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Abstract 
Recent advancement in wireless communications and electronics has 

enabled the development of sensor networks. With development in 

technology, wireless sensor network is used more and more in our daily 

life, because the technology is more flexible and cheaper than the wired 

sensor network. The objective of this study has been to solve the 

problem that how closely a group of mobile wireless nodes are clustered. 

Matlab is used to simulate the various situations of nodes. There are two 

major parts in this software design. One is the function of detecting the 

movement of the mouse. Another is the function of estimating the 

connectivity of the nodes. Some methods will be proposed and 

evaluated through some realistic scenarios. 

 

 

Keywords: sensor networks, equivalent resistance, Matlab. 
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1 Introduction 
1.1 Background and problem formulation 

The sensor networks can be used for various applications (e.g., health, 

military, home). For different application areas, there are different 

technical issues that researchers are currently resolving [1]. Several 

researchers have addressed the similar issues, with the work reported in 

[2, 3, 4]. Although the work reported in [2] contains an analysis on the 

relationship between coverage and connectivity, it requires that each 

node knows its own location. The work in [3] contains the problem of 

energy conservation while maintaining connectivity in wireless sensor 

networks. The very important work by F.Y.Wu [4] introduces a solution 

of calculating the equivalent resistance between two nodes, but does not 

apply to the real life as this study. 

In some applications, it is of interest to know how closely a group of 

wireless nodes are clustered. That is to say, how to estimate the 

connectivity between the master node and other slave nodes. For 

example, some children moving outdoors are tagged with a wireless 

node. And the teacher can be assisted by a system that gives a warning 

if one child is about to lose contact with the rest of the group. In this case, 

the teacher can be regarded as the master node which can communicate 

with any other slave nodes and the children can be regarded as the slave 

nodes which are used for transmitting information to the master node. 

Apart from the basic method which calculates the distance between 

teacher and one student, another problem appears. The problem is that 

if the distance between one student and the teacher is beyond the 

threshold, however this student is closed to the rest of the group, can the 

student be accepted by other methods? So there’s a need to find some 

methods which can estimate the connectivity of cluster of wireless nodes. 

Then we make use of these different methods for evaluating different 

realistic scenarios. Lastly, how to choose one method which is suitable 

should be considered according to different situation. 
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1.2 Overall aim  

The overall aim of this project is to estimate the connectivity of cluster of 

wireless nodes. And some methods will be proposed and evaluated how 

to choose a suitable method according to realistic scenarios.  

 

1.3 Concrete and verifiable goals  

MATLAB is a useful and flexible approach to simulate the situations of 

wireless mode’s connectivity [5]. Models and methods should be 

developed in Matlab. A number of cases should be evaluated and 

discussed. 

(1) One or more methods of estimate the connectivity of wireless nodes 

should be proposed. 

(2) The methods should be evaluated through study of a number of 

realistic scenarios. 

 

1.4 Outline 

The main structure of this project report is arranged as follows: 

Chapter 1 introduces the background of the wireless sensor networks, 

problem formulation and the overall aim.  

Chapter 2 describes the theory of two different methods as well as a 

brief introduction of some of the mathematical formulas. 

Chapter 3 discusses the design and implementation of the Matlab 

programs and shows the flow charts about different sections.  

Chapter 4 discusses the different situations and explain the reasons of 

choosing situations which correspond to the realistic scenarios.  

Chapter 5 presents the test results of the simulation and discusses the 

advantages and disadvantages of the different two methods. 

Chapter 6 draws a conclusion about this project and analyses the future 

work which we can add to this thesis. 
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2 Theory 
Some methods for measuring will be introduced firstly. 

Imagine a network of sensors sprinkled across a large building or a 

forest. Typical tasks for such networks are to send a message to a node 

at a given location. Most of these tasks require information about the 

positions of the nodes, or at least relative positions among them. 

With a network of hundreds of nodes, it is unlikely that the position of 

each node can be precisely predetermined. While nodes could be 

equipped with a global positioning system (GPS) to provide them with 

their absolute position, this is currently a costly solution [6]. This 

method can be used for measuring the distance between two points 

directly. Then the coordinates of every node have been known. After 

that, it is assumed that the coordinates of two points are ),( 11 yx  and 

),( 22 yx  respectively. So the corresponding distance between two points 

can be known by the mathematical formula easily.     

    √                   (2-1)     

Although it is useful to know the positions of nodes in this study, 

adding a GPS to every node can be expensive [7]. 

Besides another method of measuring distance is RSSI (Received Signal 

Strength Indication), RSSI stands for Received Signal Strength Indicator. 

It can be used for measuring power of a received radio signal [8]. The 

graph below can describe the relationship between RSSI and distance. 
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Figure 2.1: the graph of the relationship between RSSI and distance [9] 

 

The unit of distance is meter. And the unit of average RSSI is dBm. 

Besides dBm is an abbreviation for the power ratio in decibels (dB) of 

the measured power referenced to one milliwatt (mW). It can be 

concluded from the Figure 2.1 above that the average RSSI will decrease 

as distance increases generally. And from the relationship between RSSI 

and distance, the distance can be estimated by the strength of the 

received signal. RSSI is a typical ranging method, without adding any 

additional hardware, compared to other ranging method [10]. 

TOA (Time of Arrival) ranging method calculates the distance by use of 

signal propagation velocity and propagation time. There is very high 

localization accuracy, but precise time synchronization is needed, so 

hardware costs are relatively high [10]. However, the most typical use of 

localization system of TOA technology is also GPS. GPS system requires 

expensive equipment and great energy consumption to achieve precise 

synchronization with the satellite, which is incompatible with simple 

hardware-required and limited energy consumption in wireless sensor 

network [10]. 

So in this study, RSSI is considered to be a more suitable method in this 

study. 

http://en.wikipedia.org/wiki/Decibel
http://en.wikipedia.org/wiki/Milliwatt
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Then the definition of the master node and the slave node would be 

given now. The master node is the centre of the whole wireless sensor 

networks and it can receive the information of other nodes in the 

networks. And the slave node is used to transmit information to the 

master node. And the connectivity is regarded as a standard to evaluate. 

To operate successfully, a sensor network must also provide satisfactory 

connectivity so that nodes can communicate well [3].  

Next, two methods are put forward which can be used to evaluate 

connectivity. In the first method, the distance between the master node 

and slave node will be compared with the threshold which can be set by 

user. If the value of corresponding distance is within the threshold, this 

slave node will be regarded as the accepted node. Otherwise, this node 

will be refused. Only if all of the nodes can be accepted, the connectivity 

can be considered to be good. And the connectivity can be considered to 

be medium or bad according to the percentage of the number of nodes 

which can be accepted.  

The second method is a bit complex. For describing this method 

quantitatively, an equivalent resistance model can be introduced in this 

study. Resistance model means it can be assumed that there is a 

resistance between two nodes. The resistance between two nodes 

represents the distance. In other words, if the distance is longer, the 

resistance is greater. Then the equivalent resistance between two nodes 

can be calculated. For understanding easily, a simple situation can be 

thought over. For example, there are only four nodes. One is master 

node and other three are slave nodes. And two slave nodes are within 

the range, one slave node is beyond the range. Besides, the one furthest 

slave node is close to the two closer slave nodes. Then the four nodes are 

marked as one, two, three and four, then the first node is the master 

node as well as other three are the slave nodes. The forth node is away 

from the first node. However, the forth node is close to the second node 

as well as the third node which are both within the range of the first 

node. Then the forth node also can be accepted by the second method.  

For example, there are three nodes. One is the master node which is 

marked as 1, other two are the slave nodes which are marked as 2 and 3.                                      

The graph below can help to describe the situation. 
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Figure 2.2: the graph of the equivalent resistance model 

 

There is a resistance between every two nodes. For the slave node which 

is marked as 2, the equivalent resistance between 1 and 2 can be 

calculated by the formula below. 

 

                
             

             
               (2-2) 

If                            , node 2 will be refused. Otherwise, the 

corresponding node will be accepted. 

Similarly, if all of the nodes can be accepted, the connectivity can be 

evaluated according to the percentage of the number of nodes which can 

be accepted. 

After that, it is necessary to find a general algorithm of calculating the 

equivalent resistance between two points.  
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3 Software Design and Implementation 
This chapter shows the details in software design and implementation. 

How to design the methods of estimating the connectivity will be 

explained step by step. The figure is the flow graph of the matlab 

programming. Firstly, the location of the nodes can be chosen by the 

user. The number of nodes can be decided by the user. For example, 

twenty is the number of nodes in this study. Of course, the number of 

nodes can be more or less. Some thresholds are chosen at the same time. 

Then two methods will be applied in different situations. After that, the 

results can be achieved using these different methods. Lastly, the 

methods will be evaluated through some realistic scenarios. 

 

Figure 3.1: Overall Flow Chart of Matlab Programming 

Choose the 

location of nodes 

 

Assume different 

thresholds 

 

Adopt two different 

methods and choose 

wise situations.  

 

Get the results of different 

methods and compare these 

results. 

 

Analyze the difference between 

two methods and Make a 

conclusion about the two methods 
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The most important part of this study is calculating equivalent 

resistance between the master node and other nodes. So if there is a 

general algorithm which can calculate the equivalent resistance between 

two points should be considered. After that, two different methods can 

be compared. And different thresholds can be chosen to observe the 

results. At the same time, the interface of displaying for better 

visualization can be optimized. 

The software design divides into the following steps: choose the nodes, 

estimate the connectivity between nodes, judge if there is any node 

beyond the range, and display the results on the graph.  

These two methods will be tested using different graphs describing 

some realistic scenarios. That is to say, various thresholds will be set to 

compare the results. As the aim of the first method is to calculate the 

distance between the master node and the corresponding slave node, so 

it is simple to fulfil. However, the second method is not suitable for 

some situations, just like when the groups of nodes were lined up. 

Apart from content the above, it is worth mentioning that some 

problems occur in the stage of writing codes. Now the key part of them 

will be explained. In the first stage, a platform where the nodes will be 

generated by the user will be designed. And the location of the nodes 

will be displayed on the graph. What is more, the coordinates of the 

nodes will also display on the top of the graph when moving the mouse.  

In this stage, three m files are created. One contains the main function, 

another two contain the function of moving mouse and the function of 

clicking mouse respectively. As an interface that can display the 

coordinates is needed to use, so the related content of Graphical User 

Interface in Matlab are used for programming. 

Some functions are used to achieve the coordinates of the current point 

immediately. The coordinates will be displayed on the top of the graph 

as well as they will change when the mouse are moving.  

In addition, the rest part of our task is in the function of clicking mouse. 

It includes the following functions: choose the nodes, save the 

corresponding coordinates in one matrix, deal with these data, obtain 

the answers of equivalent resistance between every two nodes, assume 
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various thresholds, judge if some nodes are beyond the range, display 

different color of the nodes according to different thresholds on the 

graph.  

Firstly, the number of nodes is decided by the user. In this study, the 

number of node is twenty. Then the coordinates of the nodes will be 

saved into a matrix when clicking the mouse every time.  

Next, the transformation of matrix is used for calculating the equivalent 

resistance between two nodes. This matrix operation is based on the 

mathematical algorithm of Kirchhoff’s law, which will be explained 

later.  

The flow graph of the algorithm is drawn below. 

First of all, some definitions of some variables should be explained.  

i represents the number of row in the matrix. 

j represents the number of column in the matrix. 

D (i, j) represents the distance between node i and node j. 

R (i, j) represents the resistance that is in the  th row and jth column of 

the matrix. 

C (i, j) represents the conductance that is in the  th row and jth column 

of the matrix. 

A (i, j) is used as an intermediate variable. 
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Figure 3.2: the flow graph of the algorithm of equivalent resistance 

Start 

Regard R(i, j) as  

D(i, j) 

If i is not 

equal to j 

Assign the opposite 

number of C(i, j) to  

A(i ,j) 

If i is not 

equal to k 

 

Assign the result of A(i, j) 

adds C(i, k) to A(i,j) 

YES No 

YES 
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Figure 3.3: the flow graph of the algorithm of equivalent resistance 

k and l loop 

from 1 to n 

Remove Lth row and Lth 

column from matrix A 

and assign the 

determinant of A to x 

K>L ? 

Remove (K-1)th row and 

(K-1)th column from 

matrix A and assign the 

determinant of A to y 

 

K=L ? 

Assign 0 to y 

Remove Kth row 

and Kth column 

from matrix A 

and assign the 

determinant of A 

to y 

 

Assign absolute value 

of (y/x) to R(K, L) 

END 

YES NO 

YES NO 
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The major process of the algorithm is listed below.  

RI (i, j) is the distance between node i and node j, which also represents 

the resistance between i and j.   

The reciprocal of RI (i, j) is C (i, j). And the value i and j both loop from 1 

to n. Then according to the algorithm, A (i, j) is needed to equal to the 

opposite number of C (i, j) when the value of i is equal to the value of j. 

At the same time, A (i, j) is needed to equal to the result of A (i, j) adds  

C (i, k) if the value of i is not equal to the value of k. Besides, the value k 

both loops from 1 to n. 

Then, the value k and l will loop from 1 to n. And the Lth row and the 

Lth column will be removed from the matrix A, then the determinant of 

new matrix A will be the result. After that, the result will be assigned to 

the variable of x. After that, the location of the row and column which 

should be deleted at the second time is before or after the location of 

row and column which have been deleted will be judged. 

If the location of row and column deleted at the second time are after the 

location of row and column deleted at the first time, the  k  1 th row 

and column will be deleted, because one row and one column have been 

deleted separately before. Then the determinant of matrix A will be 

assigned to the variable of y. 

If the location of row and column deleted at the second time are before 

the location of the row and column deleted at the first time, the Kth row 

and column will need to be deleted. Then the determinant of matrix A is 

also needed to assign to the variable of y. 

If the location of row and column deleted at the second time are as same 

as the location of the row and column deleted at the first time, it is wise 

to make the variable of y equal to the zero. Because this situation 

appears only when k equals to l, it represents the diagonal elements of 

the matrix. In actual situation, the diagonal elements of the matrix 

should equal to zero in the end. 

Now the value of equivalent resistance between point k and point l can 

be calculated. It equals to the corresponding absolute value of y divided 

by x. 
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What is more, after one result of corresponding equivalent resistance 

has been calculated, the matrix A will need to be recovered. Then the 

program will loop again and again until the end.  

Then the matrix of R can be obtained and the diagonal elements of A 

should equal to zero. So the end result that is the matrix of equivalent 

resistance can be obtained. In addition, each element of matrix A 

represents the corresponding equivalent resistance from point K to 

point L.   

Lastly, all of the nodes can be painted different colours according to the 

location of them. In other words, it is better to optimize the interface of 

displaying for better visualization from the graph. For this reason, the 

master node will be showed in blue, the slave nodes within the 

threshold will be showed in green, and the slave nodes beyond the 

threshold will showed in red. So which nodes are beyond the range can 

be seen directly from the graph.  
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4 Experiment: Situations 
First of all, all of the nodes will be regarded as the teacher and children. 

The master nodes will be regarded as the teacher and the slaves nodes 

will be regarded as the children. 

Then possible location relationships of the teacher and children should 

be thought of. One most possible situation is that the teacher is in the 

centre and the children scatter around the teacher. In real life, the 

teacher is usually in the centre of the group of children, because the 

teacher can look after all the children in this way. Of course, this is a 

common situation. It is just like that some nodes are in the network as 

well as the master node is in the centre of the network. 

Another situation where the children are lined up as well as the teacher 

is at the head of the queue is likely to occur, for example, this situation 

happens when the teacher leads the children from the classroom to the 

playground. 

In summary, the nodes will be placed in different locations, which can 

represent different situations. And these two situations of the node 

network will be simulated in Matlab. 
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5 Results 
Different threshold will be set to simulate different situations. Obviously, 

different thresholds will lead to different results. And the results will be 

displayed on the graphs.  In this study, there is only one master node.  

There are twenty nodes in the graph. These nodes are in a square whose 

length and width are both 10. Which should be explained additionally is 

that there is no unit in the graph. 

Because of the usage of master node and slave node in this chapter, the 

definition of the master node and the slave node would be explained 

again. The master node is the centre of the whole wireless sensor 

networks and it can receive the information of other nodes in the 

networks. And the slave node is used to transmit information to the 

master node. 

After choosing twenty nodes, the results will be displayed immediately. 

Different colour and shape represent different type of the nodes. The 

blue node represents the master node which is diamond. The green and 

round nodes represent the slave nodes that are in the range of 

corresponding threshold. And those red and square nodes represent the 

slave nodes that are beyond the range of corresponding threshold. 
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5.1 Network structure 

The master node is in the centre, which is also the first node. Other 

nineteen are the slave nodes which are around the master node. 

5.1.1 Equivalent resistance method 

 

Figure 5.1: threshold=2          Figure 5.2: threshold =3 

In Figure 5.1, no slave node meets the requirements. And in Figure 5.2, 

nine slave nodes meet the requirements.  

 

Figure 5.3: threshold=4           Figure 5.4: threshold = 4 

From Figure 5.3 to Figure 5.4, as nodes labelled 17, 18 and 19 are closer 

to node 20, the node 20 will be accepted by master node. 
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5.1.2 Distance method 

 

  

Figure 5.5: threshold = 20         Figure 5.6: threshold=35 

 

Figure 5.7: threshold = 50 

In Figure 5.5, 5.6 and 5.7, as threshold increases, more slave nodes are in 

the range of master node. 

5.2 Straight line structure  

All of the slave nodes form a queue, in other words, they are lined up. 

And the master node is at the head of the queue, which is also the first 

node.  
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5.2.1 Equivalent resistance method 

   

Figure 5.8: threshold=2            Figure 5.9: threshold=3 

 

Figure 5.10: threshold=4 

From the graphs above, as threshold increases, more slave nodes are in 

the range of master node. 

 

 



Investigation of methods for 

determination of Wireless Node's     

Cluster Connectivity 

Xu Wang 

5 Results 

2015-05-26 

 

19 

5.2.2 Distance method 

  

Figure 5.11: threshold=20            Figure 5.12: threshold=35 

 

Figure 5.13: threshold=130 

From the graphs above, as threshold increases, more slave nodes are in 

the range of master node. 
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5.3 Threshold Selection 

It is worth knowing if the thresholds between two methods are related. 

5.3.1 Network Structure 

 

Figure 5.14: method of distance 

When the thresholds in the method of distance is set like the thresholds 

in the method of equivalent resistance, such as 2, 3, 4, all of the slave 

nodes will be refused by master node.  

 

Figure 5.15: method of equivalent resistance 

When the thresholds in the method of equivalent resistance is set like 

the thresholds in the method of distance, such as 20, 35, 130, all of the 

slave nodes will be accepted by master node.  
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5.3.2 Straight line structure  

 

Figure 5.16: method of distance 

When the thresholds in the method of distance is set like the thresholds 

in the method of equivalent resistance, such as 2, 3, 4, all of the slave 

nodes will be refused by master node.  

 

Figure 5.17: method of equivalent resistance 

When the thresholds in the method of equivalent resistance is set like 

the thresholds in the method of distance, such as 20, 35, 130, all of the 

slave nodes will be accepted by master node.  
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From the graphs above, it can be concluded that it is improper to use the 

same threshold in two methods. Each method has its unique threshold 

and the thresholds should be tried and tested according to real 

scenarios.  
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6 Conclusions 
In this study, an investigation of a connectivity model based on resistive 

networks was presented. MATLAB was used as the tool to build the 

simulation environment [10]. Two different methods are proposed and 

evaluated by estimating the connectivity of cluster of wireless nodes in 

some situations. The method of equivalent resistance is better to 

estimating the nodes’ connectivity if the overall network needs to be 

considered, not just related to two nodes. For example, if one node is 

beyond the threshold by the method of direct distance, it will be refused. 

However, if it is close to the group of other nodes, it can be accepted by 

the method of equivalent resistance. All in all, the study achieved to 

calculate the equivalent resistance between two points using a 

mathematical matrix algorithm. And different method can be chose for 

specific situations. What is more, the results correspond to our 

expectations. In addition, the most important contribution of this study 

is that different method can be used to estimate the connectivity of 

cluster of wireless nodes. Last but not least, the model can be applied for 

general conditions. These methods can be chose to solve different 

situations according to the real scenarios. 

From the graphs of the results before, it is obvious to find that as the 

thresholds become bigger, the number of nodes which can be accept 

becomes greater, too. The method of equivalent resistance considers the 

overall network. And it can accept some special conditions which the 

method of direct distance will refuse. However, the method of 

equivalent resistance has its disadvantages, because it is hard to make 

sure which value is suitable directly. In other words, the thresholds 

should be tested for many times to determine the suitable values. On the 

other hand, the method of direct distance is much easier, because it only 

cares about two nodes. Besides it is clear to choose a threshold directly. 

In other words, the threshold can be set accurately by this method. But 

this method can’t solve some complex situations. 

In real situation, there may be not only one master node, that is to say, 

there are some master nodes. And the connectivity will affect by the 

external environment such as temperature, humidity because they will 

have effect on the distance we would like to measure. Furthermore, the 
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price of the system should be considered in continued work. So there is 

some work to do for adapting to some more complex situations. And 

more studies on realistic situations must be done through experiments.    
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Appendix A: Documentation of own 
developed program code 
(1) 

clear all 

clc 

close all 

global D; 

D=[]; 

set(gcf,'WindowButtonMotionFcn',@mouseMove); 

set(gcf,'WindowButtonDownFcn',@mouseDown); 

(2) 

function mouseMove(object,eventdata)  

global E; 

E = get(gca,'CurrentPoint');  

title(gca,['(X,Y) = (',num2str(E(1,1)),',',num2str(E(1,2)),')']); 

grid on; 

set(gca,'XTick',[0:10:100]); 

set(gca,'YTick',[0:10:100]); 

axis([0 100 0 100]);  

end 

 

(3) 

function mouseDown(object,eventdata)  

global E; 

global D; 

plot(E(1,1),E(1,2),'rd') 

text( E(1,1)+1, E(1,2)+1, num2str(size(D,2)+1));  

grid on; 

set(gca,'XTick',[0:10:100]); 

set(gca,'YTick',[0:10:100]); 

axis([0 100 0 100]);  

hold on;  

D=[D [E(1,1),E(1,2)]'];   

G=D; 

F=G'; 

if(size(F,1)==20) 

c=F(:,1); 
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d=F(:,2); 

RI=zeros(20); 

for i=1:20  

for j=1:20  

RI(i,j)=sqrt( (c(i)-c(j))^2+(d(i)-d(j))^2 ); 

end 

end 

n=size(RI,1); 

C=1./RI; 

A=zeros(n,n); 

for i=1:n 

for j=1:n 

if i~=j   

A(i,j)=-C(i,j); 

else for k=1:n 

if i~=k 

A(i,j)=A(i,j)+C(i,k); 

end 

                end 

            end 

        end 

    end 

    R=zeros(n,n); 

    B=A; 

    for k=1:n 

        for l=1:n 

            A(l,:)=[]; 

            A(:,l)=[]; 

            x=det(A); 

            if k>l  

 

                A(k-1,:)=[]; 

                A(:,k-1)=[]; 

                y=det(A); 

            else if k<l 

                    A(k,:)=[]; 

                    A(:,k)=[]; 

                    y=det(A); 

                else 

                    y=0;                
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 end 

            end 

   R(k,l)=abs(y/x); 

A=B; 

        end 

    end 

    R; 

    REQ=R-diag(diag(R)); 

    REQ 

     

    R1=REQ(1,:) 

    R2=RI(1,:) 

    max1=4; 

    max2=3; 

    max3=2; 

    max4=20; 

    max5=35; 

    max6=50; 

     

    for i=2:20 

    mm1=R1(i); 

   

%set different threshold below 

%  if mm1>max1 

% disp(['The node  ' num2str(i) ' is beyond the range !(equivalent 

resistance method--threshold:4)' ])  

%          end 

         

%  if mm1>max2 

%  disp(['The node  ' num2str(i) ' is beyond the range !(equivalent 

resistance method--threshold:3)' ]) 

%  end 

%          

if mm1>max3 

disp(['The node  ' num2str(i) ' is beyond the range !(equivalent 

resistance method--threshold:2)' ]) 

end 

 

mm2=R2(i); 

ifmm2>max4  
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disp(['The node  ' num2str(i) ' is beyond the range !(distance 

method--threshold:20)' ]) 

  end 

%   if mm2>max5 

% disp(['The node  ' num2str(i) ' is beyond the range !(distance 

method--threshold:35)' ]) 

%          end 

%           

%          if mm2>max6 

%             disp(['The node  ' num2str(i) ' is beyond the 

range !(distance method--threshold:50)' ]) 

%          end 

%         

%               

end 

for ii=1:20 

 if (ii==1) 

 plot(F(ii,1),F(ii,2),'bd');  

hold on; 

 else  

 

%set different threshold below 

%if(R1(ii)>max1)        

%     if(R1(ii)>max2)  

      if(R1(ii)>max3) 

    

     %if(R2(ii)>max4)  

     %if(R2(ii)>max5) %R2  

     %if(R2(ii)>max6) %R2  

  

          plot(F(ii,1),F(ii,2),'rd');hold on; 

     else 

          plot(F(ii,1),F(ii,2),'gd');hold on; 

     end 

end  

end 

 D = []; 

    hold off;  

end 
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Appendix B: Mathematical 
deductions 
The problem of finding the effective resistance between two node points 

of a network of linear resistors was solved by Kirchhoff (1874) a century 

and a half ago. For completeness, F.Y.Wu outlined a proof of Kirchhoff 

results. And the algorithm we would like to find is only a small part of 

the tutorial review on the static properties of the Potts Model (Potts, 

1952) which was put forward by F.Y.Wu. 

There are the main points of the derivation below. 

Let iU
for the potential at the site i and iI

 for the external current 

flowing into the site i. Then continuity equation gives us

)( jiijiki UUCI   which can be written as jijji UAI   with 











 

jiC

jiC
Aij

ij

ijik

,

,

.Now one can express equivalent resistance between 

points k and l as ||

||
)(

)(

l

kl

kl
A

A
R 

,where || )(lA  is the determinant of A 

with the lth row and column removed, and || )(klA is the same 

determinant of A but with the lth and the kth rows and columns 

removed[4]. 

 




