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Abstract 

Some networks, including biological networks, consist of hierarchical sub-networks / modules. Based on my 

previous study, in present study a method for both identifying hierarchical sub-networks / modules and 

weighting network links is proposed. It is based on the cluster analysis in which between-node similarity in 

sets of adjacency nodes is used. Two matrices, linkWeightMat and linkClusterIDs, are achieved by using the 

algorithm. Two links with both the same weight in linkWeightMat and the same cluster ID in linkClusterIDs 

belong to the same sub-network / module. Two links with the same weight in linkWeightMat but different 

cluster IDs in linkClusterIDs belong to two sub-networks / modules at the same hirarchical level. However, a 

link with an unique cluster ID in linkClusterIDs does not belong to any sub-networks / modules. A 

sub-network / module of the greater weight is the more connected sub-network / modules. Matlab codes of 

the algorithm are presented. 
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1 Introduction 

Some networks (including some biological networks) consist of sub-networks / modules. In some cases we 

need to identify hierarchical sub-networks / modules and weight links according to their similarity in 

affiliation of sub-networks / modules. Based on the method of Zhang and Li (2016), the present study 

proposes a method for identifying hierarchical sub-networks / modules and weighting network links. Matlab 

codes of the method are presented for use. 
 

2 Method 

Assume the adjacency matrix of a network X with m nodes (Zhang, 2012, 2016) is a=(aij)m×m, where aij=1, if 

two nodes vi and vj are adjacent; aij=0, if vi and vj are not adjacent, aij=aji, and aii=0; i, j=1,2,…, m. A 
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sub-network / module is a node set, and links within the sub-network / module are much more than links 

towards outside the sub-network / module.     

Suppose we do not know sub-networks / modules in advance, and they need to be determined by cluster 

analysis. The present method, based on Zhang and Li (2016) is  

(1) Define between-node similarity as follows 

 

rij=∑k=1
m(aik ajk)/m    aij=1 

rij=0               aij=0 

       i, j=1,2,…, m; ij 

 

where 0rij1. rij=1, means that the sets of adjacent nodes of two connected nodes, i and j, are the same; rij=0, 

means that two nodes, i and j, are unconnected. rij= rji, i, j=1,2,…, m. Between-node distance is then defined as 

 

          dij=1-rij     

 

where 0dij1.  

At the start, m nodes are naturally m sub-networks / modules respectively. 

(2) Calculate between sub-network / module distance. Suppose there are two sub-networks / modules, X 

and Y. The distance between X and Y, based on the longest distance between two nodes, is  

 
              dXY=max dij ,   i∈X, j∈Y 

 

(3) In the sets of clusters (sub-networks / modules), choose two clusters, A and B, with the minimum dXY 

to combine into a new cluster (new sub-network / module) 

 

dAB=min dXY    

 

(4) Return (2) to repeat the cluster procedure, until all of m nodes are eventually clustered into a cluster 

(network). If the minimum dAB for two or more cluster procedures are the same, only the last cluster procedure 

in these cluster procedures is chosen for use.  

(5) For each cluster in the same cluster procedure, weight all links in the cluster with the same weight, 

rAB (i.e., 1-dAB), and mark differrent clusters with different IDs, until all clusters and cluster procedures are 

traversed. To avoid weight 0 for singular links, let rAB=10-10, if rAB=0. 

Finally, two matrices, linkWeightMat and linkClusterIDs, are achieved. Two links with both the same 

weight in linkWeightMat and the same cluster ID in linkClusterIDs belong to the same sub-network / module. 

Two links with the same weight in linkWeightMat but different cluster IDs in linkClusterIDs belong to two 

sub-networks / modules at the same hirarchical level. However, a link with an unique cluster ID in 

linkClusterIDs does not belong to any sub-networks / modules. A sub-network / module of the greater weight 

is the more connected sub-network / module. 

The following are Matlab codes of the algorithm (linkWeight.m) 

 

%Reference: Zhang WJ. 2016. A method for identifying hierarchical sub-networks / modules and weighting network links based 

on their similarity in sub-network / module affiliation. Network Pharmacology, 1(2):  

clear 

str=input('Input the file name of adjacency matrix a (e.g., raw.txt, raw.xls, etc. Adjacency matrix is D=(dij)m*m, where m is the 
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number of nodes in the network. dij=1, if vi and vj are adjacent, and dij=0, if vi and vj are not adjacent; dii=0; i, j=1,2,…, m): 

','s'); 

a=load(str); 

dim=size(a); m=dim(1); 

for i=1:m-1 

for j=i+1:m  

if (a(i,j)~=0) 

r(i,j)=0;  

for k=1:m 

if ((a(i,k)==a(k,j)) & (a(i,k)~=0)) r(i,j)=r(i,j)+1; end 

end 

r(i,j)=r(i,j)/m; r(j,i)=r(i,j); 

d(i,j)=1-r(i,j); d(j,i)=d(i,j); 

else r(i,j)=0; r(j,i)=0; d(i,j)=1; d(j,i)=1;  

end; end; end 

d1=d; bb1=1; 

u(bb1)=0; nu(bb1)=m; 

for i=1:nu(bb1) x(bb1,i)=i; end 

for i=1:nu(bb1) y(bb1,i)=1; end 

while (nu(bb1)>1)   

aa=1e+10;  

for i=1:nu(bb1)-1 

for j=i+1:nu(bb1)  

if (d(i,j)<=aa) aa=d(i,j); end 

end; end 

aa1=0; 

for i=1:nu(bb1)-1 

for j=i+1:nu(bb1)  

if (abs(d(i,j)-aa)<=1e-06)  

aa1=aa1+1; v(aa1)=i; w(aa1)=j;  

end; end; end 

for i=1:nu(bb1) s(i)=0; end 

nn1=0; 

for i=1:aa1  

if ((v(i)~=0) & (w(i)~=0)) 

nn1=nn1+1; 

for j=1:aa1  

if ((v(j)==v(i)) | (v(j)==w(i)) | (w(j)==w(i)) | (w(j)==v(i))) 

s(v(j))=nn1; s(w(j))=nn1; 

if (j~=i) v(j)=0; w(j)=0; end; end 

end 

v(i)=0; w(i)=0;  

end; end 

for i=1:nn1  

y(bb1+1,i)=0; 
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for j=1:nu(bb1)  

if (s(j)==i)  

for k=1:m  

if (x(bb1,k)==j) x(bb1+1,k)=i; end 

end 

y(bb1+1,i)=y(bb1+1,i)+y(bb1,j);  

end; end; end 

for i=1:nu(bb1)  

if (s(i)==0)  

nn1=nn1+1; 

for k=1:m  

if (x(bb1,k)==i) x(bb1+1,k)=nn1; end 

end 

y(bb1+1,nn1)=y(bb1,i); end 

end; 

bb1=bb1+1; u(bb1)=aa; nu(bb1)=nn1; 

for i=1:nu(bb1)-1 

for j=i+1:nu(bb1)  

d(i,j)=-1e+10;  

for k=1:m  

if (x(bb1,k)==i)  

for kk=1:m  

if (x(bb1,kk)==j) 

if (d1(k,kk)>d(i,j)) d(i,j)=d1(k,kk); end 

end; end; end; end  

d(j,i)=d(i,j); 

end; end; end      

for k=1:m  

y(bb1,k)=1; end 

for i=bb1-1:-1:1  

rr=0; 

for j=1:nu(i+1)  

ww=0; 

for k=1:m  

if (y(i+1,k)==j) ww=ww+1; v(ww)=k; end 

end 

vv=0; 

for ii=1:ww  

ee=0; 

for jj=ii-1:-1:1  

if (x(i,v(ii))==x(i,v(jj))) y(i,v(ii))=y(i,v(jj)); break; end 

ee=ee+1;  

end 

if (ee==ii-1) vv=vv+1; y(i,v(ii))=rr+vv; end 

end 
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rr=rr+vv;  

end; end 

for k=1:bb1  

rs(k)=1-u(k); 

end; 

s=1; i=0; 

while (m>0) 

ss=1; 

for j=s+1:bb1  

if (rs(j)==rs(s)) ss=ss+1; end; 

end 

s=s+ss; i=i+1; la(i)=s-1; 

if (s>=bb1) break; end 

end 

bb1=i; 

yy=zeros(m); 

for k=1:bb1  

for i=1:nu(la(k))  

for j=1:m  

if (y(la(k),j)==i) yy(k,j)=i; end; 

end; end; end 

for k=1:bb1  

rss(k)=rs(la(k)); uu(k)=u(la(k)); nuu(k)=nu(la(k)); 

end 

linkWeightMat=zeros(m); 

linkClusterIDs=zeros(m); 

id=0; 

for k=1:bb1  

for i=1:nuu(k)  

numm=0; 

for j=1:m  

if (yy(k,j)==i) numm=numm+1; temp(numm)=j; end 

end 

sim=max(rss(k),1e-10); 

id=id+1; 

for ii=1:numm-1  

for jj=ii+1:numm 

if ((a(temp(ii),temp(jj))~=0) & (linkWeightMat(temp(ii),temp(jj))==0))  

linkWeightMat(temp(ii),temp(jj))=sim; linkWeightMat(temp(jj),temp(ii))=sim;  

linkClusterIDs(temp(ii),temp(jj))=id; linkClusterIDs(temp(jj),temp(ii))=id;    

end 

end; end; end; end 

dif=zeros(1,m); 

su=0; 

for i=1:m-1 
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for j=i+1:m 

sm=0; 

for k=1:su 

if ((linkClusterIDs(i,j)~=0) & (linkClusterIDs(i,j)~=dif(k))) 

sm=sm+1; 

end; end  

if (sm==su) su=su+1; dif(su)=linkClusterIDs(i,j); end 

end; end 

ma=max(max(linkClusterIDs)); 

for k=1:su 

for i=1:m-1 

for j=i+1:m 

if ((linkClusterIDs(i,j)~=0) & (linkClusterIDs(i,j)==dif(k)) & (linkClusterIDs(i,j)~=ma)) 

linkClusterIDs(i,j)=k; linkClusterIDs(j,i)=k; 

end; end; end; end  

idnew=su; 

for i=1:m-1 

for j=i+1:m 

if (linkClusterIDs(i,j)==ma)  

idnew=idnew+1; linkClusterIDs(i,j)=idnew; linkClusterIDs(j,i)=idnew;  

end; end; end 

for k=1:idnew-1 

s=0; 

for i=1:m-1 

for j=i+1:m 

if (k~=linkClusterIDs(i,j)) s=s+1; end 

end; end 

if (s==(m*(m-1)/2)) 

for i=1:m-1 

for j=i+1:m 

if (linkClusterIDs(i,j)>k) linkClusterIDs(i,j)=linkClusterIDs(i,j)-1; linkClusterIDs(j,i)=linkClusterIDs(i,j); end; 

end; end; 

end; end  

lab=zeros(1,idnew-1); 

for k=1:idnew-1 

s=0; 

for i=1:m-1 

for j=i+1:m 

if (k==linkClusterIDs(i,j)) s=s+1; end 

end; end;  

lab(k)=s; 

end 

iss=''; 

for k=1:idnew-1 

la=0; 
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for i=1:m-1 

for j=i+1:m 

if (linkClusterIDs(i,j)==k) weig=linkWeightMat(i,j); la=1; break; end; 

end;  

if (la==1) break; end 

end;  

if (lab(k)>1) iss=strcat(iss,'\nLinks in sub-network / module (cluster) ID:',num2str(k),'(Link weight=',num2str(weig),')\n'); end; 

if (lab(k)==1) iss=strcat(iss,'\nStandalone link ID:',num2str(k),'(Link weight=',num2str(weig),')\n'); end; 

for i=1:m-1 

for j=i+1:m 

if (k==linkClusterIDs(i,j)) iss=strcat(iss,'(',num2str(i),',',num2str(j),') '); end 

end; end;  

end 

fprintf(iss) 

fprintf('\n\nLink weights\n') 

linkWeightMat 

fprintf('\nLink cluster IDs\n') 

linkClusterIDs 

 

3 Example and Application 

3.1 A typical example 

The adjacency matrix (4040) of the network used for typical case is  
 

  0  1  1  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  1  0  1  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  1  1  0  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  1  1  1  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  1  1  1  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  1  1  1  1  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  1  0  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  1  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  1  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  1  1  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  1  1  1  1  1  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  1  1  1  1  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  0  1  1  1  1  1  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  0  1  1  1  1  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  1  0  1  1  1  0  0  0  0  0  0  0  0  0 
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  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  1  1  0  1  1  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  1  1  1  0  1  0  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  1  1  1  1  0  1  0  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  1  1  1 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  0  1  1  1  1 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  0  1  1  1 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  0  1  1 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  1  0  1 

  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  0  1  1  1  1  1  0 

 

Running the algorithm, the links in each of sub-network (cluster) are as follows, where “Empty” means 

the cluster ID does not exist in the link cluster IDs matrix, linkClusterIDs 

 

Links in sub-network / module (cluster) ID:1(Link weight=0.1) 

(1,2)(1,3)(1,4)(1,5)(1,6)(2,3)(2,4)(2,5)(2,6)(3,4)(3,5)(3,6)(4,5)(4,6)(5,6) 

Links in sub-network / module (cluster) ID:2(Link weight=0.05) 

(10,11)(10,12)(10,13)(11,12)(11,13)(12,13) 

Links in sub-network / module (cluster) ID:3(Link weight=0.05) 

(15,16)(15,17)(15,18)(16,17)(16,18)(17,18) 

Links in sub-network / module (cluster) ID:4(Link weight=0.15) 

(24,25)(24,26)(24,27)(24,28)(24,29)(24,30)(24,31)(25,26)(25,27)(25,28)(25,29)(25,30)(25,31)(26,27)(26,28)(26,29)(26,30)(26,

31)(27,28)(27,29)(27,30)(27,31)(28,29)(28,30)(28,31)(29,30)(29,31)(30,31) 

Links in sub-network / module (cluster) ID:5(Link weight=0.1) 

(35,36)(35,37)(35,38)(35,39)(35,40)(36,37)(36,38)(36,39)(36,40)(37,38)(37,39)(37,40)(38,39)(38,40)(39,40) 

Standalone link ID:6(Link weight=1e-010) 

(6,7) 

Standalone link ID:7(Link weight=1e-010) 

(7,8) 

Standalone link ID:8(Link weight=1e-010) 

(8,9) 

Standalone link ID:9(Link weight=1e-010) 

(9,10) 

Standalone link ID:10(Link weight=1e-010) 

(13,14) 

Standalone link ID:11(Link weight=1e-010) 

(14,15) 

Standalone link ID:12(Link weight=1e-010) 

(18,19) 

Standalone link ID:13(Link weight=1e-010) 

(19,20) 

Standalone link ID:14(Link weight=1e-010) 

(20,21) 

Standalone link ID:15(Link weight=1e-010) 

(21,22) 
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Standalone link ID:16(Link weight=1e-010) 

(22,23) 

Standalone link ID:17(Link weight=1e-010) 

(23,24) 

Standalone link ID:18(Link weight=1e-010) 

(31,32) 

Standalone link ID:19(Link weight=1e-010) 

(32,33) 

Standalone link ID:20(Link weight=1e-010) 

(33,34) 

Standalone link ID:21(Link weight=1e-010) 

(34,35) 

    The link weights matrix, linkWeightMat, is achieved as the following 

 
0 0.1 0.1 0.1 0.1 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0 0.1 0.1 0.1 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0.1 0 0.1 0.1 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0.1 0.1 0 0.1 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0.1 0.1 0.1 0 0.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0.1 0.1 0.1 0.1 0.1 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 * 0 0.05 0.05 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0.05 0 0.05 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0.05 0.05 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0.05 0.05 0.05 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 0.05 0.05 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.05 0 0.05 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.05 0.05 0 0.05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.05 0.05 0.05 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0 0.15 0.15 0.15 0.15 0.15 0.15 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0.15 0 0.15 0.15 0.15 0.15 0.15 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0.15 0.15 0 0.15 0.15 0.15 0.15 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0.15 0.15 0.15 0 0.15 0.15 0.15 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0.15 0.15 0.15 0.15 0 0.15 0.15 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0.15 0.15 0.15 0.15 0.15 0 0.15 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0 * 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 * 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 0.1 0.1 0.1 0.1 0.1
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0 0.1 0.1 0.1 0.1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0 0.1 0.1 0.1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0 0.1 0.1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0 0.1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 0.1 0.1 0.1 0.1 0

“*” denotes 10-10 

 

    And the following is the link cluster IDs matrix, linkClusterIDs 

 
0 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 1 1 0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 6 0 7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 7 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 8 0 9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 9 0 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 2 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 2 2 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 2 2 2 0 10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 10 0 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 3 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 3 3 0 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0 15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 15 0 16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16 0 17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0 4 4 4 4 4 4 4 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 4 4 4 4 4 4 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 0 4 4 4 4 4 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 0 4 4 4 4 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 0 4 4 4 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 0 4 4 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 4 0 4 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 4 4 4 4 4 4 0 18 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18 0 19 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0 20 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20 0 21 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 21 0 5 5 5 5 5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 5 5 5 5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 0 5 5 5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 0 5 5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 0 5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 5 5 5 5 0

 

    Obviously, the sub-networks / modules and link weights can be fully determined by jointly using the two 
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matrices. 

 

3.2 Application in a phylogenic network 

The adjacency matrix of phylogenic network for 17 common HLA-DQB1 alleles of the world’s 12 human 

races and populations is from Zhang and Qi (2014) and Zhang (2015, supplementary material, 

HLA_DQB1_adj.txt). Use the algorithm above, the resultant link weights matrix, linkWeightMat, is 

 

0 0 0 0 0 0 * 0 0 0 0 0 

0 0 * * 0 0 * * 0 0 0 0 

0 * 0 0.5 0.4167 0.4167 0.5 0.5 0 0.4167 0 0 

0 * 0.5 0 0.4167 0.4167 0.5 0.5 0 0.4167 0 0 

0 0 0.4167 0.4167 0 0.5 0.4167 0.4167 0 0.4167 * 0 

0 0 0.4167 0.4167 0.5 0 0.4167 0.4167 0 0.4167 * 0 

* * 0.5 0.5 0.4167 0.4167 0 0.5 0 0.4167 0 0 

0 * 0.5 0.5 0.4167 0.4167 0.5 0 * 0.4167 0 0 

0 0 0 0 0 0 0 * 0 0 0 0 

0 0 0.4167 0.4167 0.4167 0.4167 0.4167 0.4167 0 0 0 0 

0 0 0 0 * * 0 0 0 0 0 * 

0 0 0 0 0 0 0 0 0 0 * 0 

“*” denotes 10-10 

 

    The following is the link cluster IDs matrix, linkClusterIDs 

 

0 0 0 0 0 0 5 0 0 0 0 0 

0 0 6 7 0 0 8 9 0 0 0 0 

0 6 0 2 3 3 2 2 0 3 0 0 

0 7 2 0 3 3 2 2 0 3 0 0 

0 0 3 3 0 4 3 3 0 3 10 0 

0 0 3 3 4 0 3 3 0 3 11 0 

5 8 2 2 3 3 0 2 0 3 0 0 

0 9 2 2 3 3 2 0 12 3 0 0 

0 0 0 0 0 0 0 12 0 0 0 0 

0 0 3 3 3 3 3 3 0 0 0 0 

0 0 0 0 10 11 0 0 0 0 0 13 

0 0 0 0 0 0 0 0 0 0 13 0 

 

 

4 Discussion  

In addition to the method of link-weighting in present study, we can directly use the link cluster IDs matrix, 

linkClusterIDs, to weight links according to different cluster IDs in the matrix. In this case, the link-weighting 

can even be conducted in Excel, Notepad, etc., for small networks. The Matlab codes following the above 

codes are thus 

 

str=input('Input the file name of sub-network / module based link-weighting data (there are idnew-1 rows, each row has two 

values, i.e. cluster ID and link weight; where idnew-1 is the total number of cluster IDs): ','s'); 
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wei=load(str); 

for k=1:idnew-1 

for i=1:m-1 

for j=i+1:m 

if (linkClusterIDs(i,j)==k) linkWeightMat(i,j)=wei(k,2); linkWeightMat(j,i)=wei(k,2);end 

end; end; end 

fprintf('\n\nLink weights\n') 

linkWeightMat 

 

The algorithm is particularly suggested for using in the situations that there are some remarkable 

sub-networks / modules in the network. Furthermore, it is also applicable to other networks without significant 

sub-networks / modules.  
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