning. 

 

2. Basic ideas of the method  

 

The basic idea of the method is the concept of adjoining. (The relation of adjoining can be 

considered as an expansion of the relation of adjacency.)  

Let’s explain what adjoining relation is with an example. Let there be some settlement X 

corresponding to the following plan (scheme. 1). It is easy to see that nine different zones stand 

out in settlement X. 

1 and 2, 1 and 4, 1 and 5; 2 and 1, 2 and 4, 2 and 5, 2 and 3, 2 and 6 are connected by the 

relation of adjoining. And, for instance, 1 and 6, 3 and 7 aren’t connected by the relation of 

adjoining. 
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Further in this text the relation of adjoining for convenience and brevity will be denoted by a 

special sign: “∙|∙”, for instance: 1 ∙|∙ 2. 

 

1 2 3 

4 5 6 

7 8 9 

 

Scheme 1. Plan of settlement X 

 

The relation of adjoining has the following algebraic properties:  

the relation of adjoining is irreflexive, 

for any a and b: a ∙|∙ b = b ∙|∙ a, 

the relation of adjoining is intransitive, i.e.: ¬ (∀ a, b, c: a∙|∙b ∧ b  ∙|∙ c ⇒ a ∙|∙ c). 

 

Plan of any settlement/site can be represented as an ordered pair of the following view: <A; Ω>, 

where А is the set of elements/zones and Ω is the set of interconnections (in the current context 

Ω is the set of concrete interconnections of a concrete element/zone).   

 

(It should be specially noted that this method considers plans of sites/settlements topologically, 

i.e.: it analyzes only the structure of the relationship of individual zones of the settlement and 

does not work with physical maps.) 

 

The method is based on the methodology of comparison of semiotic systems. Any semiotic 

system can be represented as a graph (or a set) on which are define the following relations: the 

relation of subordination and the relation of correlation/similarity (see scheme 2).  

 

              x1                           x2 

 

 

 

             x3                     x4             x5                                

 

Scheme 2. A graph representing a semiotic system 

 

The index of correlation of two semiotic systems is a superposition of index of correlation of 

sets of elements and index of correlation of sets of interconnections (for more details see: 

Akulov, Nonno 2017). 

In the case of plans of settlements/sites, there is only one relation: the relation of adjoining. 

 

3. Illustrations  

 

3.1. Model settlement A 

 

Let’s imagine a model settlement A (scheme 3).  
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Y M 

H G 

 

Scheme 3. Plan of settlement A: H – house, G – garden, M – manufactory, Y – yard 

 

The settlement A has four elements/zones: {H, G, M, Y}.  

The set of relations of H is the following {H ∙|∙ G, H ∙|∙ M, H ∙|∙ Y}. 

The set of relations of G is the following {G ∙|∙ H, G ∙|∙ M, G ∙|∙ Y}. 

The set of relations of M is the following {M ∙|∙ H, M ∙|∙ G, M ∙|∙ Y}. 

The set of relations of Y is the following {Y ∙|∙ H, Y ∙|∙ G, Y ∙|∙ M}. 

 

3.2. Model settlement В 

 

Now let’s imagine settlement B that doesn’t differ much from that of A (scheme 4). 

 

F 

Y M 

H G 

 

Scheme 4. Plan of settlement B; H – house, G – garden, M – manufactory, Y – yard, F – field 

 

The settlement has five elements: {H, G, M, Y, F}. 

The set of relations of H is the following: {H ∙|∙ G, H ∙|∙ M, H ∙|∙ Y}. 

The set of relations of G is the following: {G ∙|∙ H, G ∙|∙ M, G ∙|∙ Y}. 

The set of relations of M is the following: {M ∙|∙ H, M ∙|∙ G, M ∙|∙ Y,  M ∙|∙  F}. 

The set of relations of Y is the following: {Y ∙|∙ H, Y ∙|∙ G, Y ∙|∙ M, Y ∙|∙ F}. 

The set of relations of F is the following:: {F ∙|∙ M, F ∙|∙ Y}. 

 

3.3. Comparing of А and В settlements  

 

Index of correlation of A and B settlements is the superposition of two indexes of correlation: 

the index of correlation of sets of elements/zones and the index of correlation of sets of 

interconnections. 

 

3.3.1. The index of correlation of sets of elements of A and B 

 

The index of correlation of sets of elements/zones is calculated with the following formula:  

 

  
       

     
 

       

     
 /2 

 

where: 

Ne(A) – the number of elements of settlement A, 

Ne(B) – the number of elements of settlement B, 

Ne(A∩B) – the number of elements of the intersection of sets of elements of A and B. 
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A ∩ B = {H, G, M, Y} ∩ {H, G, M, Y, F} = {H, G, M, Y}. And thus, the index of correlation of 

sets of elements of A and B is the following: (4/4 + 4/5)/2 = 0.9.  

 

3.3.2. The index of correlation of sets of interconnections of A and B 

 

And now we should estimate the index of correlation of sets of interconnections.   

 

To estimate the index of correlation of sets of interconnections we should evaluate the 

correlation index of the sets of interconnections for each element belonging to the intersection, 

and then we take their arithmetic mean.  

 

In the case of A and B intersection is the following:  {H, G, M, Y}. 

The set of interconnections of element H in the settlement A is the following: {H ∙|∙ G, H ∙|∙ M, 

H ∙|∙ Y}, the set of interconnections of element H in the settlement B is the following: {H ∙|∙ G, 

H ∙|∙ M, H ∙|∙ Y}, both sets of interconnections are identical and so the index of correlation here 

is 1. 

 

The set of interconnections of element G in A is the following {G ∙|∙ H, G ∙|∙ M, G ∙|∙ Y}, the set 

of interconnections of element G in B is the following: {G ∙|∙ H, G ∙|∙ M, G ∙|∙ Y}, both sets of 

interconnections are identical and so the index of correlation here is 1. 

 

The set of interconnections of element M in A is the following: {M ∙|∙ H, M ∙|∙ G, M ∙|∙ Y}, the 

set of interconnections of element M in B is the following {M ∙|∙ H, M ∙|∙ G, M ∙|∙ Y, M ∙|∙ F}, in 

this case the index of correlation is calculated according to 3.3.1. In the current case intersection 

is the set of interconnections in A, and so the index of correlation is the following: (3/3 + ¾)/2 = 

0.875 

 

In the case of element Y the situation is the same as that of element M, and so the index of 

correlation of sets of interconnections is 0.875.  

 

Index of correlation of sets of interconnections for elements belonging to intersection is the 

following: (1 + 1 + 0.875 + 0.875)/4 = 0.9375 

 

3.3.3. Index of correlation of А и В 

 

And finally, the index of correlation of A and B is a superposition of indexes of correlation of 

sets of elements and sets of interconnections: 0.9 * 0.9375 ≈ 0.84.  

 

3.4. Model settlement C 

 

Now let’s consider a model settlement C (scheme 5) that more substantially differs from A than 

B.  

 

T 

G 

H 

 

Scheme 5. Model settlement C: H – house, G – garden, T – temple 
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C has the following zones/elements: {H, G, T} 

The set of interconnections of H in C is the following: {H ∙|∙ G} 

The set of interconnections of G in C is the following: {G ∙|∙ H, G ∙|∙ T} 

The set of interconnections of T in C is the following: {T ∙|∙ G} 

 

3.5. Comparing of A and C settlements  

 

3.5.1. The index of correlation of sets of elements of A and C 

 

A ∩ C  = {H, G, M, Y} ∩ {H, G, T} = {H, G}. 

(2/4 + 2/3)/2 ≈ 0.58. 

 

3.5.2. The index of correlation of sets of interconnections of A and C 

 

A ∩ C  = {H, G}. 

 

The set of interconnections of H in A is the following: {H ∙|∙ G, H ∙|∙ M, H ∙|∙ Y}, the set of 

interconnections of H in C is the following: {H ∙|∙ G}, the intersection of sets of interconnections 

is the following: {H ∙|∙ G}, and thus, the index of correlation is: (1/1 + 1/3)/2 ≈ 0.66. 

 

The set of interconnections of G in A is the following: {G ∙|∙ H, G ∙|∙ M, G ∙|∙ Y}, the set of 

interconnections of G in C is the following: {G ∙|∙ H, G ∙|∙ T}, the intersection of sets of 

interconnections is the following: {G ∙|∙ H}, and the index of correlation of sets of 

interconnections is: (1/3 + ½)/2 ≈ 0.41. 

 

The total index of correlation of sets of interconnections in the case of A and C is the following: 

(0.66 + 0.41)/2 = 0.535. 

 

3.5.3. Index of correlation of A and C 

 

Finally, the index of correlation of A and C settlements is a superposition of index of correlation 

of sets of elements and the index of correlation of sets of interconnections: 0.58 * 0.535 ≈ 0.31.  

 

4. Conclusion 

 

The higher is the index of correlation, the more similar considered settlements are, i.e.: they 

consist of more similar sets of elements (there are more elements common to both sets) and 

interconnections of the common elements are more similar. 
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