Generalized SMO Software for 

SVM Based Multi-Task Learning (SVM+MTL)
Feng Cai, Vladimir Cherkassky, Oct.26, 2009
The training of support vector machines needs to solve a quadratic programming (QP) problem [1]. The dimensionality of the QP problem is equal to the sample size. Therefore, the training of SVM is time consuming especially the sample size is large. The sequential minimal optimization (SMO) algorithm proposed by John C. Platt breaks a very large QP problem into a series of smallest QP problems [2]. These small QP problems are solved analytically, which avoids using a time consuming numerical QP optimization as an inner loop. The amount of memory required for SMO is linear in the training size, which allows SMO to handle very large training sets. Vapnik proposed general approach to formalizing problems with group information, known as Learning With Structured Data (LWSD) and its SVM-based optimization formulation called SVM+. They patented a generalized SMO for SVM+ [3]. Liang and Cherkassky proposed support vector machine based multi-task learning (SVM+MTL) [4]. This software package is a generalized SMO for SVM+MTL. The software is implemented in C and has matlab interface.
Background and Optimization Formulation
1. SVM

Given a training set 
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, SVM finds a maximum margin separating hyper plane 
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 between two classes. 
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 is also called decision function. SVM solves the following optimization problem: 
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subject to:  
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are called slack variables, which indicates the deviation from the margin borders.  
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 indicates the size of margin, which represents the model complexity of SVM. The coefficient 

 controls the trade-off between complexity and proportion of non-separable samples and must be selected by the user.

2. SVM+MTL

Similar to SVM+, the input vectors 
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 are mapped simultaneously into two different Hilbert spaces: the decision space 
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 and the correcting space 
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 for each group r. 
       The goal is to find the t decision functions
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Each decision function includes two parts: common decision function 
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 and unique correcting function 
[image: image14.wmf]r

r

z

d

r

+

F

)

),

(

(

w

x

. Common decision function is defined in the decision space Z and unique correcting function defined in the correcting space 
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Z

, so the final decision function actually involves two spaces: decision space and correcting space. 
       The t tasks are related in the sense that decision functions for different tasks share a common decision function. SVM+MTL solves the following optimization problem. 
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st:   
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Software Installation:
System requirements: 

1, Type of OS: Microsoft Windows   

2, Type of language: Matlab

Installation:

1, Download the software package.
2, run make in the root directory to compile the c file.
Software Description (matlab interface)
1, function model = smomtl(training, options)
%--------------------------------------------------------------------------
% SMO Sequential Minimal Optimization for SVM based Multi-Task Learning, 
% this algorithm is generalized from John C. Platt's smo algorithm for SVM
% by Feng Cai, Oct.24, 2009
% Prof. Vladimir Cherkassky's machine learning group at the University of 
% Minnesota, Twin Cities.
% 
% Inputs:
%   training
%     training(1), training(2), ... training(t): binary labeled training vectors for 
%     different groups.
%   training(1) [struct] Binary labeled training vectors for group r:
%     .X [num_data x dim] Training vectors.
%     .y [num_data x a] Labels (1 or -1).
%
%   options [struct] Control parameters:
%     .ker [1x2] Kernel identifier for two spaces (default 0);
%       ker(1) kernel identifier for decision space
%       ker(2) kernel identifier for correction space
%        0 -- linear: u'*v
%        1 -- radial basis function: exp(-|u-v|^2/(2*sigma^2))
%     .arg [1x2] Kernel argument(s) (default 1).
%       arg(1) kernel argument for decision space
%       arg(2) kernel argument for correction space
%     .gamma regularization parameter 
%     .C Regularization constant (default C=inf). 
%
% Output:
%   model [struct] Binary SVM classifier:
%     .Alpha [nsv x 1] Weights (Lagrangians).
%     .groupid [nsv x 1] group index for each alpha
%     .d [tx1] Bias.
%     .svX [nsv x dim] Support vectors.
%     .nsv [1x1] Number of Support Vectors.
%     .options [struct] Copy of used options.
2, function [pred, pred_error] = predsmomtl(test, model)
% to compute the prdicted labels and prediction error using models
% from generalized SMO for MTL.
% by Feng Cai, Oct.24,2009
%
% Inputs:
%   test
%     test(1), test(2), ... test(t): binary labeled training vectors for 
%     different groups.
%   test(1) [struct] Binary labeled training vectors for group r:
%     .X [num_data x dim] Training vectors.
%     .y [num_data x 1] Labels (1 or -1).
%   model
%     model trained by smomtl
%
% Outputs:
%   pred 
%     pred(1), pred(2), ... pred(t): predicted labels for different groups. 
%   pred_error
%     prediction error on test set.
Software Comparisons
The software package called generalized SMO for multi-task learning since it is modified from SMO for standard SVM. It runs fast and can handle high dimensional data and large sample-size data. We will show an example below. The GSMO algorithm runs about 15 minutes while the software based on CVX optimization package takes over 18 hours.

Model Selection
SVM+MTL, has complexity parameter(s) that need to be optimally tuned for a given data set. SVM+MTL has 3 parameters 
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 (as in standard linear SVM),
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(RBF width parameter). Estimation of prediction (test) error and model selection (parameter tuning) is performed via standard double-resampling procedure: 
1. For estimating prediction error of a particular method, use 5-fold cross-validation, so that 80% of data samples are used for training and 20% of the data are used as test data. 
2. For each training fold, parameter tuning (model selection) is performed via resampling within the training fold.
Example
Data Description
This dataset is Wisconsin breast cancer dataset available at UCI machine learning repository. There are 699 instances, each of which has 9 continuous attributes. The measurements of attributes are assigned an integer value between 1 and 10. After removing 16 instances with missing values, we are left with 683 instances used for modeling. The goal is to predict the class (benign or malignant) using 9 input variables. Variable ‘Clump Thickness’ is used to separate the data into 3 groups: group1 (
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, 293 instances), group2(
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, 207 instances), and group3 (
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, 183 instances). Possible choices of parameters for SVM+MTL are 
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Code:
%   By Feng Cai, Double Resampling
%   Oct.25,2009
%   Test GSMO for MTL package on Wisconsin breast cancer dataset
clear all;
[data] = textread('breast_cancer_wisconsin.data','','delimiter',',');
step = 1;
% # of rows
N1 = size(data, 1);
% # of columns
N2 = size(data,2);
alldata = [];
for i = 1:N1
    if size(find(data(i,:)<0),2)<1
        alldata = [alldata; data(i,2:N2)];
    end
end
%alldata = [heart(:,1) heart(:,3:N2-1) heart(:,2) heart(:,N2)];
N1 = size(alldata,1);
N2 = size(alldata,2);
% order all data by increasing age
alldata = sortrows(alldata);
alldatag = alldata;
%alldatag = sortrows(alldatag);
%alldata = [alldatag(:,2:N2-1) alldatag(:,1) alldatag(:,N2)];
%alldatag = alldata;
for i = 1:N2-1
    tmp1 = min(alldata(:,i));
    tmp2 = max(alldata(:,i));
    alldata(:,i) = (alldata(:,i)-tmp1)/(tmp2-tmp1);
end
train = [];
test = [];
finalaccuracy_mtl = [];
C_SVMmtl = zeros(5,1);
gama_SVMmtl = zeros(5,1);
sigma_SVMmtl = zeros(5,1);
options.ker = [0 1];
options.arg = [10 5];
options.gamma = 0.1;
options.C = 100;
t = cputime;
% outer loop, resampling
for i = 1:5
    testindex = [];
    trainindex = [];
    % compute the index
    for j = 1:N1
        if mod(j,5)==mod(i,5)
            testindex = [testindex j];
        else
            trainindex = [trainindex j];
        end
    end
    train = alldata(trainindex,:);
    test = alldata(testindex,:);
    % construct the test data
    testdata(1).X = [];
    testdata(1).y = [];
    testdata(2).X = [];
    testdata(2).y = [];
    testdata(3).X = [];
    testdata(3).y = [];
    traindata(1).X = [];
    traindata(1).y = [];
    traindata(2).X = [];
    traindata(2).y = [];
    traindata(3).X = [];
    traindata(3).y = [];
    for j = 1:size(test,1)
        if test(j,1)<0.23
            testdata(2).X = [testdata(2).X; test(j,1:N2-1)];
            if test(j,N2)==2
                testdata(2).y = [testdata(2).y; 1];
            else
                testdata(2).y = [testdata(2).y; -1];
            end
        elseif test(j,1)<0.5
            testdata(1).X = [testdata(1).X; test(j,1:N2-1)];
            if test(j,N2)==2
                testdata(1).y = [testdata(1).y; 1];
            else
                testdata(1).y = [testdata(1).y; -1];
            end
        else
            testdata(3).X = [testdata(3).X; test(j,1:N2-1)];
            if test(j,N2)==2
                testdata(3).y = [testdata(3).y; 1];
            else
                testdata(3).y = [testdata(3).y; -1];
            end
        end
    end
    for j = 1:size(train,1)
        if train(j,1)<0.23
            traindata(2).X = [traindata(2).X; train(j,1:N2-1)];
            if train(j,N2)==2
                traindata(2).y = [traindata(2).y; 1];
            else
                traindata(2).y = [traindata(2).y; -1];
            end          
        elseif train(j,1)<0.5
            traindata(1).X = [traindata(1).X; train(j,1:N2-1)];
            if train(j,N2)==2
                traindata(1).y = [traindata(1).y; 1];
            else
                traindata(1).y = [traindata(1).y; -1];
            end
        else
            traindata(3).X = [traindata(3).X; train(j,1:N2-1)];
            if train(j,N2)==2
                traindata(3).y = [traindata(3).y; 1];
            else
                traindata(3).y = [traindata(3).y; -1];
            end
        end      
    end
    % resampling to tune the model parameter
    C = [0.1 1 10 100];
    gama = [10 1 0.1 0.01 0.001];
    sigma = [0.25 0.5 1 2 4];
    maxaccuracy_mtl = 0;
    C_optmtl = 0.1;
    gama_optmtl = 10;
    sigma_optmtl = 0.25;
    for inx1 = 1:size(C,2)
        for inx2 = 1:size(gama,2)
            for inx3 = 1:size(sigma,2)
                % setting paramters
                options.arg(2) = sigma(inx3);
                options.gamma = gamma(inx2);
                options.C = C(inx1);
                step 
                step = step + 1;
                N3 = size(train, 1);
                accuracy = [];
                accuracy_plus = [];
                accuracy_mtl = [];
                for j = 1:5
                    testindex = [];
                    trainindex = [];
                    for k = 1:N3
                        if mod(k,5)==mod(j,5)
                            testindex = [testindex k];
                        else
                            trainindex = [trainindex k];
                        end
                    end
                    traintmp = train(trainindex,:);
                    testtmp = train(testindex,:);
                    traintune(1).X = [];
                    traintune(1).y = [];
                    traintune(2).X = [];
                    traintune(2).y = [];
                    traintune(3).X = [];
                    traintune(3).y = [];
                    testtune(1).X = [];
                    testtune(1).y = [];
                    testtune(2).X = [];
                    testtune(2).y = [];
                    testtune(3).X = [];
                    testtune(3).y = [];
                    for k = 1:size(traintmp,1)
                        if traintmp(k,1)<0.23
                            traintune(2).X = [traintune(2).X; traintmp(k,1:N2-1)];
                            if traintmp(k,N2)==2
                                traintune(2).y = [traintune(2).y; 1];
                            else
                                traintune(2).y = [traintune(2).y; -1];
                            end
                        elseif traintmp(k,1)<0.5
                            traintune(1).X = [traintune(1).X; traintmp(k,1:N2-1)];
                            if traintmp(k,N2)==2
                                traintune(1).y = [traintune(1).y; 1];
                            else
                                traintune(1).y = [traintune(1).y; -1];
                            end
                        else
                            traintune(3).X = [traintune(3).X; traintmp(k,1:N2-1)];
                            if traintmp(k,N2)==2
                                traintune(3).y = [traintune(3).y; 1];
                            else
                                traintune(3).y = [traintune(3).y; -1];
                            end
                        end
                    end
                    for k = 1:size(testtmp,1)
                        if testtmp(k,1)<0.23
                            testtune(2).X = [testtune(2).X; testtmp(k,1:N2-1)];
                            if testtmp(k,N2)==2
                                testtune(2).y = [testtune(2).y; 1];
                            else
                                testtune(2).y = [testtune(2).y; -1];
                            end
                        elseif testtmp(k,1)<0.5
                            testtune(1).X = [testtune(1).X; testtmp(k,1:N2-1)];
                            if testtmp(k,N2)==2
                                testtune(1).y = [testtune(1).y; 1];
                            else
                                testtune(1).y = [testtune(1).y; -1];
                            end
                        else
                            testtune(3).X = [testtune(3).X; testtmp(k,1:N2-1)];
                            if testtmp(k,N2)==2
                                testtune(3).y = [testtune(3).y; 1];
                            else
                                testtune(3).y = [testtune(3).y; -1];
                            end
                        end
                    end
                    model = smomtl(traintune, options);
                    [pred, pred_error] = predsmomtl(testtune, model);
                    accuracy_mtl = [accuracy_mtl; 1-pred_error];
                end
                 if maxaccuracy_mtl<mean(accuracy_mtl)
                     maxaccuracy_mtl = mean(accuracy_mtl);
                     C_optmtl = options.C;
                     gama_optmtl = options.gamma;
                     sigma_optmtl = options.arg(2);
                 end
            end
        end
    end
    options.arg(2) = sigma_optmtl;
    options.gamma = gama_optmtl;
    options.C = C_optmtl;
    C_SVMmtl(i,1) = C_optmtl;
    gama_SVMmtl(i,1) = gama_optmtl;
    sigma_SVMmtl(i,1) = sigma_optmtl;
    model = smomtl(traindata, options);
    [pred, pred_error] = predsmomtl(testdata, model);
    finalaccuracy_mtl = [finalaccuracy_mtl; 1-pred_error];
end
runningtime = cputime - t;
fid = fopen('result_cancer_smomtl.csv','wt');
fprintf(fid, '%s,', 'Folds');
for i = 1:5
    fprintf(fid,'%s,', num2str(i));
end
fprintf(fid, '%s,', 'Mean');
fprintf(fid, '%s\n', 'variance');
fprintf(fid, '%s,', 'svm+MTL');
for i = 1:5
    fprintf(fid, '%s,', num2str(finalaccuracy_mtl(i,1)));
end
fprintf(fid, '%s,', num2str(mean(finalaccuracy_mtl)));
fprintf(fid, '%s\n', num2str(std(finalaccuracy_mtl)));
fprintf(fid, '%s,', 'C');
for i = 1:4
    fprintf(fid, '%s,', num2str(C_SVMmtl(i,1)));
end
fprintf(fid, '%s\n', num2str(C_SVMmtl(5,1)));
fprintf(fid, '%s,', 'gama');%
for i = 1:4
    fprintf(fid, '%s,', num2str(gama_SVMmtl(i,1)));
end
fprintf(fid, '%s\n', num2str(gama_SVMmtl(5,1)));
fprintf(fid, '%s,', 'sigma');
for i = 1:4
    fprintf(fid, '%s,', num2str(sigma_SVMmtl(i,1)));
end
fprintf(fid, '%s\n', num2str(sigma_SVMmtl(5,1)));
fprintf(fid, 'runningtime, %s\n', num2str(runningtime));
fclose(fid);
The final result:
The prediction accuracy:

	Folds
	1
	2
	3
	4
	5
	Mean
	variance

	svm+MTL
	0.9781
	0.9781
	0.9635
	0.95588
	0.99265
	0.97365
	0.014311

	C
	0.1
	0.1
	0.1
	0.1
	0.1
	
	

	gama
	1
	2
	1
	1
	1
	
	

	sigma
	0.5
	4
	0.25
	0.25
	0.25
	
	

	runningtime
	884.9063 
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