Online Supplement: Biclustering Methods for One-mode Asymmetric Matrices
Matlab m-files:

Program 1. tmklmp.m – a program for two-mode KL-means clustering (for any two-mode matrix)

The function call at the Matlab prompt is:

>> [pr, pc, Z, vaf, attract] = tmklmp(X, K, L);

X is an n-by-m two-mode matrix, K is the desired number of row clusters, and L is the desired number of columns clusters.  These inputs should be in the Matlab workspace.

Z is the raw sum-of-squares objective value, vaf is the variation-accounted-for, pr and pc are vectors containing the cluster assignments for row and column objects, respectively.  There are outputs of the model.

Default settings in the program below:

There are 500 restarts of the algorithm from different random partitions.  This can be increased up or down by modifying the line: “restarts = 500”

function [pr, pc, Z, vaf, attract] = tmklmp(X, K, L)

% tmklmp - two-mode KL-means partitioning

% 

% Input:

%   X  - the two-mode input matrix 

%   K  - number of clusters for rows

%   L  - number of clusters for columns

%

% Results:

%   Z    - the sum-of-squares loss function value

%   vaf  - varianc-accounted for

%   pr - partition of the row objects

%   pc - partition of the column objects

%   attract is the percentage of restarts yielding the best VAF

%

%---------------------------------------

% Make sure program is usable

%---------------------------------------

if ndims(X) ~= 2

    error('X must be 2 dimensional');

end

[n,m] = size(X);

% Outer Loop for Multiple Restarts

tic;

state = 2;                  % fix state for testing

rand('state', state);

ZZ = 999999999999;

restarts = 500

for ijkl = 1:restarts
% Make the initial row cluster assignments

q = randperm(n);

q = q(1:K);

rcent = X(q,:);

r = zeros(n,1);

for k = 1:K

    r(q(k)) = k;

end

for i = 1:n

    if r(i) == 0

        mindist = 999999999999;

        for k = 1:K

            dist = sum((X(i,:)-rcent(k,:)).^2);

            if dist < mindist

                mindist = dist;

                ksel = k;

            end

        end

        r(i) = ksel;

    end

end

% Make the initial column cluster assignments

q = randperm(m);

q = q(1:L);

ccent = X(:,q);

c = zeros(m,1);

for k = 1:L

    c(q(k)) = k;

end

for i = 1:m

    if c(i) == 0

        mindist = 99999999999;

        for k = 1:L

            dist = sum((X(:,i)-ccent(:,k)).^2);

            if dist < mindist

                mindist = dist;

                ksel = k;

            end

        end

        c(i) = ksel;

    end

end

% Compute the cluster centroids

v = zeros(K,L);

for k = 1:K

    for l = 1:L

        v(k,l) = mean(mean(X(r==k,c==l)));

    end

end

% Compute the Objective Function

Zbest = 0;

for i = 1:n

    for j = 1:m

        Zbest = Zbest + (X(i,j)-v(r(i),c(j))).^2;

    end

end

trig = 0;

while trig == 0

    trig = 1;

    % Reassign row objects

    mindist = 999999999999.*ones(n,1);

    for i = 1:n

        for k = 1:K

            dist = 0;

            for j = 1:m

              dist = dist + (X(i,j)-v(k,c(j))).^2;

            end

            if dist < mindist(i)

                mindist(i) = dist;

                ksel = k;

            end

        end

        r(i) = ksel;

     end

    % Ensure that there are no empty row clusters.

    checksum = 0;

    while checksum < K

        checksum = 0;

        for k = 1:K

            nk = sum(r==k);

            if nk >= 1

                checksum = checksum + 1;

                continue

            else

                [dsel,isel] = max(mindist);

                r(isel) = k;

                mindist(isel) = 0;

                break

            end

        end

    end

    % Compute the cluster centroids

    v = zeros(K,L);

    for k = 1:K

        for l = 1:L

            v(k,l) = mean(mean(X(r==k,c==l)));

        end

    end

    % Reassign column objects

    mindist = 999999999999.*ones(m,1);

    for j = 1:m

        for k = 1:L

            dist = 0;

            for i = 1:n

                dist = dist + (X(i,j)-v(r(i),k)).^2;

            end

            if dist < mindist(j)

                mindist(j) = dist;

                ksel = k;

            end

        end

        c(j) = ksel;

    end

    % Ensure that there are no empty column clusters.

    checksum = 0;

    while checksum < L

        checksum = 0;

        for k = 1:L

            nk = sum(c==k);

            if nk >= 1

                checksum = checksum + 1;

                continue

            else

                [dsel,jsel] = max(mindist);

                c(jsel) = k;

                mindist(jsel) = 0;

                break

            end

        end

    end

    % Compute the cluster centroids

    v = zeros(K,L);

    for k = 1:K

        for l = 1:L

            v(k,l) = mean(mean(X(r==k,c==l)));

        end

    end

% Compute the Objective Function

    Z = 0;

    for i = 1:n

        for j = 1:m

            Z = Z + (X(i,j)-v(r(i),c(j))).^2;

        end

    end

    if Z < Zbest - .0000001;

        Zbest = Z;

        trig = 0;

        pr = r;

        pc = c;

    end

end

if Zbest < ZZ

    ZZ = Zbest;

    prb = pr;

    pcb = pc;

    attract = 1;

elseif Zbest > ZZ - .0001

    attract = attract + 1;

end

end

% Compute final statistics

Z = ZZ;

pr = prb;

pc = pcb;

LL = zeros(n.*m,1);

idx = 0;

for i = 1:n

    for j = 1:m

        idx = idx + 1;

        LL(idx) = X(i,j);

    end

end

grandvar = var(LL).*(n.*m-1);

vaf = (grandvar-Z)./grandvar;

attract = attract./restarts;

toc

Program 2. tmklmp_nodiag.m – a program for two-mode KL-means clustering (specially designed for asymmetric one-mode matrices where the main diagonal is to be ignored).
The function call at the Matlab prompt is:

>> [pr, pc, Z, vaf, attract] = tmklmp_nodiag(X, K, L);

X is an n-by-n one-mode matrix, K is the desired number of row clusters, and L is the desired number of columns clusters.  These inputs should be in the Matlab workspace.

Z is the raw sum-of-squares objective value, vaf is the variation-accounted-for, pr and pc are vectors containing the cluster assignments for row and column objects, respectively.  There are outputs of the model.

Default settings in the program below:

There are 500 restarts of the algorithm from different random partitions.  This can be increased up or down by modifying the line: “restarts = 500”

function [pr, pc, Z, vaf, attract] = tmklmp_nodiag(X, K, L)

% tmklmp_nodiag - two-mode KL-means partitioning (ignore main diagonal)

% 

% Input:

%   X  - the one-mode input matrix 

%   K  - number of clusters for rows

%   L  - number of clusters for columns

%

% Results:

%   Z    - the sum-of-squares loss function value

%   vaf  - varianc-accounted for

%   pr - partition of the row objects

%   pc - partition of the column objects

%   attract is the percentage of restarts yielding the best VAF

%

%---------------------------------------

% Make sure program is usable

%---------------------------------------

if ndims(X) ~= 2

    error('X must be 2 dimensional');

end

[n,m] = size(X);

if n ~= m

    error('X must square');

end

for i = 1:n

    X(i,i) = 0;

end

% Outer Loop for Multiple Restarts

state = 2;                  % fix state for testing

tic;

rand('state', state);

ZZ = 999999999999;

restarts = 500;

for ijkl = 1:restarts
% Make the initial row cluster assignments

q = randperm(n);

q = q(1:K);

rcent = X(q,:);

r = zeros(n,1);

for k = 1:K

    r(q(k)) = k;

end

for i = 1:n

    if r(i) == 0

        mindist = 999999999999;

        for k = 1:K

            dist = 0;

            for j = 1:n

                if i == j

                    continue

                end

                dist = dist+(X(i,j)-rcent(k,j)).^2;

            end

            if dist < mindist

                mindist = dist;

                ksel = k;

            end

        end

        r(i) = ksel;

    end

end

% Make the initial column cluster assignments

q = randperm(m);

q = q(1:L);

ccent = X(:,q);

c = zeros(m,1);

for k = 1:L

    c(q(k)) = k;

end

for i = 1:m

    if c(i) == 0

        mindist = 99999999999;

        for k = 1:L

            dist = 0;

            for j = 1:n

                if i == j

                    continue

                end

                dist = dist+(X(j,i)-ccent(j,k)).^2;

            end

             if dist < mindist

                mindist = dist;

                ksel = k;

            end

        end

        c(i) = ksel;

    end

end

% Compute the cluster centroids

v = zeros(K,L);

denom = zeros(K,L);

for i = 1:n

    for j = 1:n

        if i == j

            continue

        end

        k = r(i);

        l = c(j);

        v(k,l) = v(k,l) + X(i,j);

        denom(k,l) = denom(k,l) + 1;

    end

end

for k = 1:K

    for l = 1:L

        if denom(k,l) > 0

        v(k,l) = v(k,l)./denom(k,l);

        end

%        v(k,l) = mean(mean(X(r==k,c==l)));

    end

end

% Compute the Objective Function

pr = r; pc = c;

Zbest = 0;

for i = 1:n

    for j = 1:m

        if j == i

            continue

        end

        Zbest = Zbest + (X(i,j)-v(r(i),c(j))).^2;

    end

end

trig = 0;

while trig == 0

    trig = 1;

    % Reassign row objects

    mindist = 999999999999.*ones(n,1);

    for i = 1:n

        for k = 1:K

            dist = 0;

            for j = 1:m

              if i == j

                  continue

              end

              dist = dist + (X(i,j)-v(k,c(j))).^2;

            end

            if dist < mindist(i)

                mindist(i) = dist;

                ksel = k;

            end

        end

        r(i) = ksel;

     end

    % Ensure that there are no empty row clusters.

    checksum = 0;

    while checksum < K

        checksum = 0;

        for k = 1:K

            nk = sum(r==k);

            if nk >= 1

                checksum = checksum + 1;

                continue

            else

                [dsel,isel] = max(mindist);

                r(isel) = k;

                mindist(isel) = 0;

                break

            end

        end

    end

    % Compute the cluster centroids

    v = zeros(K,L);

    denom = zeros(K,L);

    for i = 1:n

        for j = 1:n

            if i == j

                continue

            end

            k = r(i);

            l = c(j);

            v(k,l) = v(k,l) + X(i,j);

            denom(k,l) = denom(k,l) + 1;

        end

    end

    for k = 1:K

        for l = 1:L

            if denom(k,l) > 0

                v(k,l) = v(k,l)./denom(k,l);

            end

%        v(k,l) = mean(mean(X(r==k,c==l)));

        end

    end

    % Reassign column objects

    mindist = 999999999999.*ones(m,1);

    for j = 1:m

        for k = 1:L

            dist = 0;

            for i = 1:n

                if i == j

                    continue

                end

                dist = dist + (X(i,j)-v(r(i),k)).^2;

            end

            if dist < mindist(j)

                mindist(j) = dist;

                ksel = k;

            end

        end

        c(j) = ksel;

    end

    % Ensure that there are no empty column clusters.

    checksum = 0;

    while checksum < L

        checksum = 0;

        for k = 1:L

            nk = sum(c==k);

            if nk >= 1

                checksum = checksum + 1;

                continue

            else

                [dsel,jsel] = max(mindist);

                c(jsel) = k;

                mindist(jsel) = 0;

                break

            end

        end

    end

    % Compute the cluster centroids

    v = zeros(K,L);

    denom = zeros(K,L);

    for i = 1:n

        for j = 1:n

            if i == j

                continue

            end

            k = r(i);

            l = c(j);

            v(k,l) = v(k,l) + X(i,j);

            denom(k,l) = denom(k,l) + 1;

        end

    end

    for k = 1:K

        for l = 1:L

            if denom(k,l) > 0

                v(k,l) = v(k,l)./denom(k,l);

            end

%        v(k,l) = mean(mean(X(r==k,c==l)));

        end

    end

% Compute the Objective Function

    Z = 0;

    for i = 1:n

        for j = 1:m

            if i == j        % Do not accumulate Z

                continue     % for diagonal elements.

            end

            Z = Z + (X(i,j)-v(r(i),c(j))).^2;

        end

    end

    if Z < Zbest - .0000001;

        Zbest = Z;

        trig = 0;

        pr = r;

        pc = c;

    end

end

if Zbest < ZZ

    ZZ = Zbest;

    prb = pr;

    pcb = pc;

    attract = 1;

elseif Zbest > ZZ - .0001

    attract = attract + 1;

end

end

% Compute final statistics

Z = ZZ;

pr = prb;

pc = pcb;

LL = zeros(n.*(n-1),1);

idx = 0;

for i = 1:n

    for j = 1:m

        if i == j 

            continue

        end

        idx = idx + 1;

        LL(idx) = X(i,j);

    end

end

grandvar = var(LL,1).*idx;
vaf = (grandvar-Z)./grandvar;

attract = attract./restarts;
toc

Program 3. tmbp.m – a program for two-mode blockmodeling of a binary two-mode matrix
The function call at the Matlab prompt is:

>> [P, Q, Z, newfp, attract] = tmbp(A, K, L);

A is an n-by-m two-mode binary matrix, K is the desired number of row clusters, and L is the desired number of columns clusters.  These inputs should be in the Matlab workspace.

Z is the best-found value of the criterion function (equation (8) in the revised paper), P is a matrix containing all the equally well-fitting partitions for the row objects, Q is a matrix containing all the equally well-fitting partitions for the column objects, and newfp is the number of equally well-fitting partitions (the number of rows for P and Q).

Default settings in the program below:

There are 5000 restarts of the algorithm from different random partitions.  This can be increased up or down by modifying the line: “repetitions = 5000”

function [P, Q, Z, newfp, attract] = tmbp(A, K, L)

% ########################################################################

% RELOCATION ALGORITHM FOR 2-MODE CLUSTERING OF BINARY NETWORK MATRIX

%   - ALGORITHM IS GREEDY - FIND BEST MOVE BEFORE ACCEPTING

%   - ALGORITHM DESIGNED FOR INDUCTIVE BLOCKMODELING

%   - ALGORITHM WILL COLLECT EQUALLY-WELL FITTING PARTITIONS

%   - ALGORITHM MINIMIZES THE SUM OF 1'S IN NULL BLOCKS + 0'S IN COMPLETE

% ALGORITHM INPUTS:

%   A = AN N-BY-M BINARY NETWORK MATRIX

%   K = THE NUMBER OF CLUSTERS FOR ROW OBJECTS

%   L = THE NUMBER OF CLUSTERS FOR COLUMN OBJECTS

% ALGORITHM OUTPUTS

%   Z = THE BEST-FOUND VALUE OF THE CRITERION FUNCTION

%   NEWFP = THE NUMBER OF EQUALLY-WELL FITTING PARTITIONS FOUND

%   P = A MATRIX CONTAINING EQUALLY WELL-FITTING PARTITIONS OF ROW OBJECTS

%   Q = A MATRIX CONTAINING EQUALLY WELL-FITTING PARTITIONS OF COL OBJECTS

%   attract is the percentage of repetitions yielding the minimum inconsistency

% ########################################################################

%---------------------------------------

% Make sure program is usable

%---------------------------------------

if ndims(A) ~= 2

    error('X must be 2 dimensionsal');

end

[N, M] = size(A); nk = ceil(N/K); nl = ceil(M/L); tic;

state = 2;                  % fix state for testing

rand('state', state);

Zbest = 9999999;

repetitions = 5000;

for ijkl = 1:repetitions

    p = (1:K); p = repmat(p,1,nk); v = randperm(nk.*K); p = p(v); p = p(1:N);

    q = (1:L); q = repmat(q,1,nl); v = randperm(nl.*L); q = q(v); q = q(1:M);

    Z=0; nr=zeros(1,K); nc = zeros(1,L); z1 = zeros(K,L); z0 = zeros(K,L);

    if length(unique(p)) < K || length(unique(q)) < L

        continue

    end

    for k = 1:K

        nr(k) = sum(p==k); 

        for l = 1:L

            nc(l) = sum(q==l); 

            B = A(p==k,q==l); z1(k,l) = sum(sum(B)); [u,v] = size(B);

            z0(k,l) = 0;

            for i = 1:N

                for j = 1:M

                    if p(i) == k && q(j) == l && A(i,j) == 0

                        z0(k,l) = z0(k,l) + 1;

                    end

                end

            end

            Z = Z + min(z0(k,l),z1(k,l));

        end

    end

    dbest = -99999;

    while dbest < 0

        dbest = 999999;

        for i = 1:N

            k1 = p(i);

            if nr(k1) == 1

                continue

            end

            for k2 = 1:K

                if k2 == k1

                    continue

                end

                delta = 0;

                for l = 1:L

                    delta = delta - min(z1(k1,l),z0(k1,l))-min(z1(k2,l),z0(k2,l));

                    z1trial(k1,l) = z1(k1,l); z0trial(k1,l) = z0(k1,l);

                    z1trial(k2,l) = z1(k2,l); z0trial(k2,l) = z0(k2,l);

                end

                for j = 1:M

%                    if i == j 

%                        continue

%                    end

                    l = q(j);

                    if A(i,j) == 1

                        z1trial(k1,l) = z1trial(k1,l)-1; z1trial(k2,l) = z1trial(k2,l)+1;

                    else

                        z0trial(k1,l) = z0trial(k1,l)-1; z0trial(k2,l) = z0trial(k2,l)+1;

                    end

                end

                for l = 1:L

                    delta = delta + min(z1trial(k1,l),z0trial(k1,l))+min(z1trial(k2,l),z0trial(k2,l));

                end

                if delta < dbest

                    dbest = delta; imove = 1; isel1 = i; ksel1 = k1; ksel2 = k2;

                end

            end

        end

        for j = 1:M

            l1 = q(j);

            if nc(l1) == 1

                continue

            end

            for l2 = 1:L

                if l2 == l1

                    continue

                end

                delta = 0;

                for k = 1:K

                    delta = delta - min(z1(k,l1),z0(k,l1))-min(z1(k,l2),z0(k,l2));

                    z1trial(k,l1) = z1(k,l1); z0trial(k,l1) = z0(k,l1);

                    z1trial(k,l2) = z1(k,l2); z0trial(k,l2) = z0(k,l2);

                end

                for i = 1:N

 %                   if i == j 

 %                       continue

 %                   end

                    k = p(i);

                    if A(i,j) == 1

                        z1trial(k,l1) = z1trial(k,l1)-1; z1trial(k,l2) = z1trial(k,l2)+1;

                    else

                        z0trial(k,l1) = z0trial(k,l1)-1; z0trial(k,l2) = z0trial(k,l2)+1;

                    end

                end

                for k = 1:K

                    delta = delta + min(z1trial(k,l1),z0trial(k,l1))+min(z1trial(k,l2),z0trial(k,l2));

                end

                if delta < dbest

                    dbest = delta; imove = 2; jsel1 = j; lsel1 = l1; lsel2 = l2;                   

                end

            end

        end

        if dbest < 0

            Z = Z + dbest;

            if imove == 1

                nr(ksel1) = nr(ksel1) - 1; nr(ksel2) = nr(ksel2) + 1;

                p(isel1) = ksel2;

                for j = 1:M

                    l = q(j);

 %                   if j == isel1

 %                       continue

 %                   end

                    if A(isel1,j) == 1

                        z1(ksel1,l) = z1(ksel1,l)-1; z1(ksel2,l) = z1(ksel2,l)+1;

                    else

                        z0(ksel1,l) = z0(ksel1,l)-1; z0(ksel2,l) = z0(ksel2,l)+1;

                    end

                end

            else

                nc(lsel1) = nc(lsel1) - 1; nc(lsel2) = nc(lsel2) + 1;

                q(jsel1) = lsel2;

                for i = 1:N

                    k = p(i);

 %                   if i == jsel1

 %                       continue

 %                   end

                    if A(i,jsel1) == 1

                        z1(k,lsel1) = z1(k,lsel1)-1; z1(k,lsel2) = z1(k,lsel2)+1;

                    else

                        z0(k,lsel1) = z0(k,lsel1)-1; z0(k,lsel2) = z0(k,lsel2)+1;

                    end

                end

            end

        end

    end

    if Z < Zbest

        Zbest = Z; P = p; Q = q; newfp = 1; attract = 1;
    elseif Z == Zbest

        attract = attract + 1;

        for iii = 1:newfp

            inew = 0;

            for i = 1:N-1

                for j = i+1:N

                    if p(i) == p(j) && P(iii,i) ~= P(iii,j)

                        inew = 1;

                        continue

                    end

                end

                if inew == 1

                    break

                end

            end

            if inew == 1

                break

            end

            for i = 1:M-1

                for j = i+1:M

                    if q(i) == q(j) && Q(iii,i) ~= Q(iii,j)

                        inew = 1;

                        continue

                    end

                end

                if inew == 1

                    break

                end

            end

            if inew == 0

                break

            end

        end

        if inew == 0

            continue  %break

        end

        if inew == 1

            newfp = newfp + 1;

            P = [P; p]; Q = [Q;q];

        end

    end

end

Z = Zbest;

attract = attract./repetitions;

toc

Program 4. tmbp_nodiag.m – a program for two-mode blockmodeling of a binary one-mode asymmetric matrix where the main diagonal is to be ignored.
The function call at the Matlab prompt is:

>> [P, Q, Z, newfp, attract] = tmbp_nodiag(A, K, L);

A is an n-by-n one-mode binary matrix, K is the desired number of row clusters, and L is the desired number of columns clusters.  These inputs should be in the Matlab workspace.

Z is the best-found value of the criterion function (equation (8) in the revised paper), P is a matrix containing all the equally well-fitting partitions for the row objects, Q is a matrix containing all the equally well-fitting partitions for the column objects, and newfp is the number of equally well-fitting partitions (the number of rows for P and Q).

Default settings in the program below:

There are 5000 restarts of the algorithm from different random partitions.  This can be increased up or down by modifying the line: “repetitions = 5000”

function [P, Q, Z, newfp, attract] = tmbp_nodiag(A, K, L)

% ########################################################################

% RELOCATION ALGORITHM FOR 2-MODE CLUSTERING OF BINARY NETWORK MATRIX

%      ********* MAIN DIAGONAL IGNORED IN ANALYSIS ***************

%   - ALGORITHM IS GREEDY - FIND BEST MOVE BEFORE ACCEPTING

%   - ALGORITHM DESIGNED FOR INDUCTIVE BLOCKMODELING

%   - ALGORITHM WILL COLLECT EQUALLY-WELL FITTING PARTITIONS

%   - ALGORITHM MINIMIZES THE SUM OF 1'S IN NULL BLOCKS + 0'S IN COMPLETE

% ALGORITHM INPUTS:

%   A = AN N-BY-N BINARY NETWORK MATRIX

%   K = THE NUMBER OF CLUSTERS FOR ROW OBJECTS

%   L = THE NUMBER OF CLUSTERS FOR COLUMN OBJECTS

% ALGORITHM OUTPUTS

%   Z = THE BEST-FOUND VALUE OF THE CRITERION FUNCTION

%   NEWFP = THE NUMBER OF EQUALLY-WELL FITTING PARTITIONS FOUND

%   P = A MATRIX CONTAINING EQUALLY WELL-FITTING PARTITIONS OF ROW OBJECTS

%   Q = A MATRIX CONTAINING EQUALLY WELL-FITTING PARTITIONS OF COL OBJECTS

%   attract is the percentage of repetitions yielding the minimum inconsistencies

% ########################################################################

%---------------------------------------

% Make sure program is usable

%---------------------------------------

if ndims(A) ~= 2

    error('X must be 2 dimensionsal');

end

[N, M] = size(A); nk = ceil(N/K); nl = ceil(M/L); tic;

if N ~= M

    error('X must square');

end

for i = 1:N

   A(i,i) = 0;

end

state = 2;                  % fix state for testing

rand('state', state);

Zbest = 9999999;

repetitions = 5000;

for ijkl = 1:repetitions

    p = (1:K); p = repmat(p,1,nk); v = randperm(nk.*K); p = p(v); p = p(1:N);

    q = (1:L); q = repmat(q,1,nl); v = randperm(nl.*L); q = q(v); q = q(1:M);

    Z=0; nr=zeros(1,K); nc = zeros(1,L); z1 = zeros(K,L); z0 = zeros(K,L);

    if length(unique(p)) < K || length(unique(q)) < L

        continue

    end

    for k = 1:K

        nr(k) = sum(p==k); 

        for l = 1:L

            nc(l) = sum(q==l); 

            B = A(p==k,q==l); z1(k,l) = sum(sum(B)); [u,v] = size(B);

            z0(k,l) = 0;

            for i = 1:N

                for j = 1:M

                    if i ~= j && p(i) == k && q(j) == l && A(i,j) == 0

                        z0(k,l) = z0(k,l) + 1;

                    end

                end

            end

            Z = Z + min(z0(k,l),z1(k,l));

        end

    end

    dbest = -99999;

    while dbest < 0

        dbest = 999999;

        for i = 1:N

            k1 = p(i);

            if nr(k1) == 1

                continue

            end

            for k2 = 1:K

                if k2 == k1

                    continue

                end

                delta = 0;

                for l = 1:L

                    delta = delta - min(z1(k1,l),z0(k1,l))-min(z1(k2,l),z0(k2,l));

                    z1trial(k1,l) = z1(k1,l); z0trial(k1,l) = z0(k1,l);

                    z1trial(k2,l) = z1(k2,l); z0trial(k2,l) = z0(k2,l);

                end

                for j = 1:M

                    if i == j 

                        continue

                    end

                    l = q(j);

                    if A(i,j) == 1

                        z1trial(k1,l) = z1trial(k1,l)-1; z1trial(k2,l) = z1trial(k2,l)+1;

                    else

                        z0trial(k1,l) = z0trial(k1,l)-1; z0trial(k2,l) = z0trial(k2,l)+1;

                    end

                end

                for l = 1:L

                    delta = delta + min(z1trial(k1,l),z0trial(k1,l))+min(z1trial(k2,l),z0trial(k2,l));

                end

                if delta < dbest

                    dbest = delta; imove = 1; isel1 = i; ksel1 = k1; ksel2 = k2;

                end

            end

        end

        for j = 1:M

            l1 = q(j);

            if nc(l1) == 1

                continue

            end

            for l2 = 1:L

                if l2 == l1

                    continue

                end

                delta = 0;

                for k = 1:K

                    delta = delta - min(z1(k,l1),z0(k,l1))-min(z1(k,l2),z0(k,l2));

                    z1trial(k,l1) = z1(k,l1); z0trial(k,l1) = z0(k,l1);

                    z1trial(k,l2) = z1(k,l2); z0trial(k,l2) = z0(k,l2);

                end

                for i = 1:N

                    if i == j 

                        continue

                    end

                    k = p(i);

                    if A(i,j) == 1

                        z1trial(k,l1) = z1trial(k,l1)-1; z1trial(k,l2) = z1trial(k,l2)+1;

                    else

                        z0trial(k,l1) = z0trial(k,l1)-1; z0trial(k,l2) = z0trial(k,l2)+1;

                    end

                end

                for k = 1:K

                    delta = delta + min(z1trial(k,l1),z0trial(k,l1))+min(z1trial(k,l2),z0trial(k,l2));

                end

                if delta < dbest

                    dbest = delta; imove = 2; jsel1 = j; lsel1 = l1; lsel2 = l2;                   

                end

            end

        end

        if dbest < 0

            Z = Z + dbest;

            if imove == 1

                nr(ksel1) = nr(ksel1) - 1; nr(ksel2) = nr(ksel2) + 1;

                p(isel1) = ksel2;

                for j = 1:M

                    l = q(j);

                    if j == isel1

                        continue

                    end

                    if A(isel1,j) == 1

                        z1(ksel1,l) = z1(ksel1,l)-1; z1(ksel2,l) = z1(ksel2,l)+1;

                    else

                        z0(ksel1,l) = z0(ksel1,l)-1; z0(ksel2,l) = z0(ksel2,l)+1;

                    end

                end

            else

                nc(lsel1) = nc(lsel1) - 1; nc(lsel2) = nc(lsel2) + 1;

                q(jsel1) = lsel2;

                for i = 1:N

                    k = p(i);

                    if i == jsel1

                        continue

                    end

                    if A(i,jsel1) == 1

                        z1(k,lsel1) = z1(k,lsel1)-1; z1(k,lsel2) = z1(k,lsel2)+1;

                    else

                        z0(k,lsel1) = z0(k,lsel1)-1; z0(k,lsel2) = z0(k,lsel2)+1;

                    end

                end

            end

        end

    end

    if Z < Zbest

        Zbest = Z; P = p; Q = q; newfp = 1; attract = 1;
    elseif Z == Zbest

        attract = attract + 1;

        for iii = 1:newfp

            inew = 0;

            for i = 1:N-1

                for j = i+1:N

                    if p(i) == p(j) && P(iii,i) ~= P(iii,j)

                        inew = 1;

                        continue

                    end

                end

                if inew == 1

                    break

                end

            end

            if inew == 1

                break

            end

            for i = 1:M-1

                for j = i+1:M

                    if q(i) == q(j) && Q(iii,i) ~= Q(iii,j)

                        inew = 1;

                        continue

                    end

                end

                if inew == 1

                    break

                end

            end

            if inew == 0

                break

            end

        end

        if inew == 0

            continue  %break

        end

        if inew == 1

            newfp = newfp + 1;

            P = [P; p]; Q = [Q;q];

        end

    end

end

Z = Zbest;

attract = attract./repetitions;

toc

Program 5. NMF.m – a program for nonnegative matrix factorization with K-means clustering  (for any nonnegative two-mode matrix)
The function call at the Matlab prompt is:

>> [G, H, Z, zz, PRE, prow, pcol] = NMF(X, D, K, L);

X is an n-by-m two-mode binary matrix, D is the desired dimensionality of the factorization (number of basis vectors), K is the desired number of row clusters, and L is the desired number of columns clusters.  These inputs should be in the Matlab workspace.

G is the set of D basis vectors, H is the representation of the columns of X for the basis given by G, Z is the best-found sum-of-squares loss function value, zz is a vector containing the loss function value for each restart, PRE is the ‘percentage reduction of error’ in the sum-of-squares that is afforded by the factorization when compared into relation to total sum-of-squared error, prow and pcol are the partitions of the row and column objects, respectively.

Default settings in the program below:

The default is for 20 restarts of the NMF algorithm from different random initializations (this can be changed by modifying the line “restarts = 20”

The default iteration limit for each restart of the NMF algorithm is 5000 (this can be changed by modifying the line “MAXIT = 5000”).

The default number of restarts for the K-means algorithm is 500.  This can be changed by modifying the line containing “itermax = 500”.

function [G,H,Z,zz,PRE,prow,pcol] = NMF(X,D,K,L)

% NMF_nodiag - non-negative matrix factorization 

%              K-means used to cluster the basis vectors

% 

% Input:

%   X  - the matrix to factorize

%   D  - number of basis vectors to generate

%   K  - number of clusters for rows

%   L  - number of clusters for columns

%

% Results:

%   G    - a set of D basis vectors

%   H    - representations of the columns of X in 

%          the basis given by G

%   Z    - the sum-of-squares loss function value

%   zz   - a vector containing the loss function value for each restart

%   PRE  - percentage reduction of error

%   prow - partition of the row objects

%   pcol - partition of the column objects

%

%---------------------------------------

% Make sure program is usable

%---------------------------------------

if ndims(X) ~= 2

    error('X must be 2 dimensionsal');

end

[N, C] = size(X);

if prod(size(D)) ~= 1 | D < 1

    error('D must be a positive scalar');

end

%---------------------------------------

% Initialization

%---------------------------------------

state = 1;                 % fix state for testing

rand('state', state);

eps = .00000001;

MAXIT = 5000;

restarts = 20;

tic;

zbest = 99999999999;

zz = zeros(restarts,1);

for ijkl = 1:restarts

    G = rand(N,D);   % Initialize G

    H = rand(D,C);   % Initialize H

    err = []; delta = 99999999;

    iterations = 1;

    GH = G*H; GH = GH;

    err = [err sum(sum((X-GH).^2))];

%---------------------------------------

% Descent Algorithm of Lee & Seung (2001)

%---------------------------------------

    while delta > eps && iterations < MAXIT

        iterations = iterations + 1;

        %% Update G

        num = X*H';

        denom = (G*H)*H'+eps;

        G = G.*(num./denom);

        %% Update H

        num = G'*X;

        denom = G'*(G*H)+eps;

        H = H.*(num./denom);

        %% Standardize       

        H = H .* repmat(sqrt(sum(G.^2,1)+eps)', [1 C]); 

        G = G ./ repmat(sqrt(sum(G.^2,1)+eps), [N 1]);  

        GH = G*H; GH = GH;

        err = [err sum(sum((X-GH).^2))];

        delta = err(iterations-1)-err(iterations);

    end

    Z = err(iterations); zz(ijkl) = Z;

    if Z < zbest

        zbest = Z; Hbest = H; Gbest = G;

    end

end

Z = zbest; H = Hbest; G = Gbest;

% Check

GH = G*H; GH = GH;

Z = sum(sum((X-GH).^2));

Xbar = (1./(N.*C)).*(sum(sum(X)));

Xmat = repmat(Xbar,N,C);

Xss  = ((X-Xmat).^2);

TSS = sum(sum(Xss));

PRE = 1 - (Z./TSS);

% ###################################################################

% Use K-means to Cluster G and H

% ###################################################################

X = [];

X = G;

[n,dd] = size(X);

c = K;

sbest = 9999999999999999; itermax = 500; irep = 0; toggle = 1;

while irep < itermax

    irep = irep + 1;

    q = randperm(n);

    q = q(1:c);

    centroids = X(q,:);

    pp = zeros(1,n);

    for i = 1:n

        distbest = 999999999999;

        for k = 1:c

            diff = X(i,:)-centroids(k,:);

            dist = sum(diff.^2);

            if dist < distbest

                distbest = dist;

                ksel = k;

            end

        end

        pp(i) = ksel;

    end

    [p, totwcss] = hkmeans(X, pp, toggle);

    if totwcss < sbest

        sbest = totwcss; pbest = p;

    end

end 

prow = pbest;

X = H';

[m,dd] = size(X);

c = L;

sbest = 9999999999999999; itermax = 500; t = 0; irep = 0; toggle = 1;

while irep < itermax

    irep = irep + 1;

    q = randperm(m);

    q = q(1:c);

    centroids = X(q,:);

    pp = zeros(1,m);

    for i = 1:m

        distbest = 999999999999;

        for k = 1:c

            diff = X(i,:)-centroids(k,:);

            dist = sum(diff.^2);

            if dist < distbest

                distbest = dist;

                ksel = k;

            end

        end

        pp(i) = ksel;

    end

    [p, totwcss] = hkmeans(X, pp, toggle);

    if totwcss < sbest

        sbest = totwcss; pbest = p;

    end

end 

pcol = pbest;

toc

Program 6. NMF_nodiag.m – a program for nonnegative matrix factorization with K-means clustering  (for nonnegative asymmetric one-mode matrix where the main diagonal is to be ignored)
The function call at the Matlab prompt is:

>> [G, H, Z, zz, PRE, prow, pcol] = NMF_nodiag(X, D, K, L);

X is an n-by-n one-mode binary matrix, D is the desired dimensionality of the factorization (number of basis vectors), K is the desired number of row clusters, and L is the desired number of columns clusters.  These inputs should be in the Matlab workspace.

G is the set of D basis vectors, H is the representation of the columns of X for the basis given by G, Z is the best-found sum-of-squares loss function value, zz is a vector containing the loss function value for each restart, PRE is the ‘percentage reduction of error’ in the sum-of-squares that is afforded by the factorization when compared into relation to total sum-of-squared error, prow and pcol are the partitions of the row and column objects, respectively.

Default settings in the program below:

The default is for 20 restarts of the NMF algorithm from different random initializations (this can be changed by modifying the line “restarts = 20”

The default iteration limit for each restart of the NMF algorithm is 5000 (this can be changed by modifying the line “MAXIT = 5000”).

The default number of restarts for the K-means algorithm is 500.  This can be changed by modifying the line containing “itermax = 500”.

function [G,H,Z,zz,PRE,prow,pcol] = NMF_nodiag(X,D,K,L)

% NMF_nodiag - non-negative matrix factorization (ignore main diagonal)

%              K-means used to cluster the basis vectors

% 

% Input:

%   X  - the matrix to factorize

%   D  - number of basis vectors to generate

%   K  - number of clusters for rows

%   L  - number of clusters for columns

%

% Results:

%   G    - a set of r basis vectors

%   H    - represenations of the columns of X in 

%          the basis given by G

%   Z    - the sum-of-squares loss function value

%   zz   - a vector containing the loss function value for each restart

%   PRE  - percentage reduction of error

%   prow - partition of the row objects

%   pcol - partition of the column objects

%

%---------------------------------------

% Make sure program is usable

%---------------------------------------

if ndims(X) ~= 2

    error('X must be 2 dimensionsal');

end

[N, C] = size(X);

if N ~= C

    error('X must square');

end

if prod(size(D)) ~= 1 | D < 1

    error('D must be a positive scalar');

end

for i = 1:N

   X(i,i) = 0;

end

%---------------------------------------

% Initialization

%---------------------------------------

state = 2;                 % fix state for testing

rand('state', state);

eps = .00000001;

MAXIT = 5000;

restarts = 20;

tic;

zbest = 99999999999;

zz = zeros(restarts,1);

for ijkl = 1:restarts

    G = rand(N,D);   % Initialize G

    H = rand(D,C);   % Initialize H

    err = []; delta = 99999999;

    iterations = 1;

    I = eye(N); I = 1-I;

    GH = G*H; GH = GH.*I;

    err = [err sum(sum((X-GH).^2))];

%---------------------------------------

% Descent Algorithm of Lee & Seung (2001)

%---------------------------------------

    while delta > eps && iterations < MAXIT

        iterations = iterations + 1;

        %% Update G

        num = X*H';

        denom = (G*H.*I)*H'+eps;

        G = G.*(num./denom);

        %% Update H

        num = G'*X;

        denom = G'*(G*H.*I)+eps;

        H = H.*(num./denom);

        %% Standardize       

        H = H .* repmat(sqrt(sum(G.^2,1)+eps)', [1 C]); 

        G = G ./ repmat(sqrt(sum(G.^2,1)+eps), [N 1]);  

        GH = G*H; GH = GH.*I;

        err = [err sum(sum((X-GH).^2))];

        delta = err(iterations-1)-err(iterations);

    end

    Z = err(iterations); zz(ijkl) = Z;

    if Z < zbest

        zbest = Z; Hbest = H; Gbest = G;

    end

end

Z = zbest; H = Hbest; G = Gbest;

% Check

GH = G*H; GH = GH.*I;

Z = sum(sum((X-GH).^2));

Xbar = (1./(N.^2-N)).*(sum(sum(X)));

Xmat = repmat(Xbar,N,N);

Xss  = ((X-Xmat).^2).*I;

TSS = sum(sum(Xss));

PRE = 1 - (Z./TSS);

% ###################################################################

% Use K-means to Cluster G and H

% ###################################################################

X = [];

X = G;

[n,dd] = size(X);

c = K;

sbest = 9999999999999999; itermax = 500; irep = 0; toggle = 1;

while irep < itermax

    irep = irep + 1;

    q = randperm(n);

    q = q(1:c);

    centroids = X(q,:);

    pp = zeros(1,n);

    for i = 1:n

        distbest = 999999999999;

        for k = 1:c

            diff = X(i,:)-centroids(k,:);

            dist = sum(diff.^2);

            if dist < distbest

                distbest = dist;

                ksel = k;

            end

        end

        pp(i) = ksel;

    end

    [p, totwcss] = hkmeans(X, pp, toggle);

    if totwcss < sbest

        sbest = totwcss; pbest = p;

    end

end 

prow = pbest;

X = H';

[m,dd] = size(X);

c = L;

sbest = 9999999999999999; itermax = 500; t = 0; irep = 0; toggle = 1;

while irep < itermax

    irep = irep + 1;

    q = randperm(m);

    q = q(1:c);

    centroids = X(q,:);

    pp = zeros(1,m);

    for i = 1:m

        distbest = 999999999999;

        for k = 1:c

            diff = X(i,:)-centroids(k,:);

            dist = sum(diff.^2);

            if dist < distbest

                distbest = dist;

                ksel = k;

            end

        end

        pp(i) = ksel;

    end

    [p, totwcss] = hkmeans(X, pp, toggle);

    if totwcss < sbest

        sbest = totwcss; pbest = p;

    end

end 

pcol = pbest;

toc

Program 7: hkmeans.m – this program runs K-means clustering and is called by programs 5 and 6 to cluster the NMF factors.  It is based on the ‘HK-means’ implementation used in Brusco and Steinley (2007, Psychometrika, 72, pp. 583-600), and is an extension of the program developed for K-means by Steinley (2003, Psychological Methods)
This program is transparent to the user.  It is called by the NMF programs.

function [p, totwcss] = hkmeans(a, pp, toggle);

% HKMEANS: This program runs HK Means

% Begin H-Means here (Forgy's Method)

% If toggle = 1, then we run HK-means, otherwise if toggle = 0, this

% is just H-Means.

[n,e] = size(a);  warning off; p = pp; c = max(pp);

centroid = zeros(c,e); distance = zeros(n,c); b = zeros(c,e);

trig1 = 0; totwcss = 9.9e+12; maxit = 100; totit = 0;

while trig1 == 0

  totit = totit + 1;

  trig1 = 1; meanmatrix = []; 

  for k = 1:c

    centroid(k,:) = mean(a(p==k,:));

    if sum(p==k) == 1

        centroid(k,:) = a(p==k);

    end

  end

  for k = 1:c

    meanmatrix(:,:,k) = repmat(centroid(k,:),n,1);

  end

  for k = 1:c

    distance(:,k) = sum((a - meanmatrix(:,:,k)).^2,2);

  end

  [y, z] = min(distance, [], 2); 

  zt = z'; newvec = p~=zt;

  if sum(newvec) ~= 0 && totit <= maxit

    trig1 = 0; p = zt; 

  end  

end

% End H-Means Here

%this is added to ensure each cluster has at least one observation;

number=[];

for i=1:c

  number(i)=sum(p==i);

end

if (sum(number==0))>0

  numbers=1:c;

  chosen = (number==0).*numbers;

  for j=1:c

    if chosen(j)>0

      [value,replace]=min(distance(:,chosen(j)));

      p(replace)=chosen(j);

    end

  end

end

% Begin K-Means Here (Hartigan & Wong, 1979)

for i=1:c

  nc(i) = sum(p==i);

end

for i=1:c

    b(i,:) = mean(a(p==i,:));

end

[T, B, W, totwcss, totbcss, totss]=ssquares(a,p);

reloop = toggle; iter = 0;

while reloop == 1              % Keep looping as long as an object relocation or

  reloop = 0; iter = iter + 1; % pairwise interchange improves the solution

  trig1 = 1;                   % Begin Single-Object Relocation (PHASE I)

  while trig1 == 1

    trig1=0;

    for i = 1:n

      c1=p(i);                 % c1 is the current cluster

      if nc(c1) <= 1           % if removing object i from cluster c1

        continue               % will make the cluster too small, SKIP

      end                      

      for c2 = 1:c             % c2 is the candidate cluster

        if c2 == c1

          continue

        end

        delta = 0;               % Compute the WCSS effect of the move, delta

%        delta = sum(nc(c1).*b(c1,:).^2+nc(c2).*b(c2,:).^2-(nc(c1).*b(c1,:)-a(i,:)).^2./(nc(c1)-1)-(nc(c2).*b(c2,:)+a(i,:)).^2./(nc(c2)+1));

        delta = (nc(c2)./(nc(c2)+1)).*sum((a(i,:)-b(c2,:)).^2) - (nc(c1)./(nc(c1)-1)).*sum((a(i,:)-b(c1,:)).^2);

        if delta < -.00000001

          p(i) = c2; totwcss = totwcss + delta; reloop = 1; 

          b(c1,:) = (b(c1,:).*nc(c1)-a(i,:))./(nc(c1)-1);

          b(c2,:) = (b(c2,:).*nc(c2)+a(i,:))./(nc(c2)+1);

          nc(c1) = nc(c1) - 1; nc(c2) = nc(c2) + 1; c1 = c2; trig1=1;

        end

      end

    end

  end           % End PHASE I

end      % FINISH THE RELOOP LOOP (End K-Means)

totwcss=0;       % Solution complete! Here we just recheck

b = zeros(c,e); ss = zeros(c,e); nc = zeros(1,c);

for i=1:c

    nc(i) = sum(p==i);

end

for i=1:c

    b(i,:) = mean(a(p==i,:));

end

[T, B, W, totwcss, totbcss, totss]=ssquares(a,p);

Program 8: ssquares.m – this program is called by the hkmeans.m program (program 7)
This program is transparent to the user.  It is called by the hkmeans program.

function[T,B,W,within,between,total]=ssquares(data,solution);

%data is the n x p data matrix

%solution is the partition of the data

%T is the Total Sums-of-Squares Cross-Products Matrix

%B is the Between " "   "   "

%W is the Witihin " "   "   "

%total,within,and between are the traces of their respective matrices

[n,p]=size(data);

groups = max(solution);

nvec = zeros(1,groups);

grandmean = mean(data);

meanmat = repmat(grandmean,n,1);

diff = data - meanmat;

dev = diff';

T = dev*dev';

for j=1:groups

    nvec(j) = sum(solution==j);

end

%finding within matrix

tempdat=[];

corrarray=zeros(p,p,groups);

for j=1:groups

    [a,b]=size(data(solution==j,:));

    if a > 0    

    tempdat=[data(solution==j,:)];

    corrarray(:,:,j)=cov(tempdat);

    tempdat=[];

    end

end

sampsizearray=[];

for i=1:groups

    sampsizearray(:,:,i)=repmat(nvec(i),p,p);

end

mult = sampsizearray - ones(p,p,groups);

withintile = corrarray.*mult;

W = sum(withintile,3);

B = T - W;

within = trace(W);

between = trace(B);

total = trace(T);

Example 1:

Consider the 5 ( 5 matrix, X:

>> X

X =

    18    31    51    15    48

    20    32    64    13    57

    40    78    86    47    93

    30    57    69    33    72

    26    45    73    22    69

Set the dimensionality and the number of row and column clusters to two.  Run NMF.

>> D = 2; K = 2; L = 2;

>> [G,H,Z,zz,PRE,prow,pcol] = NMF(X,D,K,L);

Elapsed time is 3.044554 seconds.

The outputs are:

>> Z

Z =

    6.546440385406596e-008

>> PRE

PRE =

   0.99999999999504

Notice that Z is approximately 0 and PRE approximately 100% because there is a two-dimensional factorization that fits X perfectly.

Notice also that all the zz values below are .00001 or less, indicating a near-perfect fit on all 20 restarts.

>> zz

zz =

  1.0e-006 *

   0.10486827094430

   0.26238442438261

   0.13213626564887

   0.45572424977854

   0.35571383980916

   0.31839366209054

   0.08728868595154

   0.08473513767643

   0.21273660879995

   0.12293709377071

   0.26833687129647

   0.07401650237621

   0.06546440385407

   0.13520117588270

   0.30869177823359

   0.23344218980791

   0.25108668326271

   0.19077805082855

   0.43644110218372

   0.09796190657048

The matrices of the factorization, G, and H are shown below:

l

>> G

G =

   0.19465600649862   0.37050528985984

   0.12611553082137   0.52129608895231

   0.76866995776899   0.41473459503437

   0.52116891282399   0.37832207667562

   0.28936717565912   0.52520836799353

>> H

H =

  1.0e+002 *

   0.36042304393692   0.78615238571491   0.52492716479681   0.54848700486649   0.71299239814437

   0.29646360755942   0.42366508428512   1.10071362940729   0.11668774521036   0.92093631539099

Below are the cluster assignments for row and column objects, respectively.

>> prow

prow =

     2     2     1     1     2

>> pcol

pcol =

     2     2     1     2     1

Now, let’s zero out the main diagonal of X and rerun the analysis using NMF.

>> X

X =

     0    31    51    15    48

    20     0    64    13    57

    40    78     0    47    93

    30    57    69     0    72

    26    45    73    22     0

>> [G,H,Z,zz,PRE,prow,pcol] = NMF(X,D,K,L);

Elapsed time is 10.531226 seconds.

Notice that, now, the fit is not so good: Z = 3956.9 and PRE is 79.15%.

>> Z

Z =

    3.956885022413039e+003

>> PRE

PRE =

   0.79151202055260

Pretty much the same solution on all 20 restarts!

>> zz

zz =

  1.0e+003 *

   3.95688502300981

   3.95688502353313

   3.95688502289134

   3.95688502326342

   3.95688502263313

   3.95688502355030

   3.95688502246575

   3.95688502287119

   3.95688502289782

   3.95688502285718

   3.95688502241304

   3.95688502291833

   3.95688502254383

   3.95688502300875

   3.95688502308667

   3.95688502354443

   3.95688502303734

   3.95688502245988

   3.95688502332424

   3.95688502247947

Arguably, with main diagonal zeroed-out, it is logical to assume that it should perhaps be ignored in the analysis.  Therefore, let’s try NMF_nodiag for same matrix.

>> [G,H,Z,zz,PRE,prow,pcol] = NMF_nodiag(X,D,K,L);

Elapsed time is 7.858224 seconds.

When the diagonal is ignored, the fit is again perfect (Z approximately 0, PRE approximately, 100%).

>> Z

Z =

    2.267081152272772e-007

>> PRE

PRE =

   0.99999999997718

There is a little less stability across the 20 restarts.

>> zz

zz =

  1.0e+002 *

   0.00000000270327

   1.51975387275841

   0.56142901577534

   0.56142053312069

   0.00000000340415

   0.00000000573935

   0.00000000291865

   0.00000000249407

   0.56142053291164

   0.62222687665376

   0.00000000226708

   0.00000000280767

   0.00000000558451

   1.51657735147969

   0.56142053444589

   0.56142054147216

   0.00000000254019

   0.00000000275794

   0.56142168750178

   0.56143002170023

Below are the matrices of the factorization:

>> G

G =

   0.19603144966864   0.35587894743815

   0.12881124537160   0.48148983589262

   0.76734168792953   0.47005479369939

   0.52090409422169   0.40534465735048

   0.29124728736105   0.50622317447946

>> H

H =

  1.0e+002 *

   0.31912847367556   0.72881513671369   0.36661411634682   0.53474762650733   0.58220508156716

   0.33000240263073   0.46962319657983   1.23112625466171   0.12693370066115   1.02807357467564

Below are the cluster assignments, which are the same as they were for the factorization of X using NMF on X with the original diagonal.

>> prow

prow =

     2     2     1     1     2

>> pcol

pcol =

     2     2     1     2     1

>> G*H

When we compute the product of G and H, we see that the main diagonal is in accordance with the original main diagonal before it was zeroed out.

ans =

  18.00001250254449  30.99996966818037  50.99998123689394  15.00003842168162  48.00002477886037

  20.00001388145252  31.99983812583528  63.99987992176000  12.99987944304970  57.00015383744474

  39.99997929454681  77.99988719792606  86.00150925092794  46.99999408182261  93.00011420628485

  30.00000393395030  57.00020423463899  69.00012440555548  33.00041254237218  71.99971415229828

  26.00001661232540  44.99995769373696  73.00000077141337  22.00005765401350  69.00003192649977

>>

Example 2: Lipread consonant data from paper
Below is the Matlab screen output for loading the lipread consonant data and running tmklmp_nodiag.m on a 2.2 GHz Pentium 4 PC.

>> load lipread.prn

>> K = 4; L = 4;

>> [pr, pc, Z, vaf, attract] = tmklmp_nodiag(lipread, K, L)

Elapsed time is 3.270812 seconds.

pr =

     4

     2

     2

     1

     1

     1

     1

     1

     1

     1

     1

     4

     1

     1

     3

     2

     1

     1

     3

     1

     2

pc =

     2

     1

     1

     3

     3

     3

     3

     3

     3

     3

     3

     2

     3

     3

     4

     1

     3

     3

     3

     3

     1

Z =

   0.30121859263173

vaf =

   0.77870981089061

attract =

   0.97000000000000

Example 3: 3rd grade friendship data from paper
Below is the Matlab screen output for loading the 3rd grade friends data and running tmbp_nodiag.m on a 2.2 GHz Pentium 4 PC.

>> load 3rdGrade.prn

>> K = 4; L = 3;

>> [P, Q, Z, newfp, attract] = tmbp_nodiag(X3rdGrade, K, L)

Elapsed time is 128.701881 seconds.

P =

  Columns 1 through 21 

     1     2     1     1     2     2     1     2     2     1     2     2     1     1     3     4     3     3     1     3     1

     1     2     1     1     2     2     1     2     2     1     2     2     1     1     3     4     3     3     1     3     1

  Column 22 

     1

     1

Q =

  Columns 1 through 21 

     3     1     3     3     1     1     3     3     3     3     3     3     1     1     2     2     2     2     2     2     2

     2     3     2     2     3     3     2     3     2     2     2     2     3     3     1     1     1     1     1     1     1

  Column 22 

     2

     1

Z =

    77

newfp =

     2

attract =

    1.000000000000000e-003

>>
