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function fitnessScore = fitnessF(CIJ, fitnessType, wei, vari)

% calculate the fitness score for the individual (connection matrix) using
% the specified fitness function

    fitnessScore = ccomplex(CIJ, fitnessType, wei, vari);
end

function CIJ = evolvePop(population,generations,prob, complexType,maxWeight,both, wei, 
vari)

% evolve a poplation of popsize networks with N nodes and K edges for
% generations generations

N=size(population,2);
K=sum(sum(population(:,:,1)));
popsize= size(population,3);

% initialize population fitness
fitness = zeros (popsize,1);
for i=1:popsize
        fitness(i) = fitnessF(population (:,:,i),complexType, wei, vari);    
end
      
disp '======'
fitness
disp '======'

prevc=0;
prevp=zeros(N);
for (e=1:generations)
    
    [maxcompl,indmax] = max(fitness);
    population (:,:,1) = population (:,:,indmax);
    fitness(1) = maxcompl;
    for (i=2:ceil(popsize/3*2))
        network = rewire12(population (:,:,1),prob,1,9,maxWeight,maxWeight,both);
        population (:,:,i) = network(:,:);
        fitness(i) = fitnessF(network,complexType, wei, vari);
    end
    indrand = ceil(rand*ceil(popsize/3*2));
    randnet = population (:,:,indrand);
    for (i=ceil(popsize/3*2)+1:popsize)
        network = rewire12(randnet,prob,1,9,maxWeight,maxWeight,both);
        population (:,:,i) = network(:,:);
        fitness(i) = fitnessF(network,complexType, wei, vari);
    end
     [maxcompl,indmax] = max(fitness);
    if (mod(e,200) == 0)
       
        e
        maxcompl
        indmax
        fitness
        
        if (maxcompl > prevc + 0.00000000000001 || maxcompl < 0)
            prevc = maxcompl;
       
            dispComm(population (:,:,1));
            measureCIJ(population (:,:,1))
        end
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    end
end
[maxcompl,indmax] = max(fitness);
maxcompl

CIJ = population (:,:,indmax);
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function CIJ = evolveCIJ(CIJ,popsize,generations,prob, 
complexType,maxWeight,both,wei,vari)

% evolve a poplation of popsize networks with N nodes and K edges for
% generations generations

% initialize population
N=length(CIJ);
K=sum(sum(CIJ));
population = zeros(N,N,popsize);

for i=1:popsize
    population(:,:,i) = CIJ;
end
CIJ=evolvePop(population, generations, prob, complexType,maxWeight,both,wei,vari);
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function CIJ = evolveRand(N,K,popsize,generations,prob, complexType, maxWeight,both, wei, 
vari)

% evolve a poplation of popsize networks with N nodes and K edges for
% generations generations

% initialize population
population = zeros(N,N,popsize);
maxAttempts = 1000;
i=1;
attempts=0;
while (i<=popsize && attempts < maxAttempts)
    network = makerandCIJ(N,K);

    % discard disconnected networks
    [R,D] = breadthdist(network);
    if (sum(sum(R)) == N*N) 
        population (:,:,i) = network(:,:);
        i=i+1;     
    end
    attempts = attempts + 1;  
end
if (attempts < maxAttempts)
    CIJ=evolvePop(population, generations, prob, complexType,maxWeight,both, 

wei, vari);
else
    CIJ=zeros(N,N);
end
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function CIJ = evolveRandInmax(N,K,popsize,epochs,prob, complexType, 
maxWeight,both, wei, vari)

% evolve a poplation of popsize networks with N nodes and K edges for
% epochs epochs

% initialize population
population = zeros(N,N,popsize);
maxAttempts = 1000;
i=1;
attempts=0;

while (i<=popsize && attempts < maxAttempts)
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    network = zeros(N);
    for z=1:N
        knode = 0;
        while (knode < maxWeight)
            node = ceil(rand*N);
            if (node ~= z && network(node,z) == 0)
                network(node,z) = 1;
                knode = knode + 1;
            end
            
        end
    end

    % discard disconnected networks
    [R,D] = breadthdist(network);
    if (sum(sum(R)) == N*N) 
        population (:,:,i) = network(:,:);
        i=i+1;  
        network;
    end
    attempts = attempts + 1;  
end
if (attempts < maxAttempts)
    population;
    CIJ=evolvePop(population, epochs, prob, complexType,9999,both, wei, vari);
else
    CIJ=zeros(N,N);
end

J4D4;& B%C3/3*7
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function [CIJ] = rewire12(CIJ,p,minrew,maxrew,maxWeightIn,maxWeightOut,both)

% inputs:
%           CIJ      connection matrix
%           p        rewiring probability
%           minrew   minimum number of rewired edges
%           maxrew   maximum number of rewired edges
%           maxWeightNode maximum value for incoming connections
%           both     
%                    =0 rewire (i,j) to (x,j) 1 edge, 
%                    =1 rewire 1 edge, 
%                    =2 rewire reciprocal edges (if they exist)
%                    =3 probability 0.5 of rewiring both edges
% outputs:
%           CIJ      connection matrix with rewired edges
%
% Annamaria Cucinotta
% =========================================================================

krew = 0;
if (minrew <= 0)
    minrew = -1;
end
startRow = floor(rand * size(CIJ,1)) + 1;
startCol = floor(rand * size(CIJ,1)) + 1;
cycles = 0;

while ((minrew < 0 || krew < minrew) && cycles < 100)
    cycles = cycles + 1;
    
    i = startRow;
    krow = 0;

    while (krow < size(CIJ,1))
            krow= krow + 1;
        if (i > size(CIJ,1))
            i = 1;
        end
        j = startCol;
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        kcol = 0;
        while (kcol < size(CIJ,1))
            kcol= kcol + 1;
            if (j > size(CIJ,1))
                j = 1;
            end
% rewire if the node is not already connected to everything else.
% but if a node is already connected to everything else how can we possibly
% rewire the connection?????/
% if connection reciprocal then we may rewire indirectly through the
% reciprocal connection
% the graph is strongly connected, so at least one reciprocal connection
% exists (considering the node connected to everything else in one
% direction) we can just hope tht the reciprocal connection will be rewired
% at some point but this will make rewire less effective/probable for this
% node
           
            weightInJ=sum(CIJ(:,j));
            weightOutI = sum(CIJ(i,:));
            
            if  (i~= j && CIJ(i,j) ~= 0 && (rand <= p || weightInJ > ...
                    maxWeightIn || weightOutI > maxWeightOut))
            
                
                oldCIJ=CIJ;
                randN=rand;
                if (both == 0)
                    % rewire (i,j) to (x,j)
                    knode = 0;
                    for inode=1:length(CIJ)
                        if (inode ~= i && inode ~= j && CIJ(inode,j) == 0 ...
                            && sum(CIJ(inode,:)) + CIJ(i,j) <= maxWeightOut)
                            knode = knode + 1;
                            listNodes(knode) = inode;
                        end
                    end
                    if (knode > 0) % possible source nodes found
                        node = listNodes(ceil(rand * knode));
                        CIJ(node,j) = CIJ(i,j);
                        CIJ(i,j) = 0;
                    end
                
                else
                    if (weightInJ > maxWeightIn || randN < 0.3) % rewire (i,j) to (i,x)
                        
                        knode = 0;
                        for inode=1:length(CIJ)
                            if (inode ~= i && inode ~= j && CIJ(i,inode) == 0 ... 
                                    && sum(CIJ(:,inode,:)) + CIJ(i,j) <= maxWeightIn)
                                knode = knode + 1;
                                listNodes(knode) = inode;
                            end
                        end
                        if (knode > 0) % possible target nodes found
                            node = listNodes(ceil(rand * knode));
                            CIJ(i,node) = CIJ(i,j);
                            CIJ(i,j) = 0;
                             % check reciprocal connection
                             % rewire reciprocal only if it is not alreaady there
                            bothc = 'ix one';
                            if  ((both==2 || (both==3 && rand > 0.5)) && ...
                                    CIJ(j,i) ~= 0 && CIJ(node,i) == 0 && ...
                                    sum(CIJ(node,:)) + CIJ(j,i) <= maxWeightOut)
                            
                                CIJ(node,i) = CIJ(j,i);
                                CIJ(j,i) = 0;
                                bothc = 'ix two';
                            else
                            end
              
                        end
                    else
                        if (randN < 0.6 || weightOutI > maxWeightOut)
                    % rewire (i,j) to (x,j)
                            knode = 0;
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                            for inode=1:length(CIJ)
                                if (inode ~= i && inode ~= j && ... 
                                        CIJ(inode,j) == 0 && ... 
                                        sum(CIJ(inode,:)) + CIJ(i,j) <= maxWeightOut)
                                    knode = knode + 1;
                                    listNodes(knode) = inode;
                                end
                            end
                            if (knode > 0) % possible source nodes found
                                node = listNodes(ceil(rand * knode));
                           
                                CIJ(node,j) = CIJ(i,j);
                                CIJ(i,j) = 0;
                                 % check reciprocal connection
                                 % rewire reciprocal only if it is not alreaady there

                                bothc = 'xj one';
                                if  ((both==2 || (both==3 && rand > 0.5)) && CIJ(j,i) ...
                                        ~= 0 && CIJ(j,node) == 0 && sum(CIJ(:,node)) ... 
                                        + CIJ(j,i) <= maxWeightIn)
                          
                                     CIJ(j,node) = CIJ(j,i);
                                     CIJ(j,i) = 0;
                                     bothc = 'xj two';
                                 else
                                 end
                           
                            end

                    
                        else
                            if (randN < 0.8)
                                % rewire (i,j) to (x,y)
                                knode = 0;
                                for inode=1:length(CIJ)
                                    if (inode ~= i && inode ~= j && CIJ(i,inode) ... 
                                            == 0 && sum(CIJ(:,inode,:)) + CIJ(i,j) <= 

maxWeightIn)
                                        knode = knode + 1;
                                        listNodes(knode) = inode;
                                    end
                                end
                                if (knode > 0) % possible target nodes found
                                    node = listNodes(ceil(rand * knode));
                                else
                                    node = j;
                                end
                                knode = 0;
                                for inode=1:length(CIJ)
                                    if (inode ~= i && inode ~= j && inode ~= node && ... 
                                            CIJ(inode,node) == 0 && sum(CIJ(inode,:)) ... 
                                            + CIJ(i,j) <= maxWeightOut)
                                        knode = knode + 1;
                                        listNodes(knode) = inode;
                                    end
                                end

                                if (knode > 0) % possible source nodes found
                                    node2 = listNodes(ceil(rand * knode));
                                    cijnodenode2= CIJ(node2,node);
                                    CIJ(node2,node) = CIJ(i,j);
                                    CIJ(i,j) = 0;
                                    % check reciprocal connection
                                    % rewire reciprocal only if it is not alreaady there
                                    bothc = 'xy one';
                                    if  ((both==2 || (both==3 && rand > 0.5)) && 

CIJ(j,i) ...
                                            ~= 0 && CIJ(node,node2) == 0 && 
sum(CIJ(node,:)) 
                                            + CIJ(j,i) <= maxWeightOut && (node == j || ...
                                            sum(CIJ(:,node2)) + CIJ(j,i) <= maxWeightIn))
                              
                                        CIJ(node,node2) = CIJ(j,i);
                                        CIJ(j,i) = 0;
                                        bothc = 'xy two';
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                                    else
                                    end

                                %end

                            
                                end
                            else
                                % rewire (i,j) to (j,i)
                                if (CIJ(j,i) == 0 && sum(CIJ(j,:)) + CIJ(i,j) <= ... 
                                        maxWeightOut && sum(CIJ(:,i)) + CIJ(i,j) <= 

maxWeightIn)
                                
                                    CIJ(j,i) = CIJ(i,j);
                                    CIJ(i,j) = 0;
                                end
                                
                            end
                        end
                    end
                end
                [R,D] = breadthdist(CIJ);
                if (sum(sum(R)) < size(CIJ,1)*size(CIJ,1))
 %disp 'disconnected graph '
                    CIJ=oldCIJ;

                else

                    krew = krew + 1;
                    if (krew >= maxrew)
                         return
                    end
%                   else
%                       disp 'cannot rewire'
                end

            end
            j = j + 1;
         
        end
        i = i + 1;
        
    end
    if (minrew < 0)
        minrew = 0;
    end
end
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function [CIJ,krew] = rewireS(CIJ,p)

% rewire the input network accoding to the specified rewiring rate
% inputs:
%           CIJ      connection matrix
%           p        rewiring probability

% output:
%           CIJ      connection matrix with rewired edges
%           krew     number of rewired connections
%
% =========================================================================

initCIJ = CIJ;
for i = 1:length(CIJ)
    for j=1:length(CIJ)
        rrand = rand;
        if  (CIJ(i,j) ~= 0)
        knod = knod + 1;
        end
        if  (initCIJ(i,j) ~= 0 && CIJ(i,j) ~= 0 && rrand <= p)

            oldCIJ=CIJ;
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            % rewire (i,j) to (x,j)
            inr = 0;
            for nr=1:length(CIJ)
                if (nr ~= i && nr ~= j && CIJ(nr,j) == 0)
                    inr = inr + 1;
                    listNodes(inr) = nr;
                end
            end

            if (inr > 0) % target node found
                node = listNodes(ceil(rand * inr));
                CIJ(node,j) = CIJ(i,j);
                CIJ(i,j) = 0;

            end
            [R,D] = breadthdist(CIJ);
            if (sum(sum(R)) < size(CIJ,1)*size(CIJ,1))
                % disp 'disconnected graph '
                CIJ=oldCIJ;
            else
                krew = krew + 1;
            end
        end

    end
end
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function complexSW(CIJ, complexType, wei, vari)
%
% rewire the input networks using rewiring rate 0-100 and plot complexity

    compval= zeros(101,1);
    rCIJ=CIJ;
    for i=1:101
        compval(i) = ccomplex(rCIJ, complexType, wei, vari);
        if i < 101
            [rCIJ,krew]  = rewireS(CIJ, 0.01 * i);
        end
%         if (mod(i,10)==0)
%             dispComm(rCIJ);
%         end
    end
    figure
    plot(0:100,compval)
end
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function complexity = ccomplex(CIJ, complexType, wei, vari)
%-------------------------------------------------------
% Calculate complexity, entropy or integration.
% Parameters:
%   CIJ connection matrix
%
%   complexType complexity type:
%       ce complexity wrong COV
%       cne neural complexity wrong COV
%       he entropy wrong COV
%       ie integration wrong COV
%       c complexity correct COV
%       cn neural complexity correct COV
%       cnx neural complexity C* correct COV
%       h entropy correct COV
%       i integration correct COV
%
%   wei weight normalisation
%       if > 0 wei value as constant weight
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%       if = -1 weight = 0.8/incomig connections
%       if = -2 weight = 0.8/N
%--------------------------------------------------------

N = length(CIJ);
R = 0.1*eye(N);

if (wei == -1)
    CIJn = CIJ.*wei;
    weights=ones(1,N);
    weights = weights*0.8;
    weights = weights./(sum(CIJ>0));
    for inx=1:N
       
       CIJn(:,inx) = CIJ(:,inx).*weights(1,inx);
    end
    
else
    if (wei == -2)
         CIJn = CIJ.* 0.8/N;
    else
        
         CIJn = CIJ.*wei;
    end
end
if (strcmp(complexType,'cnx'))
    complexity = calcCNapprox(CIJn, true);
    return
end
if (strcmp(complexType,'ce') || strcmp(complexType,'cne') || ...
    strcmp(complexType,'ie') || strcmp(complexType,'he') )
    if (vari == 0)
    
        [COV,COR] = calcCOV00(CIJn,R);
    else
        [COV,its] = seth_calcCOV3(CIJn,vari);
    end
else
    if (vari == 0)
        [COV,COR] = calcCOVcorrect(CIJn,R,1000,false);   
    else
        [COV,its] = calcCOVcorrectVD(CIJn,vari);
    end
end

if (strcmp(complexType, 'c') || strcmp(complexType,'ce')) 
     C_alt = calcC_det(COV);
     complexity = C_alt;
else
    if (strcmp(complexType, 'cn') || strcmp(complexType,'cne')) 
        [C_N,I_lvl,I_lvl_max] = calcC_Nint(COV,1000);
        complexity = C_N;
    else
        if (strcmp(complexType,'i') || strcmp(complexType,'ie'))
            C_i = calcI_det(COV);
            complexity = C_i;
            
        else
            C_h = calcH_det(COV);
            complexity = C_h;
        end
    end
end
end
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function [CIJcomm,nnn,nodelist] = communityCIJ(CIJ,partsize,nnn,nodelist,thisnodes)
% community structure algorithm from Leicht and Newman (2007)
% 
% divide recursevely the input connection matrix into two partitions
%
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%   CIJ connection matrix
%   partsize minimum partition size
%   nnn
%   nodelist
%   thisnodes

    CIJcomm=CIJ;
    if (size(nodelist) == [1 1]) % initialise
        nodelist = zeros(3,length(CIJ));
        nodelist(1,1:end) = 1:length(CIJ);
        nodelist(2,1:end) = 1;
        nodelist(3,1:end) = 1:length(CIJ);
        thisnodes = 1:length(CIJ);
    end
    
    if (length(CIJ) < partsize) 
%         disp '--------------------------------------return'
%         CIJ
%         disp '--------------------------------------return'
        return;
    end
    [id,od,deg] = degrees(CIJ);
    for i=1:length(CIJ)
        for j=1:length(CIJ)
            B(i,j) = CIJ(i,j) - id(i)*od(j)/length(CIJ);
        end
    end
    BB = B + B';
    [eigvect,eigval]=eig(BB);
    eigval;
    eigvect;
    
    maxeig = eigval(end);
    if (eigval(end) > 0.000000001)
        ipart1=0;
        ipart2=0;
        for i=1:length(BB)
            if (eigvect(i,end) >= 0)
                ipart1 = ipart1 + 1;
                part1(ipart1) = i;
                nodelist(2,thisnodes(i)) = nnn;
                thisnodes1(ipart1)=thisnodes(i);
                nodelist(3,thisnodes(i)) = nnn*100+ipart1;
            else
                ipart2 = ipart2 + 1;
                part2(ipart2) = i;
                nodelist(2,thisnodes(i)) = nnn + 1;
                thisnodes2(ipart2)=thisnodes(i);
                nodelist(3,thisnodes(i)) = (nnn + 1)*100 +ipart2;
            end
        end
       
        for i=1:length(part1)
            for j=1:length(part1)
                part1CIJ (i,j) = CIJ(part1(i), part1(j));
                
            end
        end
        for i=1:length(part2)
            for j=1:length(part2)
                part2CIJ (i,j) = CIJ(part2(i), part2(j));
            end
        end
        [P1,nnn,nodelist]=communityCIJ(part1CIJ, partsize,nnn,nodelist,thisnodes1);
        [P2,nnn,nodelist]=communityCIJ(part2CIJ, partsize,nnn+1,nodelist,thisnodes2);
        P1;
        P2;
        CIJcomm=zeros(length(BB),length(BB));
        CIJcomm(1:length(P1),1:length(P1))=P1;
        CIJcomm(length(P1)+1:length(P2)+length(P1),length(P1)+1:length(P2)+length(P1))=P2;
    
    else
        %disp 'no more partitions'
        CIJcomm = CIJ;
        part1=1:length(BB);
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        part2=part1;
    end

    function newCIJ = addCIJ(partCIJ,nodelist,node,CIJ)
        nodelist;
        node;
        
        newCIJ= partCIJ;
        for iii=1:length(nodelist)
            newCIJ(length(partCIJ)+1,iii) = CIJ(node,nodelist(iii));
            newCIJ(iii,length(partCIJ)+1) = CIJ(nodelist(iii),node);
            
        end
    end
end

function v3=dispComm(CIJ)
% display community structure

    [a,b,c]=communityCIJ(CIJ,4,1,0,0);
    
    v3=sortCIJv(CIJ,c);
    figure;
    spy(v3,'s',12);
    
end

function CIJ = sortCIJv(CIJ,values)
% sort CIJ according to the vector values

[mm,oo]=sort(values(end,:));

for i=1:size(CIJ,1)
    if (i ~= oo(i)) % swap rows and cols
       oldCIJ = CIJ;
       copyXv = CIJ (i,:);
       copyXh = CIJ (:,i);
       copyYv = CIJ (oo(i),:);
       copyYh = CIJ (:,oo(i));
       CIJ(i,:) = copyYv(:);
       CIJ(:,i) = copyYh(:); 
       CIJ (oo(i),:) = copyXv(:); 
       CIJ(:,oo(i)) = copyXh(:);
       CIJ(i,i) = copyYh(oo(i));
       CIJ(i,oo(i)) = copyYv(i);
       CIJ(oo(i),oo(i)) = copyXv(i);
       CIJ(oo(i),i) = copyXv(oo(i));
       oo(find(oo==i)) = oo(i);
    end
end
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function CIJ = makeRandInmax(N,K,maxWeight)
    maxAttempts = 1000;

    i=1;
    attempts=0;
    maxWeight;
    N;

    while (i<=1 && attempts < maxAttempts)
        network = zeros(N);
        for z=1:N
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            knode = 0;
            while (knode < maxWeight)
                node = ceil(rand*N);
                if (node ~= z && network(node,z) == 0)
                    network(node,z) = 1;
                    knode = knode + 1;
                end

            end
        end
        if (sum(diag(network)) > 0)
            network
        end
        %network = makerandCIJ_nondir(N,floor(K/2));
         % discard disconnected networks
        [R,D] = breadthdist(network);
        if (sum(sum(R)) == N*N) 
   
            i=i+1;  
            network;
        end
        attempts = attempts + 1;  
    end
    if (attempts < maxAttempts)
        
        CIJ=network;
    else
        CIJ=zeros(N,N);
    end
end
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function [CIJ] = makesun4CIJ(N,K)

% inputs:
%           N        number of vertices
%           K        number of edges
% outputs:
%           CIJ      connection matrix
%
% makes a graph with the largest fully connected components while other
% nodes are connected to one node of the cluster
% Annamaria Cucinotta
% =========================================================================

% initialize
%disp 'makesun4CIJ'
CIJ = zeros(N);
delta = 9-4*(2*N-K);
if (delta <= 0)
    centreSize = 0;
else
    centreSize = floor((3 + sqrt(delta))/2)
    if (centreSize > N)
       centreSize = N;
    end
    CIJ(1:centreSize,1:centreSize) = 1;
    for (i=1:centreSize)
        CIJ(i,i) = 0;
    end
end

if (centreSize < N)
    KK = centreSize*(centreSize-1); % number of vertices added to the matrix
    node = centreSize;
    centralN = 1;

    while (KK+1<K);
        node = node + 1;
        if (node > N)
            centralN = centralN + 1;
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            node = centreSize + 1;
        end
        if (node ~= centralN)
           CIJ(node,centralN) = 1;
           CIJ(centralN,node) = 1;
           KK= KK+2;
        end
        %sum(sum(CIJ));
    end;
    if (KK < K)
        node = node + 1;
        if (node > N)
            centralN = centralN + 1;
            node = centreSize + 1;
        end
        CIJ(node,centralN) = 1;

        KK= KK+1;
        sum(sum(CIJ));
    end
end    

function [CIJ] = makecometCIJ(N,K)

% inputs:
%           N        number of vertices
%           K        number of edges
% outputs:
%           CIJ      connection matrix
%
% makes CIJ matrix, with size = N,K. The final graph as a 'comet' shape:
% there is a fully connected subgraphs of the maximum possible size, while
% other nodes form a tail
% Annamaria Cucinotta
% =========================================================================

% initialize
%disp 'makecometCIJ'
CIJ = zeros(N);
delta = 9-4*(2*N-K);
if (delta < 0)
    delta = 0;
end
    
centreSize = floor((3 + sqrt(delta))/2);

CIJ(1:centreSize,1:centreSize) = 1;
for (i=1:centreSize) % no self connections diagonal
    CIJ(i,i) = 0;
end
KK = centreSize*(centreSize-1); % number of vertices added to the matrix

% connect remaining nodes to the central component as a tail
node = centreSize + 1;

while (KK<K & node <= N );
    CIJ(node,node-1) = 1;
    CIJ(node-1,node) = 1;
    KK= KK+2;
    sum(sum(CIJ));
    node = node + 1;
end;

% connect remaining nodes to random nodes in the tail

node = centreSize + 1;
while (KK<K);
    node;
    if (node > N)
        node = centreSize + 1;
    end;
    centralN = ceil(rand*(N-centreSize)) + centreSize;
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    if ( CIJ(node,centralN) == 0)
        CIJ(node,centralN) = 1;
        CIJ(centralN,node) = 1;
        KK= KK+2;
    end
    sum(sum(CIJ));
    node = node + 1;
end;
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function [CIJ] = makeBip(N,K)

% inputs:
%           N        number of vertices
%           K        number of edges
% outputs:
%           CIJ      connection matrix
%
% makes a bipartite graph
% Annamaria Cucinotta
% =========================================================================

%disp 'makesun6CIJ'
CIJ = zeros(N);
delta = (1-N)*(1-N) - 4*(K-N)
if (delta <= 0)
    left = N-1;
else
    left = floor((N-1 - sqrt(delta))/2);
    if (left > N)
       left = N-1;
    end
end
    
    CIJ(N-left+1:N,1:N-left) = 1;
    for (i=1:left)
        CIJ(i,i+N-left) = 1;
    end
    for (i=left+1:N-left)
        CIJ(i,N) = 1;
    end
    
    for (i=1:N)
         CIJ(i,i) = 0;
    end
    edges = K-sum(sum(CIJ));
    
    while edges > 0 
        node1 = ceil(rand*N);
        node2 = ceil(rand*N);
        if (node1 ~= node2 && CIJ(node1,node2) == 0)
            CIJ(node1,node2) = 1;
            edges = edges - 1;
        end
    end
end
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function [labels,meas]=measureCIJ(CIJ)

% display statistical measures
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    [R,D] = breadthdist(CIJ);
    [lambda,ecc,radius,diameter] = charpath(D);
    [RCIJ,rhoG] = reciprocal(CIJ);
    [gamma,gammaG] = clustcoef(CIJ);

    meas(2)=lambda; 
    labels(:,2) = 'path        ' ;
    meas(1)=diameter;
    labels(:,1) = 'diam        ';
    CIJr= reshape (CIJ,[size(CIJ,1)*size(CIJ,1) 1]);
    if rhoG == Inf
        meas(3) = 1;
    else
        meas(3)=rhoG;
    end
    labels(:,3) = 'reciprocal  ';
    if (gammaG == 0)
        gamma
    end
    meas(4)=gammaG;
    labels(:,4) = 'clustering  ';
    
    [id,od,deg] = degrees(CIJ);
    
    meas (5) = min(id);
    labels(:,5) = 'min in deg  ';
    labels(:,6) = 'max in deg  ';        
    labels(:,7) = 'std in deg  ';    
    labels(:,8) = 'min out deg ';
    labels(:,9) = 'max out deg ';    
    labels(:,10) = 'std out deg ';

    meas (6) = max(id);    
    meas (7) = std(id);
    meas (8) = min(od);
    meas (9) = max(od);    
    meas (10) = std(od);
    labels=labels';
    size(labels);
    size(meas);
    ns=num2str(meas(:,:)');
    size(ns);
    labels(:,end+1:end+size(ns,2)) = ns;    
    
end

Q"6"A".# 7)0:'&).

function measure2(netw, type, wei, vari)
%-------------------------------------------------
% display graph metrics and complexity values
%
%   netw    input network
%   type    1-oldCOV 2-bothCOV 3-newCOV
%   wei     weigth normalisation
%   vari    variance normalisation

    measureCIJ(netw)
    if type < 3  
        complexity_ce=ccomplex(netw,'ce', wei, vari)
        complexity_cne=ccomplex(netw,'cne', wei, vari)
        complexity_he=ccomplex(netw,'he', wei, vari)
        complexity_ie=ccomplex(netw,'ie', wei, vari)
    end
    if type > 1  
        complexity_c=ccomplex(netw,'c', wei, vari)
        complexity_cn=ccomplex(netw,'cn', wei, vari)
        complexity_cnx=ccomplex(netw,'cnx', wei, vari)
        complexity_h=ccomplex(netw,'h', wei, vari)
        complexity_i=ccomplex(netw,'i', wei, vari)
    end
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end
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function compareCIJ(N1,N2,K1,K2,complexType,wei,vari)
% compare network complexity varying connections or nodes

    if (N1==N2) % vary connections
        
        ccomp = zeros(K2,1);
        for i=K1:K2
            %CIJ = makesunCIJ(N1,i);
            %CIJ = getRand(N1,i);
            %CIJ = makerandInmax(N1,i,floor(i/N1));
            
            CIJ = makeringlatticeCIJ(N1,i);
            ccomp(i,1) = ccomplex(CIJ,complexType,wei,vari);
        end
        figure
        plot(1:K2,ccomp)
        
    else % vary nodes
        ccomp = zeros(N2,1);
        for i=N1:N2
            %CIJ = makesunCIJ(i,K1);
            %CIJ = getRand(i,K1);
            CIJ = makeringlatticeCIJ(i,K1);
            %CIJ = makerandInmax(i,K1,floor(K1/i));
            ccomp(i,1) = ccomplex(CIJ,complexType,wei,vari);

        end
        figure
        plot(1:N2,ccomp)
       
       
    end
     title (complexType)
     
    function network=getRand(No,Ko) 
        ir = 0;
        while ir < 100
            ir = ir + 1;
            network = makerandCIJ(No,Ko);
            if(sum(sum(network)) ~= Ko)
                disp 'missing edges'
            end
            [R,D] = breadthdist(network);
            if (sum(sum(R)) == No*No)  
                return;
            end
        end
        disp 'cannot find connected network'
    end
        
end
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function compareCIJr(N1,N2,K1,K2,complexType,wei,vari)

% compare newtworks varying nodes or connections scaling complexity
% to random network

    if (N1==N2)  % vary connections
        
        ccomp = zeros(K2,1);
        for i=K1:K2
            %CIJ = makesunCIJ(N1,i);
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            CIJ = getRand(N1,i);
            %CIJ = makerandInmax(N1,i,floor(i/N1));
            ccomp1 = ccomplex(CIJ,complexType,wei,vari);
            CIJ = makeringlatticeCIJ(N1,i);
            ccomp2 = ccomplex(CIJ,complexType,wei,vari);
            ccomp(i,1) = ccomp2/ccomp1; 
            
        end

        figure
        plot(1:K2,ccomp)
        
    else  % vary nodes
        ccomp = zeros(N2,1);
        for i=N1:N2
            %CIJ = makesunCIJ(i,K1);
            CIJ = getRand(i,K1);

            %CIJ = makerandInmax(i,K1,floor(K1/i));
            ccomp1 = ccomplex(CIJ,complexType,wei,vari);
            CIJ = makeringlatticeCIJ(i,K1);
            ccomp2 = ccomplex(CIJ,complexType,wei,vari);
            ccomp(i,1) = ccomp2/ccomp1; 
        end

        figure
        plot(1:N2,ccomp)
       
       
    end
     title (complexType)
     
    function network=getRand(No,Ko) 
        ir = 0;
        while ir < 100
            ir = ir + 1;
            network = makerandCIJ(No,Ko);
            if(sum(sum(network)) ~= Ko)
                disp 'missing edges'
            end
            [R,D] = breadthdist(network);
            if (sum(sum(R)) == No*No)  
                return;
            end
        end
        disp 'cannot find connected network'
    end
        
end
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