Chapter 17 Data Analysis

17.1 Basic Statistical Analysis

MATLAB has built-in functions for analyzing randomized data as well as the results of deterministic calculations.  With respect to m (n arrays of random numbers, the  n columns are associated with n specific variables and the m rows in a particular column correspond to m individual outcomes of that variable. The following example includes an array of random data and the examples which follow demonstrate the data analysis capabilities of MATLAB. 

Daily closing prices for three stocks over a four-week period are given.  An array of three columns (one for each stock) and twenty rows (one for each closing price) is created.  

Example 17.1.1

stock1_wk1=[95+3/8; 97+1/8; 98; 97+5/8; 99+2/8];

stock1_wk2=[99+1/8; 98+4/8; 99+3/8; 98+1/8; 100+1/8];

stock1_wk3=[101+3/8; 102+3/8; 103; 100+5/8; 101+7/8];

stock1_wk4=[103+2/8; 104+1/8; 104+3/8; 103+3/8; 102+5/8]; 

stock2_wk1=[25+2/8; 30+1/8; 33+1/8; 37+3/8; 40+5/8];

stock2_wk2=[44+4/8; 49+2/8; 53+3/8; 58+6/8; 62+4/8];

stock2_wk3=[53+7/8; 56+5/8; 56+7/8; 57; 59+1/8];

stock2_wk4=[58+3/8; 53+4/8; 46+3/8; 47+2/8; 49]; 

stock3_wk1=[65+1/8; 62+3/8; 59+4/8; 56+7/8; 58+1/8];

stock3_wk2=[63+2/8; 65+1/8; 65+3/8; 68+3/8; 72+2/8];

stock3_wk3=[83+3/8; 86+7/8; 85+7/8; 80+6/8; 75+4/8];

stock3_wk4=[78+2/8; 79+6/8; 75+7/8; 74+1/8; 72+7/8]; 

stock1_month=[ stock1_wk1; stock1_wk2; stock1_wk3; stock1_wk4]; % Create

              % 20 by 1 column vector of stock1 prices for weeks 1 to 4

stock2_month=[ stock2_wk1; stock2_wk2; stock2_wk3; stock2_wk4]; % Create

              % 20 by 1 column vector of stock2 prices for weeks 1 to 4

stock3_month=[ stock3_wk1; stock3_wk2; stock3_wk3; stock3_wk4]; % Create

              % 20 by 1 column vector of stock3 prices for weeks 1 to 4

days=1:20; % Create abscissa vector for plotting

hold on % Retain plots

plot(days,stock1_month,'*:b') % Plot stock1 prices for month

plot(days,stock2_month,'*:r') % Plot stock2 prices for month

plot(days,stock3_month,'*:g') % Plot stock3 prices for month

xlabel('Day Number')

ylabel('Price, $')

title('Closing Prices for Stocks in February')

stocks123_month=[stock1_month, stock2_month, stock3_month] % Create 20

                                    % by 3 array of stock prices  

stocks123_month =

   95.3750   25.2500   65.1250

   97.1250   30.1250   62.3750

   98.0000   33.1250   59.5000

   97.6250   37.3750   56.8750

   99.2500   40.6250   58.1250

   99.1250   44.5000   63.2500

   98.5000   49.2500   65.1250

   99.3750   53.3750   65.3750

   98.1250   58.7500   68.3750

  100.1250   62.5000   72.2500

  101.3750   53.8750   83.3750

  102.3750   56.6250   86.8750

  103.0000   56.8750   85.8750

  100.6250   57.0000   80.7500

  101.8750   59.1250   75.5000

  103.2500   58.3750   78.2500

  104.1250   53.5000   79.7500

  104.3750   46.3750   75.8750

  103.3750   47.2500   74.1250

  102.6250   49.0000   72.8750
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The average price of each stock for the month and the average price of all three stocks for each day is found using the 'mean' function.

Example 17.1.2

ave123_month=mean(stocks123_month,1) % Find column averages and store

                                     % in 1 by 3 array

ave123_day=mean(stocks123_month,2) % Find row averages and store in 20

                                   % by 1 array  

ave123_month =

  100.4813   48.6437   71.4813

ave123_day =

   61.9167

   63.2083

   63.5417

   63.9583

   66.0000

   68.9583

   70.9583

   72.7083

   75.0833

   78.2917

   79.5417

   81.9583

   81.9167

   79.4583

   78.8333

   79.9583

   79.1250

   75.5417

   74.9167

   74.8333  

Other statistical measures of the three random samples of stock prices include, the standard deviation, range, minimum and maximum, median, etc.

Example 17.1.3

stdv=std(stocks123_month) % Find standard deviation of each

                          % column (stock)

rng=range(stocks123_month) % Find the range of each column (stock)

low=min(stocks123_month) % Find minimum value in each column (stock)

high=max(stocks123_month) % Find maximum value of each stock  

stdv =

    2.5915   10.5640    9.3030

rng =

    9.0000   37.2500   30.0000

low =

   95.3750   25.2500   56.8750

high =

  104.3750   62.5000   86.8750  

If you are interested in the day to day fluctuations, the 'diff' function calculates the differences from one row to another in each column.   The following example calculates the daily changes in each stock price and plots the results.

Example 17.1.4

daily_var=diff(stocks123_month);% Find daily fluctuations of each stock

DV_wk1=daily_var(1:5,:) % Display daily variations for week 1

days_less1=days(2:end); % Remove 1st element from row vector 'days'

v=[1 20 -10 15]; % Set plot scale vector

plot(days_less1,daily_var,'*:') % Plot daily fluctuations

axis(v) 

title('Daily Fluctuations in Stock Prices')

xlabel('Day Number')

ylabel('Change in Price')  

DV_wk1 =

    1.7500    4.8750   -2.7500

    0.8750    3.0000   -2.8750

   -0.3750    4.2500   -2.6250

    1.6250    3.2500    1.2500

   -0.1250    3.8750    5.1250
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17.2 Basic Data Analysis

In addition to the basic statistical analysis, MATLAB can perform other data analysis functions.  A complete listing and description of each function is available from the Help window, 'helpwin datafun' or in the Command window by typing 'help datafun'.  A partial listing of statistical and data analysis functions is given below.

  Data analysis and Fourier transforms.

  Basic operations.

    max         - Largest component.

    min         - Smallest component.

    mean        - Average or mean value.

    median      - Median value.

    std         - Standard deviation.

    var         - Variance.

    sort        - Sort in ascending order. 

    sortrows    - Sort rows in ascending order.

    sum         - Sum of elements.

    prod        - Product of elements.

    hist        - Histogram.

    histc       - Histogram count.

    trapz       - Trapezoidal numerical integration.

    cumsum      - Cumulative sum of elements.

    cumprod     - Cumulative product of elements.

    cumtrapz    - Cumulative trapezoidal numerical integration.

  Finite differences.

    diff        - Difference and approximate derivative.

    gradient    - Approximate gradient.

    del2        - Discrete Laplacian.

  Correlation.

    corrcoef    - Correlation coefficients.

    cov         - Covariance matrix.

    subspace    - Angle between subspaces.

  Filtering and convolution.

    filter      - One-dimensional digital filter.

    filter2     - Two-dimensional digital filter.

    conv        - Convolution and polynomial multiplication.

    conv2       - Two-dimensional convolution.

    convn       - N-dimensional convolution.

    deconv      - Deconvolution and polynomial division.

    detrend     - Linear trend removal.

  Fourier transforms.

    fft         - Discrete Fourier transform.

    fft2        - Two-dimensional discrete Fourier transform.

    fftn        - N-dimensional discrete Fourier Transform.

    ifft        - Inverse discrete Fourier transform.

    ifft2       - Two-dimensional inverse discrete Fourier transform.

    ifftn       - N-dimensional inverse discrete Fourier Transform.

    fftshift    - Shift DC component to center of spectrum.

    ifftshift   - Inverse FFTSHIFT.

  As an example of a general data analysis function, a time series can be smoothed by using MATLAB's  'filter'  to compute a moving average.  The example which follows computes a 5-day moving average of the prices for one of the stocks considered earlier.

Example 17.2.1

data=stock2_month; % Store stock2_month data in array 'data'

b=[1 1 1 1 1]; % Set weights on present and past 4 inputs

num=5; % Set length of window for averaging

smooth_data=filter(b,num,data); % Filter array 'data'

hold off

plot(days,data,'*r:',days,smooth_data,'*b:')

title('Daily Stock Price and 5-Day Moving Average')

xlabel('Day Number')

ylabel('Price, $')  
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The algorithm implemented to smooth the data in array 'data' is
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where  xn and yn are the data and smoothed data values respectively.  Note, when n = 1, xn-1, xn-2, xn-3 and xn-4 are all zero so 
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, etc. until n=5 where the 5-day moving average is 
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Data sorting is achieved with MATLAB's 'sort' function.  

Example 17.2.2

mu=[75 65 70]; % Ave scores for Exams 1,2, and 3

sig=[10 12 8]; % Std deviation of scores for Exams 1,2, and 3

num_students=15; % Set number of students 

test_grades(num_students,3)=0; % Allocate memory for array test_grades

for i=1:3

test_grades(:,i)=mu(i)+sig(i)*randn(num_students,1); % Generate test

                                                % grades for ith exam

end % i

test_grades=round(test_grades) % Round test grades and store in

                               % num_students ( 3 array test_grades 

sort_test_grades=sort(test_grades) % Sort grades in ascending order

descend_order=flipud(sort_test_grades) % Flip sorted grades to obtain

                                       % in descending order   

test_grades =

    60    77    68

    64    58    81

    73    70    75

    58    76    88

    58    62    60

    74    63    79

    72    77    61

    61    86    65

    82    77    79

    71    60    72

    84    61    76

   108    55    63

    81    56    85

    88    83    70

    68    78    91

sort_test_grades =

    58    55    60

    58    56    61

    60    58    63

    61    60    65

    64    61    68

    68    62    70

    71    63    72

    72    70    75

    73    76    76

    74    77    79

    81    77    79

    82    77    81

    84    78    85

    88    83    88

   108    86    91

descend_order =

   108    86    91

    88    83    88

    84    78    85

    82    77    81

    81    77    79

    74    77    79

    73    76    76

    72    70    75

    71    63    72

    68    62    70

    64    61    68

    61    60    65

    60    58    63

    58    56    61

    58    55    60  
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