MATLAB® @ Work

Table Programming
Richard Johnson

A table is a MATLAB container for storing column-oriented variables that have the same number of
rows. Unlike numerical or character arrays, the columns can have different data types.

Many of the features of the table are best understood in the context of object oriented programming.

Tables were introduced in R2013b.

Contents
Review of table fuNdameEntals .........ooo it
ROWNAMIES ...ttt e e e s bbb et e e e e s s e bt e e e e s s s b e bt e e e e e e s nrraeeeee s
SIZE FUNCHIONS .ttt e st e st e e s bt e e s bt e e sab e e sabeesabeeesabeeeabaeesaseesaneeesanes
CONCATENATION ...eiiiiiiie e s e a e e s anaeeesas
Y TR [TV LU= SRR
JOINS i 11
LG o0 o] [ o TS USROS 13
T Te 1] o] [T OO O TSP PR PPTSRRON 15
WIHEETADIE ..ttt ettt e b e nn e s me e saeeeneeen 15
CONVEISION FUNCLIONS ...ttt ettt sttt st b e sbe e s ae e e e e e nneesreesaeesane e 16
Other CONSIARIAIONS .. ettt ettt e bt sae e st e st et e et e e b e e sbeesab e et e enbeesbeesaeesaeenas 19
REVIBW ...ttt bbb s ra e s 19
EXEICISES ittt e s e s sr e e e s sanes 20
AN o 01T o [ RS 21

richj@datatool.com www.datatool.com



mailto:richj@datatool.com

Review of table fundamentals

A table is most useful for storing column-oriented data where the columns (variables) have
different data types.

It is a class with properties and methods.
Its public properties are the data variables and a structure unfortunately named Properties.

The Properties structure has non-extendable fields that are useful for metadata. One of the
fields of Properties is a structure named UserData that you can use for arbitrary contents.

Most of its methods support database and logical set operations. It also has overloads for many
computational functions.

It supports normal indexing for data extraction or replacement.

There is an import function readtable that is useful but a bit limited. You can also use the
Import Data Wizard.



Row names
Row names are not required. You could, for example, have

importScores

TestScoresNRN = table(LastName, Gender, Testl, Test2, Test3)

TestScoresNRN =
LastName Gender Testl Test?2 Test3
'HOWARD'' 'male’ 90 87 93
'"WARD' 'male’ 87 85 83
'TORRES' 'male’ 86 85 88
'PETERSON' 'female' 75 80 72
'GRAY' 'female' 89 86 87
'RAMIREZ' 'female' 96 92 98
'JAMES' 'male’ 78 75 77
'"WATSON' 'female' 91 94 92
' BROOKS' 'female' 86 83 85
"KELLY' 'male’ 79 76 82

or

TestScores = table(Gender, Testl, Test2, Test3, 'RowNames', LastName)

TestScores =

Gender Testl Test2 Test3

HOWARD 'male’ 90 87 93
WARD 'male’ 87 85 83
TORRES 'male’ 86 85 88
PETERSON 'female' 75 80 72
GRAY 'female' 89 86 87
RAMIREZ 'female' 96 92 98
JAMES 'male’ 78 75 77
WATSON 'female' 91 94 92
BROOKS 'female' 86 83 85
KELLY 'male’ 79 76 82

When should you make a variable a row name instead?
e Row names must be strings.
e Row names must be unique.
e Extracting data rows can be easier using row names.
e You cannot use vertcat with duplicate row names, but you can with duplicate variable values.
e You can use horzcat with row names or variable values.

e You can use sortrows to sort by variable or by row name.
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You can convert between the two formats.

To convert a variable to row names

TestScoreswithRN = TestScoresNRN;
TestScoresWithRN.Properties.RowNames = TestScoresNRN.LastName;
TestScoreswithRN.LastName = []

TestScoreswithRN =

Gender Testl Test2 Test3
HOWARD 'male’ 90 87 93
WARD 'male’ 87 85 83
TORRES 'male’ 86 85 88
PETERSON 'female' 75 80 72
GRAY 'female' 89 86 87
RAMIREZ 'female' 96 92 98
JAMES 'male’ 78 75 77
WATSON 'female' 91 94 92
BROOKS 'female' 86 83 85
KELLY 'male’ 79 76 82

To convert row names to a variable

TestScoreswithoutRN = TestScoreswithRN;

TestScoreswWithoutRN.LastName = TestScoreswithRN.Properties.RowNames;
TestScoresWithoutRN.Properties.RowNames = {};

TestScoreswWithoutRN = TestScoreswithoutRN(:, [5 1 2 3 4])

TestScoreswithoutRN =
LastName Gender Testl Test2 Test3
"HOWARD' 'male’ 90 87 93
'"WARD' 'male’ 87 85 83
'"TORRES' 'male’ 86 85 88
'PETERSON' 'female' 75 80 72
'GRAY' 'female' 89 86 87
'RAMIREZ' 'female' 96 92 98
'JAMES' 'male’ 78 75 77
'"WATSON' 'female' 91 94 92
'BROOKS' 'female' 86 83 85
'"KELLY' 'male’ 79 76 82

You could use the variable names rather than the column numbers to rearrange the table in this last line
of code.



Size functions

The table class introduces two new size methods:

e height(T) is equivalent to size(T,1)

e width(T) is equivalent to size(T,2).

TestScoresNRN

TestScoresNRN =
LastName Gender Testl Test2 Test3
' HOWARD' 'male’ 90 87 93
'"WARD' 'male’ 87 85 83
'TORRES' 'male’ 86 85 88
'PETERSON' 'female' 75 80 72
'GRAY' 'female' 89 86 87
'RAMIREZ' 'female' 96 92 98
'JAMES' 'male’ 78 75 77
'"WATSON' 'female' 91 94 92
'BROOKS' 'female' 86 83 85
"KELLY' 'male’ 79 76 82

height(TestScoresNRN)

ans =
10

width(TestScoresNRN)

ans =

5

The width does not include RowNames.

TestScores

TestScores =

Gender Testl Test2 Test3

HOWARD 'male’ 90 87 93
WARD 'male’ 87 85 83
TORRES 'male’ 86 85 88
PETERSON 'female' 75 80 72
GRAY 'female' 89 86 87
RAMIREZ 'female' 96 92 98
JAMES 'male’ 78 75 77
WATSON 'female' 91 94 92



BROOKS 'female' 86 83 85
KELLY 'male’ 79 76 82

width(TestScores)

ans =

These methods are not currently available as functions for numeric arrays. The related functions ndims,
numel, and size work on tables. The Tength function does not.



Concatenation

You can use vertcat provided that the tables have matching variable names and row names are not
duplicated.

SomeScores = table({'female'}, 85, 85, 85, 'variableNames',
TestScores.Properties.variableNames, 'RowNames', {'SNEAD'})

SomeScores =
Gender Testl Test2 Test3

SNEAD 'female' 85 85 85

combinedScores = vertcat(TestScores, SomeScores)

combinedScores

Gender Testl Test2 Test3
HOWARD 'male’ 90 87 93
WARD 'male’ 87 85 83
TORRES 'male’ 86 85 88
PETERSON 'female' 75 80 72
GRAY 'female' 89 86 87
RAMIREZ 'female' 96 92 98
JAMES 'male’ 78 75 77
WATSON 'female' 91 94 92
BROOKS 'female' 86 83 85
KELLY 'male’ 79 76 82
SNEAD 'female' 85 85 85

Note that the grammar for the table constructor function is not particularly flexible. In particular,
string values often need to be wrapped in a cell.

You can use horzcat provided that the tables have the same number of rows and do not have any
variable names in common. But if there are no row names, the names of the first variable can be the
same.

students = TestScores.Properties.RowNames

students =
'HOWARD'
'"WARD'
'TORRES'
'PETERSON'
"GRAY'
'RAMIREZ'
'JAMES'
'"WATSON'
'BROOKS'
"KELLY'



average = mean(TestScores{:, {'Testl', 'Test2', 'Test3'}},2)

average =
90.0000
85.0000
86.3333
75.6667
87.3333
95.3333
76.6667
92.3333
84.6667
79.0000

Averagescores = table(average, 'variableNames', {'Average'},...
'RowNames', students)

Averagescores =
Average
HOWARD 90
WARD 85
TORRES 86.333
PETERSON 75.667
GRAY 87.333
RAMIREZ 95.333
JAMES 76.667
WATSON 92.333
BROOKS 84.667
KELLY 79

summaryscores = horzcat(TestScores, Averagescores)

summaryscores =

Gender Testl Test2 Test3 Average
HOWARD 'male’ 90 87 93 90
WARD 'male’ 87 85 83 85
TORRES 'male’ 86 85 88 86.333
PETERSON 'female' 75 80 72 75.667
GRAY 'female' 89 86 87 87.333
RAMIREZ 'female' 96 92 98 95.333
JAMES 'male’ 78 75 77 76.667
WATSON 'female' 91 94 92 92.333
BROOKS 'female' 86 83 85 84.667
KELLY "'male’ 79 76 82 79

You can also use the square bracket notation for horizontal concatenation.



Missing values
Useful methods for finding and replacing missing values: ismissing and standardizeMissing

ScoreswithMissing = TestScores(1l:4,:);
ScoreswithMissing.Gender{1} = '';

ScoreswithMissing.Gender{3} = ' ';
ScoreswithMissing.Testl(2) = NaN;

ScoreswithMissing.Test2(3) = Inf

ScoreswWithMissing =

Gender Testl Test2 Test3
HOWARD v 90 87 93
WARD 'male’ NaN 85 83
TORRES Y 86 Inf 88
PETERSON 'female' 75 80 72

ismissing(ScoreswithMissing)

ans =

O OO R
o O r» O
o O O o
o O © o

Note that a space or blank is not a missing entry. Also Inf is not a missing number.

You can also find special values that are used for missing data.
ScoreswithMissing.Test3(1) = -99

ScoresWithMissing =

Gender Testl Test2 Test3
HOWARD v 90 87 -99
WARD 'male’ NaN 85 83
TORRES ot 86 Inf 88
PETERSON 'female' 75 80 72

ismissing(ScoreswithMissing, -99)

ans =

o O O O
o O © O
o O O O
o © O K

and replace them without computing indices explicitly
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ScoreswithMissing = standardizeMissing(ScoreswithMmissing, -99)

ScoresWithMissing =

Gender Testl Test2 Test3
HOWARD v 90 87 NaN
WARD 'male’ NaN 85 83
TORRES v 86 Inf 88
PETERSON 'female' 75 80 72
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Joins

You can apply join, innerjoin, outerjoin to tables. These methods combine the contents of two
tables using row names or variables as key values. The output is a table.

For an example using join methods, make two partly overlapping tables

Study = readtable('patients.dat');
Heightweight = Study(1:4, {'LastName', 'Height', 'weight'})

Heightweight =
LastName Height weight
'Smith' 71 176
"Johnson' 69 163
'williams' 64 131
'Jones' 67 133

BP = Study(2:6, {'LastName', 'Systolic', 'Diastolic'})

BP =
LastName Systolic Diastolic
"Johnson' 109 77
'williams' 125 83
'Jones' 117 75
'Brown' 122 80
'Davis' 121 70

To get the patients in common

disp(innerjoin(BP, Heightweight))

LastName Systolic Diastolic Height weight
'Johnson' 109 77 69 163
'Jones' 117 75 67 133
'williams' 125 83 64 131

To get all patients

disp(outerjoin(BP, Heightweight))

LastName_BP Systolic Diastolic LastName_Heightweight Height
'Brown' 122 80 v NaN
'Davis' 121 70 v NaN
'Johnson' 109 77 'Johnson' 69
'Jones' 117 75 'Jones' 67

11



NaN NaN "'Smith'

'williams' 125 83 'williams'

weight

NaN
NaN
163
133
176
131

To get all patients that are in the first table

disp(join(BP, Study))

LastName Systolic Diastolic Gender Age
'Johnson' 109 77 'Male' 43
'williams' 125 83 'Female' 38
'Jones' 117 75 'Female'’ 40
'Brown' 122 80 'Female'’ 49
'Davis' 121 70 'Female'’ 46

Location Height weight Smoker
'VA Hospital' 69 163 0
'St. Mary's Medical Center' 64 131 0
'VA Hospital' 67 133 0
'County General Hospital' 64 119 0
'St. Mary's Medical Center' 68 142 0

SelfAssessedHealthStatus

"Fair'
'Good'
"Fair'
'Good'
'Good'

See the documentation for more details and examples.

12
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Grouping

Grouping variables are utility variables used to group or categorize data. Grouping variables are useful
for summarizing or visualizing data by group. You can define groups in your table by specifying one or
more grouping variables.

You can use stack and unstack and aggregation functions (that compute a scalar from a column
vector) to work with data and grouping variables. The results will be in a table.

weightStudy = Study(1:5, [2 4 6])

weightStudy =
Gender Location weight
'Male' 'County General Hospital' 176
'Male' 'VA Hospital' 163
'Female' 'St. Mary's Medical Center' 131
'Female' '"VA Hospital' 133
'Female' 'County General Hospital' 119

Categoryweight = unstack(weightStudy, 'weight', 'Location')

warning: Vvariable names were modified to make them valid MATLAB identifiers.

CategoryWweight =
Gender CountyGeneralHospital St_Mary_sMedicalCenter VAHospital
'Male' 176 NaN 163
'Female' 119 131 133

It can be useful to apply aggregation with unstack

BiggerweightStudy = Study(1:25, [2 4 6]);

AverageCategoryweight = unstack(BiggerweightStudy, "weight', "Location',...
'AggregationFunction', @mean)

warning: Vvariable names were modified to make them valid MATLAB identifiers.
AverageCategoryweight =

Gender CountyGeneralHospital St_Mary_sMedicalCenter VAHospital
'Male' 175.67 187 180
'Female'’ 129.6 134.75 132.17

You can use the methods rowfun and varfun to apply aggregation functions to table data. The results
will be in a table. See the documentation for details and examples.

Stats = Study(1:15, [3 5 6])
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Stats =

Age Height weight
38 71 176
43 69 163
38 64 131
40 67 133
49 64 119
46 68 142
33 64 142
40 68 180
28 68 183
31 66 132
45 68 128
42 66 137
25 71 174
39 72 202
36 65 129
AverageStats = varfun(@mean, Stats)

Averagestats =
mean_Age mean_Height mean_weight
38.2 67.4 151.4

Many of the capabilities of grouping variables can be achieved through indexing. Using grouping
variables is generally cleaner when there are more than 2 groups.

See the documentation for details and examples.
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readtable

The readtable function works well for column oriented spreadsheet data. It has a big limitation for
reading text files in that it lacks the ability to treat multiple delimiters as one. This can often be a
problem for space delimited files.

You may need to use textscan, importdata, or convert to spreadsheet using Import Wizard then use
readtable.

writetable
The writetable function can write a table to either a comma-delimited text file or an Excel
spreadsheet. It cannot write either a space or a tab delimited text file. It writes numbers to text files in g

format.
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Conversion functions
table2array

scores = table2array(TestScoresNRN(1:8, 3:5))
variables = TestScoresNRN.Properties.variableNames(3:5)

scores =
90 87 93
87 85 83
86 85 88
75 80 72
89 86 87
96 92 98
78 75 77
91 94 92

variables =
'"Testl' 'Test2' 'Test3'

array2table

ScoresOnly = array2table(scores, 'variableNames', variables)

Scoresonly =
Testl Test2 Test3
90 87 93
87 85 83
86 85 88
75 80 72
89 86 87
96 92 98
78 75 77
91 94 92

table2cell

scoreCells = table2cell(TestScoresNRN(:,2:5))
variables = TestScoresNRN.Properties.variableNames(2:5)

scoreCells =

'male’ [90] [87] [93]
'male’ [87] [85] [83]
'male’ [86] [85] [88]
'female' [75] [80] [72]
'female' [89] [86] [87]
'female' [96] [92] [98]
'male’ [78] [75] [77]
'female' [91] [94] [92]
'female' [86] [83] [85]
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'male’ [79] [76] [82]
variables =
'Gender' 'Testl' 'Test2' 'Test3'

cell2table

SimpleScores = cell2table(scorecells, 'variableNames', variables)

SimpleScores

Gender Testl Test2 Test3
'male’ 90 87 93
'male’ 87 85 83
'male’ 86 85 88
'female' 75 80 72
'female' 89 86 87
'female' 96 92 98
'male’ 78 75 77
'female' 91 94 92
'female' 86 83 85
'male’ 79 76 82

table2struct

ScoreStructure

table2struct(TestScoresNRN(:,2:5))

Scorestructure
10x1 struct array with fields:
Gender
Testl
Test2
Test3

or to make a scalar structure

ScoreStructure = table2struct(TestScoresNRN(:,2:5), 'ToScalar', true)

Sscorestructure =
Gender: {10x1 cell}
Testl: [10x1 double]
Test2: [10x1 double]
Test3: [10x1 doubTle]

struct2table

SimpleScores = struct2table(ScoreStructure)

SimpleScores =
Gender Testl Test2 Test3
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'male’
'male’
'male’
'female'
'female'
'female'
'male’
'female'
'female'
'male’

90
87
86
75
89
96
78
91
86
79

87
85
85
80
86
92
75
94
83
76

93
83
88
72
87
98
77
92
85
82
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Other considerations
MathWorks recommends that you use tables rather than datasets.

The table class is currently sealed and cannot be used as a superclass.

Review
e You typically have a choice of using row names or a variable for table operations.

You can rearrange a table using variable names or column numbers.

e You can concatenate tables vertically or horizontally.

e You can find and replace missing or special values.

e You can apply join methods to tables.

e You can use grouping variables with tables.

e There are conversion functions to and from numerical arrays, cell arrays, and structures.

e There are functions to read and write tables. They have some limitations.
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Exercises

1.
e Make a table named "Study" from patients.dat
o Plot weight vs. height for males and females.
e Write a function that takes the table as an input and plots weight vs. height for males and
females.
2.

Write a function that takes a table as input. It plots the second variable against the first and labels the
axes based on the variable names.

3.

Does self assessed health status correlate with smoking?

e Read the Excel file "Weather balloon data 3" into a table.
e Replace any missing values.
e How many missing values are there?

e Display a table of the minimum and maximum values for all variables.
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Appendix

Data and m files used in the examples and exercises.

importScores.m script

mc_introm x| mctablesm X | mctables2m x| groupingm | importScoresm

W W =1 B W N

e e e e e e
W oo o !B WwN O
I I

20—
21
22
3
24
25 —
26
27
28 —
29
30—
sill=
=
B=
34 —
35
36 —

%% Import data from text file.
% Script for importing data from the following text file:

ol

ot

C:\matclass\testScores.csv

% Auto-generated by MATLAB on 2014/08/12 10:12:39
%% Initialize wvariables.

filename = 'C:\matclass\testScores.cav':
delimiter = ', ';
startRow = 2;

%% Format string for each line of text:

% columnl: text (%s)
% columnZ: text (%s)
% column3: double (%f)
% columnd: double (%f)
% column5: double (%f)

% For more information, see the TEXTSCAN documentation.
formatSpec = '%3%s%f%f%fE[~\n\r]"':

%% Open the text file.

fileID = fopen(filename, 'r'):

%% Read columns of data according to format string.

% This call is based on the structure of the file used to generate this

% code. If an error occurs for a different file, try regenerating the code

% from the Import Tool.

dataArray = textscan(fileID, formatSpec, 'Delimiter', delimiter,...
'HeaderLines' ,startRow-1, 'ReturnOnError', false):

%% Close the text file.

fclose (£ilelD) s

%% Allocate imported array to column wvariable names

LastName = dataBArray{:, 1}:

Gender = dataArray{:, 2};

Testl = dataBArray{:, 3}:

Test2 = dataArray{:, 4}:

Test3 = dataArray{:, 5}:

%% Clear temporary variables

clearvars filename delimiter startRow formatSpec fileID dataArray ans:

| seript [tn 5 cal

il
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testScores.csv data file

'_-j' Editor - Ch\matclass\testScores.csv EI

"

EDITOR
+ | mc_tables.m "| mc_tables2.m "| grouping.m "| ImportScores.m "_| testScores.csv i |L|_
1 LastName, Gender, Testl, Test2, Test3
2 HOWARD,male,90,87,93
3 WARD,male,87,85,83
4 TORRES,male,86,85,88
5 PETERSON, female, 75,80,72
& GRAY, female,89,8¢6,87
7
8
9
0
1

EAMIREZ, female, 96, 92, 98
JAMES , male, 78,75,77
WATSON, female, 91, 94, 92
BROOKS, female, 86,83, 85
KELLY,male, 79,76, 82

|p|a|'ntex‘tﬁ|e Ln 1 Col 1

patients.dat data file

Command Window

>> type patients.dat

1

LastName, Gender, Age, Location, Height,Weight, Smoker, Systolic, Diastolic, SelfAssessedHealthStatus
Smith,Male, 38, County General Hospital,71,176,1,124,93,Excellent
Johnson,Male, 43, VA Hospital,69,163,0,109,77,Fair

Williams, Female,38,5t. Mary's Medical Center,®64,131,0,125,83,Good
Jones, Female, 40, VA Hospital,&7,133,0,117,75,Fair

Brown, Female, 49, County General Hospital,64,119,0,122,80,Good
Davis,Female, 46,5t. Mary's Medical Center,68,142,0,121,70,Good
Miller,Female,33,VA Hospital,64,142,1,130,88,Good

Wilson,Male,40,VA Hospital, 68,180,0,115,82,Good

Moore,Male,28,5t. Mary's Medical Center,68,183,0,115,78,Excellent
Taylor,Female, 31, County General Hospital,66,132,0,118,86,Excellent
Anderson, Female, 45, County General Hospital,68,128,0,114,77,Excellent
Thomas, Female, 42,5t. Mary's Medical Center,66,137,0,115, 68, Poor
Jackson,Male, 25,VA Hospital,71,174,0,127,74,Poor

White,Male, 39,VA Hospital,72,202,1,130,95,Excellent
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Weather balloon data 1.xIs data file

O H - = Weather balloon data 1.xls [Compatibility Mode] -Ex... 7 @ — 0O X
E HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW Richard... =

16 - Jr v
A B C D E F G H -~

1 | Tmin Tsec Ascent_Rate Height Pressure Temperature Rel Humidity Dew_ Point

2 0 0 0 11 1007.1 27.5 70 21.6

3 0 1 4.1 15 1006.6 27.4 70 21.5

4 0 2 4.1 19 1006.1 27.3 69 21.2

5 0 3 4.1 23 1005.7 27.2 69 21.1

6 0 4 4.1 27 1005.2 27.1 68 20.7

7 0 5 4.1 31 1004.7 27 68 20.7

8 0 5] 4.1 36 1004.3 26.9 o7 20.3

9 0 7 4.1 40 1003.8 26.8 67 20.2

10 0 8 4.1 44 1003.3 26.7 66 19.9

11 0 9 4.1 48 1002.9 26.6 66 19.8

12 0 10 4.1 52 1002.4 26.5 65 19.4

13 0 11 3.9 56 1002 26.5 65 19.5

14 0 12 3.9 59 1001.6 26.4 65 19.4

- i data 4r%etadata ) "® - e 4 e = T »

READY EH M —3—+ 100%
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