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Extract Text Data from Files
This example shows how to extract the text data from text, HTML, Microsoft® Word, PDF,
CSV, and Microsoft Excel® files and import it into MATLAB® for analysis.

Usually, the easiest way to import text data into MATLAB is to use the extractFileText
function. This function extracts the text data from text, PDF, HTML, and Microsoft Word
files. To import text from CSV and Microsoft Excel files, use readtable. To extract text
from HTML code, use extractHTMLText. To read data from PDF forms, use
readPDFFormData.

Text File

Extract the text from sonnets.txt using extractFileText. The file sonnets.txt
contains Shakespeare's sonnets in plain text.

filename = "sonnets.txt";
str = extractFileText(filename);

View the first sonnet by extracting the text between the two titles "I" and "II".

start = " I" + newline;
fin = " II";
sonnet1 = extractBetween(str,start,fin)

sonnet1 = 
    "
       From fairest creatures we desire increase,
       That thereby beauty's rose might never die,
       But as the riper should by time decease,
       His tender heir might bear his memory:
       But thou, contracted to thine own bright eyes,
       Feed'st thy light's flame with self-substantial fuel,
       Making a famine where abundance lies,
       Thy self thy foe, to thy sweet self too cruel:
       Thou that art now the world's fresh ornament,
       And only herald to the gaudy spring,
       Within thine own bud buriest thy content,
       And tender churl mak'st waste in niggarding:
         Pity the world, or else this glutton be,
         To eat the world's due, by the grave and thee.
     
      "
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Microsoft Word Document

Extract the text from sonnets.docx using extractFileText. The file
exampleSonnets.docx contains Shakespeare's sonnets in a Microsoft Word document.

filename = "exampleSonnets.docx";
str = extractFileText(filename);

View the second sonnet by extracting the text between the two titles "II" and "III".

start = " II" + newline;
fin = " III";
sonnet2 = extractBetween(str,start,fin)

sonnet2 = 
    "
       When forty winters shall besiege thy brow,
     
       And dig deep trenches in thy beauty's field,
     
       Thy youth's proud livery so gazed on now,
     
       Will be a tatter'd weed of small worth held:
     
       Then being asked, where all thy beauty lies,
     
       Where all the treasure of thy lusty days;
     
       To say, within thine own deep sunken eyes,
     
       Were an all-eating shame, and thriftless praise.
     
       How much more praise deserv'd thy beauty's use,
     
       If thou couldst answer 'This fair child of mine
     
       Shall sum my count, and make my old excuse,'
     
       Proving his beauty by succession thine!
     
         This were to be new made when thou art old,
     
         And see thy blood warm when thou feel'st it cold.
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      "

The example Microsoft Word document uses two newline characters between each line.
To replace these characters with a single newline character, use the replace function.

sonnet2 = replace(sonnet2,[newline newline],newline)

sonnet2 = 
    "
       When forty winters shall besiege thy brow,
       And dig deep trenches in thy beauty's field,
       Thy youth's proud livery so gazed on now,
       Will be a tatter'd weed of small worth held:
       Then being asked, where all thy beauty lies,
       Where all the treasure of thy lusty days;
       To say, within thine own deep sunken eyes,
       Were an all-eating shame, and thriftless praise.
       How much more praise deserv'd thy beauty's use,
       If thou couldst answer 'This fair child of mine
       Shall sum my count, and make my old excuse,'
       Proving his beauty by succession thine!
         This were to be new made when thou art old,
         And see thy blood warm when thou feel'st it cold.
      "

PDF Files

Extract text from PDF documents and data from PDF forms.

PDF Document

Extract the text from sonnets.pdf using extractFileText. The file
exampleSonnets.pdf contains Shakespeare's sonnets in a PDF.

filename = "exampleSonnets.pdf";
str = extractFileText(filename);

View the third sonnet by extracting the text between the two titles "III" and "IV". This
PDF has a space before each newline character.

start = " III " + newline;
fin = "IV";
sonnet3 = extractBetween(str,start,fin)
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sonnet3 = 
    " 
       Look in thy glass and tell the face thou viewest 
       Now is the time that face should form another; 
       Whose fresh repair if now thou not renewest, 
       Thou dost beguile the world, unbless some mother. 
       For where is she so fair whose unear'd womb 
       Disdains the tillage of thy husbandry? 
       Or who is he so fond will be the tomb, 
       Of his self-love to stop posterity? 
       Thou art thy mother's glass and she in thee 
       Calls back the lovely April of her prime; 
       So thou through windows of thine age shalt see, 
       Despite of wrinkles this thy golden time. 
         But if thou live, remember'd not to be, 
         Die single and thine image dies with thee. 
     
      
       "

PDF Form

To read text data from PDF forms, use readPDFFormData. The function returns a struct
containing the data from the PDF form fields.

filename = "weatherReportForm1.pdf";
data = readPDFFormData(filename)

data = struct with fields:
         event_type: "Thunderstorm Wind"
    event_narrative: "Large tree down between Plantersville and Nettleton."

HTML

Extract text from HTML files, HTML code, and the web.

HTML File

To extract text data from a saved HTML file, use extractFileText.

filename = "exampleSonnets.html";
str = extractFileText(filename);
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View the forth sonnet by extracting the text between the two titles "IV" and "V".

start = newline + "IV" + newline;
fin = newline + "V" + newline;
sonnet4 = extractBetween(str,start,fin)

sonnet4 = 
    "
     Unthrifty loveliness, why dost thou spend
      Upon thy self thy beauty's legacy?
      Nature's bequest gives nothing, but doth lend,
      And being frank she lends to those are free:
      Then, beauteous niggard, why dost thou abuse
      The bounteous largess given thee to give?
      Profitless usurer, why dost thou use
      So great a sum of sums, yet canst not live?
      For having traffic with thy self alone,
      Thou of thy self thy sweet self dost deceive:
      Then how when nature calls thee to be gone,
      What acceptable audit canst thou leave?
      Thy unused beauty must be tombed with thee,
      Which, used, lives th' executor to be.
     "

HTML Code

To extract text data from a string containing HTML code, use extractHTMLText.

code = "<html><body><h1>THE SONNETS</h1><p>by William Shakespeare</p></body></html>";
str = extractHTMLText(code)

str = 
    "THE SONNETS
     
     by William Shakespeare"

From the Web

To extract text data from a web page, first read the HTML code using webread, and then
use extractHTMLText.

url = "https://www.mathworks.com/help/textanalytics";
code = webread(url);
str = extractHTMLText(code)
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str = 
    'Text Analytics Toolbox™ provides algorithms and visualizations for preprocessing, analyzing, and modeling text data. Models created with the toolbox can be used in applications such as sentiment analysis, predictive maintenance, and topic modeling.
     
     Text Analytics Toolbox includes tools for processing raw text from sources such as equipment logs, news feeds, surveys, operator reports, and social media. You can extract text from popular file formats, preprocess raw text, extract individual words, convert text into numerical representations, and build statistical models.
     
     Using machine learning techniques such as LSA, LDA, and word embeddings, you can find clusters and create features from high-dimensional text datasets. Features created with Text Analytics Toolbox can be combined with features from other data sources to build machine learning models that take advantage of textual, numeric, and other types of data.'

Parse HTML Code

To find particular elements of HTML code, parse the code using htmlTree and use
findElement. Parse the HTML code and find all the hyperlinks. The hyperlinks are
nodes with element name "A".

tree = htmlTree(code);
selector = "A";
subtrees = findElement(tree,selector);

View the first 10 subtrees and extract the text using extractHTMLText.

subtrees(1:10)

ans = 
  10×1 htmlTree:

    <A class="svg_link navbar-brand" href="https://www.mathworks.com?s_tid=gn_logo"><IMG alt="MathWorks" class="mw_logo" src="/images/responsive/global/pic-header-mathworks-logo.svg"/></A>
    <A class="mwa-nav_login" href="https://www.mathworks.com/login?uri=http://www.mathworks.com/help/textanalytics/index.html">Sign In</A>
    <A href="https://www.mathworks.com/products.html?s_tid=gn_ps">Products</A>
    <A href="https://www.mathworks.com/solutions.html?s_tid=gn_sol">Solutions</A>
    <A href="https://www.mathworks.com/academia.html?s_tid=gn_acad">Academia</A>
    <A href="https://www.mathworks.com/support.html?s_tid=gn_supp">Support</A>
    <A href="https://www.mathworks.com/matlabcentral/?s_tid=gn_mlc">Community</A>
    <A href="https://www.mathworks.com/company/events.html?s_tid=gn_ev">Events</A>
    <A href="https://www.mathworks.com/company/aboutus/contact_us.html?s_tid=gn_cntus">Contact Us</A>
    <A href="https://www.mathworks.com/store?s_cid=store_top_nav&amp;s_tid=gn_store">How to Buy</A>

str = extractHTMLText(subtrees);

View the extracted text of the first 10 hyperlinks.

str(1:10)

ans = 10×1 string array
    ""
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    "Sign In"
    "Products"
    "Solutions"
    "Academia"
    "Support"
    "Community"
    "Events"
    "Contact Us"
    "How to Buy"

To get the link targets, use getAttributes and specify the attribute "href" (hyperlink
reference). Get the link targets of the first 10 subtrees.

attr = "href";
str = getAttribute(subtrees(1:10),attr)

str = 10×1 string array
    "https://www.mathworks.com?s_tid=gn_logo"
    "https://www.mathworks.com/login?uri=http://www.mathworks.com/help/textanalytics/index.html"
    "https://www.mathworks.com/products.html?s_tid=gn_ps"
    "https://www.mathworks.com/solutions.html?s_tid=gn_sol"
    "https://www.mathworks.com/academia.html?s_tid=gn_acad"
    "https://www.mathworks.com/support.html?s_tid=gn_supp"
    "https://www.mathworks.com/matlabcentral/?s_tid=gn_mlc"
    "https://www.mathworks.com/company/events.html?s_tid=gn_ev"
    "https://www.mathworks.com/company/aboutus/contact_us.html?s_tid=gn_cntus"
    "https://www.mathworks.com/store?s_cid=store_top_nav&s_tid=gn_store"

CSV and Microsoft Excel Files

To extract text data from CSV and Microsoft Excel files, use readtable and extract the
text data from the table that it returns.

Extract the table data using the readtable function and view the first few rows of the
table.

T = readtable('weatherReports.csv','TextType','string');
head(T)

ans=8×16 table
            Time             event_id          state              event_type         damage_property    damage_crops    begin_lat    begin_lon    end_lat    end_lon                                                                                             event_narrative                                                                                             storm_duration    begin_day    end_day    year       end_timestamp    
    ____________________    __________    ________________    ___________________    _______________    ____________    _________    _________    _______    _______    _________________________________________________________________________________________________________________________________________________________________________________________________    ______________    _________    _______    ____    ____________________
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    22-Jul-2016 16:10:00    6.4433e+05    "MISSISSIPPI"       "Thunderstorm Wind"       ""                "0.00K"         34.14        -88.63     34.122     -88.626    "Large tree down between Plantersville and Nettleton."                                                                                                                                                  00:05:00          22          22       2016    22-Jul-0016 16:15:00
    15-Jul-2016 17:15:00    6.5182e+05    "SOUTH CAROLINA"    "Heavy Rain"              "2.00K"           "0.00K"         34.94        -81.03      34.94      -81.03    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."       00:00:00          15          15       2016    15-Jul-0016 17:15:00
    15-Jul-2016 17:25:00    6.5183e+05    "SOUTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.01        -80.93      35.01      -80.93    "NWS Columbia relayed a report of trees blown down along Tom Hall St."                                                                                                                                  00:00:00          15          15       2016    15-Jul-0016 17:25:00
    16-Jul-2016 12:46:00    6.5183e+05    "NORTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.64        -82.14      35.64      -82.14    "Media reported two trees blown down along I-40 in the Old Fort area."                                                                                                                                  00:00:00          16          16       2016    16-Jul-0016 12:46:00
    15-Jul-2016 14:28:00    6.4332e+05    "MISSOURI"          "Hail"                    ""                ""              36.45        -89.97      36.45      -89.97    ""                                                                                                                                                                                                      00:07:00          15          15       2016    15-Jul-0016 14:35:00
    15-Jul-2016 16:31:00    6.4332e+05    "ARKANSAS"          "Thunderstorm Wind"       ""                "0.00K"         35.85         -90.1     35.838     -90.087    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."                                                                                                                                    00:09:00          15          15       2016    15-Jul-0016 16:40:00
    15-Jul-2016 16:03:00    6.4343e+05    "TENNESSEE"         "Thunderstorm Wind"       "20.00K"          "0.00K"        35.056       -89.937      35.05     -89.904    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."                                                                                     00:07:00          15          15       2016    15-Jul-0016 16:10:00
    15-Jul-2016 17:27:00    6.4344e+05    "TENNESSEE"         "Hail"                    ""                ""             35.385        -89.78     35.385      -89.78    "Quarter size hail near Rosemark."                                                                                                                                                                      00:05:00          15          15       2016    15-Jul-0016 17:32:00

Extract the text data from the event_narrative column and view the first few strings.

str = T.event_narrative;
str(1:10)

ans = 10×1 string array
    "Large tree down between Plantersville and Nettleton."
    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."
    "NWS Columbia relayed a report of trees blown down along Tom Hall St."
    "Media reported two trees blown down along I-40 in the Old Fort area."
    ""
    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."
    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."
    "Quarter size hail near Rosemark."
    "Tin roof ripped off house on Old Memphis Road near Billings Drive. Several large trees down in the area."
    "Powerlines down at Walnut Grove and Cherry Lane roads."

Extract Text from Multiple Files

If your text data is contained in multiple files in a folder, then you can import the text data
into MATLAB using a file datastore.

Create a file datastore for the example sonnet text files. The examples files are named
"exampleSonnetN.txt", where N is the number of the sonnet. Specify the file name
using the wildcard "*" to find all file names of this structure. To specify the read function
to be extractFileText, input this function to fileDatastore using a function handle.

fds = fileDatastore('exampleSonnet*.txt','ReadFcn',@extractFileText)

fds = 
  FileDatastore with properties:

                       Files: {
                              ' ...\Documents\MATLAB\examples\textanalytics-ex15735454\exampleSonnet1.txt';
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                              ' ...\Documents\MATLAB\examples\textanalytics-ex15735454\exampleSonnet2.txt';
                              ' ...\Documents\MATLAB\examples\textanalytics-ex15735454\exampleSonnet3.txt'
                               ... and 1 more
                              }
                 UniformRead: 0
                     ReadFcn: @extractFileText
    AlternateFileSystemRoots: {}

Loop over the files in the datastore and read each text file.

str = [];
while hasdata(fds)
    textData = read(fds);
    str = [str; textData];
end

View the extracted text.

str

str = 4×1 string array
    "  From fairest creatures we desire increase,↵  That thereby beauty's rose might never die,↵  But as the riper should by time decease,↵  His tender heir might bear his memory:↵  But thou, contracted to thine own bright eyes,↵  Feed'st thy light's flame with self-substantial fuel,↵  Making a famine where abundance lies,↵  Thy self thy foe, to thy sweet self too cruel:↵  Thou that art now the world's fresh ornament,↵  And only herald to the gaudy spring,↵  Within thine own bud buriest thy content,↵  And tender churl mak'st waste in niggarding:↵    Pity the world, or else this glutton be,↵    To eat the world's due, by the grave and thee."
    "  When forty winters shall besiege thy brow,↵  And dig deep trenches in thy beauty's field,↵  Thy youth's proud livery so gazed on now,↵  Will be a tatter'd weed of small worth held:↵  Then being asked, where all thy beauty lies,↵  Where all the treasure of thy lusty days;↵  To say, within thine own deep sunken eyes,↵  Were an all-eating shame, and thriftless praise.↵  How much more praise deserv'd thy beauty's use,↵  If thou couldst answer 'This fair child of mine↵  Shall sum my count, and make my old excuse,'↵  Proving his beauty by succession thine!↵    This were to be new made when thou art old,↵    And see thy blood warm when thou feel'st it cold."
    "  Look in thy glass and tell the face thou viewest↵  Now is the time that face should form another;↵  Whose fresh repair if now thou not renewest,↵  Thou dost beguile the world, unbless some mother.↵  For where is she so fair whose unear'd womb↵  Disdains the tillage of thy husbandry?↵  Or who is he so fond will be the tomb,↵  Of his self-love to stop posterity?↵  Thou art thy mother's glass and she in thee↵  Calls back the lovely April of her prime;↵  So thou through windows of thine age shalt see,↵  Despite of wrinkles this thy golden time.↵    But if thou live, remember'd not to be,↵    Die single and thine image dies with thee."
    "  Unthrifty loveliness, why dost thou spend↵  Upon thy self thy beauty's legacy?↵  Nature's bequest gives nothing, but doth lend,↵  And being frank she lends to those are free:↵  Then, beauteous niggard, why dost thou abuse↵  The bounteous largess given thee to give?↵  Profitless usurer, why dost thou use↵  So great a sum of sums, yet canst not live?↵  For having traffic with thy self alone,↵  Thou of thy self thy sweet self dost deceive:↵  Then how when nature calls thee to be gone,↵  What acceptable audit canst thou leave?↵    Thy unused beauty must be tombed with thee,↵    Which, used, lives th' executor to be."

See Also
extractFileText | extractHTMLText | readPDFFormData | tokenizedDocument

Related Examples
• “Prepare Text Data for Analysis” on page 1-12
• “Create Simple Text Model for Classification” on page 2-2
• “Visualize Text Data Using Word Clouds” on page 3-2
• “Analyze Text Data Containing Emojis” on page 2-35
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9

1 Text Data Preparation

1-10



• “Classify Text Data Using Deep Learning” on page 2-53
• “Train a Sentiment Classifier” on page 2-43

 See Also
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Prepare Text Data for Analysis
This example shows how to create a function which cleans and preprocesses text data for
analysis.

Text data can be large and can contain lots of noise which negatively affects statistical
analysis. For example, text data can contain the following:

• Variations in case, for example "new" and "New"
• Variations in word forms, for example "walk" and "walking"
• Words which add noise, for example stop words such as "the" and "of"
• Punctuation and special characters
• HTML and XML tags

These word clouds illustrate word frequency analysis applied to some raw text data from
weather reports, and a preprocessed version of the same text data.

1 Text Data Preparation

1-12



Load and Extract Text Data

Load the example data. The file weatherReports.csv contains weather reports,
including a text description and categorical labels for each event.

filename = "weatherReports.csv";
data = readtable(filename,'TextType','string');

Extract the text data from the field event_narrative, and the label data from the field
event_type.

textData = data.event_narrative;
labels = data.event_type;
textData(1:10)
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ans = 10×1 string array
    "Large tree down between Plantersville and Nettleton."
    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."
    "NWS Columbia relayed a report of trees blown down along Tom Hall St."
    "Media reported two trees blown down along I-40 in the Old Fort area."
    ""
    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."
    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."
    "Quarter size hail near Rosemark."
    "Tin roof ripped off house on Old Memphis Road near Billings Drive. Several large trees down in the area."
    "Powerlines down at Walnut Grove and Cherry Lane roads."

Create Tokenized Documents

Create an array of tokenized documents.

cleanedDocuments = tokenizedDocument(textData);
cleanedDocuments(1:10)

ans = 
  10×1 tokenizedDocument:

     8 tokens: Large tree down between Plantersville and Nettleton .
    39 tokens: One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour . One vehicle was stalled in the water .
    14 tokens: NWS Columbia relayed a report of trees blown down along Tom Hall St .
    14 tokens: Media reported two trees blown down along I-40 in the Old Fort area .
     0 tokens:
    15 tokens: A few tree limbs greater than 6 inches down on HWY 18 in Roseland .
    20 tokens: Awning blown off a building on Lamar Avenue . Multiple trees down near the intersection of Winchester and Perkins .
     6 tokens: Quarter size hail near Rosemark .
    21 tokens: Tin roof ripped off house on Old Memphis Road near Billings Drive . Several large trees down in the area .
    10 tokens: Powerlines down at Walnut Grove and Cherry Lane roads .

Lemmatize the words using normalizeWords. To improve lemmatization, first add part
of speech details to the documents using addPartOfSpeechDetails.

cleanedDocuments = addPartOfSpeechDetails(cleanedDocuments);
cleanedDocuments = normalizeWords(cleanedDocuments,'Style','lemma');
cleanedDocuments(1:10)

ans = 
  10×1 tokenizedDocument:
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     8 tokens: large tree down between plantersville and nettleton .
    39 tokens: one to two foot of deep standing water develop on a street on the winthrop university campus after more than an inch of rain fall in less than an hour . one vehicle be stall in the water .
    14 tokens: nws columbia relay a report of tree blow down along tom hall st .
    14 tokens: medium report two tree blow down along i-40 in the old fort area .
     0 tokens:
    15 tokens: a few tree limb great than 6 inch down on hwy 18 in roseland .
    20 tokens: awning blow off a building on lamar avenue . multiple tree down near the intersection of winchester and perkins .
     6 tokens: quarter size hail near rosemark .
    21 tokens: tin roof rip off house on old memphis road near billings drive . several large tree down in the area .
    10 tokens: powerlines down at walnut grove and cherry lane road .

Erase the punctuation from the documents.

cleanedDocuments = erasePunctuation(cleanedDocuments);
cleanedDocuments(1:10)

ans = 
  10×1 tokenizedDocument:

     7 tokens: large tree down between plantersville and nettleton
    37 tokens: one to two foot of deep standing water develop on a street on the winthrop university campus after more than an inch of rain fall in less than an hour one vehicle be stall in the water
    13 tokens: nws columbia relay a report of tree blow down along tom hall st
    13 tokens: medium report two tree blow down along i40 in the old fort area
     0 tokens:
    14 tokens: a few tree limb great than 6 inch down on hwy 18 in roseland
    18 tokens: awning blow off a building on lamar avenue multiple tree down near the intersection of winchester and perkins
     5 tokens: quarter size hail near rosemark
    19 tokens: tin roof rip off house on old memphis road near billings drive several large tree down in the area
     9 tokens: powerlines down at walnut grove and cherry lane road

Words like "a", "and", "to", and "the" (known as stop words) can add noise to data.
Remove a list of stop words using the removeStopWords function.

cleanedDocuments = removeStopWords(cleanedDocuments);
cleanedDocuments(1:10)

ans = 
  10×1 tokenizedDocument:

     5 tokens: large tree down plantersville nettleton
    18 tokens: two foot deep standing water develop street winthrop university campus inch rain fall less hour vehicle stall water
    10 tokens: nws columbia relay report tree blow down tom hall st
    10 tokens: medium report two tree blow down i40 old fort area
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     0 tokens:
    10 tokens: few tree limb great 6 inch down hwy 18 roseland
    13 tokens: awning blow off building lamar avenue multiple tree down near intersection winchester perkins
     5 tokens: quarter size hail near rosemark
    16 tokens: tin roof rip off house old memphis road near billings drive several large tree down area
     7 tokens: powerlines down walnut grove cherry lane road

Remove words with 2 or fewer characters, and words with 15 or greater characters.

cleanedDocuments = removeShortWords(cleanedDocuments,2);
cleanedDocuments = removeLongWords(cleanedDocuments,15);
cleanedDocuments(1:10)

ans = 
  10×1 tokenizedDocument:

     5 tokens: large tree down plantersville nettleton
    18 tokens: two foot deep standing water develop street winthrop university campus inch rain fall less hour vehicle stall water
     9 tokens: nws columbia relay report tree blow down tom hall
    10 tokens: medium report two tree blow down i40 old fort area
     0 tokens:
     8 tokens: few tree limb great inch down hwy roseland
    13 tokens: awning blow off building lamar avenue multiple tree down near intersection winchester perkins
     5 tokens: quarter size hail near rosemark
    16 tokens: tin roof rip off house old memphis road near billings drive several large tree down area
     7 tokens: powerlines down walnut grove cherry lane road

Create Bag-of-Words Model

Create a bag-of-words model.

cleanedBag = bagOfWords(cleanedDocuments)

cleanedBag = 
  bagOfWords with properties:

          Counts: [36176×18469 double]
      Vocabulary: [1×18469 string]
        NumWords: 18469
    NumDocuments: 36176

Remove words that do not appear more than two times in the bag-of-words model.
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cleanedBag = removeInfrequentWords(cleanedBag,2)

cleanedBag = 
  bagOfWords with properties:

          Counts: [36176×6974 double]
      Vocabulary: [1×6974 string]
        NumWords: 6974
    NumDocuments: 36176

Some preprocessing steps such as removeInfrequentWords leaves empty documents in
the bag-of-words model. To ensure that no empty documents remain in the bag-of-words
model after preprocessing, use removeEmptyDocuments as the last step.

Remove empty documents from the bag-of-words model and the corresponding labels
from labels.

[cleanedBag,idx] = removeEmptyDocuments(cleanedBag);
labels(idx) = [];
cleanedBag

cleanedBag = 
  bagOfWords with properties:

          Counts: [28137×6974 double]
      Vocabulary: [1×6974 string]
        NumWords: 6974
    NumDocuments: 28137

Create a Preprocessing Function

It can be useful to create a function which performs preprocessing so you can prepare
different collections of text data in the same way. For example, you can use a function so
that you can preprocess new data using the same steps as the training data.

Create a function which tokenizes and preprocesses the text data so it can be used for
analysis. The function preprocessWeatherNarratives, performs the following steps:

1 Tokenize the text using tokenizedDocument.
2 Lemmatize the words using normalizeWords.
3 Erase punctuation using erasePunctuation.
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4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.

Use the example preprocessing function preprocessWeatherNarratives to prepare
the text data.

newText = "A tree is downed outside Apple Hill Drive, Natick";
newDocuments = preprocessWeatherNarratives(newText)

newDocuments = 
  tokenizedDocument:

   7 tokens: tree down outside apple hill drive natick

Compare with Raw Data

Compare the preprocessed data with the raw data.

rawDocuments = tokenizedDocument(textData);
rawBag = bagOfWords(rawDocuments)

rawBag = 
  bagOfWords with properties:

          Counts: [36176×23302 double]
      Vocabulary: [1×23302 string]
        NumWords: 23302
    NumDocuments: 36176

Calculate the reduction in data.

numWordsCleaned = cleanedBag.NumWords;
numWordsRaw = rawBag.NumWords;
reduction = 1 - numWordsCleaned/numWordsRaw

reduction = 0.7007

Compare the raw data and the cleaned data by visualizing the two bag-of-words models
using word clouds.

figure
subplot(1,2,1)
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wordcloud(rawBag);
title("Raw Data")
subplot(1,2,2)
wordcloud(cleanedBag);
title("Cleaned Data")

Preprocessing Function

The function preprocessWeatherNarratives, performs the following steps in order:

1 Tokenize the text using tokenizedDocument.
2 Lemmatize the words using normalizeWords.
3 Erase punctuation using erasePunctuation.
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4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.

function documents = preprocessWeatherNarratives(textData)

% Tokenize the text.
documents = tokenizedDocument(textData);

% Lemmatize the words. To improve lemmatization, first use
% addPartOfSpeechDetails.
documents = addPartOfSpeechDetails(documents);
documents = normalizeWords(documents,'Style','lemma');

% Erase punctuation.
documents = erasePunctuation(documents);

% Remove a list of stop words.
documents = removeStopWords(documents);

% Remove words with 2 or fewer characters, and words with 15 or more
% characters.
documents = removeShortWords(documents,2);
documents = removeLongWords(documents,15);

end

See Also
addPartOfSpeechDetails | bagOfWords | erasePunctuation | normalizeWords |
removeEmptyDocuments | removeInfrequentWords | removeLongWords |
removeShortWords | removeStopWords | tokenizedDocument | wordcloud

Related Examples
• “Extract Text Data from Files” on page 1-2
• “Create Simple Text Model for Classification” on page 2-2
• “Visualize Text Data Using Word Clouds” on page 3-2
• “Analyze Text Data Containing Emojis” on page 2-35
• “Analyze Text Data Using Topic Models” on page 2-18
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• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Classify Text Data Using Deep Learning” on page 2-53
• “Train a Sentiment Classifier” on page 2-43

 See Also
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Parse HTML and Extract Text Content
This example shows how to parse HTML code and extract the text content from particular
elements.

Parse HTML Code

Read HTML code from the URL https://www.mathworks.com/help/textanalytics
using webread.

url = "https://www.mathworks.com/help/textanalytics";
code = webread(url);

Parse the HTML code using htmlTree.

tree = htmlTree(code);

View the HTML element name of the tree.

tree.Name

ans = 
"HTML"

View the child elements of the tree. The children are subtrees of tree.

tree.Children

ans = 
  4×1 htmlTree:

    " "
    <HEAD><TITLE>Text Analytics Toolbox Documentation</TITLE><META charset="utf-8"/><META content="width=device-width, initial-scale=1.0" name="viewport"/><META content="IE=edge" http-equiv="X-UA-Compatible"/><LINK href="/includes_content/responsive/css/bootstrap/bootstrap.min.css" rel="stylesheet" type="text/css"/><LINK href="/includes_content/responsive/css/site6.css?20180314" rel="stylesheet" type="text/css"/><LINK href="/includes_content/responsive/css/site6_lg.css?20180314" media="screen and (min-width: 1200px)" rel="stylesheet"/><LINK href="/includes_content/responsive/css/site6_md.css?20180314" media="screen and (min-width: 992px) and (max-width: 1199px)" rel="stylesheet"/><LINK href="/includes_content/responsive/css/site6_sm+xs.css?20180314" media="screen and (max-width: 991px)" rel="stylesheet"/><LINK href="/includes_content/responsive/css/site6_sm.css?20180314" media="screen and (min-width: 768px) and (max-width: 991px)" rel="stylesheet"/><LINK href="/includes_content/responsive/…
    " "
    <BODY id="responsive_offcanvas"><!-- Mobile TopNav: Start --><DIV class="header visible-xs visible-sm" id="header_mobile" translate="no"><NAV class="navbar navbar-default" role="navigation"><DIV class="container-fluid"><DIV class="row"><DIV class="col-xs-12"><DIV class="navbar-header"><BUTTON class="navbar-toggle topnav_toggle" data-target="#topnav_collapse" data-toggle="collapse" type="button"><SPAN class="sr-only">Toggle Main Navigation</SPAN><SPAN class="icon-menu"/></BUTTON><A class="svg_link navbar-brand" href="https://www.mathworks.com?s_tid=gn_logo"><IMG alt="MathWorks" class="mw_logo" src="/images/responsive/global/pic-header-mathworks-logo.svg"/></A></DIV></DIV></DIV><DIV class="row visible-xs visible-sm"><DIV class="col-xs-12"><DIV class="navbar-collapse collapse" id="topnav_collapse"><UL class="nav navbar-nav" id="topnav"><LI class="headernav_login"><A class="mwa-nav_login" href="https://www.mathworks.com/login?uri=http://www.mathworks.com/help/textanalytics/index.html">Sign…

Extract Text from HTML Tree

To extract text directly from the HTML tree, use extractHTMLText.

str = extractHTMLText(tree)

str = 
    "Text Analytics Toolbox™ provides algorithms and visualizations for preprocessing, analyzing, and modeling text data. Models created with the toolbox can be used in applications such as sentiment analysis, predictive maintenance, and topic modeling.
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     Text Analytics Toolbox includes tools for processing raw text from sources such as equipment logs, news feeds, surveys, operator reports, and social media. You can extract text from popular file formats, preprocess raw text, extract individual words, convert text into numerical representations, and build statistical models.
     
     Using machine learning techniques such as LSA, LDA, and word embeddings, you can find clusters and create features from high-dimensional text datasets. Features created with Text Analytics Toolbox can be combined with features from other data sources to build machine learning models that take advantage of textual, numeric, and other types of data."

Find HTML Elements

To find particular elements of an HTML tree, use findElement. Find all the hyperlinks in
the HTML tree. In HTML, hyperlinks use the "A" tag.

selector = "A";
subtrees = findElement(tree,selector);

View the first few subtrees.

subtrees(1:20)

ans = 
  20×1 htmlTree:

    <A class="svg_link navbar-brand" href="https://www.mathworks.com?s_tid=gn_logo"><IMG alt="MathWorks" class="mw_logo" src="/images/responsive/global/pic-header-mathworks-logo.svg"/></A>
    <A class="mwa-nav_login" href="https://www.mathworks.com/login?uri=http://www.mathworks.com/help/textanalytics/index.html">Sign In</A>
    <A href="https://www.mathworks.com/products.html?s_tid=gn_ps">Products</A>
    <A href="https://www.mathworks.com/solutions.html?s_tid=gn_sol">Solutions</A>
    <A href="https://www.mathworks.com/academia.html?s_tid=gn_acad">Academia</A>
    <A href="https://www.mathworks.com/support.html?s_tid=gn_supp">Support</A>
    <A href="https://www.mathworks.com/matlabcentral/?s_tid=gn_mlc">Community</A>
    <A href="https://www.mathworks.com/company/events.html?s_tid=gn_ev">Events</A>
    <A href="https://www.mathworks.com/company/aboutus/contact_us.html?s_tid=gn_cntus">Contact Us</A>
    <A href="https://www.mathworks.com/store?s_cid=store_top_nav&amp;s_tid=gn_store">How to Buy</A>
    <A href="https://www.mathworks.com/company/aboutus/contact_us.html?s_tid=gn_cntus">Contact Us</A>
    <A href="https://www.mathworks.com/store?s_cid=store_top_nav&amp;s_tid=gn_store">How to Buy</A>
    <A class="mwa-nav_login" href="https://www.mathworks.com/login?uri=http://www.mathworks.com/help/textanalytics/index.html">Sign In</A>
    <A class="svg_link pull-left" href="https://www.mathworks.com?s_tid=gn_logo"><IMG alt="MathWorks" class="mw_logo" src="/images/responsive/global/pic-header-mathworks-logo.svg"/></A>
    <A href="https://www.mathworks.com/products.html?s_tid=gn_ps">Products</A>
    <A href="https://www.mathworks.com/solutions.html?s_tid=gn_sol">Solutions</A>
    <A href="https://www.mathworks.com/academia.html?s_tid=gn_acad">Academia</A>
    <A href="https://www.mathworks.com/support.html?s_tid=gn_supp">Support</A>
    <A href="https://www.mathworks.com/matlabcentral/?s_tid=gn_mlc">Community</A>
    <A href="https://www.mathworks.com/company/events.html?s_tid=gn_ev">Events</A>

Create a word cloud from the text of the hyperlinks.
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str = extractHTMLText(subtrees);
figure
wordcloud(str);
title("Hyperlinks")

Get HTML Attributes

Get the class attributes from the paragraph elements in the HTML tree.

subtrees = findElement(tree,'p');
attr = "class";
str = getAttribute(subtrees,attr)

str = 21×1 string array
    <missing>
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    <missing>
    "add_margin_5"
    <missing>
    <missing>
    <missing>
    <missing>
    <missing>
    "category_desc"
    "category_desc"
    "category_desc"
    "category_desc"
    <missing>
    <missing>
    <missing>
    "text-center"
    <missing>
    <missing>
    <missing>
    "copyright"
    <missing>

Create a word cloud from the text contained in paragraph elements with class
"category_desc".

subtrees = findElement(tree,'p.category_desc');
str = extractHTMLText(subtrees);
figure
wordcloud(str);
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See Also
extractHTMLText | findElement | getAttribute | htmlTree |
tokenizedDocument

Related Examples
• “Prepare Text Data for Analysis” on page 1-12
• “Create Simple Text Model for Classification” on page 2-2
• “Visualize Text Data Using Word Clouds” on page 3-2
• “Analyze Text Data Using Topic Models” on page 2-18

1 Text Data Preparation

1-26



• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Classify Text Data Using Deep Learning” on page 2-53
• “Train a Sentiment Classifier” on page 2-43

 See Also
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Correct Spelling Using Edit Distance Searchers
This example shows how to correct spelling using edit distance searchers and a
vocabulary of known words.

If you have misspelled words in a collection of text, then you can use edit distance
searchers to find the nearest correctly spelled words to a given vocabulary. To correct the
spelling of misspelled words in documents, replace them with the nearest neighbors in
the vocabulary.

Lemmatization with normalizeWords and word2vec requires correctly spelled words to
work. Use edit distance searchers to find the nearest correctly spelled word to misspelled
words according to an edit distance. For example, the number of adjacent grapheme
swaps and grapheme insertions, deletions, and substitutions.

Load Data

Create a vocabulary of known words. Download the Spell Checking Oriented Word Lists
(SCOWL) from https://sourceforge.net/projects/wordlist/. Import the words from the
downloaded data using the supporting function scowlWordList.

folderName = "scowl-2018.04.16";
maxSize = 60;
vocabulary = scowlWordList(folderName,'english',maxSize);

View the number of words in the vocabulary.

numWords = numel(vocabulary)

numWords = 98129

Create Simple Spelling Corrector

Using the imported vocabulary, create an edit distance searcher with a maximum distance
of 2. For better results, allow for adjacent grapheme swaps by setting the 'SwapCost'
option to 1. For large vocabularies, this can take a few minutes.

maxDist = 2;
eds = editDistanceSearcher(vocabulary,maxDist,'SwapCost',1);

This edit distance searcher is case sensitive which means that changing the case of
characters contributes to the edit distance. For example, the searcher can find the
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neighbor "testing" for the word "tseting" because it has edit distance 1 (one swap), but
not of the word "TSeTiNG" because it has edit distance 6.

Correct Spelling

Correct the spelling of misspelled words in an array of tokenized documents by selecting
the misspelled words and finding the nearest neighbors in the edit distance searcher.

Create a tokenized document object containing typos and spelling mistakes.

str = "An exmaple dccoument with typos and averyunusualword.";
document = tokenizedDocument(str)

document = 
  tokenizedDocument:

   8 tokens: An exmaple dccoument with typos and averyunusualword .

Convert the documents to a string array of words using the string function.

words = string(document)

words = 1×8 string array
    "An"    "exmaple"    "dccoument"    "with"    "typos"    "and"    "averyunusualword"    "."

Find the words that need correction. To ignore words that are correctly spelled, find the
indices of the words already in the vocabulary. To ignore punctuation and complex tokens
such as email addresses, find the indices of the words which do not have the token types
"letters" or "other". Get the token details from the document using the tokenDetails
function.

tdetails = tokenDetails(document);
idxVocabularyWords = ismember(tdetails.Token,eds.Vocabulary);

idxComplexTokens = ...
    tdetails.Type ~= "letters" & ...
    tdetails.Type ~= "other";

idxWordsToCheck = ...
    ~idxVocabularyWords & ...
    ~idxComplexTokens

idxWordsToCheck = 8×1 logical array
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   1
   1
   1
   0
   0
   0
   1
   0

Find the numeric indices of the words and view the corresponding words.

idxWordsToCheck = find(idxWordsToCheck)

idxWordsToCheck = 4×1

     1
     2
     3
     7

wordsToCheck = words(idxWordsToCheck)

wordsToCheck = 1×4 string array
    "An"    "exmaple"    "dccoument"    "averyunusualword"

Notice that the word "An" is flagged as a word to check. This word is flagged because the
vocabulary does not contain the word "An" with an uppercase "A". A later section in the
example shows how to create a case insensitive spelling corrector.

Find the nearest words and their distances using the knnsearch function with the edit
distance searcher.

[idxNearestWords,d] = knnsearch(eds,wordsToCheck)

idxNearestWords = 4×1

         165
        1353
        1152
         NaN
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d = 4×1

     1
     1
     2
   Inf

If any of the words are not found in the searcher, then the function returns index NaN with
distance Inf. The word "averyunusualword" does not have a match within edit distance 2,
so the function returns the index NaN for that word.

Find the indices of the words with positive finite edit distances.

idxMatches = ~isnan(idxNearestWords)

idxMatches = 4×1 logical array

   1
   1
   1
   0

Get the indices of the words with matches in the searcher and view the corresponding
corrected words in the vocabulary.

idxCorrectedWords = idxNearestWords(idxMatches)

idxCorrectedWords = 3×1

         165
        1353
        1152

correctedWords = eds.Vocabulary(idxCorrectedWords)

correctedWords = 1×3 string array
    "an"    "example"    "document"

Replace the misspelled words that have matches with the corrected words.

idxToCorrect = idxWordsToCheck(idxMatches);
words(idxToCorrect) = correctedWords
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words = 1×8 string array
    "an"    "example"    "document"    "with"    "typos"    "and"    "averyunusualword"    "."

To create a tokenized document of these words, use the tokenizedDocument function
and set 'TokenizedMethod' to 'none'.

document = tokenizedDocument(words,'TokenizeMethod','none')

document = 
  tokenizedDocument:

   8 tokens: an example document with typos and averyunusualword .

The next section shows how to correct the spelling of multiple documents at once by
creating a custom spelling correction function and using docfun.

Create Spelling Correction Function

To correct the spelling in multiple documents at once, create a custom function using the
code from the previous section and use this function with the docfun function.

Create a function that takes an edit distance searcher, a string array of words, and the
corresponding table of token details as inputs and outputs the corrected words. The
correctSpelling function, listed at the end of the example, corrects the spelling in a
string array of words using the corresponding token details and an edit distance searcher.

To use this function with the docfun function, create a function handle that takes a string
array of words and the corresponding table of token details as the inputs.

func = @(words,tdetails) correctSpelling(eds,words,tdetails);

Correct the spelling of an array of tokenized documents using docfun with the function
handle func.

str = [
    "Here is some reallyu badly wrirten texct."
    "Some moree mitsakes here too."];
documents = tokenizedDocument(str);
documentsCorrected = docfun(func,documents)

documentsCorrected = 
  2×1 tokenizedDocument:
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    8 tokens: here is some really badly written text .
    6 tokens: come more mistakes here too .

Note that uppercase characters can get corrected to different lowercase characters. For
example, the word "Some" can get corrected to "come". If multiple words in the edit
distance searcher vocabulary have the same edit distance to the input, then the function
outputs the first result it found. For example, the words "come" and "some" both have edit
distance 1 from the word "Some".

The next section shows how to create an spelling corrector that is case insensitive.

Create Case Insensitive Spelling Corrector

To prevent differences in case clashing with other substitutions, create an edit distance
searcher with the vocabulary in lower case and convert the documents to lowercase
before using the edit distance searcher.

Convert the vocabulary to lowercase. This operation can introduce duplicate words,
remove them by taking the unique values only.

vocabularyLower = lower(vocabulary);
vocabularyLower = unique(vocabularyLower);

Create an edit distance searcher using the lowercase vocabulary using the same options
as before. This can take a few minutes to run.

maxDist = 2;
eds = editDistanceSearcher(vocabularyLower,maxDist,'SwapCost',1);

Use the edit distance searcher to correct the spelling of the words in tokenized document.
To use the case insensitive spelling corrector, convert the documents to lowercase.

documentsLower = lower(documents);

Correct the spelling using the new edit distance searcher using same steps as before.

func = @(words,tdetails) correctSpelling(eds,words,tdetails);
documentsCorrected = docfun(func,documentsLower)

documentsCorrected = 
  2×1 tokenizedDocument:
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    8 tokens: here is some really badly written text .
    6 tokens: some more mistakes here too .

Here, the word "Some" in the original text is converted to "some" before being input to
the spelling corrector. The corresponding word "some" is unaffected by the searcher as
the word some occurs in the vocabulary.

Spelling Correction Function

The correctSpelling function corrects the spelling in a string array of words using the
corresponding token details and an edit distance searcher. You can use this function with
docfun to correct the spelling of multiple documents at once.

function words = correctSpelling(eds,words,tdetails)

% Get indices of misspelled words ignoring complex tokens.
idxVocabularyWords = ismember(tdetails.Token,eds.Vocabulary);

idxComplexTokens = ...
    tdetails.Type ~= "letters" & ...
    tdetails.Type ~= "other";

idxWordsToCheck = ...
    ~idxVocabularyWords & ...
    ~idxComplexTokens;

% Convert to numeric indices.
idxWordsToCheck = find(idxWordsToCheck);

% Find nearest words.
wordsToCheck = words(idxWordsToCheck);
idxNearestWords = knnsearch(eds,wordsToCheck);

% Find words with matches.
idxMatches = ~isnan(idxNearestWords);

% Get corrected words.
idxCorrectedWords = idxNearestWords(idxMatches);
correctedWords = eds.Vocabulary(idxCorrectedWords);

% Correct words.
idxToCorrect = idxWordsToCheck(idxMatches);
words(idxToCorrect) = correctedWords;
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end

See Also
docfun | editDistance | editDistanceSearcher | knnsearch | tokenDetails |
tokenizedDocument

More About
• “Prepare Text Data for Analysis” on page 1-12
• “Create Simple Text Model for Classification” on page 2-2
• “Visualize Text Data Using Word Clouds” on page 3-2
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Classify Text Data Using Deep Learning” on page 2-53
• “Train a Sentiment Classifier” on page 2-43
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• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Analyze Text Data Using Topic Models” on page 2-18
• “Choose Number of Topics for LDA Model” on page 2-25
• “Compare LDA Solvers” on page 2-30
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Create Simple Text Model for Classification
This example shows how to train a simple text classifier on word frequency counts using a
bag-of-words model.

You can create a simple classification model which uses word frequency counts as
predictors. This example trains a simple classification model to predict the event type of
weather reports using text descriptions.

To reproduce the results of this example, set rng to 'default'.

rng('default')

Load and Extract Text Data

Load the example data. The file weatherReports.csv contains weather reports,
including a text description and categorical labels for each event.

filename = "weatherReports.csv";
data = readtable(filename,'TextType','string'); 
head(data)

ans=8×16 table
            Time             event_id          state              event_type         damage_property    damage_crops    begin_lat    begin_lon    end_lat    end_lon                                                                                             event_narrative                                                                                             storm_duration    begin_day    end_day    year       end_timestamp    
    ____________________    __________    ________________    ___________________    _______________    ____________    _________    _________    _______    _______    _________________________________________________________________________________________________________________________________________________________________________________________________    ______________    _________    _______    ____    ____________________

    22-Jul-2016 16:10:00    6.4433e+05    "MISSISSIPPI"       "Thunderstorm Wind"       ""                "0.00K"         34.14        -88.63     34.122     -88.626    "Large tree down between Plantersville and Nettleton."                                                                                                                                                  00:05:00          22          22       2016    22-Jul-0016 16:15:00
    15-Jul-2016 17:15:00    6.5182e+05    "SOUTH CAROLINA"    "Heavy Rain"              "2.00K"           "0.00K"         34.94        -81.03      34.94      -81.03    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."       00:00:00          15          15       2016    15-Jul-0016 17:15:00
    15-Jul-2016 17:25:00    6.5183e+05    "SOUTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.01        -80.93      35.01      -80.93    "NWS Columbia relayed a report of trees blown down along Tom Hall St."                                                                                                                                  00:00:00          15          15       2016    15-Jul-0016 17:25:00
    16-Jul-2016 12:46:00    6.5183e+05    "NORTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.64        -82.14      35.64      -82.14    "Media reported two trees blown down along I-40 in the Old Fort area."                                                                                                                                  00:00:00          16          16       2016    16-Jul-0016 12:46:00
    15-Jul-2016 14:28:00    6.4332e+05    "MISSOURI"          "Hail"                    ""                ""              36.45        -89.97      36.45      -89.97    ""                                                                                                                                                                                                      00:07:00          15          15       2016    15-Jul-0016 14:35:00
    15-Jul-2016 16:31:00    6.4332e+05    "ARKANSAS"          "Thunderstorm Wind"       ""                "0.00K"         35.85         -90.1     35.838     -90.087    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."                                                                                                                                    00:09:00          15          15       2016    15-Jul-0016 16:40:00
    15-Jul-2016 16:03:00    6.4343e+05    "TENNESSEE"         "Thunderstorm Wind"       "20.00K"          "0.00K"        35.056       -89.937      35.05     -89.904    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."                                                                                     00:07:00          15          15       2016    15-Jul-0016 16:10:00
    15-Jul-2016 17:27:00    6.4344e+05    "TENNESSEE"         "Hail"                    ""                ""             35.385        -89.78     35.385      -89.78    "Quarter size hail near Rosemark."                                                                                                                                                                      00:05:00          15          15       2016    15-Jul-0016 17:32:00

Remove rows with empty reports.

idx = strlength(data.event_narrative) == 0;
data(idx,:) = [];

Convert the labels in the event_type column of the table to categorical and view the
distribution of the classes in the data using a histogram.
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data.event_type = categorical(data.event_type);
figure
h = histogram(data.event_type);
xlabel("Class")
ylabel("Frequency")
title("Class Distribution")

The classes of the data are imbalanced, with several classes containing few observations.
To ensure that you can partition the data so that the partitions contain observations for
each class, remove any classes which appear fewer than ten times.

Get the frequency counts of the classes and their names from the histogram.
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classCounts = h.BinCounts;
classNames = h.Categories;

Find the classes containing fewer than ten observations and remove these infrequent
classes from the data.

idxLowCounts = classCounts < 10;
infrequentClasses = classNames(idxLowCounts);
idxInfrequent = ismember(data.event_type,infrequentClasses);
data(idxInfrequent,:) = [];

Partition the data into a training partition and a held-out test set. Specify the holdout
percentage to be 10%.

cvp = cvpartition(data.event_type,'Holdout',0.1);
dataTrain = data(cvp.training,:);
dataTest = data(cvp.test,:);

Extract the text data and labels from the tables.

textDataTrain = dataTrain.event_narrative;
textDataTest = dataTest.event_narrative;
YTrain = dataTrain.event_type;
YTest = dataTest.event_type;

Prepare Text Data for Analysis

Create a function which tokenizes and preprocesses the text data so it can be used for
analysis. The function preprocessWeatherNarratives, performs the following steps in
order:

1 Tokenize the text using tokenizedDocument.
2 Lemmatize the words using normalizeWords.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.

Use the example preprocessing function preprocessWeatherNarratives to prepare
the text data.

documents = preprocessWeatherNarratives(textDataTrain);
documents(1:5)
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ans = 
  5×1 tokenizedDocument:

     5 tokens: large tree down plantersville nettleton
    18 tokens: two foot deep standing water develop street winthrop university campus inch rain fall less hour vehicle stall water
     9 tokens: nws columbia relay report tree blow down tom hall
    10 tokens: medium report two tree blow down i40 old fort area
     8 tokens: few tree limb great inch down hwy roseland

Create a bag-of-words model from the tokenized documents.

bag = bagOfWords(documents)

bag = 
  bagOfWords with properties:

          Counts: [25316×17524 double]
      Vocabulary: [1×17524 string]
        NumWords: 17524
    NumDocuments: 25316

Remove words from the bag-of-words model that do not appear more than two times in
total. Remove any documents containing no words from the bag-of-words model, and
remove the corresponding entries in labels.

bag = removeInfrequentWords(bag,2);
[bag,idx] = removeEmptyDocuments(bag);
YTrain(idx) = [];
bag

bag = 
  bagOfWords with properties:

          Counts: [25315×6534 double]
      Vocabulary: [1×6534 string]
        NumWords: 6534
    NumDocuments: 25315

Train Supervised Classifier

Train a supervised classification model using the word frequency counts from the bag-of-
words model and the labels.
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Train a multiclass linear classification model using fitcecoc. Specify the Counts
property of the bag-of-words model to be the predictors, and the event type labels to be
the response. Specify the learners to be linear. These learners support sparse data input.

XTrain = bag.Counts;
mdl = fitcecoc(XTrain,YTrain,'Learners','linear')

mdl = 
  classreg.learning.classif.CompactClassificationECOC
      ResponseName: 'Y'
        ClassNames: [1×39 categorical]
    ScoreTransform: 'none'
    BinaryLearners: {741×1 cell}
      CodingMatrix: [39×741 double]

  Properties, Methods

For a better fit, you can try specifying different parameters of the linear learners. For
more information on linear classification learner templates, see templateLinear.

Test Classifier

Predict the labels of the test data using the trained model and calculate the classification
accuracy. The classification accuracy is the proportion of the labels that the model
predicts correctly.

Preprocess the test data using the same preprocessing steps as the training data. Encode
the resulting test documents as a matrix of word frequency counts according to the bag-
of-words model.

documentsTest = preprocessWeatherNarratives(textDataTest);
XTest = encode(bag,documentsTest);

Predict the labels of the test data using the trained model and calculate the classification
accuracy.

YPred = predict(mdl,XTest);
acc = sum(YPred == YTest)/numel(YTest)

acc = 0.8808
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Predict Using New Data

Classify the event type of new weather reports. Create a string array containing the new
weather reports.

str = [ ...
    "A large tree is downed and blocking traffic outside Apple Hill."
    "Damage to many car windshields in parking lot."
    "Lots of water damage to computer equipment inside the office."];
documentsNew = preprocessWeatherNarratives(str);
XNew = encode(bag,documentsNew);
labelsNew = predict(mdl,XNew)

labelsNew = 3×1 categorical array
     Thunderstorm Wind 
     Thunderstorm Wind 
     Flash Flood 

Example Preprocessing Function

The function preprocessWeatherNarratives, performs the following steps in order:

1 Tokenize the text using tokenizedDocument.
2 Lemmatize the words using normalizeWords.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.

function documents = preprocessWeatherNarratives(textData)

% Tokenize the text.
documents = tokenizedDocument(textData);

% Lemmatize the words. To improve lemmatization, first use
% addPartOfSpeechDetails.
documents = addPartOfSpeechDetails(documents);
documents = normalizeWords(documents,'Style','lemma');

% Erase punctuation.
documents = erasePunctuation(documents);
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% Remove a list of stop words.
documents = removeStopWords(documents);

% Remove words with 2 or fewer characters, and words with 15 or more
% characters.
documents = removeShortWords(documents,2);
documents = removeLongWords(documents,15);

end

See Also
addPartOfSpeechDetails | bagOfWords | encode | erasePunctuation |
normalizeWords | removeLongWords | removeShortWords | removeStopWords |
tokenizedDocument | wordcloud

Related Examples
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Analyze Text Data Containing Emojis” on page 2-35
• “Train a Sentiment Classifier” on page 2-43
• “Classify Text Data Using Deep Learning” on page 2-53
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
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Analyze Text Data Using Multiword Phrases
This example shows how to analyze text using n-gram frequency counts.

N-Grams

An n-gram is a tuple of n consecutive words. For example, a bigram (the case when n = 2)
is a pair of consecutive words such as "heavy rainfall". A unigram (the case when n = 1) is
a single word. A bag-of-n-grams model records the number of times that different n-grams
appear in document collections.

Using a bag-of-n-grams model, you can retain more information on word ordering in the
original text data. For example, a bag-of-n-grams model is better suited for capturing
short phrases which appear in the text, such as "heavy rainfall" and "thunderstorm
winds".

To create a bag-of-n-grams model, use bagOfNgrams. You can input bagOfNgrams
objects into other Text Analytics Toolbox functions such as wordcloud and fitlda.

Load and Extract Text Data

To reproduce the results of this example, set rng to 'default'.

rng('default')

Load the example data. The file weatherReports.csv contains weather reports,
including a text description and categorical labels for each event. Remove the rows with
empty reports.

filename = "weatherReports.csv";
data = readtable(filename,'TextType','String');
idx = strlength(data.event_narrative) == 0;
data(idx,:) = [];

Extract the text data from the table and view the first few reports.

textData = data.event_narrative;
textData(1:5)

ans = 5×1 string array
    "Large tree down between Plantersville and Nettleton."
    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."
    "NWS Columbia relayed a report of trees blown down along Tom Hall St."
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    "Media reported two trees blown down along I-40 in the Old Fort area."
    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."

Prepare Text Data for Analysis

Create a function which tokenizes and preprocesses the text data so it can be used for
analysis. The function preprocessWeatherNarratives listed at the end of the
example, performs the following steps:

1 Convert the text data to lowercase using lower.
2 Tokenize the text using tokenizedDocument.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.
7 Lemmatize the words using normalizeWords.

Use the example preprocessing function preprocessWeatherNarratives to prepare
the text data.

documents = preprocessWeatherNarratives(textData);
documents(1:5)

ans = 
  5×1 tokenizedDocument:

   (1,1)   5 tokens: large tree down plantersville nettleton
   (2,1)  18 tokens: two foot deep standing water develop street winthrop unive…
   (3,1)   9 tokens: nws columbia relayed report tree blow down tom hall
   (4,1)  10 tokens: medium report two tree blow down i40 old fort area
   (5,1)   8 tokens: few tree limb great inches down hwy roseland

Create Word Cloud of Bigrams

Create a word cloud of bigrams by first creating a bag-of-n-grams model using
bagOfNgrams, and then inputting the model to wordcloud.

To count the n-grams of length 2 (bigrams), use bagOfNgrams with the default options.

bag = bagOfNgrams(documents)
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bag = 
  bagOfNgrams with properties:

          Counts: [28138×117043 double]
      Vocabulary: [1×18409 string]
          Ngrams: [117043×2 string]
    NgramLengths: 2
       NumNgrams: 117043
    NumDocuments: 28138

Visualize the bag-of-n-grams model using a word cloud.

figure
wordcloud(bag);
title("Weather Reports: Preprocessed Bigrams")
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Fit Topic Model to Bag-of-N-Grams

A Latent Dirichlet Allocation (LDA) model is a topic model which discovers underlying
topics in a collection of documents and infers the word probabilities in topics.

Create an LDA topic model with 10 topics using fitlda. The function fits an LDA model
by treating the n-grams as single words.

mdl = fitlda(bag,10);

Initial topic assignments sampled in 0.741989 seconds.
=====================================================================================
| Iteration  |  Time per  |  Relative  |  Training  |     Topic     |     Topic     |
|            | iteration  | change in  | perplexity | concentration | concentration |
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|            | (seconds)  |   log(L)   |            |               |   iterations  |
=====================================================================================
|          0 |       2.81 |            |  2.043e+04 |         2.500 |             0 |
|          1 |       3.62 | 6.8345e-02 |  1.083e+04 |         2.500 |             0 |
|          2 |       3.54 | 1.9129e-03 |  1.064e+04 |         2.500 |             0 |
|          3 |       3.79 | 2.4671e-04 |  1.061e+04 |         2.500 |             0 |
|          4 |       3.81 | 8.5912e-05 |  1.060e+04 |         2.500 |             0 |
=====================================================================================

Visualize the first four topics as word clouds.

figure
for i = 1:4
    subplot(2,2,i)
    wordcloud(mdl,i);
    title("LDA Topic " + i)
end
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The word clouds highlight commonly co-occuring bigrams in the LDA topics. The function
plots the bigrams with sizes according to their probabilities for the specified LDA topics.

Analyze Text Using Longer Phrases

To analyze text using longer phrases, specify the 'NGramLengths' option in
bagOfNgrams to be a larger value.

When working with longer phrases, it can be useful to keep stop words in the model. For
example, to detect the phrase "is not happy", keep the stop words "is" and "not" in the
model.

Preprocess the text. Erase the punctuation using erasePunctuation, and tokenize
using tokenizedDocument.

2 Modeling and Prediction

2-14



cleanTextData = erasePunctuation(textData);
documents = tokenizedDocument(cleanTextData);

To count the n-grams of length 3 (trigrams), use bagOfNgrams and specify
'NGramLengths' to be 3.

bag = bagOfNgrams(documents,'NGramLengths',3);

Visualize the bag-of-n-grams model using a word cloud. The word cloud of trigrams better
shows the context of the individual words.

figure
wordcloud(bag);
title("Weather Reports: Trigrams")
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View the top 10 trigrams and their frequency counts using topkngrams.

tbl = topkngrams(bag,10)

tbl=10×3 table
                     Ngram                      Count    NgramLength
    ________________________________________    _____    ___________

    "inches"    "of"              "snow"        2075          3     
    "across"    "the"             "county"      1318          3     
    "were"      "blown"           "down"        1189          3     
    "wind"      "gust"            "of"           934          3     
    "A"         "tree"            "was"          860          3     
    "the"       "intersection"    "of"           812          3     
    "inches"    "of"              "rain"         739          3     
    "hail"      "was"             "reported"     648          3     
    "was"       "blown"           "down"         638          3     
    "and"       "power"           "lines"        631          3     

Example Preprocessing Function

The function preprocessWeatherNarratives performs the following steps in order:

1 Convert the text data to lowercase using lower.
2 Tokenize the text using tokenizedDocument.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.
7 Lemmatize the words using normalizeWords.

function [documents] = preprocessWeatherNarratives(textData)

% Convert the text data to lowercase.
cleanTextData = lower(textData);

% Tokenize the text.
documents = tokenizedDocument(cleanTextData);

% Erase punctuation.
documents = erasePunctuation(documents);
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% Remove a list of stop words.
documents = removeStopWords(documents);

% Remove words with 2 or fewer characters, and words with 15 or greater
% characters.
documents = removeShortWords(documents,2);
documents = removeLongWords(documents,15);

% Lemmatize the words.
documents = addPartOfSpeechDetails(documents);
documents = normalizeWords(documents,'Style','lemma');
end

See Also
addPartOfSpeechDetails | bagOfNgrams | bagOfWords | erasePunctuation |
fitlda | ldaModel | normalizeWords | removeLongWords | removeShortWords |
removeStopWords | tokenizedDocument | topkngrams | wordcloud

Related Examples
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Containing Emojis” on page 2-35
• “Analyze Text Data Using Topic Models” on page 2-18
• “Train a Sentiment Classifier” on page 2-43
• “Classify Text Data Using Deep Learning” on page 2-53
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
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Analyze Text Data Using Topic Models
This example shows how to use the Latent Dirichlet Allocation (LDA) topic model to
analyze text data.

A Latent Dirichlet Allocation (LDA) model is a topic model which discovers underlying
topics in a collection of documents and infers the word probabilities in topics.

To reproduce the results of this example, set rng to 'default'.

rng('default')

Load and Extract Text Data

Load the example data. The file weatherReports.csv contains weather reports,
including a text description and categorical labels for each event.

data = readtable("weatherReports.csv",'TextType','string');
head(data)

ans=8×16 table
            Time             event_id          state              event_type         damage_property    damage_crops    begin_lat    begin_lon    end_lat    end_lon                                                                                             event_narrative                                                                                             storm_duration    begin_day    end_day    year       end_timestamp    
    ____________________    __________    ________________    ___________________    _______________    ____________    _________    _________    _______    _______    _________________________________________________________________________________________________________________________________________________________________________________________________    ______________    _________    _______    ____    ____________________

    22-Jul-2016 16:10:00    6.4433e+05    "MISSISSIPPI"       "Thunderstorm Wind"       ""                "0.00K"         34.14        -88.63     34.122     -88.626    "Large tree down between Plantersville and Nettleton."                                                                                                                                                  00:05:00          22          22       2016    22-Jul-0016 16:15:00
    15-Jul-2016 17:15:00    6.5182e+05    "SOUTH CAROLINA"    "Heavy Rain"              "2.00K"           "0.00K"         34.94        -81.03      34.94      -81.03    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."       00:00:00          15          15       2016    15-Jul-0016 17:15:00
    15-Jul-2016 17:25:00    6.5183e+05    "SOUTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.01        -80.93      35.01      -80.93    "NWS Columbia relayed a report of trees blown down along Tom Hall St."                                                                                                                                  00:00:00          15          15       2016    15-Jul-0016 17:25:00
    16-Jul-2016 12:46:00    6.5183e+05    "NORTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.64        -82.14      35.64      -82.14    "Media reported two trees blown down along I-40 in the Old Fort area."                                                                                                                                  00:00:00          16          16       2016    16-Jul-0016 12:46:00
    15-Jul-2016 14:28:00    6.4332e+05    "MISSOURI"          "Hail"                    ""                ""              36.45        -89.97      36.45      -89.97    ""                                                                                                                                                                                                      00:07:00          15          15       2016    15-Jul-0016 14:35:00
    15-Jul-2016 16:31:00    6.4332e+05    "ARKANSAS"          "Thunderstorm Wind"       ""                "0.00K"         35.85         -90.1     35.838     -90.087    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."                                                                                                                                    00:09:00          15          15       2016    15-Jul-0016 16:40:00
    15-Jul-2016 16:03:00    6.4343e+05    "TENNESSEE"         "Thunderstorm Wind"       "20.00K"          "0.00K"        35.056       -89.937      35.05     -89.904    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."                                                                                     00:07:00          15          15       2016    15-Jul-0016 16:10:00
    15-Jul-2016 17:27:00    6.4344e+05    "TENNESSEE"         "Hail"                    ""                ""             35.385        -89.78     35.385      -89.78    "Quarter size hail near Rosemark."                                                                                                                                                                      00:05:00          15          15       2016    15-Jul-0016 17:32:00

Extract the text data from the field event_narrative.

textData = data.event_narrative;
textData(1:10)

ans = 10×1 string array
    "Large tree down between Plantersville and Nettleton."
    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."
    "NWS Columbia relayed a report of trees blown down along Tom Hall St."
    "Media reported two trees blown down along I-40 in the Old Fort area."
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    ""
    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."
    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."
    "Quarter size hail near Rosemark."
    "Tin roof ripped off house on Old Memphis Road near Billings Drive. Several large trees down in the area."
    "Powerlines down at Walnut Grove and Cherry Lane roads."

Prepare Text Data for Analysis

Create a function which tokenizes and preprocesses the text data so it can be used for
analysis. The function preprocessText, listed at the end of the example, performs the
following steps in order:

1 Tokenize the text using tokenizedDocument.
2 Lemmatize the words using normalizeWords.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.

Use the preprocessing function preprocessText to prepare the text data.

documents = preprocessText(textData);
documents(1:5)

ans = 
  5×1 tokenizedDocument:

     5 tokens: large tree down plantersville nettleton
    18 tokens: two foot deep standing water develop street winthrop university campus inch rain fall less hour vehicle stall water
     9 tokens: nws columbia relay report tree blow down tom hall
    10 tokens: medium report two tree blow down i40 old fort area
     0 tokens:

Create a bag-of-words model from the tokenized documents.

bag = bagOfWords(documents)

bag = 
  bagOfWords with properties:
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          Counts: [36176×18469 double]
      Vocabulary: [1×18469 string]
        NumWords: 18469
    NumDocuments: 36176

Remove words from the bag-of-words model that have do not appear more than two times
in total. Remove any documents containing no words from the bag-of-words model.

bag = removeInfrequentWords(bag,2);
bag = removeEmptyDocuments(bag)

bag = 
  bagOfWords with properties:

          Counts: [28137×6974 double]
      Vocabulary: [1×6974 string]
        NumWords: 6974
    NumDocuments: 28137

Fit LDA Model

Fit an LDA model with 7 topics. For an example showing how to choose the number of
topics, see “Choose Number of Topics for LDA Model” on page 2-25. To suppress
verbose output, set 'Verbose' to 0.

numTopics = 7;
mdl = fitlda(bag,numTopics,'Verbose',0);

If you have a large dataset, then the stochastic approximate variational Bayes solver is
usually better suited as it can fit a good model in fewer passes of the data. The default
solver for fitlda (collapsed Gibbs sampling) can be more accurate at the cost of taking
longer to run. To use stochastic approximate variational Bayes, set the 'Solver' option
to 'savb'. For an example showing how to compare LDA solvers, see “Compare LDA
Solvers” on page 2-30.

Visualize Topics Using Word Clouds

You can use word clouds to view the words with the highest probabilities in each topic.
Visualize the first four topics using word clouds.

figure;
for topicIdx = 1:4
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    subplot(2,2,topicIdx)
    wordcloud(mdl,topicIdx);
    title("Topic " + topicIdx)
end

View Mixtures of Topics in Documents

Use transform to transform the documents into vectors of topic probabilities.

newDocument = tokenizedDocument("A tree is downed outside Apple Hill Drive, Natick");
topicMixture = transform(mdl,newDocument);

figure
bar(topicMixture)
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xlabel("Topic Index")
ylabel("Probability")
title("Document Topic Probabilities")

Visualize multiple topic mixtures using stacked bar charts. Visualize the topic mixtures of
the first 5 input documents.

figure
topicMixtures = transform(mdl,documents(1:5));
barh(topicMixtures(1:5,:),'stacked')
xlim([0 1])
title("Topic Mixtures")
xlabel("Topic Probability")
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ylabel("Document")
legend("Topic " + string(1:numTopics),'Location','northeastoutside')

Preprocessing Function

The function preprocessText, performs the following steps in order:

1 Tokenize the text using tokenizedDocument.
2 Lemmatize the words using normalizeWords.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.

 Analyze Text Data Using Topic Models

2-23



6 Remove words with 15 or more characters using removeLongWords.

function documents = preprocessText(textData)

% Tokenize the text.
documents = tokenizedDocument(textData);

% Lemmatize the words.
documents = addPartOfSpeechDetails(documents);
documents = normalizeWords(documents,'Style','lemma');

% Erase punctuation.
documents = erasePunctuation(documents);

% Remove a list of stop words.
documents = removeStopWords(documents);

% Remove words with 2 or fewer characters, and words with 15 or greater
% characters.
documents = removeShortWords(documents,2);
documents = removeLongWords(documents,15);

end

See Also
addPartOfSpeechDetails | bagOfWords | fitlda | ldaModel |
removeEmptyDocuments | removeInfrequentWords | removeStopWords |
tokenizedDocument | transform | wordcloud

Related Examples
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Containing Emojis” on page 2-35
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Classify Text Data Using Deep Learning” on page 2-53
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
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Choose Number of Topics for LDA Model
This example shows how to decide on a suitable number of topics for a latent Dirichlet
allocation (LDA) model.

To decide on a suitable number of topics, you can compare the goodness-of-fit of LDA
models fit with varying numbers of topics. You can evaluate the goodness-of-fit of an LDA
model by calculating the perplexity of a held-out set of documents. The perplexity
indicates how well the model describes a set of documents. A lower perplexity suggests a
better fit.

To reproduce the results of this example, set rng to 'default'.

rng('default')

Extract and Preprocess Text Data

Load the example data. The file weatherReports.csv contains weather reports,
including a text description and categorical labels for each event. Extract the text data
from the field event_narrative.

filename = "weatherReports.csv";
data = readtable(filename,'TextType','string');
textData = data.event_narrative;

Tokenize and preprocess the text data using the function
preprocessWeatherNarratives which is listed at the end of this example.

documents = preprocessWeatherNarratives(textData);
documents(1:5)

ans = 
  5×1 tokenizedDocument:

   (1,1)   5 tokens: large tree down plantersville nettleton
   (2,1)  18 tokens: two foot deep standing water develop street winthrop unive…
   (3,1)   9 tokens: nws columbia relayed report tree blow down tom hall
   (4,1)  10 tokens: medium report two tree blow down i40 old fort area
   (5,1)   0 tokens:

Set aside 10% of the documents at random for validation.

numDocuments = numel(documents);
cvp = cvpartition(numDocuments,'HoldOut',0.1);
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documentsTrain = documents(cvp.training);
documentsValidation = documents(cvp.test);

Create a bag-of-words model from the training documents. Remove the words that do not
appear more than two times in total. Remove any documents containing no words.

bag = bagOfWords(documentsTrain);
bag = removeInfrequentWords(bag,2);
bag = removeEmptyDocuments(bag);

Choose Number of Topics

The goal is to choose a number of topics that minimize the perplexity is lowest compared
to other numbers of topics. This is not the only consideration: models fit with larger
numbers of topics may take longer to converge. To see the effects of the tradeoff,
calculate both goodness-of-fit and the fitting time. If the optimal number of topics is high,
then you might want to choose a lower value to speed up the fitting process.

Fit some LDA models for a range of values for the number of topics. Compare the fitting
time and the perplexity of each model on the held-out set of test documents. The
perplexity is the second output to the logp function. To obtain the second output without
assigning the first output to anything, use the ~ symbol. The fitting time is the
TimeSinceStart value for the last iteration. This value is in the History struct of the
FitInfo property of the LDA model.

For a quicker fit, specify 'Solver' to be 'savb'. To suppress verbose output, set
'Verbose' to 0. This may take a few minutes to run.

numTopicsRange = [5 10 15 20 40];
for i = 1:numel(numTopicsRange)
    numTopics = numTopicsRange(i);
    
    mdl = fitlda(bag,numTopics, ...
        'Solver','savb', ...
        'Verbose',0);
    
    [~,validationPerplexity(i)] = logp(mdl,documentsValidation);
    timeElapsed(i) = mdl.FitInfo.History.TimeSinceStart(end);
end

Show the perplexity and elapsed time for each number of topics in a plot. Plot the
perplexity on the left axis and the time elapsed on the right axis.

figure
yyaxis left
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plot(numTopicsRange,validationPerplexity,'+-')
ylabel("Validation Perplexity")

yyaxis right
plot(numTopicsRange,timeElapsed,'o-')
ylabel("Time Elapsed (s)")

legend(["Validation Perplexity" "Time Elapsed (s)"],'Location','southeast')
xlabel("Number of Topics")

The plot suggests that fitting a model with 10–20 topics may be a good choice. The
perplexity is low compared with the models with different numbers of topics. With this
solver, the elapsed time for this many topics is also reasonable. With different solvers, you
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may find that increasing the number of topics can lead to a better fit, but fitting the model
takes longer to converge.

Example Preprocessing Function

The function preprocessWeatherNarratives, performs the following steps in order:

1 Convert the text data to lowercase using lower.
2 Tokenize the text using tokenizedDocument.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.
7 Lemmatize the words using normalizeWords.

function [documents] = preprocessWeatherNarratives(textData)
% Convert the text data to lowercase.
cleanTextData = lower(textData);

% Tokenize the text.
documents = tokenizedDocument(cleanTextData);

% Erase punctuation.
documents = erasePunctuation(documents);

% Remove a list of stop words.
documents = removeStopWords(documents);

% Remove words with 2 or fewer characters, and words with 15 or greater
% characters.
documents = removeShortWords(documents,2);
documents = removeLongWords(documents,15);

% Lemmatize the words.
documents = addPartOfSpeechDetails(documents);
documents = normalizeWords(documents,'Style','lemma');
end

See Also
addPartOfSpeechDetails | bagOfWords | bagOfWords | erasePunctuation |
fitlda | ldaModel | logp | normalizeWords | removeEmptyDocuments |

2 Modeling and Prediction

2-28



removeInfrequentWords | removeLongWords | removeShortWords |
removeStopWords | tokenizedDocument

Related Examples
• “Analyze Text Data Using Topic Models” on page 2-18
• “Compare LDA Solvers” on page 2-30
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Compare LDA Solvers
This example shows how to compare latent Dirichlet allocation (LDA) solvers by
comparing the goodness of fit and the time taken to fit the model.

To reproduce the results of this example, set rng to 'default'.

rng('default')

Extract and Preprocess Text Data

Load the example data. The file weatherReports.csv contains weather reports,
including a text description and categorical labels for each event. Extract the text data
from the field event_narrative.

filename = "weatherReports.csv";
data = readtable(filename,'TextType','string');
textData = data.event_narrative;

Set aside 10% of the documents at random for validation.

numDocuments = numel(textData);
cvp = cvpartition(numDocuments,'HoldOut',0.1);
textDataTrain = textData(training(cvp));
textDataValidation = textData(test(cvp));

Tokenize and preprocess the text data using the function preprocessText which is
listed at the end of this example.

documentsTrain = preprocessText(textDataTrain);
documentsValidation = preprocessText(textDataValidation);

Create a bag-of-words model from the training documents. Remove the words that do not
appear more than two times in total. Remove any documents containing no words.

bag = bagOfWords(documentsTrain);
bag = removeInfrequentWords(bag,2);
bag = removeEmptyDocuments(bag);

Fit and Compare Models

For each of the LDA solvers, fit an LDA model with 60 topics. To distinguish the solvers
when plotting the results on the same axes, specify different line properties for each
solver.
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numTopics = 60;
solvers = ["cgs" "avb" "cvb0" "savb"];
lineSpecs = ["+-" "*-" "x-" "o-"];

For the validation data, create a bag-of-words model from the validation documents.

validationData = bagOfWords(documentsValidation);

For each of the LDA solvers, fit the model, set the initial topic concentration to 1, and
specify not to fit the topic concentration parameter. Using the data in the FitInfo
property of the fitted LDA models, plot the validation perplexity and the time elapsed. Plot
the time elapsed in a logarithmic scale. This can take up to an hour to run.

The code for removing NaNs is necessary because of a quirk of the stochastic solver
'savb'. For this solver, the function evaluates the validation perplexity after each pass of
the data. The function does not evaluate the validation perplexity for each iteration (mini-
batch) and reports NaNs in the FitInfo property. To plot the validation perplexity,
remove the NaNs from the reported values.

figure
for i = 1:numel(solvers)
    solver = solvers(i);
    lineSpec = lineSpecs(i);
    
    mdl = fitlda(bag,numTopics, ...
        'Solver',solver, ...
        'InitialTopicConcentration',1, ...
        'FitTopicConcentration',false, ...
        'ValidationData',validationData, ...
        'Verbose',0);
    
    history = mdl.FitInfo.History;
    
    timeElapsed = history.TimeSinceStart;
    validationPerplexity = history.ValidationPerplexity;
    
    % Remove NaNs.
    idx = isnan(validationPerplexity);
    timeElapsed(idx) = [];
    validationPerplexity(idx) = [];
    
    semilogx(timeElapsed,validationPerplexity,lineSpec)
    hold on
end

 Compare LDA Solvers

2-31



hold off
xlabel("Time Elapsed (s)")
ylabel("Validation Perplexity")
legend(solvers)

For the stochastic solver "savb", the function, by default, passes through the training
data once. To process more passes of the data, set 'DataPassLimit' to a larger value
(the default value is 1). For the batch solvers ("cgs", "avb", and "cvb0"), to reduce the
number of iterations used to fit the models, set the 'IterationLimit' option to a lower
value (the default value is 100).
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A lower validation perplexity suggests a better fit. Usually, the solvers "savb" and "cgs"
converge quickly to a good fit. The solver "cvb0" might converge to a better fit, but it
can take much longer to converge.

For the FitInfo property, the fitlda function estimates the validation perplexity from
the document probabilities at the maximum likelihood estimates of the per-document
topic probabilities. This is usually quicker to compute, but can be less accurate than other
methods. Alternatively, calculate the validation perplexity using the logp function. This
function calculates more accurate values but can take longer to run. For an example
showing how to compute the perplexity using logp, see “Calculate Document Log-
Probabilities from Word Count Matrix”.

Preprocessing Function

The function preprocessText performs the following steps:

1 Tokenize the text using tokenizedDocument.
2 Lemmatize the words using normalizeWords.
3 Erase punctuation using erasePunctuation.
4 Remove a list of stop words (such as "and", "of", and "the") using removeStopWords.
5 Remove words with 2 or fewer characters using removeShortWords.
6 Remove words with 15 or more characters using removeLongWords.

function documents = preprocessText(textData)

% Tokenize the text.
documents = tokenizedDocument(textData);

% Lemmatize the words.
documents = addPartOfSpeechDetails(documents);
documents = normalizeWords(documents,'Style','lemma');

% Erase punctuation.
documents = erasePunctuation(documents);

% Remove a list of stop words.
documents = removeStopWords(documents);

% Remove words with 2 or fewer characters, and words with 15 or greater
% characters.
documents = removeShortWords(documents,2);
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documents = removeLongWords(documents,15);

end

See Also
addPartOfSpeechDetails | bagOfWords | erasePunctuation | fitlda | ldaModel
| logp | normalizeWords | removeEmptyDocuments | removeInfrequentWords |
removeLongWords | removeShortWords | removeStopWords | tokenizedDocument |
wordcloud

Related Examples
• “Analyze Text Data Using Topic Models” on page 2-18
• “Choose Number of Topics for LDA Model” on page 2-25
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Analyze Text Data Containing Emojis
This example shows how to analyze text data containing emojis.

Emojis are pictorial symbols that appear inline in text. When writing text on mobile
devices such as smartphones and tablets, people use emojis to keep the text short and
convey emotion and feelings.

You also can use emojis to analyze text data. For example, use them to identify relevant
strings of text or to visualize the sentiment or emotion of the text.

When working with text data, emojis can behave unpredictably. Depending on your
system fonts, your system might not display some emojis correctly. Therefore, if an emoji
is not displayed correctly, then the data is not necessarily missing. Your system might be
unable to display the emoji in the current font.

Composing Emojis

In most cases, you can read emojis from a file (for example, by using extractFileText,
extractHTMLText, or readtable) or by copying and pasting them directly into
MATLAB®. Otherwise, you must compose the emoji using Unicode UTF16 code units.

Some emojis consist of multiple Unicode UTF16 code units. For example, the "smiling
face with sunglasses" emoji (�� with code point U+1F60E) is a single glyph but comprises
two UTF16 code units "D83D" and "DE0E". Create a string containing this emoji using
the compose function, and specify the two code units with the prefix "\x".

emoji = compose("\xD83D\xDE0E")

emoji = 
"��"

First get the Unicode UTF16 code units of an emoji. Use char to get the numeric
representation of the emoji, and then use dec2hex to get the corresponding hex value.

codeUnits = dec2hex(char(emoji))

codeUnits = 2x4 char array
    'D83D'
    'DE0E'
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Reconstruct the composition string using the strjoin function with the empty delimiter
"".

formatSpec = strjoin("\x" + codeUnits,"")

formatSpec = 
"\xD83D\xDE0E"

emoji = compose(formatSpec)

emoji = 
"��"

Import Text Data

Extract the text data in the file weekendUpdates.xlsx using readtable. The file
weekendUpdates.xlsx contains status updates containing the hashtags "#weekend"
and "#vacation".

filename = "weekendUpdates.xlsx";
tbl = readtable(filename,'TextType','string');
head(tbl)

ans=8×2 table
    ID                                        TextData                                     
    __    _________________________________________________________________________________

    1     "Happy anniversary! ❤ Next stop: Paris! ✈ #vacation"                             
    2     "Haha, BBQ on the beach, engage smug mode! �� �� ❤ �� #vacation"                 
    3     "getting ready for Saturday night �� #yum #weekend ��"                           
    4     "Say it with me - I NEED A #VACATION!!! ☹"                                       
    5     "�� Chilling �� at home for the first time in ages…This is the life! �� #weekend"
    6     "My last #weekend before the exam �� ��."                                        
    7     "can’t believe my #vacation is over �� so unfair"                                
    8     "Can’t wait for tennis this #weekend ������ ��"                                  

Extract the text data from the field TextData and view the first few status updates.

textData = tbl.TextData;
textData(1:5)

ans = 5x1 string array
    "Happy anniversary! ❤ Next stop: Paris! ✈ #vacation"
    "Haha, BBQ on the beach, engage smug mode! �� �� ❤ �� #vacation"
    "getting ready for Saturday night �� #yum #weekend ��"
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    "Say it with me - I NEED A #VACATION!!! ☹"
    "�� Chilling �� at home for the first time in ages…This is the life! �� #weekend"

Visualize the text data in a word cloud.

figure
wordcloud(textData);

Filter Text Data by Emoji

Identify the status updates containing a particular emoji using the contains function.
Find the indices of the documents containing the "smiling face with sunglasses" emoji (��
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with code U+1F60E). This emoji comprises the two Unicode UTF16 code units "D83D"
and "DE0E".

emoji = compose("\xD83D\xDE0E");
idx = contains(textData,emoji);
textDataSunglasses = textData(idx);
textDataSunglasses(1:5)

ans = 5x1 string array
    "Haha, BBQ on the beach, engage smug mode! �� �� ❤ �� #vacation"
    "getting ready for Saturday night �� #yum #weekend ��"
    "�� Chilling �� at home for the first time in ages…This is the life! �� #weekend"
    "�� Check the out-of-office crew, we are officially ON #VACATION!! ��"
    "Who needs a #vacation when the weather is this good ☀ ��"

Visualize the extracted text data in a word cloud.

figure
wordcloud(textDataSunglasses);

2 Modeling and Prediction

2-38



Extract and Visualize Emojis

Visualize all the emojis in text data using a word cloud.

Extract the emojis. First tokenize the text using tokenizedDocument, and then view the
first few documents.

documents = tokenizedDocument(textData);
documents(1:5)

ans = 
  5x1 tokenizedDocument:

    11 tokens: Happy anniversary ! ❤ Next stop : Paris ! ✈ #vacation
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    16 tokens: Haha , BBQ on the beach , engage smug mode ! �� �� ❤ �� #vacation
     9 tokens: getting ready for Saturday night �� #yum #weekend ��
    13 tokens: Say it with me - I NEED A #VACATION ! ! ! ☹
    19 tokens: �� Chilling �� at home for the first time in ages … This is the life ! �� #weekend

The tokenizedDocument function automatically detects emoji and assigns the token
type "emoji". View the first few token details of the documents using the
tokenDetails function.

tdetails = tokenDetails(documents);
head(tdetails)

ans=8×5 table
        Token        DocumentNumber    LineNumber       Type        Language
    _____________    ______________    __________    ___________    ________

    "Happy"                1               1         letters           en   
    "anniversary"          1               1         letters           en   
    "!"                    1               1         punctuation       en   
    "❤"                    1               1         emoji             en   
    "Next"                 1               1         letters           en   
    "stop"                 1               1         letters           en   
    ":"                    1               1         punctuation       en   
    "Paris"                1               1         letters           en   

Visualize the emojis in a word cloud by extracting the tokens with token type "emoji"
and inputting them into the wordcloud function.

idx = tdetails.Type == "emoji";
tokens = tdetails.Token(idx);
figure
wordcloud(tokens);
title("Emojis")
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See Also
tokenDetails | tokenizedDocument | wordcloud

Related Examples
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Classify Text Data Using Deep Learning” on page 2-53
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• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
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Train a Sentiment Classifier
This example shows how to train a classifier for sentiment analysis using an annotated list
of positive and negative sentiment words and a pretrained word embedding.

The pretrained word embedding plays several roles in this workflow. It converts words
into numeric vectors and forms the basis for a classifier. You can then use the classifier to
predict the sentiment of other words using their vector representation, and use these
classifications to calculate the sentiment of a piece of text. There are four steps in
training and using the sentiment classifier:

• Load a pretrained word embedding.
• Load an opinion lexicon listing positive and negative words.
• Train a sentiment classifier using the word vectors of the positive and negative words.
• Calculate the mean sentiment scores of the words in a piece of text.

To reproduce the results in this example, set rng to 'default'.

rng('default')

Load Pretrained Word Embedding

Word embeddings map words in a vocabulary to numeric vectors. These embeddings can
capture semantic details of the words so that similar words have similar vectors. They
also model relationships between words through vector arithmetic. For example, the
relationship king is to queen as man is to woman is described by the equation king – man
+ woman = queen.

Load a pretrained word embedding using the fastTextWordEmbedding function. This
function requires Text Analytics Toolbox™ Model for fastText English 16 Billion Token
Word Embedding support package. If this support package is not installed, then the
function provides a download link.

emb = fastTextWordEmbedding;

Load Opinion Lexicon

Load the positive and negative words from the opinion lexicon (also known as a sentiment
lexicon) from https://www.cs.uic.edu/~liub/FBS/sentiment-analysis.html. First, extract the
files from the .rar file into a folder named opinion-lexicon-English, and then
import the text.
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Load the data using the function readLexicon listed at the end of this example. The
output data is a table with variables Word containing the words, and Label containing a
categorical sentiment label, Positive or Negative.

data = readLexicon;

View the first few words labeled as positive.

idx = data.Label == "Positive";
head(data(idx,:))

ans=8×2 table
        Word         Label  
    ____________    ________

    "a+"            Positive
    "abound"        Positive
    "abounds"       Positive
    "abundance"     Positive
    "abundant"      Positive
    "accessable"    Positive
    "accessible"    Positive
    "acclaim"       Positive

View the first few words labeled as negative.

idx = data.Label == "Negative";
head(data(idx,:))

ans=8×2 table
        Word          Label  
    _____________    ________

    "2-faced"        Negative
    "2-faces"        Negative
    "abnormal"       Negative
    "abolish"        Negative
    "abominable"     Negative
    "abominably"     Negative
    "abominate"      Negative
    "abomination"    Negative
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Prepare Data for Training

To train the sentiment classifier, convert the words to word vectors using the pretrained
word embedding emb. First remove the words that do not appear in the word embedding
emb.

idx = ~isVocabularyWord(emb,data.Word);
data(idx,:) = [];

Set aside 10% of the words at random for testing.

numWords = size(data,1);
cvp = cvpartition(numWords,'HoldOut',0.1);
dataTrain = data(training(cvp),:);
dataTest = data(test(cvp),:);

Convert the words in the training data to word vectors using word2vec.

wordsTrain = dataTrain.Word;
XTrain = word2vec(emb,wordsTrain);
YTrain = dataTrain.Label;

Train Sentiment Classifier

Train a support vector machine (SVM) classifier which classifies word vectors into
positive and negative categories.

mdl = fitcsvm(XTrain,YTrain);

Test Classifier

Convert the words in the test data to word vectors using word2vec.

wordsTest = dataTest.Word;
XTest = word2vec(emb,wordsTest);
YTest = dataTest.Label;

Predict the sentiment labels of the test word vectors.

[YPred,scores] = predict(mdl,XTest);

Visualize the classification accuracy in a confusion matrix.

figure
confusionchart(YTest,YPred);
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Visualize the classifications in word clouds. Plot the words with positive and negative
sentiments in word clouds with word sizes corresponding to the prediction scores.

figure
subplot(1,2,1)
idx = YPred == "Positive";
wordcloud(wordsTest(idx),scores(idx,1));
title("Predicted Positive Sentiment")

subplot(1,2,2)
wordcloud(wordsTest(~idx),scores(~idx,2));
title("Predicted Negative Sentiment")
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Calculate Sentiment of Collections of Text

To calculate the sentiment of a piece of text, for example a review, predict the sentiment
score of each word in the text and take the mean sentiment score.

Load the Airbnb Summary Review data (Boston, Massachusetts, United States, 06
October, 2017) from http://insideairbnb.com/get-the-data.html. Read the data into a table
and specify to read the text data as string.

filename = "reviews.csv";
dataReviews = readtable(filename,'TextType','string');

Extract the text data from the comments variable and view the first few reviews.
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textData = dataReviews.comments;
textData(1:10)

ans = 10×1 string array
    "Pretty nice, quiet, cozy place to stay. Toiletries, snacks, coffee, WiFi, cable TV, iron was all included. One of the best things for me is how quiet it was even in the daytime. Coded door locks so no need for keys, my belongings were always safe and Andre and his wife are really good host. I stayed 7 days and never had a problem. I'll stay again if and when I had the chance."
    "The host was extremely welcoming and obliging. The neighborhood is quiet and charming, perfect for a quiet visit. Short walk to MBTA transportation."
    "Nice and easy stay - with good accommodations especially the cable TV "
    "The host has been very accommodating and helpful. The description in the ad is accurate. The room is very clean and the neighborhood is quiet."
    "It's a great quiet stay."
    "Couldn't have been happier. The apartment was well renovated, very clean and convenient to great spots. The kitchen was stocked with all the basics and a huge grocery store was around the corner so we were able to easily cook at the house. Estee also provided some great local recommendations. Wine, snacks, coffee and games were great extras. Uber ride to downtown was $8. Would most definitely stay here again."
    "The apartment is very nice- as described and very convenient. The real superstar of the listing though is the host; Estee was  phenomenal. She was very responsive and even let us know when she might not be able to be reached for a short duration of time. She provided great recommendations and tips for getting around. We had a MINOR issue, which she went out of her way to resolve very quickly. ↵↵Both bedrooms are a good size, and one has a lovely vanity. Everything is brand new - bathroom and kitchen. Estee had the kitchen stocked with staples (salt, pepper, olive oil, ketchup) and treats too! There are so many details throughout the place where she goes above and beyond. Parking on the street was easy. We hardly needed to move the car though because there was so much within walking distance. The description of a 10 minute walk to the T is accurate. ↵↵100% would stay here again. Thank you for a wonderful stay, Estee!"
    "This is a brand new gorgeous place, very clean, bright and welcoming. Estee especially knows how to make guests comfortable, there were many thoughtful touches and she recommended a delicious Indian restaurant.    There is a supermarket within 5 minutes walking distance and we used Uber to get around - downtown Boston took less than 15 minutes. Best place I have stayed in so far. Thank you Estee!"
    "Estee and Josh are great hosts. Very welcoming. Made us feel like we were staying with long time friends. Apartment very centrally located. Off street parking surprisingly easy (for Boston). Loads of restaurants within walking distance"
    "Estee was super sweet and so very accommodating! The apartment was nicely renovated and the kitchen had all our basic needs + treats as well! My family and I stayed here because of a college graduation and because street parking in front of her place was easy and everything was within walking distance, it made our stay a lot easier! Would definitely stay here again!  "

Create a function which tokenizes and preprocesses the text data so it can be used for
analysis. The function preprocessText, listed at the end of the example, performs the
following steps in order:

1 Tokenize the text using tokenizedDocument.
2 Erase punctuation using erasePunctuation.
3 Remove stop words (such as "and", "of", and "the") using removeStopWords.
4 Convert to lowercase using lower.

Use the preprocessing function preprocessText to prepare the text data. This step can
take a few minutes to run.

documents = preprocessText(textData);

Remove the words from the documents that do not appear in the word embedding emb.

idx = ~isVocabularyWord(emb,documents.Vocabulary);
documents = removeWords(documents,idx);

To visualize how well the sentiment classifier generalizes to the reviews, classify the
sentiments on the words that occur in the reviews, but not in the training data and
visualize them in word clouds. Use the word clouds to manually check that the classifier
behaves as expected.

words = documents.Vocabulary;
words(ismember(words,wordsTrain)) = [];
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vec = word2vec(emb,words);
[YPred,scores] = predict(mdl,vec);

figure
subplot(1,2,1)
idx = YPred == "Positive";
wordcloud(words(idx),scores(idx,1));
title("Predicted Positive Sentiment")

subplot(1,2,2)
wordcloud(words(~idx),scores(~idx,2));
title("Predicted Negative Sentiment")
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To calculate the sentiment of a given piece of text, compute the sentiment score for each
word in the text and calculate the mean sentiment score.

For a selection of the documents, calculate the mean sentiment score. For each
document, convert the words to word vectors, predict the sentiment score on the word
vectors, transform the scores using the score-to-posterior transform function and then
calculate the mean sentiment score.

idx = [7 34 331 1788 1820 1831 2185 21892 63734 76832 113276 120210];
for i = 1:numel(idx)
    words = string(documents(idx(i)));
    vec = word2vec(emb,words);
    [~,scores] = predict(mdl,vec);
    sentimentScore(i) = mean(scores(:,1));
end

View the predicted sentiment scores with the text data. Scores greater than 0 correspond
to positive sentiment, scores less than 0 correspond to negative sentiment, and scores
close to 0 correspond to neutral sentiment.

[sentimentScore' textData(idx)]

ans = 12×2 string array
    "0.85721"      "The apartment is very nice- as described and very convenient. The real superstar of the listing though is the host; Estee was  phenomenal. She was very responsive and even let us know when she might not be able to be reached for a short duration of time. She provided great recommendations and tips for getting around. We had a MINOR issue, which she went out of her way to resolve very quickly. ↵↵Both bedrooms are a good size, and one has a lovely vanity. Everything is brand new - bathroom and kitchen. Estee had the kitchen stocked with staples (salt, pepper, olive oil, ketchup) and treats too! There are so many details throughout the place where she goes above and beyond. Parking on the street was easy. We hardly needed to move the car though because there was so much within walking distance. The description of a 10 minute walk to the T is accurate. ↵↵100% would stay here again. Thank you for a wonderful stay, Estee!"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
    "2.0453"       "Estee was the perfect Airbnb host. The apartment was comfortable, spacious, and convenient, and Estee went to great lengths to make sure that we felt at home. She also provided great tips for us about the area. Would definitely love to stay here again."                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
    "-0.37918"     "The apartment is not apropriate for 5 people. Is too little and We were no comfortable. The bathroom was no clean. There was a door in the kitchen Broken.  Is Too noisy. The elevator is Too small just for 2 people. "                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
    "0.94799"      "Truly a quaint place in Beacon Hill. Comfortable walking distance from MGH, Boston Common, and Suffolk University. The studio type place is great for a couple's weekend.  The wifi was excellent as was the tv and comfort of the bed.  ↵The limitations and recommendations for improvement include:↵1- improving in cleanliness as the floor was dirty enough that you couldn't walk around without shoes↵2- would recommend bringing your own basic toiletries as there was no hand soap in the bathroom.  (We were too busy to contact jj but he is quick to respond to other matters so maybe he would have made arrangements to provide you with it.)↵3- storage space is limited so a prolonged stay would be challenging↵Overall, this a very functional stay."                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
    "-0.077053"    "the neibourhood is perfect!!!!!. as it is very close to Bowdoin T STATION and Park T station, walking distance from everywhere we wanted to go, quincy market, downtown, chinatown, newsbury street and every thing. the appartment IT IS NOT on Temple street rear... it is on Coolidge st, facing a quite silent and lonely and big parking lot. (:/)  it was ok...though. coming and going was easy. JJ was really quick responsive when internet and CAble TV suddenly stopped but he was very helpful trying to solve it. that was very good. ... Other issues: By the house roules and the descriptions of previews guests I supposed the appartment was inmaculated and the cleaning was really fond... BUT IT WASNÂ´T. we found previous litter in the trash bins... kitchen and bathroom... the brown chocolate cuchions didnÂ´t smell as if they were clean. There were uncovered sheets, and blanquets and who knows what else under the bed, that I tried not to  sweep the floor in its direction in case  I made them dirty with the dust and gravel that was already inside when we got into the apparment. I went to the closet looking for the broom and shovel and I found them... the broom plenty of dirt and lint and entangled long hairs and stuff, and the shovel broken... very discusting. It is a pitty such an amazing location dealing with all these ackward details that are not ok at all. I think everything I mentioned can be  solved easily in a very simple and cheap and loving form so the place becomes the perfect spot to spent your vacations in Boston."
    "0.17846"      "Although we didn't meet JJ, we felt he was very quick to respond. Checking in and out was a breeze. The location is convenient and walkable to everything we wanted to see.  Studio was small but certainly comfortable for the 2 of us. ↵We didn't see any info regarding wifi (nor did we ask) so we didn't use it. The bathroom sink drain looked pretty dirty, no hand soap or wash cloths. It's a basement so there is not much natural light which was fine but even the lights in the space still made it feel very dark. We also found no place to hang our stuff or stash our clothes. A lot of the drawers had clothes in them already. ↵All in all, we liked the place. Would recommend it if a few changeable things were addressed. "                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
    "-0.31603"     "In the apartment it was very dirty .↵we walked in and there instincts to rotten melon .↵the sink was full of dirty dishes.↵the microwave and mini oven were dirty you could make it nothing to eat.↵on the herd was a coffeepot with moldy coffee.↵on the first day of our "vacation" we first had to make everything clean that we can feel comfortable.↵carissa wanted the city to show us what to do something .↵But in the week she was not at home , and when they came home she was for days in her room she only came out to make himself something to eat and dishes piled up again."                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
    "-4.0895"      "Blackmail!"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
    "1.658"        "Outstanding stay.  The apartment is world-class - very, very nice.  Tremendous views of the harbor from a very cool apartment in a very cool, brand new retro building.  I had not spent time in the South Boston waterfront neighborhood previously and loved it - great cafes, restaurants, pubs, renovated lofts.  A terrific area.↵↵In addition, John was an ideal host.  Incredibly responsive and helpful.  Provided excellent recommendations in terms of spots to visit in the neighborhood as well as very clear directions relating to the logistics of checking in, wifi access, heating/cooling, etc.↵↵Finally, John is an engaging and interesting person who is an absolute pleasure to spend time with."                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
    "1.7102"       "I had an amazing stay at Carney's. The hosts are friendly and very meticulous. They made sure everything was proper from the kitchen needs to the bedroom needs. Also, they made us feel like we are at home. My parents had come for my graduation and they were pleased that I did not book a hotel and instead chose to stay here. I would recommend everyone to book a room if ever they plan to come to Boston and enjoy an enriching confortable experience. "                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
    "0.67654"      "My husband and I came to Boston for our 1 year anniversary. We're so glad we found Elisabeth's place! Immediately when we got dropped off by our cab, Elisabeth came outside and walked us to the house.  She's incredibly nice, personable, and her place was beautiful and very clean.  We felt very comfortable staying with her and she was nice enough to give us a few recommendations around town.  Her place is a short walk to the Red Line T station and the neighborhood where she lives has everything you need close by.  Gas station and convenience store was literally down the street and lots of smaller mom and pop restaurants.  We hated to leave so early but would definitely love to come back! "                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
    "-0.21651"     "My fiancÃ© and I had just gotten engaged and wanted to stay somewhere a bit more upscale for our last night in Boston. We looked and found this "penthouse" and from arrival were let down. While the host was pleasant enough, she was hard to contact, the address was wrong, and she even had to have a neighbor show us around the place. Which would not have been weird if he wasn't doing laundry during our stay. We were promised the entire condo but the host stopped by as well, not that we minded that part, but it added to the weirdness. We were not able to use the refrigerator to store leftovers due to the HORRIBLE smell coming from it. It was so bad we turned the air off and opened the little balcony door. The condo looked too loved in to justify paying what we did. Also very confused about the $50 cleaning fee that was obviously not used before our stay, so a bit unhappy that we overpaid for a dirty place. "                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Sentiment Lexicon Reading Function

This function reads the positive and negative words from the sentiment lexicon and
returns a table. The table contains variables Word and Label, where Label contains
categorical values Positive and Negative corresponding to the sentiment of each
word.
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function data = readLexicon

% Read positive words
fidPositive = fopen(fullfile('opinion-lexicon-English','positive-words.txt'));
C = textscan(fidPositive,'%s','CommentStyle',';');
wordsPositive = string(C{1});

% Read negative words
fidNegative = fopen(fullfile('opinion-lexicon-English','negative-words.txt'));
C = textscan(fidNegative,'%s','CommentStyle',';');
wordsNegative = string(C{1});
fclose all;

% Create table of labeled words
words = [wordsPositive;wordsNegative];
labels = categorical(nan(numel(words),1));
labels(1:numel(wordsPositive)) = "Positive";
labels(numel(wordsPositive)+1:end) = "Negative";

data = table(words,labels,'VariableNames',{'Word','Label'});

end

Preprocessing Function

The function preprocessText performs the following steps:

1 Tokenize the text using tokenizedDocument.
2 Erase punctuation using erasePunctuation.
3 Remove stop words (such as "and", "of", and "the") using removeStopWords.
4 Convert to lowercase using lower.

function documents = preprocessText(textData)

% Tokenize the text.
documents = tokenizedDocument(textData);

% Erase punctuation.
documents = erasePunctuation(documents);

% Remove a list of stop words.
documents = removeStopWords(documents);
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% Convert to lowercase.
documents = lower(documents);

end

See Also
bagOfWords | erasePunctuation | fastTextWordEmbedding | removeStopWords |
removeWords | tokenizedDocument | word2vec | wordcloud

Related Examples
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Containing Emojis” on page 2-35
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Classify Text Data Using Deep Learning” on page 2-53
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
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Classify Text Data Using Deep Learning
This example shows how to classify text descriptions of weather reports using a deep
learning long short-term memory (LSTM) network.

Text data is naturally sequential. A piece of text is a sequence of words, which might have
dependencies between them. To learn and use long-term dependencies to classify
sequence data, use an LSTM neural network. An LSTM network is a type of recurrent
neural network (RNN) that can learn long-term dependencies between time steps of
sequence data.

To input text to an LSTM network, first convert the text data into numeric sequences. You
can achieve this using a word encoding which maps documents to sequences of numeric
indices. For better results, also include a word embedding layer in the network. Word
embeddings map words in a vocabulary to numeric vectors rather than scalar indices.
These embeddings capture semantic details of the words, so that words with similar
meanings have similar vectors. They also model relationships between words through
vector arithmetic. For example, the relationship "king is to queen as man is to woman" is
described by the equation king – man + woman = queen.

There are four steps in training and using the LSTM network in this example:

• Import and preprocess the data.
• Convert the words to numeric sequences using a word encoding.
• Create and train an LSTM network with a word embedding layer.
• Classify new text data using the trained LSTM network.

Import Data

Import the weather reports data. This data contains labeled textual descriptions of
weather events. To import the text data as strings, specify the text type to be 'string'.

filename = "weatherReports.csv";
data = readtable(filename,'TextType','string');
head(data)

ans=8×16 table
            Time             event_id          state              event_type         damage_property    damage_crops    begin_lat    begin_lon    end_lat    end_lon                                                                                             event_narrative                                                                                             storm_duration    begin_day    end_day    year       end_timestamp    
    ____________________    __________    ________________    ___________________    _______________    ____________    _________    _________    _______    _______    _________________________________________________________________________________________________________________________________________________________________________________________________    ______________    _________    _______    ____    ____________________

    22-Jul-2016 16:10:00    6.4433e+05    "MISSISSIPPI"       "Thunderstorm Wind"       ""                "0.00K"         34.14        -88.63     34.122     -88.626    "Large tree down between Plantersville and Nettleton."                                                                                                                                                  00:05:00          22          22       2016    22-Jul-0016 16:15:00
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    15-Jul-2016 17:15:00    6.5182e+05    "SOUTH CAROLINA"    "Heavy Rain"              "2.00K"           "0.00K"         34.94        -81.03      34.94      -81.03    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."       00:00:00          15          15       2016    15-Jul-0016 17:15:00
    15-Jul-2016 17:25:00    6.5183e+05    "SOUTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.01        -80.93      35.01      -80.93    "NWS Columbia relayed a report of trees blown down along Tom Hall St."                                                                                                                                  00:00:00          15          15       2016    15-Jul-0016 17:25:00
    16-Jul-2016 12:46:00    6.5183e+05    "NORTH CAROLINA"    "Thunderstorm Wind"       "0.00K"           "0.00K"         35.64        -82.14      35.64      -82.14    "Media reported two trees blown down along I-40 in the Old Fort area."                                                                                                                                  00:00:00          16          16       2016    16-Jul-0016 12:46:00
    15-Jul-2016 14:28:00    6.4332e+05    "MISSOURI"          "Hail"                    ""                ""              36.45        -89.97      36.45      -89.97    ""                                                                                                                                                                                                      00:07:00          15          15       2016    15-Jul-0016 14:35:00
    15-Jul-2016 16:31:00    6.4332e+05    "ARKANSAS"          "Thunderstorm Wind"       ""                "0.00K"         35.85         -90.1     35.838     -90.087    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."                                                                                                                                    00:09:00          15          15       2016    15-Jul-0016 16:40:00
    15-Jul-2016 16:03:00    6.4343e+05    "TENNESSEE"         "Thunderstorm Wind"       "20.00K"          "0.00K"        35.056       -89.937      35.05     -89.904    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."                                                                                     00:07:00          15          15       2016    15-Jul-0016 16:10:00
    15-Jul-2016 17:27:00    6.4344e+05    "TENNESSEE"         "Hail"                    ""                ""             35.385        -89.78     35.385      -89.78    "Quarter size hail near Rosemark."                                                                                                                                                                      00:05:00          15          15       2016    15-Jul-0016 17:32:00

Remove the rows of the table with empty reports.

idxEmpty = strlength(data.event_narrative) == 0;
data(idxEmpty,:) = [];

The goal of this example is to classify events by the label in the event_type column. To
divide the data into classes, convert these labels to categorical.

data.event_type = categorical(data.event_type);

View the distribution of the classes in the data using a histogram. To make the labels
easier to read, increase the width of the figure.

f = figure;
f.Position(3) = 1.5*f.Position(3);

h = histogram(data.event_type);
xlabel("Class")
ylabel("Frequency")
title("Class Distribution")
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The classes of the data are imbalanced, with many classes containing few observations.
When the classes are imbalanced in this way, the network might converge to a less
accurate model. To prevent this problem, remove any classes which appear fewer than
ten times.

Get the frequency counts of the classes and the class names from the histogram.

classCounts = h.BinCounts;
classNames = h.Categories;

Find the classes containing fewer than ten observations.

idxLowCounts = classCounts < 10;
infrequentClasses = classNames(idxLowCounts)

infrequentClasses = 1×8 cell array
    {'Freezing Fog'}    {'Hurricane'}    {'Lakeshore Flood'}    {'Marine Dense Fog'}    {'Marine Strong Wind'}    {'Marine Tropical Depression'}    {'Seiche'}    {'Sneakerwave'}

Remove these infrequent classes from the data. Use removecats to remove the unused
categories from the categorical data.
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idxInfrequent = ismember(data.event_type,infrequentClasses);
data(idxInfrequent,:) = [];
data.event_type = removecats(data.event_type);

Now the data is sorted into classes of reasonable size. The next step is to partition it into
sets for training, validation, and testing. Partition the data into a training partition and a
held-out partition for validation and testing. Specify the holdout percentage to be 30%.

cvp = cvpartition(data.event_type,'Holdout',0.3);
dataTrain = data(training(cvp),:);
dataHeldOut = data(test(cvp),:);

Partition the held-out set again to get a validation set. Specify the holdout percentage to
be 50%. This results in a partitioning of 70% training observations, 15% validation
observations, and 15% test observations.

cvp = cvpartition(dataHeldOut.event_type,'HoldOut',0.5);
dataValidation = dataHeldOut(training(cvp),:);
dataTest = dataHeldOut(test(cvp),:);

Extract the text data and labels from the partitioned tables.

textDataTrain = dataTrain.event_narrative;
textDataValidation = dataValidation.event_narrative;
textDataTest = dataTest.event_narrative;
YTrain = dataTrain.event_type;
YValidation = dataValidation.event_type;
YTest = dataTest.event_type;

To check that you have imported the data correctly, visualize the training text data using a
word cloud.

figure
wordcloud(textDataTrain);
title("Training Data")
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Preprocess Text Data

Create a function that tokenizes and preprocesses the text data. The function
preprocessText, listed at the end of the example, performs these steps:

1 Tokenize the text using tokenizedDocument.
2 Convert the text to lowercase using lower.
3 Erase the punctuation using erasePunctuation.

Preprocess the training data and the validation data using the preprocessText
function.

documentsTrain = preprocessText(textDataTrain);
documentsValidation = preprocessText(textDataValidation)
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documentsValidation = 
  4218×1 tokenizedDocument:

      5 tokens: quarter size hail near rosemark
      7 tokens: large tree down on powerlines in caruthersville
      6 tokens: three trees down on hwy 224
      7 tokens: heat indices of 110 degrees or higher
      9 tokens: numerous trees were reported down in the greenback area
      9 tokens: several large tree branches were blown down in osage
     12 tokens: a tree fell onto a car four miles west southwest of knoxville
      7 tokens: two trees were reported in tellico plains
     21 tokens: wind gusts of 40 to 45 mph were common across buffalo county during the morning and early afternoon of april 2nd
     77 tokens: strong southerly gradient winds affected the nashville metro during the afternoon hours on april 6 a peak wind gust of 49 mph 43 knots was measured at the nashville international airport asos at 145 pm cdt a few trees were blown down across davidson county including a tree blown down in front of the blair school of music on the vanderbilt university campus and a large tree blown down in the yard of a home in hermitage
     36 tokens: wind gusts of 40 to 50 mph were common across crawford county during the morning and early afternoon of april 2nd the highest recorded wind gust was 49 mph by a mesonet station near mt sterling
     31 tokens: snowfall amounts between 19 and 32 inches were reported across prince william county snowfall totaled up to 300 inches near bull run and 185 inches of snow was reported near dumfries
     16 tokens: wind driven hail resulted in numerous holes in siding on the south side of a house
     15 tokens: snowfall amounts were estimated to be between 24 and 36 inches based on observations nearby
     33 tokens: snowfall amounts were reported to be between 18 and 30 inches across southern fauquier county a snowfall report of 300 inches was received in opal and 180 inches of snow fell near bealeton
     10 tokens: three to eight inches of snow fell across suffolk county
      9 tokens: approximately nine inches of snow fell in bristol county
     14 tokens: between 2 and 5 inches of snow were reported over the 12 hour period
     13 tokens: trained spotters reported between 02 and 04 inches of ice around the county
     23 tokens: the white river at newport remained above flood stage from december and fell below flood stage during the evening hours on the 9th
    118 tokens: strong high pressure developed across south central arizona including the greater phoenix area during the day on july 22nd leading to excessive heat over the lower deserts the official high temperature at phoenix reached to 112 degrees the heat proved to be deadly according to a report from local broadcast media a 12 year old boy was rushed to the hospital after losing consciousness from heat stroke or heat exhaustion during an afternoon hike the boy had been hiking at the apache wash trailhead located about halfway between deer valley airport and cave creek the boy later died an excessive heat warning had been in effect for the area since noon continuing on and into the next day
     13 tokens: the blackhall mountain snotel site elevation 9820 ft estimated six inches of snow
     13 tokens: the battle mountain snotel site elevation 7440 ft estimated 17 inches of snow
      7 tokens: trees were blown down on persimmon road
     16 tokens: two to five inches of rain fell across central and eastern portions of scotts bluff county
     13 tokens: one to two feet of water covered highway 2692 from mitchell to scottsbluff
     13 tokens: the intersection of highway 97 and highway vv was closed due to flooding
      7 tokens: quarter size hail was reported at federal
    127 tokens: the national weather service baltimore washington weather forecast office has confirmed a waterspout and tornado struck the potomac river moving into st mary s county just south of beauvue on tuesday february 24 2016 a national weather service ground survey along with radar analysis concluded the tappahannock virginia tornado which created a 30 mile path of damage across the middle peninsula and northern neck of virginia crossed the potomac and traveled a mile into st mary s county maryland before dissipating most of the 65 mile path in maryland was over the potomac river the national weather service classified the storm once onshore as an ef0 peak winds were estimated at 65 mph the path width was approximately 75 yards no damage was reported over the water
     14 tokens: the east santa barbara channel buoy reported a thunderstorm wind gust of 34 knots
     19 tokens: there was a report via social media of 73 inches of lake enhanced snow in 24 hours at ironwood
     27 tokens: lake enhanced snow totals over an 18hour period included six inches near harvey and five inches just south of marquette in the higher terrain of sands township
     19 tokens: twoday storm total lake effect snow accumulation included 14 inches at lac la belle and 11 inches at phoenix
     10 tokens: trees were blown down around highway 37 near fort gaines
     13 tokens: the webber springs snotel site elevation 9250 ft estimated 15 inches of snow
     10 tokens: just over two inches of rain fell in 24 hours
      8 tokens: quarter size hail was reported at fort laramie
     12 tokens: between 2 and 4 inches of snow was reported around the county
     13 tokens: estimated wind gusts of 60 mph were reported 17 miles westnorthwest of hemingford
      9 tokens: nickel to quarter size hail was reported at potter
      9 tokens: just over two inches of rain fell with thunderstorms
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     73 tokens: the poteau river near poteau rose above its flood stage of 24 feet at 100 pm cst on december 27th the river crested at 3144 feet at 615 am cst on the 28th resulting in major flooding extensive flooding of cropland occurred many county roads were inundated by flood water the river remained in flood through the end of december 2015 finally falling below flood stage at 1245 pm cst on january 3rd
     10 tokens: fdk reported reduced visibilities of one quarter mile or less
     10 tokens: hwy reported reduced visibilities of one quarter mile or less
     11 tokens: heavy rain fell from thunderstorms on the morning hours of 731
     20 tokens: total rainfall from thunderstorms was six and three quarter inches with over four inches falling in a couple of hours
     14 tokens: between 1 and 3 inches of snow were reported over the 12 hour period
      9 tokens: between 1 and 4 inches of snow was reported
     10 tokens: just under three inches of heavy rain fell from thunderstorms
     21 tokens: a large tree was taken down by thunderstorm wind gusts and knocked off several wires as well onto old topton rd
     28 tokens: heavy rainfall over the solimar burn scar resulted in a significant mud and debris flow on highway 101 multiple lanes were closed due to mud and debris flows
     40 tokens: northerly winds gusting to near 50 mph combined with existing snow cover to cause areas of blowing snow with visibilities lowering to below a half mile at times new snow of less than a half inch fell during this time
     24 tokens: a light glaze of freezing rain caused hazardous travel conditions over portions of fulton county several roads were closed due to the icy conditions
      9 tokens: a tree was blown down just south of bonifay
     49 tokens: temperatures reaching daytime highs of 95 to 100 after a period of cool weather were accompanied by humid conditions with the heat index rising to a little above 100 degrees an unknown number of people suffered from heat stress heat exhaustion or dehydration as reported by hospital emergency rooms
      7 tokens: trees were blown down on beechwood drive
     10 tokens: nyg reported reduced visibilities of one quarter mile or less
     10 tokens: mrb reported reduced visibilities of one quarter mile or less
      9 tokens: between 1 and 4 inches of snow was reported
     12 tokens: ping pong ball size hail was reported two miles south of cheyenne
      5 tokens: heavy rain fell from thunderstorms
     13 tokens: trained spotters reported between 02 and 04 inches of ice around the county
     36 tokens: a tree was blown down at avery and spring street in st augustine the time of damage was based on radar the cost of damage was estimated for the event to be included in storm data
     41 tokens: snow amounts reported by spotters were 10 inches at victor and 9 inches in driggs snotel amounts were the following 25 inches at black bear 13 inches at island park 16 inches at phillips bench and 19 inches at white elephant
     11 tokens: harell road was closed at forbes street due to high water
      9 tokens: golf ball size hail was reported southwest of wheatland
      9 tokens: between 5 and 8 inches of snow was reported
      9 tokens: almost three inches of heavy rain fell with thunderstorms
     31 tokens: a lightning strike hit the pulaski county 911 center several of the computer systems equipment and radios inside the building were damaged or destroyed by the lightning strike time was estimated
     14 tokens: the east santa barbara channel buoy reported a thunderstorm wind gust of 34 knots
     13 tokens: a 24 hour storm total rainfall of 550 inches was reported near northview
     15 tokens: a tree was blown down onto a residence in the cottondale area damage was estimated
      8 tokens: trees were blown down in the youngstown area
     14 tokens: the roof was partially blown off of lighthouse church near sylvester damage was estimated
      9 tokens: a tree was blown down on spring creek road
     53 tokens: temperatures reaching daytime highs of 95 to 100 after a period of cool weather were accompanied by humid conditions with the heat index rising to a little above 100 degrees an unknown number of people suffered from heat stress heat exhaustion or dehydration as reported by hospital emergency rooms including one in mitchell
      5 tokens: heavy rain fell from thunderstorms
      5 tokens: heavy rain fell from thunderstorms
     13 tokens: the blackhall mountain snotel site elevation 9820 ft estimated 15 inches of snow
      9 tokens: there was a water rescue reported on cherokee avenue
     13 tokens: trained spotters reported between 02 and 04 inches of ice around the county
     14 tokens: the wind sensor at the torrington airport measured a peak gust of 63 mph
      9 tokens: between 5 and 8 inches of snow was reported
     58 tokens: snow began during the evening hours on the 22nd then continued heavy at times through the 23rd before ending early on the 24th snowfall totals included 277 inches in metuchen 240 inches in east brunswick 230 inches in perth amboy 190 inches in woodbridge 180 inches in milltown 170 inches in highland park and 160 inches in cheesequake
     10 tokens: quarter size hail was reported seven miles west of carpenter

 Classify Text Data Using Deep Learning

2-59



     39 tokens: snowfall of 1 to 4 inches combined with southeast winds gusting around 30 mph at times to produce areas of blowing snow with visibilities lowering locally to below one mile an accumulation of 30 inches was reported at everly
     17 tokens: quarter size hail was reported 4 miles southeast of kentwood the report was relayed by broadcast media
      8 tokens: golfball size hail was reported in downtown franklinton
     17 tokens: a porch roof was blown off a home at louisiana highway 447 and courtney road in walker
     12 tokens: just under four inches of rain fell in 24 hours from thunderstorms
     13 tokens: the webber springs snotel site elevation 9250 ft estimated 17 inches of snow
      7 tokens: trees were blown down on thames street
      9 tokens: between 1 and 6 inches of snow was reported
     11 tokens: four and a half inches of heavy rain fell from thunderstorms
     17 tokens: one quarter to one half of an inch of freezing rain accrual was reported across the county
     20 tokens: a tree was blown down on highway 189 about 5 miles outside of elba power lines were also blown down
      8 tokens: a tree was blown down on highway 162
      8 tokens: trees were blown down on harvey mill road
     18 tokens: a tree was blown down onto a house near the 3200 block of crawfordville highway damage was estimated
     11 tokens: highway j was flooded and there was a high water rescue
      9 tokens: between one and two inches of snow was reported
      9 tokens: between one and two inches of snow was reported
     23 tokens: meteorologist from the 26th operational weather squadron at barksdale air force base reported halfdollar size hail on highway 171 northwest of grand cane
     40 tokens: westerly winds behind a cold front reach sustained speed of 40 to 45 mph for a few hours a gust to 56 mph was measured at storm lake airport the high winds caused spotty power line and traffic light damage
     12 tokens: a wind gust of 60 mph was measured at wunderground site kflpanam37
     12 tokens: snowfall amounts of up to 2 inches were observed across the county
     24 tokens: heavy rain and snowmelt combined to cause minor flooding on the kennebec river at skowhegan flood stage 35000 cfs which crested at 35168 cfs
     27 tokens: a tenth of an inch of freezing rain was reported in dillon a large tree limb was down on hwy 301 south near the church of god
     13 tokens: the wydot sensor at bordeaux measured a peak wind gust of 61 mph
     17 tokens: a spotter reported visibility of 300 yards at el toro rd and aliso creek in aliso viejo
     44 tokens: lake effect snow showers accumulated to between 2 and 6 inches during the evening hours of january 3rd through midmorning january 4th heaviest across northern and eastern portions of the county reduced visibilities and slick roadways led to a few accidents and school delays
     42 tokens: lake effect snow showers accumulated to between 2 and 5 inches during the evening hours of january 3rd through midmorning january 4th heaviest across western portions of the county reduced visibilities and slick roadways led to a few accidents and school delays
     28 tokens: a couple tenths of an inch of freezing rain accrual was reported across the county in addition snowfall sleet amounts of around one half of an inch fell
     11 tokens: a 59 mph wind gust was measured at the cleveland awos
      8 tokens: a tree was blown down on morris road
     11 tokens: a tree fell on a home around 2273 highway 15 south
     46 tokens: lake effect snow showers accumulated to between 2 and 4 inches during the late evening hours of january 3rd through midmorning january 4th heaviest across northwest portions of the county reduced visibilities and slick roadways led to a few accidents and school delays across the region
     14 tokens: a 24 hour storm total rainfall of 381 inches was reported near ash grove
     19 tokens: quarter size hail fell at the intersection of north street and highway 224 on the north side of nacogdoches
     14 tokens: flash flooding washed out portions of county road 19 north of carter canyon road
     16 tokens: a tree was blown down onto county road 5 near the intersection with county road 245
     13 tokens: several trees uprooted along highway 231 between the cities of cleveland and oneonta
     13 tokens: several trees uprooted and power pole downed causing structural damage to a building
     40 tokens: northerly winds gusting to near 50 mph combined with existing snow cover to cause areas of blowing snow with visibilities lowering to below a half mile at times new snow of less than a half inch fell during this time
     29 tokens: westerly winds behind a cold front reach sustained speed of 40 to 45 mph for a few hours the high winds caused spotty power line and traffic light damage
     15 tokens: law enforcement reported a funnel cloud near the intersection of us 98 and conners highway
     18 tokens: flooding reported in plaza del caribe flood waters reached the doors of the vehicles in the parking lot
     49 tokens: temperatures reaching daytime highs of 95 to 100 after a period of cool weather were accompanied by humid conditions with the heat index rising to a little above 100 degrees an unknown number of people suffered from heat stress heat exhaustion or dehydration as reported by hospital emergency rooms
     26 tokens: woodland high school lunchroom roof lifted off along with numerous trees uprooted and power lines downed in the town of woodland trees uprooted across randolph county
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     49 tokens: temperatures reaching daytime highs of 95 to 100 after a period of cool weather were accompanied by humid conditions with the heat index rising to a little above 100 degrees an unknown number of people suffered from heat stress heat exhaustion or dehydration as reported by hospital emergency rooms
     49 tokens: temperatures reaching daytime highs of 95 to 100 after a period of cool weather were accompanied by humid conditions with the heat index rising to a little above 100 degrees an unknown number of people suffered from heat stress heat exhaustion or dehydration as reported by hospital emergency rooms
     20 tokens: thunderstorm winds caused tree damage including several branches blown down tree debris damaged power lines and caused a power outage
     49 tokens: reports of slideoffs and accidents along with school delays were common on january 12th due to snow and blowing snow snow accumulations across the country generally ranged between 2 and 3 inches the accumulating snow combined with temperatures falling into the teens and reduced visibilities created difficult driving conditions
     49 tokens: reports of slideoffs and accidents along with school delays were common on january 12th due to snow and blowing snow snow accumulations across the country generally ranged between 2 and 3 inches the accumulating snow combined with temperatures falling into the teens and reduced visibilities created difficult driving conditions
     23 tokens: six utility poles bent on 4000n between 6000e and 8000e and a half dozen trees downed radar indications are this was a microburst
     13 tokens: a tree was blown down along shell point road and spring creek highway
      5 tokens: heavy rain fell from thunderstorms
     19 tokens: trees were taken down at the intersection of 202 and route 10 in morris plains due to thunderstorm winds
     10 tokens: there were 2 reports of trees down in quitman county
      7 tokens: trees were blown down on highway 216
      8 tokens: trees were blown down along val del road
     15 tokens: a public report indicated pea to penny sized hail near majors field in greenville tx
     49 tokens: reports of slideoffs and accidents along with school delays were common on january 12th due to snow and blowing snow snow accumulations across the country generally ranged between 1 and 3 inches the accumulating snow combined with temperatures falling into the teens and reduced visibilities created difficult driving conditions
     11 tokens: golf ball size hail was reported six miles west of hemingford
     25 tokens: heavy rain and snow melt combined to cause minor flooding on the presumpscot river at westbrook flood stage 150 ft which crested at 1717 ft
     13 tokens: trees and wires down on western ave in morristown due to thunderstorm winds
      5 tokens: heavy rain fell from thunderstorms
     10 tokens: trees and power lines were blown down on highway 52
     23 tokens: downed tree blocking the road along the 500 block of ridgewood road radar estimated winds in excess of 60 mph in the vicinity
     17 tokens: a tree was blown down on county road 58 near the border of franklin and gulf counties
     12 tokens: a tree was blown down at courtney grade road near puckett road
     10 tokens: a tree was taken down due to thunderstorm wind gusts
     36 tokens: near lake darby 34 inches of snow was measured a social media post from north of grove city showed that 3 inches of snow fell there the port columbus international airport recorded 23 inches of snow
      5 tokens: reported by ew8188 in frederick
     13 tokens: the squaw peak raws recorded a gust to 77 mph at 130239 pst
      9 tokens: hail from a thunderstorm was estimated at 75 inches
     21 tokens: liberty county dispatch reported power lines down at the intersection of highway 84 and leroy coffer highway due to gusty winds
     24 tokens: liberty county dispatch reported a tree and a power line down at the intersection of highway 17 and phillips road due to gusty winds
     16 tokens: the juniper creek raws recorded wind chill temperatures ranging from 16f to 24f during this interval
     22 tokens: the flynn prairie raws recorded several gusts exceeding 57 mph during this interval the peak gust was 67 mph at 170713 pst
     13 tokens: dutch harbor asos experienced a peak gust to 82 knots during this time
     10 tokens: several large trees were taken down due to thunderstorm winds
      6 tokens: thunderstorm winds took down numerous trees
     19 tokens: three inchesof snow was measured 5 miles south of heath a spotter measured 26 inches of snow in johnstown
     17 tokens: northeast of troy a spotter measured 28 inches of snow southwest of town odot measured 2 inches
      5 tokens: reported by dw3148 falling waters
     10 tokens: w99 reported reduced visibilities of one quarter mile or less
     17 tokens: the umpqua offshore buoy indicated heavy swell that likely generated high surf along the southern oregon coast
     17 tokens: the port orford buoy indicated heavy swell that likely generated high surf along the southern oregon coast
     17 tokens: the port orford buoy indicated heavy swell that likely generated high surf along the southern oregon coast
     15 tokens: offshore buoys indicated heavy swell that likely generated high surf along the southern oregon coast
     16 tokens: a power line was blown down at highway 71 and industrial road monetary damage was estimated
      8 tokens: weatherflow measured thunderstorm wind gust of 64 mph
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     14 tokens: an nws employee measured hail to the size of 125 inches during a thunderstorm
     16 tokens: in plymouth warren avenue was closed at the entrance to plymouth beach due to coastal flooding
     30 tokens: a coop observer reported 4 inches of snow new snow in waterville wa the new snow fell between noon on the 19th and 8am on the 20th of january 2015
     12 tokens: several pictures of golf ball size hail was posted to social media
     15 tokens: a measured wind gust of 56 knots occurred with a thunderstorm at a weatherflow site
     25 tokens: em reported 56 inches of snow in marysville early thursday morning the southwest half of marshall county received 57 inches of snow from this storm
    100 tokens: isolated thunderstorms developed and moved north across the greater phoenix metropolitan area during the late afternoon and early evening hours on july 18th one of the stronger storms moved across phoenix sky harbor airport and generated gusty and damaging winds according to a county official with the city of phoenix at 1825mst damaging thunderstorm outflow winds pulled the roof off of an apartment complex located at the intersection of 26th street and van buren street the apartment complex was about 1 mile northwest of the airport peak wind gusts were estimated to be about 70 knots no injuries were reported
      8 tokens: near circleville an inch of snow was measured
      7 tokens: trees were blown down east of somerset
      8 tokens: three inches of snow was measured near wapakoneta
     63 tokens: a coop observer reported 143 inches of new snow from this passing storm system other new snow amounts associated with this storm system include 82 inches at mazama and 5 inches 12 miles northwest of entiat wa the snow started near 10 pm wednesday reached warning criteria amounts near 10am on thursday the 21st before diminishing substantially early friday morning of january 222016
     11 tokens: two and a half inches of snow was measured near greenville
     14 tokens: a report from east of pickerington showed that 2 inches of snow had fallen
     23 tokens: heavy snotel amounts were 9 inches at dollarhide 11 inches at galena summit 9 inches at hyndman and 10 inches at swede peak
     15 tokens: snowfall amounts were estimated to be between 20 and 30 inches based on reports nearby
      9 tokens: just over two inches of rain fell from thunderstorms
     11 tokens: there were numerous reports of downed trees in the haysi vicinity
     16 tokens: broadcast media reported a tree blown down on a home 2 miles north of mead wa
     35 tokens: two weather stations along the south washington coast reported a few hours of sustained winds between 49 and 51 mph in the early morning a peak gust of 61 mph was measured at cape disappointment
     14 tokens: a member of the public reported 6 inches of snow in east wenatchee wa
     14 tokens: snowfall totaled up to 243 inches near keyser and 235 inches near short gap
     18 tokens: thunderstorm winds caused tree damage including several branches blown down the winds were accompanied by penny size hail
     10 tokens: northwest of chillicothe a half inch of snow was measured
     13 tokens: spotters in trenton and southeast of oxford both measured 2 inches of snow
     47 tokens: numerous trees were downed from a storm that would go on to produce a tornado at nugget lake see separate entry for the tornado local law enforcement officials also indicated a trailer house was blown over at highway 10 and 490th avenue in the town of salem
     11 tokens: snow accumulated 2 to 5 inches including 40 inches near pipestone
     21 tokens: snow amounts up to 15 inches were measured across warren county cocorahs station mcminnville 85 ese measured 14 inches of snow
      9 tokens: trees and wires taken down due to thunderstorm winds
     32 tokens: areas of both low visibilities from fog and icy surfaces from freezing drizzle combined to make travel hazardous from the night of january 6th to the early daylight hours of january 7th
     12 tokens: a coop observer reported 71 inches of snow in holden village wa
     41 tokens: measurements and estimates of 4 to 8 inches of snow were received across pottawatomie county the heaviest snow occurred across the northwest half of the county 6 inches was measured by coop in blaine in the northern parts of the county
     32 tokens: areas of both low visibilities from fog and icy surfaces from freezing drizzle combined to make travel hazardous from the night of january 6th to the early daylight hours of january 7th
     32 tokens: areas of both low visibilities from fog and icy surfaces from freezing drizzle combined to make travel hazardous from the night of january 6th to the early daylight hours of january 7th
     12 tokens: several trees and power wires taken down due to thunderstorm wind gusts
     18 tokens: snow accumulated 2 to 5 inches over the southeastern part of yankton county including 32 inches at yankton
      6 tokens: law enforcement reported several trees down
     12 tokens: power lines were blown down on the 4100 block of jordan ave
     12 tokens: local media reported trees and power lines were down in oakland township
     10 tokens: five people died in las vegas of heat related causes
     10 tokens: a woman died of heat related causes in death valley
      7 tokens: eight homes were flooded in dolan springs
     18 tokens: over 9 inches of snow was reported in alamo the heavy wet snow resulted in scattered power outages
      5 tokens: emergency management reported trees down
      8 tokens: a trained spotter reported trees and wires down
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      5 tokens: the public reported trees down
     23 tokens: a tree was down on south shore road near old forge in the town of webb blocking the roadway due to thunderstorm winds
      8 tokens: the sacramento wash flooded the oatman topock highway
     11 tokens: a wind gust to 65 mph was reported at joplin 3sw
     37 tokens: frequent wind gusts of 40 to 50 mph resulted in numerous trees down across vance county including on homes cars and power lines numerous customers lost power in vance county as a result of the strong winds
     28 tokens: the stuart airport awos ksua recorded peak wind gusts of 35 knots as a strong thunderstorm crossed the coast and continued across the intracoastal and nearshore atlantic waters
     11 tokens: one to three inches of snowfall with some light ice accretion
      6 tokens: emergency management reported numerous trees down
     16 tokens: highway 95 was impassable from vidal junction to mile marker 24 due to flooding and debris
     35 tokens: usaf wind tower 0300 recorded a peak gust of 41 knots from the southwest as a strong thunderstorm exited merritt island and continued across the banana river barrier island and into the nearshore atlantic waters
     32 tokens: the awos at the new smryna beach airport kevb reported winds up to 38 knots from the westsouthwest as a strong thunderstorm exited the coast and continued over the nearshore atlantic waters
     37 tokens: the vero beach airport asos kvrb measured a gust to 34 knots from the southsouthwest as a line of strong thunderstorms exited the mainland and continued rapidly east across the intracoastal waterways barrier islands and nearshore atlantic
     14 tokens: eight inches of snow was reported in barryton 73 inches was reported in sylvester
     12 tokens: fourteen inches of snow fell in riverdale ten inches fell in alma
     14 tokens: the interstate 80 at grassey sensor reported a peak wind gust of 58 mph
     11 tokens: quarter size hail was reported near p highway near rocky point
     34 tokens: an estimated 35 inches of rain fell causing water to flow over roadways at highway 132 and hayward stabe road and rupe imo and skeleton wood and imo and wheat capital and highway 132
     14 tokens: thunderstorm winds snapped a one to two foot diameter tree at chaparral high school
     10 tokens: mud and debris were on interstate 15 at exit 64
     12 tokens: a wind gust to 74 mph was reported at gallatin gateway 16se
     58 tokens: torrential rainfall of 12 to 15 inches caused widespread flash flooding across the county the heavy rains caused at least 8 dams to breach in cumberland county numerous roads were closed due to flooding including portions of interstate 95 numerous homes and businesses were flooded as well with numerous water rescues from people trapped in homes and vehicles
     19 tokens: measured wind gusts of 40 to 45 mph knocked down isolated tree limbs that resulted in isolated power outages
     15 tokens: a tree was reported down on black hollow road in arlington due to thunderstorm winds
     16 tokens: a trained weather spotter observed pennysized hail falling near state roads 50 and 429 in ocoee
     24 tokens: a foot of snow was reported in comstock park there were numerous reports of ten to eleven inches of snow across southern kent county
     22 tokens: local emergency management relayed a report of a tree down southwest of somerset shingles were also blown off of a roof nearby
      8 tokens: carpet barn road was closed due to flooding
     10 tokens: highway e near barker creek was closed due to flooding
      6 tokens: flash flooding covered kelso cima road
     24 tokens: approximately 10 vehicles were stuck in flood waters at david drive and river drive sections of needles highway near capri road also washed away
     20 tokens: a light pole was blown down on the neil street onramp to westbound i74 in champaign at around 1400 cst
      6 tokens: lightning set fire to a house
     13 tokens: street flooding was reported at orange street and market street near hogans creek
     10 tokens: a trained spotter measured a wind gust of 70 mph
      9 tokens: several large tree limbs were blown down in gainesville
     15 tokens: an nws employee reported heavy freezing rain causing very icy conditions along the glenn highway
     39 tokens: frequent wind gusts of 30 to 40 mph resulted in multiple reports of trees down across person county including on homes cars and power lines some customers lost power in person county as a result of the strong winds
     15 tokens: a wind gust to 67 mph was reported at bynum 13w the dellwo mcscn site
     57 tokens: a short tornado track was determined along cr53 just north of its intersection with cr26 this was a concentrated area of damage with large trees uprooted and snapped near a residence one of the trees had a small amount of debarking with large limbs removed this tornado was rated ef0 with max winds estimated at 85 mph
     19 tokens: numerous trees were blown down in the area along with numerous power outages reported by the wiregrass electric coop
     14 tokens: a severe thunderstorm producing winds estimated near 60 mph knocked down trees near karthus
     13 tokens: wires were reported down on route 41 in sheffield due to thunderstorm winds
     10 tokens: golf ball size hail fell 1 mile south of alanreed
     14 tokens: trees were blown down and roofs and siding were damaged in the laughlin area
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     18 tokens: winds caused isolated damage removing the roof from a trailer home a wall came down with the roof
     86 tokens: this was the second tornado to develop in northwest houston county spawned by the same parent thunderstorm after initially developing in houston county the tornado crossed into extreme southeast dale county before moving back into houston county in the murphy mill road area there was a small area of ef1 damage along murphy mill road where many large diameter pine trees were snapped and uprooted this tornado likely lifted before reaching us highway 231 this tornado was rated ef1 with max winds estimated near 100 mph
     14 tokens: bar pilot dispatcher reported a brief waterspout in the columbia river no damage reported
     12 tokens: public reported thor road flooding near track road just south of pelion
      7 tokens: penny size hail was reported via mping
     33 tokens: usaf wind tower 1007 recorded a peak wind gust over 35 knots near playalinda beach as a strong squall line exited the peninsula and raced eastward across the intracoastal and nearshore coastal waters
     23 tokens: the asos at vero beach airport kvrb recorded peak winds of 38 knots as a strong squall line passed by and continued offshore
     11 tokens: estimated wind gust of 60 mph reported north of hazel green
     10 tokens: the wind gust was measured by a davis weather system
     17 tokens: a few dime to quarter sized hailstones fell along with brief heavy rain and very strong winds
     10 tokens: a large tree was downed in dartmouth blocking reed road
     16 tokens: a tree was snapped off at its base and the fordville scale house was blown down
     17 tokens: the grand canyon airport asos measured a peak wind gust of 59 mph at 207 pm mst
     21 tokens: trees were toppled and power lines brought down by wind gusts estimated at up to 60 mph the time is estimated
     93 tokens: weather observers across cumberland county reported snowfall amounts of 3 to 5 inches winds gusting to between 45 and 55 mph created whiteout conditions from 1000 to 1400 cst snowcovered roads and poor visibility due to falling and blowing snow contributed to numerous traffic accidents across the county especially on i57 a fatal traffic accident occurred on il130 south of greenup when a semi truck collided with another vehicle a 57 yearold male in the vehicle was killed in addition many trees and power lines were blown down resulting in scattered power outages
     11 tokens: local media relayed a report of roof damage to a home
     19 tokens: heavy rainfall over southern sections of alexandria produced flooded roadways some roadways had 2 feet of water over them
     39 tokens: strong north winds behind a cold front pushed the tide levels to or below 1 mllw for 2 tide cycles at sabine pass the tide fell to a lowest level of 19 mllw during the morning of the 24th
     21 tokens: two to three inches of snow and gusty southeast winds up to 25 mph created snow covered roads and hazardous travel
     68 tokens: weather observers across edgar county reported snowfall amounts of 4 to 6 inches winds gusting to between 40 and 50 mph created whiteout conditions from 1000 to 1300 cst snowcovered roads and poor visibility due to falling and blowing snow contributed to numerous traffic accidents across the county especially on us150 and us36 in addition many trees and power lines were blown down resulting in scattered power outages
     11 tokens: a picutre of quarter size hail was received through social media
     13 tokens: multiple power poles were knocked down along patton road relayed via social media
      8 tokens: power lines were knocked down on huntsville road
     20 tokens: a large tree was knocked down and blocking the road on mt olive drive at the intersection of section road
     14 tokens: a tree was knocked down along al 277 in stevenson time estimated by radar
      7 tokens: funnel cloud reported did not touch down
      9 tokens: strong winds hit the grand forks air force base
      8 tokens: a tree was knocked down onto a home
     21 tokens: a 30 by 40 foot section of metal roofing was blown onto the intersection of miller and gray roads in gurley
     21 tokens: two to three inches of snow and gusty southeast winds up to 25 mph created snow covered roads and hazardous travel
     21 tokens: two to three inches of snow and gusty southeast winds up to 25 mph created snow covered roads and hazardous travel
      8 tokens: trees were knocked down on paint hollow road
      7 tokens: trees were knocked down on bellview road
      7 tokens: trees were knocked down on blanche road
     12 tokens: large trees were downed by severe storm winds in the spring area
     22 tokens: there was street flooding in the town of coldspring there was also water inundating highway 59 south of the town of goodrich
      8 tokens: trees were blown down across county road 65
     22 tokens: a social media post from haydenville showed that 7 inches of snow fell there the cooperative observer in laurelville measured 4 inches
     10 tokens: winds damaged a lightweight tin roof fences and utility poles
     42 tokens: polk county fire rescue reported that multiple 911 calls were received of a tornado briefly touching down in the lake wales area a few trees were found knocked over and two power poles were partial damaged but no structural damage was reported
      8 tokens: several trees uprooted in the town of vincent
     43 tokens: a spotter west of hebron reported 4 inches of snow in that area another near union had 32 inches while a third spotter and broadcast media reported 3 inches fell near burlington and francisville respectively the cvg airport recorded 27 inches of snow
     10 tokens: several trees uprooted in and near the cedar bluff community
     14 tokens: six large trees were knocked down along cr 23 between red bay and vina
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     41 tokens: the cocorahs observer southwest of bethel measured 5 inches of snow a spotter north of williamsburg measured 45 inches of snow a nws employee in goshen had 4 inches of accumulation while the odot county garage near amelia had 35 inches
     25 tokens: the airport at kcvg measured a 47 mph gust as did a cwop station in burlington numerous trees were blown down causing significant power outages
     10 tokens: a peak wind of 52 kt 60 mph was reported
     25 tokens: the wind sensor at the rawlins airport measured sustained winds of 40 mph or higher with a peak gust of 60 mph at 151253 mst
     13 tokens: several trees uprooted along highway 43 between tierece road and old fayette road
     18 tokens: the observer near new carlisle measured 2 inches of snow another observer north of springfield measured an inch
     12 tokens: several trees uprooted and power lines downed in the coates bend community
     40 tokens: a public report southeast of washington court house showed that 6 inches of snow fell there a social media post from new martinsburg had 5 inches of snow while the cooperative observer south of washington court house measured 4 inches
     10 tokens: the cooperative observer near alpine measured 38 inches of snow
     37 tokens: a nws employee near ogden measured 3 inches of snow another employee north of wilmington and the nws office south of town both measured 23 inches while the odot county garage measured 13 inches west of burtonville
     12 tokens: the odot county garage west of springfield measured an inch of snow
     12 tokens: numerous trees uprooted and power lines downed in the city of wetumpka
     16 tokens: the nedor sensor at dalton on highway 385 measured sustained winds of 40 mph or higher
     17 tokens: the nedor sensor at interstate 80 mile post 50 measured sustained winds of 40 mph or higher
      9 tokens: trace amounts of ice were reported around the county
     11 tokens: this wind gust was measured at a lavaca bay mesonet site
      3 tokens: no damage reported
     16 tokens: the public estimated 075 inch hail in wind point and relayed their report via social media
     17 tokens: a home weather station near new port richey measured a wind gust to 48 knots 55 mph
     20 tokens: rainfall totals generally ranged from 5 to 9 inches across the county franklin airport fkn reported 878 inches of rain
     32 tokens: snow melt and around an inch of rainfall produced an ice jam on the kennebec river at augusta flood stage 120 ft resulting in minor flooding and a crest of 1435 ft
     21 tokens: blizzard conditions were estimated based on observations nearby snowfall reports between 19 and 39 inches were received across southeastern montgomery county
     23 tokens: the patrick air force base awos kcof recorded a peak gust of 34 knots from the northwest as a strong thunderstorm moved offshore
     16 tokens: flash flooding was reported at stevens and hazelwood in borger barricades were setup in those locations
     18 tokens: a home weather station located on indian shores beach measured a wind gust to 39 knots 45 mph
     15 tokens: a home weather station near belleair measured a wind gust of 38 knots 44 mph
     90 tokens: torrential rainfall of 8 to 12 inches caused widespread flash flooding across the county additional heavy rainfall upstream caused moderate flooding along the cape river basin flooding damaged approximately 744 structures throughout the county resulting in 91 million in property damage numerous streets and roads were reported flooded including interstate 95 near dunn with several washouts reported on secondary roads the flooding resulted in 1 direct fatality a 74 year old man died when he drove past a barricade near carolina drive and was swept away into a flooded creek
     12 tokens: visibility was estimated to be around onequarter mile based on observations nearby
     17 tokens: a usgs rain gauge near lakewood ranch measured 752 inches of rain in a 6hr time period
     34 tokens: rainfall totals generally ranged from 3 to 6 inches across the county stampers reported 527 inches of rain healys 1 sse reported 426 inches of rain remlik 1 n reported 371 inches of rain
     58 tokens: heavy rainfall of 7 to 10 inches caused widespread flash flooding across the county roads all throughout the county were closed due to flooding numerous homes and businesses were flooded as well with numerous water rescues from people trapped in homes and vehicles flooding damaged approximately 2503 structures throughout the county resulting in 655 million in property damage
    149 tokens: torrential rainfall of 10 to 14 inches caused widespread flash flooding across the county additional rainfall upstream caused alltime record major flooding along the black river near tomahawk flooding damaged approximately 657 structures throughout the county resulting in 41 million in property damage and and at least 25 million in crop damage numerous roads were flooded all througout the county us 701 was flooded going into both newton grove and garland and nc 24 was flooded between turkey and clinton nc 24 was closed at the county line in autryville with water flowing over the bridge bonnetsville road between salemburg and the avenue was washed out washedout areas were also on edmond matthis road bass lake road mount moriah church road five bridge road fleet cooper road and numerous others numerous homes and businesses were flooded as well with numerous water rescues from people trapped in homes and vehicles
     44 tokens: heavy rainfall of 9 to 12 inches caused widespread flash flooding across the county numerous roads were closed due to flooding numerous homes and businesses were flooded as well flooding damaged approximately 433 structures throughout the county resulting in 31 million in property damage
    197 tokens: torrential rainfall of 9 to 12 inches caused widespread flash flooding across the county additional 5 to 6 inches of rainfall upstream caused alltime record major flooding along the neuse river basin flooding damaged approximately 1160 structures throughout the county resulting in 247 million in property damage and 20 million in crop damage numerous streets and roads were reported flooded causing sinkholes to form including a large sinkhole at mile marker 334 on interstate 40 the flooding resulted in 4 direct fatalities a 19 year old female died when her car was swept away by flood waters into hannah creek on interstate 95 at mile marker 83 near four oaks a 30 year old male died when his vehicle was swept off the road when attempting to drive through flood waters on cornwallis road near nc highway 42 a 67 year old male died when his vehicle was swept away when attempting to go across a floodcovered bridge on highway 210 near galilee road a 51 year old male died when he was …
     21 tokens: the tidal gauge at annapolis indicated moderate flooding water levels through the storm drains approached businesses on dock street in annapolis
     18 tokens: heavy rainfall of 5 to 6 inches caused widespread flash flooding across the county with numerous road closures
    130 tokens: torrential rainfall of 9 to 12 inches caused widespread flash flooding across the county additional heavy rainfall upstream caused major flooding along the tar river basin and along contentnea creek flooding damaged approximately 1174 structures throughout the county resulting in 323 million in property damage and 20 million in crop damage numerous streets and roads were reported flooded with several washouts reported on secondary roads the flooding resulted in 2 direct fatalities a 51 year old female died when the car she was driving was swept off the road in rushing floodwaters along nc highway 581 between renfro road and rock ridge a 65year old male died when his car was swept away by swift water in a creek near the 6400 block of good news church road near saratoga
     41 tokens: rainfall totals generally ranged from 5 to 11 inches across the county benns church 1 wsw reported 1038 inches of rain smithfield reported 883 inches of rain comet reported 870 inches of rain carrollton 2 ese reported 668 inches of rain
     27 tokens: rainfall totals generally ranged from 7 to 10 inches across the county norfolk international airport orf reported 924 inches of rain norview reported 910 inches of rain
     22 tokens: heavy rainfall caused street flooding in rhinelander mainly west of the wisconsin river in the area of davenport street and maple street
     28 tokens: rainfall totals generally ranged from 3 to 6 inches across the county mollusk 1 se reported 398 inches of rain kilmarnock 1 sw reported 311 inches of rain
     30 tokens: rainfall totals generally ranged from 1 inch to 3 inches across the county louisa 1 nnw reported 151 inches of rain zion crossroads 1 nne reported 114 inches of rain
     12 tokens: rainfall totals generally ranged from 2 to 4 inches across the county
     36 tokens: the mount pleasant police department reported longpoint road near needlerush parkway closed due to saltwater flooding at 748 am est a maximum tide level of 771 ft mllw was recorded at the charleston harbor tide gauge
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      9 tokens: trace amounts of ice were reported around the county
     11 tokens: severe storm winds caused tree damage in the town of deanville
     18 tokens: there were numerous reports of trees and power lines down throughout dickenson county especially between clincho and haysi
     37 tokens: wind chills of 35 to 40 below zero were common across olmsted county on the morning of january 17th the lowest recorded wind chill by the automated weather observing equipment at the rochester airport was 41 below
     12 tokens: there were a few trees down in the county including in grundy
     12 tokens: flash flooding was reported along john b carter road southeast of fayetteville
     19 tokens: blizzard conditions were reported at reagan national airport snowfall reports were between 18 and 26 inches across arlington county
      5 tokens: thunderstorm winds damaged a fence
     10 tokens: just over two inches of rain fell due to thunderstorms
     13 tokens: several roads closed due to flash flooding with some debris washed into roadways
     11 tokens: a trained spotter estimated 60 mile per hour winds in bridgeport
     20 tokens: a public report of quarter size hail in crossroads was relayed by broadcast media event time was estimated by radar
      8 tokens: snowfall totaled up to 225 inches near dayton
     13 tokens: thunderstorm winds caused tree damage including a large tree blown across a road
     12 tokens: a brief waterspout over northern sarasota bay was reported by the public
     15 tokens: thunderstorm winds blew the roof off a mobile home and also blew down power lines
     14 tokens: a wind gust of 58 mph was recorded at the judith gap dot site
     11 tokens: windows were knocked out at the tom steed reservoir bait shop
     10 tokens: a gust of 61 mph was recorded across the area
     12 tokens: a wind gust of 59 mph was recorded at the baker airport
     11 tokens: thunderstorm winds destroyed two grain bins and damaged a light pole
     70 tokens: a nws survery crew found 25 homes that sustained damage mainly to pool cages roofs garages and carports numerous tree limbs were snapped at the top of the trees with a few being uprooted a few business signs in the area were damaged or destroyed sporadic damage was found along the 3 mile path likely indicating the tornado may have lifted off the ground a time or two before dissipating
     11 tokens: branches were reported down in the northern end of pocahontas county
      9 tokens: the butler awos reported a wind chill of 12
     32 tokens: two to six inches of snow fell across the region the larger totals were in higher elevations and in northern sections of the county an isolated report or two exceeded 7 inches
     27 tokens: less than an inch to two inches of snow fell across the region the larger totals were in higher elevations and in northern sections of the county
     13 tokens: the asos at columbia metro airport reported a wind gust of 51 mph
      9 tokens: almost three inches of heavy rainfall fell with thunderstorms
      7 tokens: several trees downed due to thunderstorm winds
     60 tokens: between 18 and 30 inches of snow fell fell near the sierra crest and in the higher elevations south of lake tahoe at lake level periods of rain or rain mixed with snow cut down totals greatly with only 9 inches of snow in tahoma and just under 6 inches at the south lake tahoe airport and in tahoe city
     18 tokens: nickel to quarter sized hail fell and nearly covered the ground over two inches of rain also fell
     11 tokens: two and a half inches of rain fell due to thunderstorms
      7 tokens: over two inches fell due to thunderstorms
      8 tokens: several trees taken down due to thunderstorm winds
      9 tokens: hail with a thunderstorm was measured at 75 inches
      9 tokens: hail was measured at 34 inch from a thunderstorm
     28 tokens: snowfall amounts of 6 to 7 inches were measured above the 5000 foot level wind gusts of 25 to 35 mph produced areas of blowing and drifting snow
     26 tokens: snowfall amounts of 6 to 10 inches were measured across the area wind gusts of 20 to 35 mph produced areas of blowing and drifting snow
     27 tokens: snowfall amounts of 1 to 3 inches were measured across the area wind gusts of 20 to 30 mph produced some areas of blowing and drifting snow
     17 tokens: county comms reported multiple trees and power lines blown down near highway 74 and old fort rd
     31 tokens: heavy rain resulted in flash flooding at a couple of locations in asheboro colony road and the intersection of patton avenue and thomas street were briefly closed due to high water
     14 tokens: two trees were blown down at a residence approximately 4 miles northnortheast of enfield
      8 tokens: one tree was reported down on morganton road
     24 tokens: four to six inches of snow fell across the region the larger totals were in higher elevations and in northern sections of the county
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     24 tokens: the wydot sensor at dana ridge measured sustained winds of 40 mph or higher with a peak gust of 60 mph at 291430 mst
      7 tokens: several trees downed due to thunderstorm winds
     11 tokens: trees and wires downed on centerville road due to thunderstorm winds
     38 tokens: snowfall amounts between 25 and 38 inches were received across frederick county snowfall totaled up to 38 inches near gainesboro a snowfall report of 350 inches was received near stephens city and 245 inches was reported in middletown
      8 tokens: quarter to ping pong ball sized hail fell
      7 tokens: flooding was reported on mirror lake drive
     12 tokens: lightning struck a tree which fell on a house damaging several rooms
     32 tokens: two to six inches of snow fell across the region the larger totals were in higher elevations and in northern sections of the county an isolated report or two exceeded 7 inches
     10 tokens: several trees taken down due to thunderstorm winds in bridgeton
     10 tokens: numerous trees taken down due to thunderstorm winds in fairton
     10 tokens: several trees down on straughn mill road near interstate 295
      9 tokens: almost three inches of rain was measured with thunderstorms
      7 tokens: trees taken down by thunderstorm wind gusts
      6 tokens: a house was struck by lightning
     10 tokens: a 63 mph wind gust was measured from a thunderstorm
      9 tokens: a funnel cloud was observed at 9148 centreville road
     13 tokens: public reported heavy rainfall of 211 inches so far beginning time radar estimated
     13 tokens: power pole and wires taken down due to thunderstorm winds trees also downed
      8 tokens: hail was estimated at 1 inch in diameter
     37 tokens: the department of highways relayed a report of flash flooding at highway 20 four miles west of loup loup summit a debris flow went across the road roughly 6 miles east of twisp wa on highway 20
      8 tokens: trees and wires downed on bunker hill road
     12 tokens: a 53 mph thunderstorm wind gust was measured by a weatherflow site
     19 tokens: severe thunderstorm wind gusts around 60 mph downed trees along south mt pleasant avenue between monroeville and highway 84
      9 tokens: severe thunderstorm wind gusts downed trees along oakley road
     12 tokens: numerous wires were reported down at route 27 at davils mill rd
     15 tokens: fd reported a tree blown down on a home causing significant damage on lakeside loop
     18 tokens: one shallow rooted oak tree was blown over wind speeds were estimated to be 60 miles per hour
     22 tokens: snow accumulated 3 to 6 inches including 60 inches near pukwana the snow caused slippery roads which resulted in a few accidents
     48 tokens: a bow echo producing winds estimated at 80 mph produced a corridor of wind damage along and north of straughn school road which is northeast of andalusia numerous trees were uprooted with power lines also downed a tree fell onto a home on country drive causing considerable damage
     11 tokens: a tree fell and damaged utility equipment off of mcdaniel road
     36 tokens: social media reports of at least a couple of dozen trees blown down across far northern iredell county with one on a house causing a brief entrapment the roof of a gas station was also damaged
     47 tokens: county comms and highway patrol reported multiple trees blown down across roads in southwest greenwood county from the intersection of alexander and briarwood rd south to just north and east of bradley part of a roof was reported to be damaged on breezewood rd east of bradley
     39 tokens: westerly winds behind a cold front reach sustained speed of 40 to 45 mph for a few hours a gust to 63 mph was measured near wessington springs the high winds caused spotty power line and traffic light damage
     15 tokens: a few trees were blown down in the cranfield liberty road area south of cranfield
      9 tokens: public reported quarter size hail on sam dee rd
     63 tokens: the stream gauge on potomac river at point of rocks reached flood stage the gauge peaked at 16 feet at 0015 est the parking lots at both the mckimmey and brunswick boat ramps began to flood flooding of an agricultural field adjacent to the mckimmey boat ramp occurred about half the lower parking lot of the point of rocks boat ramp also flooded
     10 tokens: old charles town road was closed near the opequon creek
     17 tokens: spiky hail around ping pong ball size was reported near the intersection of highways 82 and 319
     39 tokens: light snow began around noon on january 17th then continued through the afternoon hours storm totals included 23 inches near little egg harbor 15 inches in berkeley township 13 inches in brick township and 10 inches in jackson township
      6 tokens: several roads flooded in the area
     20 tokens: dallas center fire department reported hail just under ping pong ball in size mixed with larger amounts of smaller hail
     39 tokens: westerly winds behind a cold front reach sustained speed of 40 to 45 mph for a few hours a gust to 54 mph was measured at le mars the high winds caused spotty power line and traffic light damage
     23 tokens: trees and power lines were blown down in ocilla in addition a house fire resulted from a downed power line damage was estimated
     11 tokens: trees damaged an suv and a mobile home damage was estimated
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     10 tokens: spotter reported brief 34 inch hail off old river rd
     10 tokens: spotters reported around half of an inch across the county
     39 tokens: while lingering light snow after a blizzard produced little additional accumulation continuing strong north to northwest winds produced blowing and drifting of the heavy new snowpack through the morning hours difficult to impossible travel conditions slowly began to ease
     12 tokens: a large cedar tree about two feet in diameter was reported down
     23 tokens: multiple large trees uprooted and blown onto power lines resulting in toppled power lines all which resulted in blockage of the entire roadway
     12 tokens: a large tree was reported down across calhoun st in west baltimore
     44 tokens: county comms and public via social media reported multiple trees blown down in the uptown and central city area the damage was centered in the elizabeth neighborhood where multiple trees fell on vehicles and one tree fell on an apartment building along greenway ave
     13 tokens: the wydot sensor at strouss hill measured peak wind gusts of 58 mph
     27 tokens: the wydot sensor at interstate 80 mile post 249 measured sustained winds of 40 mph or higher with a peak gust of 60 mph at 151355 mst

View the first few preprocessed training documents.

documentsTrain(1:5)

ans = 
  5×1 tokenizedDocument:

     7 tokens: large tree down between plantersville and nettleton
    37 tokens: one to two feet of deep standing water developed on a street on the winthrop university campus after more than an inch of rain fell in less than an hour one vehicle was stalled in the water
    13 tokens: nws columbia relayed a report of trees blown down along tom hall st
    13 tokens: media reported two trees blown down along i40 in the old fort area
    14 tokens: a few tree limbs greater than 6 inches down on hwy 18 in roseland

Convert Document to Sequences

To input the documents into an LSTM network, use a word encoding to convert the
documents into sequences of numeric indices.

To create a word encoding, use the wordEncoding function.

enc = wordEncoding(documentsTrain);

The next conversion step is to pad and truncate documents so they are all the same
length. The trainingOptions function provides options to pad and truncate input
sequences automatically. However, these options are not well suited for sequences of
word vectors. Instead, pad and truncate the sequences manually. If you left-pad and
truncate the sequences of word vectors, then the training might improve.

To pad and truncate the documents, first choose a target length, and then truncate
documents that are longer than it and left-pad documents that are shorter than it. For
best results, the target length should be short without discarding large amounts of data.
To find a suitable target length, view a histogram of the training document lengths.
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documentLengths = doclength(documentsTrain);
figure
histogram(documentLengths)
title("Document Lengths")
xlabel("Length")
ylabel("Number of Documents")

Most of the training documents have fewer than 75 tokens. Use this as your target length
for truncation and padding.

Convert the documents to sequences of numeric indices using doc2sequence. To
truncate or left-pad the sequences to have length 75, set the 'Length' option to 75.
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XTrain = doc2sequence(enc,documentsTrain,'Length',75);
XTrain(1:5)

ans = 5×1 cell array
    {1×75 double}
    {1×75 double}
    {1×75 double}
    {1×75 double}
    {1×75 double}

Convert the validation documents to sequences using the same options.

XValidation = doc2sequence(enc,documentsValidation,'Length',75);

Create and Train LSTM Network

Define the LSTM network architecture. To input sequence data into the network, include
a sequence input layer and set the input size to 1. Next, include a word embedding layer
of dimension 100 and the same number of words as the word encoding. Next, include an
LSTM layer and set the number of hidden units to 180. To use the LSTM layer for a
sequence-to-label classification problem, set the output mode to 'last'. Finally, add a
fully connected layer with the same size as the number of classes, a softmax layer, and a
classification layer.

inputSize = 1;
embeddingDimension = 100;
numWords = enc.NumWords;
numHiddenUnits = 180;
numClasses = numel(categories(YTrain));

layers = [ ...
    sequenceInputLayer(inputSize)
    wordEmbeddingLayer(embeddingDimension,numWords)
    lstmLayer(numHiddenUnits,'OutputMode','last')
    fullyConnectedLayer(numClasses)
    softmaxLayer
    classificationLayer]

layers = 
  6x1 Layer array with layers:

     1   ''   Sequence Input          Sequence input with 1 dimensions
     2   ''   Word Embedding Layer    Word embedding layer with 100 dimensions and 16954 unique words
     3   ''   LSTM                    LSTM with 180 hidden units
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     4   ''   Fully Connected         39 fully connected layer
     5   ''   Softmax                 softmax
     6   ''   Classification Output   crossentropyex

Specify the training options. Set the solver to 'adam', train for 10 epochs, and set the
gradient threshold to 1. Set the initial learn rate to 0.01. To monitor the training progress,
set the 'Plots' option to 'training-progress'. Specify the validation data using the
'ValidationData' option. To suppress verbose output, set 'Verbose' to false.

By default, trainNetwork uses a GPU if one is available (requires Parallel Computing
Toolbox™ and a CUDA® enabled GPU with compute capability 3.0 or higher). Otherwise,
it uses the CPU. To specify the execution environment manually, use the
'ExecutionEnvironment' name-value pair argument of trainingOptions. Training
on a CPU can take significantly longer than training on a GPU.

options = trainingOptions('adam', ...
    'MaxEpochs',10, ...    
    'GradientThreshold',1, ...
    'InitialLearnRate',0.01, ...
    'ValidationData',{XValidation,YValidation}, ...
    'Plots','training-progress', ...
    'Verbose',false);

Train the LSTM network using the trainNetwork function.

net = trainNetwork(XTrain,YTrain,layers,options);
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Test LSTM Network

To test the LSTM network, first prepare the test data in the same way as the training
data. Then make predictions on the preprocessed test data using the trained LSTM
network net.

Preprocess the test data using the same steps as the training documents.

textDataTest = lower(textDataTest);
documentsTest = tokenizedDocument(textDataTest);
documentsTest = erasePunctuation(documentsTest);

Convert the test documents to sequences using doc2sequence with the same options as
when creating the training sequences.

XTest = doc2sequence(enc,documentsTest,'Length',75);
XTest(1:5)
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ans = 5×1 cell array
    {1×75 double}
    {1×75 double}
    {1×75 double}
    {1×75 double}
    {1×75 double}

Classify the test documents using the trained LSTM network.

YPred = classify(net,XTest);

Calculate the classification accuracy. The accuracy is the proportion of labels that the
network predicts correctly.

accuracy = sum(YPred == YTest)/numel(YPred)

accuracy = 0.8691

Predict Using New Data

Classify the event type of three new weather reports. Create a string array containing the
new weather reports.

reportsNew = [ ...
    "Lots of water damage to computer equipment inside the office."
    "A large tree is downed and blocking traffic outside Apple Hill."
    "Damage to many car windshields in parking lot."];

Preprocess the text data using the preprocessing steps as the training documents.

documentsNew = preprocessText(reportsNew);

Convert the text data to sequences using doc2sequence with the same options as when
creating the training sequences.

XNew = doc2sequence(enc,documentsNew,'Length',75);

Classify the new sequences using the trained LSTM network.

[labelsNew,score] = classify(net,XNew);

Show the weather reports with their predicted labels.

[reportsNew string(labelsNew)]
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ans = 3×2 string array
    "Lots of water damage to computer equipment inside the office."      "Flash Flood"      
    "A large tree is downed and blocking traffic outside Apple Hill."    "Thunderstorm Wind"
    "Damage to many car windshields in parking lot."                     "Hail"             

Preprocessing Function

The function preprocessText performs these steps:

1 Tokenize the text using tokenizedDocument.
2 Convert the text to lowercase using lower.
3 Erase the punctuation using erasePunctuation.

function documents = preprocessText(textData)

% Tokenize the text.
documents = tokenizedDocument(textData);

% Convert to lowercase.
documents = lower(documents);

% Erase punctuation.
documents = erasePunctuation(documents);

end

See Also
doc2sequence | fastTextWordEmbedding | lstmLayer | sequenceInputLayer |
tokenizedDocument | trainNetwork | trainingOptions | wordEmbeddingLayer |
wordcloud

Related Examples
• “Classify Text Data Using Convolutional Neural Network” on page 2-76
• “Classify Out-of-Memory Text Data Using Deep Learning” on page 2-87
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
• “Word-By-Word Text Generation Using Deep Learning” on page 2-101
• “Create Simple Text Model for Classification” on page 2-2
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• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Sequence Classification Using Deep Learning” (Deep Learning Toolbox)
• “Deep Learning in MATLAB” (Deep Learning Toolbox)

 See Also

2-75



Classify Text Data Using Convolutional Neural Network
This example shows how to classify text data using a convolutional neural network.

To classify text data using convolutions, you must convert the text data into images. To do
this, pad or truncate the observations to have constant length S and convert the
documents into sequences of word vectors of length C using a word embedding. You can
then represent a document as a 1-by-S-by-C image (an image with height 1, width S, and
C channels).

To convert text data from a CSV file to images, create a tabularTextDatastore object.
The convert the data read from the tabularTextDatastore object to images for deep
learning by calling transform with a custom transformation function. The
transformTextData function, listed at the end of the example, takes data read from the
datastore and a pretrained word embedding, and converts each observation to an array of
word vectors.

This example trains a network with 1-D convolutional filters of varying widths. The width
of each filter corresponds the number of words the filter can see (the n-gram length). The
network has multiple branches of convolutional layers, so it can use different n-gram
lengths.

Load Pretrained Word Embedding

Load the pretrained fastText word embedding. This function requires the Text Analytics
Toolbox™ Model for fastText English 16 Billion Token Word Embedding support package.
If this support package is not installed, then the function provides a download link.

emb = fastTextWordEmbedding;

Load Data

Create a tabular text datastore from the data in weatherReportsTrain.csv. Read the
data from the "event_narrative" and "event_type" columns only.

filenameTrain = "weatherReportsTrain.csv";
textName = "event_narrative";
labelName = "event_type";
ttdsTrain = tabularTextDatastore(filenameTrain,'SelectedVariableNames',[textName labelName]);

Preview the datastore.
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ttdsTrain.ReadSize = 8;
preview(ttdsTrain)

ans=8×2 table
                                                                                             event_narrative                                                                                                 event_type     
    _________________________________________________________________________________________________________________________________________________________________________________________________    ___________________

    'Large tree down between Plantersville and Nettleton.'                                                                                                                                               'Thunderstorm Wind'
    'One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water.'    'Heavy Rain'       
    'NWS Columbia relayed a report of trees blown down along Tom Hall St.'                                                                                                                               'Thunderstorm Wind'
    'Media reported two trees blown down along I-40 in the Old Fort area.'                                                                                                                               'Thunderstorm Wind'
    'A few tree limbs greater than 6 inches down on HWY 18 in Roseland.'                                                                                                                                 'Thunderstorm Wind'
    'Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins.'                                                                                  'Thunderstorm Wind'
    'Tin roof ripped off house on Old Memphis Road near Billings Drive. Several large trees down in the area.'                                                                                           'Thunderstorm Wind'
    'Powerlines down at Walnut Grove and Cherry Lane roads.'                                                                                                                                             'Thunderstorm Wind'

Create a custom transform function that converts data read from the datastore to a table
containing the predictors and the responses. The transformTextData function, listed at
the end of the example, takes the data read from a tabularTextDatastore object and
returns a table of predictors and responses. The predictors are 1-by-sequenceLength-
by-C arrays of word vectors given by the word embedding emb, where C is the embedding
dimension. The responses are categorical labels over the classes in classNames.

Read the labels from the training data using the readLabels function, listed at the end
of the example, and find the unique class names.

labels = readLabels(ttdsTrain,labelName);
classNames = unique(labels);
numObservations = numel(labels);

Transform the datastore using transformTextData function and specify a sequence
length of 100.

sequenceLength = 100;
tdsTrain = transform(ttdsTrain, @(data) transformTextData(data,sequenceLength,emb,classNames))

tdsTrain = 
  TransformedDatastore with properties:

    UnderlyingDatastore: [1×1 matlab.io.datastore.TabularTextDatastore]
             Transforms: {@(data)transformTextData(data,sequenceLength,emb,classNames)}
            IncludeInfo: 0
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Preview the transformed datastore. The predictors are 1-by-S-by-C arrays, where S is the
sequence length and C is the number of features (the embedding dimension). The
responses are the categorical labels.

preview(tdsTrain)

ans=8×2 table
        predictors            responses    
    __________________    _________________

    [1×100×300 single]    Thunderstorm Wind
    [1×100×300 single]    Heavy Rain       
    [1×100×300 single]    Thunderstorm Wind
    [1×100×300 single]    Thunderstorm Wind
    [1×100×300 single]    Thunderstorm Wind
    [1×100×300 single]    Thunderstorm Wind
    [1×100×300 single]    Thunderstorm Wind
    [1×100×300 single]    Thunderstorm Wind

Create a transformed datastore containing the validation data in
weatherReportsValidation.csv using the same steps.

filenameValidation = "weatherReportsValidation.csv";
ttdsValidation = tabularTextDatastore(filenameValidation,'SelectedVariableNames',[textName labelName]);

tdsValidation = transform(ttdsValidation, @(data) transformTextData(data,sequenceLength,emb,classNames))

tdsValidation = 
  TransformedDatastore with properties:

    UnderlyingDatastore: [1×1 matlab.io.datastore.TabularTextDatastore]
             Transforms: {@(data)transformTextData(data,sequenceLength,emb,classNames)}
            IncludeInfo: 0

Define Network Architecture

Define the network architecture for the classification task.

The following steps describe the network architecture.

• Specify an input size of 1-by-S-by-C, where S is the sequence length and C is the
number of features (the embedding dimension).
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• For the n-gram lengths 2, 3, 4, and 5, create blocks of layers containing a
convolutional layer, a batch normalization layer, a ReLU layer, a dropout layer, and a
max pooling layer.

• For each block, specify 200 convolutional filters of size 1-by-N and pooling regions of
size 1-by-S, where N is the n-gram length.

• Connect the input layer to each block and concatenate the outputs of the blocks using
a depth concatenation layer.

• To classify the outputs, include a fully connected layer with output size K, a softmax
layer, and a classification layer, where K is the number of classes.

First, in a layer array, specify the input layer, the first block for unigrams, the depth
concatenation layer, the fully connected layer, the softmax layer, and the classification
layer.

numFeatures = emb.Dimension;
inputSize = [1 sequenceLength numFeatures];
numFilters = 200;

ngramLengths = [2 3 4 5];
numBlocks = numel(ngramLengths);

numClasses = numel(classNames);

Create a layer graph containing the input layer. Set the normalization option to 'none'
and the layer name to 'input'.

layer = imageInputLayer(inputSize,'Normalization','none','Name','input');
lgraph = layerGraph(layer);

For each of the n-gram lengths, create a block of convolution, batch normalization, ReLU,
dropout, and max pooling layers. Connect each block to the input layer.

for j = 1:numBlocks
    N = ngramLengths(j);
    
    block = [
        convolution2dLayer([1 N],numFilters,'Name',"conv"+N,'Padding','same')
        batchNormalizationLayer('Name',"bn"+N)
        reluLayer('Name',"relu"+N)
        dropoutLayer(0.2,'Name',"drop"+N)
        maxPooling2dLayer([1 sequenceLength],'Name',"max"+N)];
    
    lgraph = addLayers(lgraph,block);

 Classify Text Data Using Convolutional Neural Network

2-79



    lgraph = connectLayers(lgraph,'input',"conv"+N);
end

View the network architecture in a plot.

figure
plot(lgraph)
title("Network Architecture")

Add the depth concatenation layer, the fully connected layer, the softmax layer, and the
classification layer.

layers = [
    depthConcatenationLayer(numBlocks,'Name','depth')
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    fullyConnectedLayer(numClasses,'Name','fc')
    softmaxLayer('Name','soft')
    classificationLayer('Name','classification')];

lgraph = addLayers(lgraph,layers);

figure
plot(lgraph)
title("Network Architecture")

Connect the max pooling layers to the depth concatenation layer and view the final
network architecture in a plot.
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for j = 1:numBlocks
    N = ngramLengths(j);
    lgraph = connectLayers(lgraph,"max"+N,"depth/in"+j);
end

figure
plot(lgraph)
title("Network Architecture")

Train Network

Specify the training options:

• Train for 10 epochs with a mini-batch size of 128.
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• Validate the network at each epoch by setting the validation frequency to the number
of iterations per epoch.

• Display the training progress plot and suppress the verbose output.

miniBatchSize = 128;
numIterationsPerEpoch = floor(numObservations/miniBatchSize);

options = trainingOptions('adam', ...
    'MaxEpochs',10, ...
    'MiniBatchSize',miniBatchSize, ...
    'ValidationData',tdsValidation, ...
    'ValidationFrequency',numIterationsPerEpoch, ...
    'Plots','training-progress', ...
    'Verbose',false);

Train the network using the trainNetwork function.

net = trainNetwork(tdsTrain,lgraph,options);
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Test Network

Create a transformed datastore containing the held-out test data in
weatherReportsTest.csv.

filenameTest = "weatherReportsTest.csv";
ttdsTest = tabularTextDatastore(filenameTest,'SelectedVariableNames',[textName labelName]);

tdsTest = transform(ttdsTest, @(data) transformTextData(data,sequenceLength,emb,classNames))

tdsTest = 
  TransformedDatastore with properties:

    UnderlyingDatastore: [1×1 matlab.io.datastore.TabularTextDatastore]
             Transforms: {@(data)transformTextData(data,sequenceLength,emb,classNames)}
            IncludeInfo: 0

Read the labels from the tabularTextDatastore.

labelsTest = readLabels(ttdsTest,labelName);
YTest = categorical(labelsTest,classNames);

Make predictions on the test data using the trained network.

YPred = classify(net,tdsTest);

Calculate the classification accuracy on the test data.

accuracy = mean(YPred == YTest)

accuracy = 0.8670

Functions

The readLabels function creates a copy of the tabularTextDatastore object ttds
and reads the labels from the labelName column.

function labels = readLabels(ttds,labelName)

ttdsNew = copy(ttds);
ttdsNew.SelectedVariableNames = labelName;
tbl = readall(ttdsNew);
labels = tbl.(labelName);

end

2 Modeling and Prediction

2-84



The transformTextData function takes the data read from a tabularTextDatastore
object and returns a table of predictors and responses. The predictors are 1-by-
sequenceLength-by-C arrays of word vectors given by the word embedding emb, where
C is the embedding dimension. The responses are categorical labels over the classes in
classNames.

function dataTransformed = transformTextData(data,sequenceLength,emb,classNames)

% Preprocess documents.
textData = data{:,1};
textData = lower(textData);
documents = tokenizedDocument(textData);

% Convert documents to embeddingDimension-by-sequenceLength-by-1 images.
predictors = doc2sequence(emb,documents,'Length',sequenceLength);

% Reshape images to be of size 1-by-sequenceLength-embeddingDimension.
predictors = cellfun(@(X) permute(X,[3 2 1]),predictors,'UniformOutput',false);

% Read labels.
labels = data{:,2};
responses = categorical(labels,classNames);

% Convert data to table.
dataTransformed = table(predictors,responses);

end

See Also
batchNormalizationLayer | convolution2dLayer | doc2sequence |
fastTextWordEmbedding | layerGraph | tokenizedDocument | trainNetwork |
trainingOptions | wordEmbedding | wordcloud

Related Examples
• “Classify Text Data Using Deep Learning” on page 2-53
• “Classify Out-of-Memory Text Data Using Deep Learning” on page 2-87
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Topic Models” on page 2-18
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• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Sequence Classification Using Deep Learning” (Deep Learning Toolbox)
• “Deep Learning in MATLAB” (Deep Learning Toolbox)
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Classify Out-of-Memory Text Data Using Deep Learning
This example shows how to classify out-of-memory text data with a deep learning network
using a transformed datastore.

A transformed datastore transforms or processes data read from an underlying datastore
You can use a transformed datastore as a source of training, validation, test, and
prediction data sets for deep learning applications. Use transformed datastores to read
out-of-memory data or to perform specific preprocessing operations when reading
batches of data.

When training the network, the software creates mini-batches of sequences of the same
length by padding, truncating, or splitting the input data. The trainingOptions
function provides options to pad and truncate input sequences, however, these options
are not well suited for sequences of word vectors. Furthermore, this function does not
support padding data in a custom datastore. Instead, you must pad and truncate the
sequences manually. If you left-pad and truncate the sequences of word vectors, then the
training might improve.

The “Classify Text Data Using Deep Learning” on page 2-53 example manually truncates
and pads all the documents to the same length. This process adds lots of padding to very
short documents and discards lots of data from very long documents.

Alternatively, to prevent adding too much padding or discarding too much data, create a
transformed datastore that inputs mini-batches into the network. The datastore created in
this example converts mini-batches of documents to sequences or word indices and left-
pads each mini-batch to the length of the longest document in the mini-batch.

Load Pretrained Word Embedding

The datastore requires a word embedding to convert documents to sequences of vectors.
Load a pretrained word embedding using fastTextWordEmbedding. This function
requires Text Analytics Toolbox™ Model for fastText English 16 Billion Token Word
Embedding support package. If this support package is not installed, then the function
provides a download link.

emb = fastTextWordEmbedding;

Load Data

Create a tabular text datastore from the data in weatherReportsTrain.csv. Specify to
read the data from the "event_narrative" and "event_type" columns only.
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filenameTrain = "weatherReportsTrain.csv";
textName = "event_narrative";
labelName = "event_type";
ttdsTrain = tabularTextDatastore(filenameTrain,'SelectedVariableNames',[textName labelName]);

View a preview of the datastore.

preview(ttdsTrain)

ans=8×2 table
                                                                                             event_narrative                                                                                                 event_type     
    _________________________________________________________________________________________________________________________________________________________________________________________________    ___________________

    'Large tree down between Plantersville and Nettleton.'                                                                                                                                               'Thunderstorm Wind'
    'One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water.'    'Heavy Rain'       
    'NWS Columbia relayed a report of trees blown down along Tom Hall St.'                                                                                                                               'Thunderstorm Wind'
    'Media reported two trees blown down along I-40 in the Old Fort area.'                                                                                                                               'Thunderstorm Wind'
    'A few tree limbs greater than 6 inches down on HWY 18 in Roseland.'                                                                                                                                 'Thunderstorm Wind'
    'Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins.'                                                                                  'Thunderstorm Wind'
    'Tin roof ripped off house on Old Memphis Road near Billings Drive. Several large trees down in the area.'                                                                                           'Thunderstorm Wind'
    'Powerlines down at Walnut Grove and Cherry Lane roads.'                                                                                                                                             'Thunderstorm Wind'

Transform Datastore

Create a custom transform function that converts data read from the datastore to a table
containing the predictors and the responses. The transformTextData function takes
the data read from a tabularTextDatastore object and returns a table of predictors
and responses. The predictors are C-by-S arrays of word vectors given by the word
embedding emb, where C is the embedding dimension and S is the sequence length. The
responses are categorical labels over the classes.

To get the class names, read the labels from the training data using the readLabels
function, listed and the end of the example, and find the unique class names.

labels = readLabels(ttdsTrain,labelName);
classNames = unique(labels);
numObservations = numel(labels);

Because tablular text datastores can read multiple rows of data in a single read, you can
process a full mini-batch of data in the transform function. To ensure that the transform
function processes a full mini-batch of data, set the read size of the tabular text datastore
to the mini-batch size that will be used for training.
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miniBatchSize = 128;
ttdsTrain.ReadSize = miniBatchSize;

To convert the output of the tabular text data to sequences for training, transform the
datastore using the transform function.

tdsTrain = transform(ttdsTrain, @(data) transformTextData(data,emb,classNames))

tdsTrain = 
  TransformedDatastore with properties:

    UnderlyingDatastore: [1×1 matlab.io.datastore.TabularTextDatastore]
             Transforms: {@(data)transformTextData(data,emb,classNames)}
            IncludeInfo: 0

Preview of the transformed datastore. The predictors are C-by-S arrays, where S is the
sequence length and C is the number of features (the embedding dimension). The
responses are the categorical labels.

preview(tdsTrain)

ans=8×2 table
       predictors           responses    
    ________________    _________________

    [300×164 single]    Thunderstorm Wind
    [300×164 single]    Heavy Rain       
    [300×164 single]    Thunderstorm Wind
    [300×164 single]    Thunderstorm Wind
    [300×164 single]    Thunderstorm Wind
    [300×164 single]    Thunderstorm Wind
    [300×164 single]    Thunderstorm Wind
    [300×164 single]    Thunderstorm Wind

Create a transformed datastore containing the validation data in
weatherReportsValidation.csv using the same steps.

filenameValidation = "weatherReportsValidation.csv";
ttdsValidation = tabularTextDatastore(filenameValidation,'SelectedVariableNames',[textName labelName]);
ttdsValidation.ReadSize = miniBatchSize;
tdsValidation = transform(ttdsValidation, @(data) transformTextData(data,emb,classNames))

tdsValidation = 
  TransformedDatastore with properties:
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    UnderlyingDatastore: [1×1 matlab.io.datastore.TabularTextDatastore]
             Transforms: {@(data)transformTextData(data,emb,classNames)}
            IncludeInfo: 0

Create and Train LSTM Network

Define the LSTM network architecture. To input sequence data into the network, include
a sequence input layer and set the input size to the embedding dimension. Next, include
an LSTM layer with 180 hidden units. To use the LSTM layer for a sequence-to-label
classification problem, set the output mode to 'last'. Finally, add a fully connected layer
with output size equal to the number of classes, a softmax layer, and a classification layer.

numFeatures = emb.Dimension;
numHiddenUnits = 180;
numClasses = numel(classNames);
layers = [ ...
    sequenceInputLayer(numFeatures)
    lstmLayer(numHiddenUnits,'OutputMode','last')
    fullyConnectedLayer(numClasses)
    softmaxLayer
    classificationLayer];

Specify the training options. Specify the solver to be 'adam' and the gradient threshold
to be 2. The datastore does not support shuffling, so set 'Shuffle', to 'never'.
Validate the network once per epoch. To monitor the training progress, set the 'Plots'
option to 'training-progress'. To suppress verbose output, set 'Verbose' to false.

By default, trainNetwork uses a GPU if one is available (requires Parallel Computing
Toolbox™ and a CUDA® enabled GPU with compute capability 3.0 or higher). Otherwise,
it uses the CPU. To specify the execution environment manually, use the
'ExecutionEnvironment' name-value pair argument of trainingOptions. Training
on a CPU can take significantly longer than training on a GPU.

numIterationsPerEpoch = floor(numObservations / miniBatchSize);

options = trainingOptions('adam', ...
    'MaxEpochs',15, ...
    'MiniBatchSize',miniBatchSize, ...
    'GradientThreshold',2, ...
    'Shuffle','never', ...
    'ValidationData',tdsValidation, ...
    'ValidationFrequency',numIterationsPerEpoch, ...
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    'Plots','training-progress', ...
    'Verbose',false);

Train the LSTM network using the trainNetwork function.

net = trainNetwork(tdsTrain,layers,options);

Test LSTM Network

Create a transformed datastore containing the held-out test data in
weatherReportsTest.csv.

filenameTest = "weatherReportsTest.csv";
ttdsTest = tabularTextDatastore(filenameTest,'SelectedVariableNames',[textName labelName]);
ttdsTest.ReadSize = miniBatchSize;
tdsTest = transform(ttdsTest, @(data) transformTextData(data,emb,classNames))

tdsTest = 
  TransformedDatastore with properties:

 Classify Out-of-Memory Text Data Using Deep Learning

2-91



    UnderlyingDatastore: [1×1 matlab.io.datastore.TabularTextDatastore]
             Transforms: {@(data)transformTextData(data,emb,classNames)}
            IncludeInfo: 0

Read the labels from the tabularTextDatastore.

labelsTest = readLabels(ttdsTest,labelName);
YTest = categorical(labelsTest,classNames);

Make predictions on the test data using the trained network.

YPred = classify(net,tdsTest,'MiniBatchSize',miniBatchSize);

Calculate the classification accuracy on the test data.

accuracy = mean(YPred == YTest)

accuracy = 0.8293

Functions

The readLabels function creates a copy of the tabularTextDatastore object ttds
and reads the labels from the labelName column.

function labels = readLabels(ttds,labelName)

ttdsNew = copy(ttds);
ttdsNew.SelectedVariableNames = labelName;
tbl = readall(ttdsNew);
labels = tbl.(labelName);

end

The transformTextData function takes the data read from a tabularTextDatastore
object and returns a table of predictors and responses. The predictors are C-by-S arrays
of word vectors given by the word embedding emb, where C is the embedding dimension
and S is the sequence length. The responses are categorical labels over the classes in
classNames.

function dataTransformed = transformTextData(data,emb,classNames)

% Preprocess documents.
textData = data{:,1};
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textData = lower(textData);
documents = tokenizedDocument(textData);

% Convert to sequences.
predictors = doc2sequence(emb,documents);

% Read labels.
labels = data{:,2};
responses = categorical(labels,classNames);

% Convert data to table.
dataTransformed = table(predictors,responses);

end

See Also
doc2sequence | fastTextWordEmbedding | lstmLayer | sequenceInputLayer |
tokenizedDocument | trainNetwork | trainingOptions | wordEmbeddingLayer

Related Examples
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Sequence Classification Using Deep Learning” (Deep Learning Toolbox)
• “Deep Learning in MATLAB” (Deep Learning Toolbox)
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Pride and Prejudice and MATLAB
This example shows how to train a deep learning LSTM network to generate text using
character embeddings.

To train a deep learning network for text generation, train a sequence-to-sequence LSTM
network to predict the next character in a sequence of characters. To train the network to
predict the next character, specify the responses to be the input sequences shifted by one
time step.

To use character embeddings, convert each training observation to a sequence of
integers, where the integers index into a vocabulary of characters. Include a word
embedding layer in the network which learns an embedding of the characters and maps
the integers to vectors.

Load Training Data

Read the HTML code from The Project Gutenberg EBook of Pride and Prejudice, by Jane
Austen and parse it using webread and htmlTree.

url = "https://www.gutenberg.org/files/1342/1342-h/1342-h.htm";
code = webread(url);
tree = htmlTree(code);

Extract the paragraphs by finding the p elements. Specify to ignore paragraph elements
with class "toc" using the CSS selector ':not(.toc)'.

paragraphs = findElement(tree,'p:not(.toc)');

Extract the text data from the paragraphs using extractHTMLText. and remove the
empty strings.

textData = extractHTMLText(paragraphs);
textData(textData == "") = [];

Remove strings shorter than 20 characters.

idx = strlength(textData) < 20;
textData(idx) = [];

Visualize the text data in a word cloud.
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figure
wordcloud(textData);
title("Pride and Prejudice")

Convert Text Data to Sequences

Convert the text data to sequences of character indices for the predictors and categorical
sequences for the responses.

The categorical function treats newline and whitespace entries as undefined. To create
categorical elements for these characters, replace them with the special characters "¶"
(pilcrow, "\x00B6") and "·" (middle dot, "\x00B7") respectively. To prevent ambiguity,
you must choose special characters that do not appear in the text. These characters do
not appear in the training data so can be used for this purpose.
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newlineCharacter = compose("\x00B6");
whitespaceCharacter = compose("\x00B7");
textData = replace(textData,[newline " "],[newlineCharacter whitespaceCharacter]);

Loop over the text data and create a sequence of character indices representing the
characters of each observation and a categorical sequence of characters for the
responses. To denote the end of each observation, include the special character "␃" (end
of text, "\x2403").

endOfTextCharacter = compose("\x2403");
numDocuments = numel(textData);
for i = 1:numDocuments
    characters = textData{i};
    X = double(characters);
    
    % Create vector of categorical responses with end of text character.
    charactersShifted = [cellstr(characters(2:end)')' endOfTextCharacter];
    Y = categorical(charactersShifted);
    
    XTrain{i} = X;
    YTrain{i} = Y;
end

During training, by default, the software splits the training data into mini-batches and
pads the sequences so that they have the same length. Too much padding can have a
negative impact on the network performance.

To prevent the training process from adding too much padding, you can sort the training
data by sequence length, and choose a mini-batch size so that sequences in a mini-batch
have a similar length.

Get the sequence lengths for each observation.

numObservations = numel(XTrain);
for i=1:numObservations
    sequence = XTrain{i};
    sequenceLengths(i) = size(sequence,2);
end

Sort the data by sequence length.

[~,idx] = sort(sequenceLengths);
XTrain = XTrain(idx);
YTrain = YTrain(idx);
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Create and Train LSTM Network

Define the LSTM architecture. Specify a sequence-to-sequence LSTM classification
network with 400 hidden units. Set the input size to be the feature dimension of the
training data. For sequences of character indices, the feature dimension is 1. Specify a
word embedding layer with dimension 200 and specify the number of words (which
correspond to characters) to be the highest character value in the input data. Set the
output size of the fully connected layer to be the number of categories in the responses.
To help prevent overfitting, include a dropout layer after the LSTM layer.

The word embedding layer learns an embedding of characters and maps each character
to a 200-dimension vector.

inputSize = size(XTrain{1},1);
numClasses = numel(categories([YTrain{:}]));
numCharacters = max([textData{:}]);

layers = [
    sequenceInputLayer(inputSize)
    wordEmbeddingLayer(200,numCharacters)
    lstmLayer(400,'OutputMode','sequence')
    dropoutLayer(0.2);
    fullyConnectedLayer(numClasses)
    softmaxLayer
    classificationLayer];

Specify the training options. Specify to train with a mini-batch size of 32 and initial learn
rate 0.01. To prevent the gradients from exploding, set the gradient threshold to 1. To
ensure the data remains sorted, set 'Shuffle' to 'never'. To monitor the training
progress, set the 'Plots' option to 'training-progress'. To suppress verbose
output, set 'Verbose' to false.

options = trainingOptions('adam', ...
    'MiniBatchSize',32,...
    'InitialLearnRate',0.01, ...
    'GradientThreshold',1, ...
    'Shuffle','never', ...
    'Plots','training-progress', ...
    'Verbose',false);

Train the network.

net = trainNetwork(XTrain,YTrain,layers,options);
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Generate New Text

Generate the first character of the text by sampling a character from a probability
distribution according to the first characters of the text in the training data. Generate the
remaining characters by using the trained LSTM network to predict the next sequence
using the current sequence of generated text. Keep generating characters one-by-one
until the network predicts the "end of text" character.

Sample the first character according to the distribution of the first characters in the
training data.

initialCharacters = extractBefore(textData,2);
firstCharacter = datasample(initialCharacters,1);
generatedText = firstCharacter;

Convert the first character to a numeric index.

X = double(char(firstCharacter));
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For the remaining predictions, sample the next character according to the prediction
scores of the network. The prediction scores represent the probability distribution of the
next character. Sample the characters from the vocabulary of characters given by the
class names of the output layer of the network. Get the vocabulary from the classification
layer of the network.

vocabulary = string(net.Layers(end).ClassNames);

Make predictions character by character using predictAndUpdateState. For each
prediction, input the index of the previous character. Stop predicting when the network
predicts the end of text character or when the generated text is 500 characters long. For
large collections of data, long sequences, or large networks, predictions on the GPU are
usually faster to compute than predictions on the CPU. Otherwise, predictions on the CPU
are usually faster to compute. For single time step predictions, use the CPU. To use the
CPU for prediction, set the 'ExecutionEnvironment' option of
predictAndUpdateState to 'cpu'.

maxLength = 500;
while strlength(generatedText) < maxLength
    % Predict the next character scores.
    [net,characterScores] = predictAndUpdateState(net,X,'ExecutionEnvironment','cpu');
    
    % Sample the next character.
    newCharacter = datasample(vocabulary,1,'Weights',characterScores);
    
    % Stop predicting at the end of text.
    if newCharacter == endOfTextCharacter
        break
    end
    
    % Add the character to the generated text.
    generatedText = generatedText + newCharacter;
    
    % Get the numeric index of the character.
    X = double(char(newCharacter));
end

Reconstruct the generated text by replacing the special characters with their
corresponding whitespace and new line characters.

generatedText = replace(generatedText,[newlineCharacter whitespaceCharacter],[newline " "])

generatedText = 
"“I wish Mr. Darcy, upon latter of my sort sincerely fixed in the regard to relanth. We were to join on the Lucases. They are married with him way Sir Wickham, for the possibility which this two od since to know him one to do now thing, and the opportunity terms as they, and when I read; nor Lizzy, who thoughts of the scent; for a look for times, I never went to the advantage of the case; had forcibling himself. They pility and lively believe she was to treat off in situation because, I am exceal"

 Pride and Prejudice and MATLAB

2-99



To generate multiple pieces of text, reset the network state between generations using
resetState.

net = resetState(net);

See Also
doc2sequence | extractHTMLText | findElement | htmlTree | lstmLayer |
sequenceInputLayer | tokenizedDocument | trainNetwork | trainingOptions |
wordEmbeddingLayer | wordcloud

Related Examples
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
• “Word-By-Word Text Generation Using Deep Learning” on page 2-101
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Sequence Classification Using Deep Learning” (Deep Learning Toolbox)
• “Deep Learning in MATLAB” (Deep Learning Toolbox)

2 Modeling and Prediction

2-100



Word-By-Word Text Generation Using Deep Learning
This example shows how to train a deep learning LSTM network to generate text word-by-
word.

To train a deep learning network for word-by-word text generation, train a sequence-to-
sequence LSTM network to predict the next word in a sequence of words. To train the
network to predict the next word, specify the responses to be the input sequences shifted
by one time step.

This example reads text from a website. It reads and parses the HTML code to extract the
relevant text, then uses a custom mini-batch datastore
documentGenerationDatastore to input the documents to the network as mini-
batches of sequence data. The datastore converts documents to sequences of numeric
word indices. The deep learning network is an LSTM network that contains a word
embedding layer.

A mini-batch datastore is an implementation of a datastore with support for reading data
in batches. You can use a mini-batch datastore as a source of training, validation, test,
and prediction data sets for deep learning applications. Use mini-batch datastores to read
out-of-memory data or to perform specific preprocessing operations when reading
batches of data.

You can adapt the custom mini-batch datastore documentGenerationDatastore.m to
your data by customizing the functions. For an example showing how to create your own
custom mini-batch datastore, see “Develop Custom Mini-Batch Datastore” (Deep Learning
Toolbox).

Load Training Data

Load the training data. Read the HTML code from Alice's Adventures in Wonderland by
Lewis Carroll from Project Gutenberg.

url = "https://www.gutenberg.org/files/11/11-h/11-h.htm";
code = webread(url);

Parse HTML Code

The HTML code contains the relevant text inside <p> (paragraph) elements. Extract the
relevant text by parsing the HTML code using htmlTree and then finding all the
elements with element name "p".
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tree = htmlTree(code);
selector = "p";
subtrees = findElement(tree,selector);

Extract the text data from the HTML subtrees using extractHTMLText and view the
first 10 paragraphs.

textData = extractHTMLText(subtrees);
textData(1:10)

ans = 10×1 string array
    ""
    ""
    ""
    ""
    ""
    ""
    "Alice was beginning to get very tired of sitting by her sister on the bank, and of having nothing to do: once or twice she had peeped into the book her sister was reading, but it had no pictures or conversations in it, ‘and what is the use of a book,’ thought Alice ‘without pictures or conversations?’ "
    "So she was considering in her own mind (as well as she could, for the hot day made her feel very sleepy and stupid), whether the pleasure of making a daisy-chain would be worth the trouble of getting up and picking the daisies, when suddenly a White Rabbit with pink eyes ran close by her. "
    "There was nothing so very remarkable in that; nor did Alice think it so very much out of the way to hear the Rabbit say to itself, ‘Oh dear! Oh dear! I shall be late!’ (when she thought it over afterwards, it occurred to her that she ought to have wondered at this, but at the time it all seemed quite natural); but when the Rabbit actually took a watch out of its waistcoat-pocket, and looked at it, and then hurried on, Alice started to her feet, for it flashed across her mind that she had never before seen a rabbit with either a waistcoat-pocket, or a watch to take out of it, and burning with curiosity, she ran across the field after it, and fortunately was just in time to see it pop down a large rabbit-hole under the hedge. "
    "In another moment down went Alice after it, never once considering how in the world she was to get out again. "

Remove the empty paragraphs and view the first 10 remaining paragraphs.

textData(textData == "") = [];
textData(1:10)

ans = 10×1 string array
    "Alice was beginning to get very tired of sitting by her sister on the bank, and of having nothing to do: once or twice she had peeped into the book her sister was reading, but it had no pictures or conversations in it, ‘and what is the use of a book,’ thought Alice ‘without pictures or conversations?’ "
    "So she was considering in her own mind (as well as she could, for the hot day made her feel very sleepy and stupid), whether the pleasure of making a daisy-chain would be worth the trouble of getting up and picking the daisies, when suddenly a White Rabbit with pink eyes ran close by her. "
    "There was nothing so very remarkable in that; nor did Alice think it so very much out of the way to hear the Rabbit say to itself, ‘Oh dear! Oh dear! I shall be late!’ (when she thought it over afterwards, it occurred to her that she ought to have wondered at this, but at the time it all seemed quite natural); but when the Rabbit actually took a watch out of its waistcoat-pocket, and looked at it, and then hurried on, Alice started to her feet, for it flashed across her mind that she had never before seen a rabbit with either a waistcoat-pocket, or a watch to take out of it, and burning with curiosity, she ran across the field after it, and fortunately was just in time to see it pop down a large rabbit-hole under the hedge. "
    "In another moment down went Alice after it, never once considering how in the world she was to get out again. "
    "The rabbit-hole went straight on like a tunnel for some way, and then dipped suddenly down, so suddenly that Alice had not a moment to think about stopping herself before she found herself falling down a very deep well. "
    "Either the well was very deep, or she fell very slowly, for she had plenty of time as she went down to look about her and to wonder what was going to happen next. First, she tried to look down and make out what she was coming to, but it was too dark to see anything; then she looked at the sides of the well, and noticed that they were filled with cupboards and book-shelves; here and there she saw maps and pictures hung upon pegs. She took down a jar from one of the shelves as she passed; it was labelled ‘ORANGE MARMALADE’, but to her great disappointment it was empty: she did not like to drop the jar for fear of killing somebody, so managed to put it into one of the cupboards as she fell past it. "
    "‘Well!’ thought Alice to herself, ‘after such a fall as this, I shall think nothing of tumbling down stairs! How brave they’ll all think me at home! Why, I wouldn’t say anything about it, even if I fell off the top of the house!’ (Which was very likely true.) "
    "Down, down, down. Would the fall never come to an end! ‘I wonder how many miles I’ve fallen by this time?’ she said aloud. ‘I must be getting somewhere near the centre of the earth. Let me see: that would be four thousand miles down, I think-’ (for, you see, Alice had learnt several things of this sort in her lessons in the schoolroom, and though this was not a very good opportunity for showing off her knowledge, as there was no one to listen to her, still it was good practice to say it over) ‘-yes, that’s about the right distance-but then I wonder what Latitude or Longitude I’ve got to?’ (Alice had no idea what Latitude was, or Longitude either, but thought they were nice grand words to say.) "
    "Presently she began again. ‘I wonder if I shall fall right through the earth! How funny it’ll seem to come out among the people that walk with their heads downward! The Antipathies, I think-’ (she was rather glad there was no one listening, this time, as it didn’t sound at all the right word) ‘-but I shall have to ask them what the name of the country is, you know. Please, Ma’am, is this New Zealand or Australia?’ (and she tried to curtsey as she spoke-fancy curtseying as you’re falling through the air! Do you think you could manage it?) ‘And what an ignorant little girl she’ll think me for asking! No, it’ll never do to ask: perhaps I shall see it written up somewhere.’ "
    "Down, down, down. There was nothing else to do, so Alice soon began talking again. ‘Dinah’ll miss me very much to-night, I should think!’ (Dinah was the cat.) ‘I hope they’ll remember her saucer of milk at tea-time. Dinah my dear! I wish you were down here with me! There are no mice in the air, I’m afraid, but you might catch a bat, and that’s very like a mouse, you know. But do cats eat bats, I wonder?’ And here Alice began to get rather sleepy, and went on saying to herself, in a dreamy sort of way, ‘Do cats eat bats? Do cats eat bats?’ and sometimes, ‘Do bats eat cats?’ for, you see, as she couldn’t answer either question, it didn’t much matter which way she put it. She felt that she was dozing off, and had just begun to dream that she was walking hand in hand with Dinah, and saying to her very earnestly, ‘Now, Dinah, tell me the truth: did you ever eat a bat?’ when suddenly, thump! thump! down she came upon a heap of sticks and dry leaves, and the fall was over. "

Visualize the text data in a word cloud.

figure
wordcloud(textData);
title("Alice's Adventures in Wonderland")
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Prepare Data for Training

Create a datastore that contains the data for training using
documentGenerationDatastore. To create the datastore, first save the custom mini-
batch datastore documentGenerationDatastore.m to the path. For the predictors, this
datastore converts the documents into sequences of word indices using a word encoding.
The first word index for each document corresponds to a "start of text" token. The "start
of text" token is given by the string "startOfText". For the responses, the datastore
returns categorical sequences of the words shifted by one.

Tokenize the text data using tokenizedDocument.

documents = tokenizedDocument(textData);
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Create a document generation datastore using the tokenized documents.

ds = documentGenerationDatastore(documents);

To reduce the amount of padding added to the sequences, sort the documents in the
datastore by sequence length.

ds = sort(ds);

Create and Train LSTM Network

Define the LSTM network architecture. To input sequence data into the network, include
a sequence input layer and set the input size to 1. Next, include a word embedding layer
of dimension 100 and the same number of words as the word encoding. Next, include an
LSTM layer and specify the hidden size to be 100. Finally, add a fully connected layer with
the same size as the number of classes, a softmax layer, and a classification layer. The
number of classes is the number of words in the vocabulary plus an extra class for the
"end of text" class.

inputSize = 1;
embeddingDimension = 100;
numWords = numel(ds.Encoding.Vocabulary);
numClasses = numWords + 1;

layers = [
    sequenceInputLayer(inputSize)
    wordEmbeddingLayer(embeddingDimension,numWords)
    lstmLayer(100)
    dropoutLayer(0.2)
    fullyConnectedLayer(numClasses)
    softmaxLayer
    classificationLayer];

Specify the training options. Specify the solver to be 'adam'. Train for 300 epochs with
learn rate 0.01. Set the mini-batch size to 32. To keep the data sorted by sequence length,
set the 'Shuffle' option to 'never'. To monitor the training progress, set the 'Plots'
option to 'training-progress'. To suppress verbose output, set 'Verbose' to false.

options = trainingOptions('adam', ...
    'MaxEpochs',300, ...
    'InitialLearnRate',0.01, ...
    'MiniBatchSize',32, ...
    'Shuffle','never', ...
    'Plots','training-progress', ...
    'Verbose',false);
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Train the network using trainNetwork.

net = trainNetwork(ds,layers,options);

Generate New Text

Generate the first word of the text by sampling a word from a probability distribution
according to the first words of the text in the training data. Generate the remaining words
by using the trained LSTM network to predict the next time step using the current
sequence of generated text. Keep generating words one-by-one until the network predicts
the "end of text" word.

To make the first prediction using the network, input the index that represents the "start
of text" token. Find the index by using the word2ind function with the word encoding
used by the document datastore.

enc = ds.Encoding;
wordIndex = word2ind(enc,"startOfText")
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wordIndex = 1

For the remaining predictions, sample the next word according to the prediction scores of
the network. The prediction scores represent the probability distribution of the next word.
Sample the words from the vocabulary given by the class names of the output layer of the
network.

vocabulary = string(net.Layers(end).Classes);

Make predictions word by word using predictAndUpdateState. For each prediction,
input the index of the previous word. Stop predicting when the network predicts the end
of text word or when the generated text is 500 characters long. For large collections of
data, long sequences, or large networks, predictions on the GPU are usually faster to
compute than predictions on the CPU. Otherwise, predictions on the CPU are usually
faster to compute. For single time step predictions, use the CPU. To use the CPU for
prediction, set the 'ExecutionEnvironment' option of predictAndUpdateState to
'cpu'.

generatedText = "";
maxLength = 500;
while strlength(generatedText) < maxLength
    % Predict the next word scores.
    [net,wordScores] = predictAndUpdateState(net,wordIndex,'ExecutionEnvironment','cpu');
    
    % Sample the next word.
    newWord = datasample(vocabulary,1,'Weights',wordScores);
    
    % Stop predicting at the end of text.
    if newWord == "EndOfText"
        break
    end
    
    % Add the word to the generated text.
    generatedText = generatedText + " " + newWord;
    
    % Find the word index for the next input.
    wordIndex = word2ind(enc,newWord);
end

The generation process introduces whitespace characters between each prediction, which
means that some punctuation characters appear with unnecessary spaces before and
after. Reconstruct the generated text by replacing removing the spaces before and after
the appropriate punctuation characters.
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Remove the spaces that appear before the specified punctuation characters.

punctuationCharacters = ["." "," "’" ")" ":" "?" "!"];
generatedText = replace(generatedText," " + punctuationCharacters,punctuationCharacters);

Remove the spaces that appear after the specified punctuation characters.

punctuationCharacters = ["(" "‘"];
generatedText = replace(generatedText,punctuationCharacters + " ",punctuationCharacters)

generatedText = 
" ‘Sure, it’s a good Turtle!’ said the Queen in a low, weak voice."

To generate multiple pieces of text, reset the network state between generations using
resetState.

net = resetState(net);

See Also
doc2sequence | extractHTMLText | findElement | htmlTree | lstmLayer |
sequenceInputLayer | tokenizedDocument | trainNetwork | trainingOptions |
wordEmbeddingLayer | wordcloud

Related Examples
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Sequence Classification Using Deep Learning” (Deep Learning Toolbox)
• “Deep Learning in MATLAB” (Deep Learning Toolbox)

 See Also
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Classify Out-of-Memory Text Data Using Custom Mini-
Batch Datastore

This example shows how to classify out-of-memory text data with a deep learning network
using a custom mini-batch datastore.

A mini-batch datastore is an implementation of a datastore with support for reading data
in batches. You can use a mini-batch datastore as a source of training, validation, test,
and prediction data sets for deep learning applications. Use mini-batch datastores to read
out-of-memory data or to perform specific preprocessing operations when reading
batches of data.

When training the network, the software creates mini-batches of sequences of the same
length by padding, truncating, or splitting the input data. The trainingOptions
function provides options to pad and truncate input sequences, however, these options
are not well suited for sequences of word vectors. Furthermore, this function does not
support padding data in a custom datastore. Instead, you must pad and truncate the
sequences manually. If you left-pad and truncate the sequences of word vectors, then the
training might improve.

The “Classify Text Data Using Deep Learning” on page 2-53 example manually truncates
and pads all the documents to the same length. This process adds lots of padding to very
short documents and discards lots of data from very long documents.

Alternatively, to prevent adding too much padding or discarding too much data, create a
custom mini-batch datastore that inputs mini-batches into the network. The custom mini-
batch datastore textDatastore.m converts mini-batches of documents to sequences or
word indices and left-pads each mini-batch to the length of the longest document in the
mini-batch. For sorted data, this datastore can help reduce the amount of padding added
to the data since documents are not padded to a fixed length. Similarly, the datastore does
not discard any data from the documents.

This example uses the custom mini-batch datastore textDatastore.m. You can adapt
this datastore to your data by customizing the functions. For an example showing how to
create your own custom mini-batch datastore, see “Develop Custom Mini-Batch
Datastore” (Deep Learning Toolbox).

Load Pretrained Word Embedding

The datastore textDatastore requires a word embedding to convert documents to
sequences of vectors. Load a pretrained word embedding using
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fastTextWordEmbedding. This function requires Text Analytics Toolbox™ Model for
fastText English 16 Billion Token Word Embedding support package. If this support
package is not installed, then the function provides a download link.

emb = fastTextWordEmbedding;

Create Mini-Batch Datastore of Documents

Create a datastore that contains the data for training. The custom mini-batch datastore
textDatastore reads predictors and labels from a CSV file. For the predictors, the
datastore converts the documents into sequences of word indices and for the responses,
the datastore returns a categorical label for each document.

To create the datastore, first save the custom mini-batch datastore textDatastore.m to
the path. For more information about creating custom mini-batch datastores, see
“Develop Custom Mini-Batch Datastore” (Deep Learning Toolbox).

For the training data, specify the CSV file "weatherReportsTrain.csv" and that the
text and labels are in the columns "event_narrative" and "event_type"
respectively.

filenameTrain = "weatherReportsTrain.csv";
textName = "event_narrative";
labelName = "event_type";
dsTrain = textDatastore(filenameTrain,textName,labelName,emb)

dsTrain = 
  textDatastore with properties:

            ClassNames: [1×39 string]
             Datastore: [1×1 matlab.io.datastore.TransformedDatastore]
    EmbeddingDimension: 300
             LabelName: "event_type"
         MiniBatchSize: 128
            NumClasses: 39
       NumObservations: 19683

Create a datastore containing the validation data from the CSV file
"weatherReportsValidation.csv" using the same steps.

filenameValidation = "weatherReportsValidation.csv";
dsValidation = textDatastore(filenameValidation,textName,labelName,emb)
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dsValidation = 
  textDatastore with properties:

            ClassNames: [1×39 string]
             Datastore: [1×1 matlab.io.datastore.TransformedDatastore]
    EmbeddingDimension: 300
             LabelName: "event_type"
         MiniBatchSize: 128
            NumClasses: 39
       NumObservations: 4218

Create and Train LSTM Network

Define the LSTM network architecture. To input sequence data into the network, include
a sequence input layer and set the input size to the embedding dimension. Next, include
an LSTM layer with 180 hidden units. To use the LSTM layer for a sequence-to-label
classification problem, set the output mode to 'last'. Finally, add a fully connected layer
with output size equal to the number of classes, a softmax layer, and a classification layer.

numFeatures = dsTrain.EmbeddingDimension;
numHiddenUnits = 180;
numClasses = dsTrain.NumClasses;

layers = [ ...
    sequenceInputLayer(numFeatures)
    lstmLayer(numHiddenUnits,'OutputMode','last')
    fullyConnectedLayer(numClasses)
    softmaxLayer
    classificationLayer];

Specify the training options. Specify the solver to be 'adam' and the gradient threshold
to be 2. The datastore textDatastore.m does not support shuffling, so set 'Shuffle',
to 'never'. For an example showing how to implement a datastore with support for
shuffling, see “Develop Custom Mini-Batch Datastore” (Deep Learning Toolbox). Validate
the network once per epoch. To monitor the training progress, set the 'Plots' option to
'training-progress'. To suppress verbose output, set 'Verbose' to false.

By default, trainNetwork uses a GPU if one is available (requires Parallel Computing
Toolbox™ and a CUDA® enabled GPU with compute capability 3.0 or higher). Otherwise,
it uses the CPU. To specify the execution environment manually, use the
'ExecutionEnvironment' name-value pair argument of trainingOptions. Training
on a CPU can take significantly longer than training on a GPU.
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miniBatchSize = 128;
numObservations = dsTrain.NumObservations;
numIterationsPerEpoch = floor(numObservations / miniBatchSize);

options = trainingOptions('adam', ...
    'MaxEpochs',15, ...
    'MiniBatchSize',miniBatchSize, ...
    'GradientThreshold',2, ...
    'Shuffle','never', ...
    'ValidationData',dsValidation, ...
    'ValidationFrequency',numIterationsPerEpoch, ...
    'Plots','training-progress', ...
    'Verbose',false);

Train the LSTM network using the trainNetwork function.

net = trainNetwork(dsTrain,layers,options);
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Test LSTM Network

Create a datastore containing the documents and the labels

filenameTest = "weatherReportsTest.csv";
dsTest = textDatastore(filenameTest,textName,labelName,emb)

dsTest = 
  textDatastore with properties:

            ClassNames: [1×39 string]
             Datastore: [1×1 matlab.io.datastore.TransformedDatastore]
    EmbeddingDimension: 300
             LabelName: "event_type"
         MiniBatchSize: 128
            NumClasses: 39
       NumObservations: 4217

Read the labels from the datastore using the readLabels function of the custom
datastore.

YTest = readLabels(dsTest);

Classify the test documents using the trained LSTM network.

YPred = classify(net,dsTest);

Calculate the classification accuracy. The accuracy is the proportion of labels that the
network predicts correctly.

accuracy = mean(YPred == YTest)

accuracy = 0.8084

See Also
doc2sequence | extractHTMLText | findElement | htmlTree | lstmLayer |
sequenceInputLayer | tokenizedDocument | trainNetwork | trainingOptions |
wordEmbeddingLayer | wordcloud
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Related Examples
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Train a Sentiment Classifier” on page 2-43
• “Sequence Classification Using Deep Learning” (Deep Learning Toolbox)
• “Deep Learning in MATLAB” (Deep Learning Toolbox)

 See Also
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Display and Presentation

• “Visualize Text Data Using Word Clouds” on page 3-2
• “Visualize Word Embeddings Using Text Scatter Plots” on page 3-8

3



Visualize Text Data Using Word Clouds
This example shows how to visualize text data using word clouds.

Text Analytics Toolbox extends the functionality of the wordcloud (MATLAB) function. It
adds support for creating word clouds directly from string arrays and creating word
clouds from bag-of-words models and LDA topics.

Load the example data. The file weatherReports.csv contains weather reports,
including a text description and categorical labels for each event.

filename = "weatherReports.csv";
T = readtable(filename,'TextType','string');

Extract the text data from the event_narrative column.

textData = T.event_narrative;
textData(1:10)

ans = 10x1 string array
    "Large tree down between Plantersville and Nettleton."
    "One to two feet of deep standing water developed on a street on the Winthrop University campus after more than an inch of rain fell in less than an hour. One vehicle was stalled in the water."
    "NWS Columbia relayed a report of trees blown down along Tom Hall St."
    "Media reported two trees blown down along I-40 in the Old Fort area."
    ""
    "A few tree limbs greater than 6 inches down on HWY 18 in Roseland."
    "Awning blown off a building on Lamar Avenue. Multiple trees down near the intersection of Winchester and Perkins."
    "Quarter size hail near Rosemark."
    "Tin roof ripped off house on Old Memphis Road near Billings Drive. Several large trees down in the area."
    "Powerlines down at Walnut Grove and Cherry Lane roads."

Create a word cloud from all the weather reports.

figure
wordcloud(textData);
title("Weather Reports")
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Compare the words in the reports with labels "Hail" and "Thunderstorm Wind".
Create word clouds of the reports for each of these labels. Specify the word colors to be
blue and magenta for each word cloud respectively.

figure
labels = T.event_type;

subplot(1,2,1)
idx = labels == "Hail";
wordcloud(textData(idx),'Color','blue');
title("Hail")

subplot(1,2,2)
idx = labels == "Thunderstorm Wind";
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wordcloud(textData(idx),'Color','magenta');
title("Thunderstorm Wind")

Compare the words in the reports from the states Florida, Kansas, and Alaska. Create
word clouds of the reports for each of these states in rectangles and draw a border
around each word cloud.

figure
state = T.state;

subplot(1,3,1)
idx = state == "FLORIDA";
wordcloud(textData(idx),'Shape','rectangle','Box','on');
title("Florida")
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subplot(1,3,2)
idx = state == "KANSAS";
wordcloud(textData(idx),'Shape','rectangle','Box','on');
title("Kansas")

subplot(1,3,3)
idx = state == "ALASKA";
wordcloud(textData(idx),'Shape','rectangle','Box','on');
title("Alaska")

Compare the words in the reports with property damage reported in thousands of dollars
to the reports with damage reported in millions of dollars. Create word clouds of the
reports for each of these amounts with highlight color blue and red respectively.
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cost = T.damage_property;
idx = endsWith(cost,"K");
figure
wordcloud(textData(idx),'HighlightColor','blue');
title("Damage Reported in Thousands")

idx = endsWith(cost,"M");
figure
wordcloud(textData(idx),'HighlightColor','red');
title("Damage Reported in Millions")
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See Also
bagOfWords | tokenizedDocument | wordcloud

Related Examples
• “Prepare Text Data for Analysis” on page 1-12
• “Analyze Text Data Using Topic Models” on page 2-18
• “Classify Text Data Using Deep Learning” on page 2-53
• “Visualize Word Embeddings Using Text Scatter Plots” on page 3-8

 See Also
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Visualize Word Embeddings Using Text Scatter Plots
This example shows how to visualize word embeddings using 2-D and 3-D t-SNE and text
scatter plots.

Word embeddings map words in a vocabulary to real vectors. The vectors attempt to
capture the semantics of the words, so that similar words have similar vectors. Some
embeddings also capture relationships between words like "Italy is to France as Rome is
to Paris". In vector form, this relationship is Italy − Rome + Paris = France.

To reproduce the results in this example, set rng to 'default'.

rng('default')

Load Pretrained Word Embedding

Load a pretrained word embedding using fastTextWordEmbedding. This function
requires Text Analytics Toolbox™ Model for fastText English 16 Billion Token Word
Embedding support package. If this support package is not installed, then the function
provides a download link.

emb = fastTextWordEmbedding

emb = 
  wordEmbedding with properties:

     Dimension: 300
    Vocabulary: [1×999994 string]

Explore the word embedding using word2vec and vec2word. Convert the words Italy,
Rome, and Paris to vectors using word2vec.

italy = word2vec(emb,"Italy");
rome = word2vec(emb,"Rome");
paris = word2vec(emb,"Paris");

Compute the vector given by italy - rome + paris. This vector encapsulates the
semantic meaning of the word Italy, without the semantics of the word Rome, and also
includes the semantics of the word Paris.

vec = italy - rome + paris

vec = 1×300 single row vector
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    0.1606   -0.0690    0.1183   -0.0349    0.0672    0.0907   -0.1820   -0.0080    0.0320   -0.0936   -0.0329   -0.1548    0.1737   -0.0937   -0.1619    0.0777   -0.0843    0.0066    0.0600   -0.2059   -0.0268    0.1350   -0.0900    0.0314    0.0686   -0.0338    0.1841    0.1708    0.0276    0.0719   -0.1667    0.0231    0.0265   -0.1773   -0.1135    0.1018   -0.2339    0.1008    0.1057   -0.1118    0.2891   -0.0358    0.0911   -0.0958   -0.0184    0.0740   -0.1081    0.0826    0.0463    0.0043

Find the closest words in the embedding to vec using vec2word.

word = vec2word(emb,vec)

word = 
"France"

Create 2-D Text Scatter Plot

Visualize the word embedding by creating a 2-D text scatter plot using tsne and
textscatter.

Convert the first 500 words to vectors using word2vec. V is a matrix of word vectors of
length 300.

words = emb.Vocabulary(1:5000);
V = word2vec(emb,words);
size(V)

ans = 1×2

        5000         300

Embed the word vectors in two-dimensional space using tsne. This function may take a
few minutes to run. If you want to display the convergence information, then set the
'Verbose' name-value pair to 1.

XY = tsne(V);

Plot the words at the coordinates specified by XY in a 2-D text scatter plot. For readability,
textscatter, by default, does not display all of the input words and displays markers
instead.

figure 
textscatter(XY,words)
title("Word Embedding t-SNE Plot")
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Zoom in on a section of the plot.

xlim([-18 -5])
ylim([11 21])
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Create 3-D Text Scatter Plot

Visualize the word embedding by creating a 3-D text scatter plot using tsne and
textscatter.

Convert the first 5000 words to vectors using word2vec. V is a matrix of word vectors of
length 300.

words = emb.Vocabulary(1:5000);
V = word2vec(emb,words);
size(V)

ans = 1×2
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        5000         300

Embed the word vectors in a three-dimensional space using tsne by specifying the
number of dimensions to be three. This function may take a few minutes to run. If you
want to display the convergence information, then you can set the 'Verbose' name-
value pair to 1.

XYZ = tsne(V,'NumDimensions',3);

Plot the words at the coordinates specified by XYZ in a 3-D text scatter plot.

figure 
ts = textscatter3(XYZ,words);
title("3-D Word Embedding t-SNE Plot")
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Zoom in on a section of the plot.

xlim([12.04 19.48])
ylim([-2.66 3.40])
zlim([10.03 14.53])
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Perform Cluster Analysis

Convert the first 5000 words to vectors using word2vec. V is a matrix of word vectors of
length 300.

words = emb.Vocabulary(1:5000);
V = word2vec(emb,words);
size(V)

ans = 1×2

        5000         300

Discover 25 clusters using kmeans.
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cidx = kmeans(V,25,'dist','sqeuclidean');

Visualize the clusters in a text scatter plot using the 2-D t-SNE data coordinates
calculated earlier.

figure
textscatter(XY,words,'ColorData',categorical(cidx));
title("Word Embedding t-SNE Plot")

Zoom in on a section of the plot.

xlim([13 24])
ylim([-47 -35])

 Visualize Word Embeddings Using Text Scatter Plots
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See Also
readWordEmbedding | textscatter | textscatter3 | tokenizedDocument |
vec2word | word2vec | wordEmbedding

Related Examples
• “Extract Text Data from Files” on page 1-2
• “Prepare Text Data for Analysis” on page 1-12
• “Visualize Text Data Using Word Clouds” on page 3-2
• “Classify Text Data Using Deep Learning” on page 2-53
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Language Support

• “Language Considerations” on page 4-2
• “Japanese Language Support” on page 4-6
• “Analyze Japanese Text Data” on page 4-12
• “German Language Support” on page 4-26
• “Analyze German Text Data” on page 4-33
• “Language-Independent Features” on page 4-47

4



Language Considerations
Text Analytics Toolbox supports the languages English, Japanese, and German. Most Text
Analytics Toolbox functions also work with text in other languages. This table summarizes
how to use Text Analytics Toolbox features for other languages.

Feature Language Consideration Workaround
Tokenization The tokenizedDocument

function has built-in rules
for English, Japanese, and
German only. For English
and German text, the
'unicode' tokenization
method of
tokenizedDocument
detects tokens using rules
based on Unicode®

Standard Annex #29 [1] and
the ICU tokenizer [2],
modified to better detect
complex tokens such as
hashtags and URLs. For
Japanese text, the 'mecab'
tokenization method detects
tokens using rules based on
the MeCab tokenizer [3].

For other languages, you
can still try using
tokenizedDocument. If
tokenizedDocument does
not produce useful results,
then try tokenizing the text
manually. To create a
tokenizedDocument array
from manually tokenized
text, set the
'TokenizeMethod' option
to 'none'.

For more information, see
tokenizedDocument.

Stop word removal The stopWords and
removeStopWords
functions support English,
Japanese, and German stop
words only.

To remove stop words from
other languages, use
removeWords and specify
your own stop words to
remove.
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Feature Language Consideration Workaround
Sentence detection The addSentenceDetails

function detects sentence
boundaries based on
punctuation characters and
line number information.
For English and German
text, the function also uses a
list of abbreviations passed
to the function.

For other languages, you
might need to specify your
own list of abbreviations for
sentence detection. To do
this, use the
'Abbreviations' option
of addSentenceDetails.

For more information, see
addSentenceDetails.

Word clouds For string input, the
wordcloud function uses
English, Japanese, and
German tokenization, stop
word removal, and word
normalization.

For other languages, you
might need to manually
preprocess your text data
and specify unique words
and corresponding sizes in
wordcloud.

To specify word sizes in
wordcloud, input your data
as a table or arrays
containing the unique words
and corresponding sizes.

For more information, see
wordcloud.
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Feature Language Consideration Workaround
Word embeddings File input to the

trainWordEmbedding
function requires words
separated by whitespace.

For files containing non-
English text, you might need
to input a
tokenizedDocument array
to trainWordEmbedding.

To create a
tokenizedDocument array
from pretokenized text, use
the tokenizedDocument
function and set the
'TokenizeMethod' option
to 'none'.

For more information, see
trainWordEmbedding.

Language-Independent Features
Word and N-Gram Counting

The bagOfWords and bagOfNgrams functions support tokenizedDocument input
regardless of language. If you have a tokenizedDocument array containing your data,
then you can use these functions.

Modeling and Prediction

The fitlda and fitlsa functions support bagOfWords and bagOfNgrams input
regardless of language. If you have a bagOfWords or bagOfNgrams object containing
your data, then you can use these functions.

The trainWordEmbedding function supports tokenizedDocument or file input
regardless of language. If you have a tokenizedDocument array or a file containing
your data in the correct format, then you can use this function.

References
[1] Unicode Text Segmentation. https://www.unicode.org/reports/tr29/
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[2] Boundary Analysis. http://userguide.icu-project.org/boundaryanalysis

[3] MeCab: Yet Another Part-of-Speech and Morphological Analyzer. https://
taku910.github.io/mecab/

See Also
addLanguageDetails | addSentenceDetails | bagOfNgrams | bagOfWords |
fitlda | fitlsa | normalizeWords | removeWords | stopWords |
tokenizedDocument | wordcloud

More About
• “Text Data Preparation”
• “Modeling and Prediction”
• “Display and Presentation”
• “Japanese Language Support” on page 4-6
• “Analyze Japanese Text Data” on page 4-12
• “German Language Support” on page 4-26
• “Analyze German Text Data” on page 4-33

 See Also
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Japanese Language Support
This topic summarizes the Text Analytics Toolbox features that support Japanese text. For
an example showing how to analyze Japanese text data, see “Analyze Japanese Text Data”
on page 4-12.

Tokenization
The tokenizedDocument function automatically detects Japanese input. Alternatively,
set the 'Language' option in tokenizedDocument to 'ja'. This option specifies the
language details of the tokens. To view the language details of the tokens, use
tokenDetails. These language details determine the behavior of the
removeStopWords, addPartOfSpeechDetails, normalizeWords,
addSentenceDetails, and addEntityDetails functions on the tokens.

Tokenize Japanese Text

Tokenize Japanese text using tokenizedDocument. The function automatically detects
Japanese text.

str = [
    "恋に悩み、苦しむ。"
    "恋の悩みで苦しむ。"
    "空に星が輝き、瞬いている。"
    "空の星が輝きを増している。"];
documents = tokenizedDocument(str)

documents = 
  4x1 tokenizedDocument:

     6 tokens: 恋 に 悩み 、 苦しむ 。
     6 tokens: 恋 の 悩み で 苦しむ 。
    10 tokens: 空 に 星 が 輝き 、 瞬い て いる 。
    10 tokens: 空 の 星 が 輝き を 増し て いる 。

Part of Speech Details
The tokenDetails function, by default, includes part of speech details with the token
details.
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Get Part of Speech Details of Japanese Text

Tokenize Japanese text using tokenizedDocument.

str = [
    "恋に悩み、苦しむ。"
    "恋の悩みで 苦しむ。"
    "空に星が輝き、瞬いている。"
    "空の星が輝きを増している。"
    "駅までは遠くて、歩けない。"
    "遠くの駅まで歩けない。"
    "すもももももももものうち。"];
documents = tokenizedDocument(str);

For Japanese text, you can get the part-of-speech details using tokenDetails. For
English text, you must first use addPartOfSpeechDetails.

tdetails = tokenDetails(documents);
head(tdetails)

ans=8×8 table
     Token     DocumentNumber    LineNumber       Type        Language    PartOfSpeech     Lemma       Entity  
    _______    ______________    __________    ___________    ________    ____________    _______    __________

    "恋"             1               1         letters           ja       noun            "恋"       non-entity
    "に"             1               1         letters           ja       adposition      "に"       non-entity
    "悩み"           1               1         letters           ja       verb            "悩む"      non-entity
    "、"             1               1         punctuation       ja       punctuation     "、"       non-entity
    "苦しむ"          1               1         letters           ja       verb            "苦しむ"    non-entity
    "。"             1               1         punctuation       ja       punctuation     "。"       non-entity
    "恋"             2               1         letters           ja       noun            "恋"       non-entity
    "の"             2               1         letters           ja       adposition      "の"       non-entity

Named Entity Recognition
To add entity tags to documents, use the addEntityDetails function.

Add Named Entity Tags to Japanese Text

Tokenize Japanese text using tokenizedDocument.

str = [
    "マリーさんはボストンからニューヨークに引っ越しました。"

 Japanese Language Support
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    "駅で鈴木さんに迎えに行きます。"
    "東京は大阪より大きいですか？"
    "東京に行った時、新宿や渋谷などいろいろな所に訪れたました。"];
documents = tokenizedDocument(str);

For Japanese text, the software automatically adds named entity tags, so you do not need
to use the addEntityDetails function. This software detects person names, locations,
organizations, and other named entities. To view the entity details, use the
tokenDetails function.

tdetails = tokenDetails(documents);
head(tdetails)

ans=8×8 table
       Token        DocumentNumber    LineNumber     Type      Language    PartOfSpeech       Lemma          Entity  
    ____________    ______________    __________    _______    ________    ____________    ____________    __________

    "マリー"               1               1         letters       ja       proper-noun     "マリー"         person    
    "さん"                1               1         letters       ja       noun            "さん"           person    
    "は"                  1               1         letters       ja       adposition      "は"            non-entity
    "ボストン"             1               1         letters       ja       proper-noun     "ボストン"        location  
    "から"                1               1         letters       ja       adposition      "から"           non-entity
    "ニューヨーク"          1               1         letters       ja       proper-noun     "ニューヨーク"    location  
    "に"                  1               1         letters       ja       adposition      "に"            non-entity
    "引っ越し"             1               1         letters       ja       verb            "引っ越す"        non-entity

View the words tagged with entity "person", "location", "organization", or
"other". These words are the words not tagged "non-entity".

idx = tdetails.Entity ~= "non-entity";
tdetails(idx,:).Token

ans = 11×1 string array
    "マリー"
    "さん"
    "ボストン"
    "ニューヨーク"
    "鈴木"
    "さん"
    "東京"
    "大阪"
    "東京"
    "新宿"
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    "渋谷"

Stop Words
To remove stop words from documents according to the token language details, use
removeStopWords. For a list of Japanese stop words set the 'Language' option in
stopWords to 'ja'.

Remove Japanese Stop Words

Tokenize Japanese text using tokenizedDocument. The function automatically detects
Japanese text.

str = [
    "ここは静かなので、とても穏やかです"
    "企業内の顧客データを利用し、今年の売り上げを調べることが出来た。"
    "私は先生です。私は英語を教えています。"];
documents = tokenizedDocument(str);

Remove stop words using removeStopWords. The function uses the language details
from documents to determine which language stop words to remove.

documents = removeStopWords(documents)

documents = 
  3x1 tokenizedDocument:

     4 tokens: 静か 、 とても 穏やか
    10 tokens: 企業 顧客 データ 利用 、 今年 売り上げ 調べる 出来 。
     5 tokens: 先生 。 英語 教え 。

Lemmatization
To lemmatize tokens according to the token language details, use normalizeWords and
set the 'Style' option to 'lemma'.
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Lemmatize Japanese Text

Tokenize Japanese text using the tokenizedDocument function. The function
automatically detects Japanese text.

str = [
    "空に星が輝き、瞬いている。"
    "空の星が輝きを増している。"
    "駅までは遠くて、歩けない。"
    "遠くの駅まで歩けない。"];
documents = tokenizedDocument(str);

Lemmatize the tokens using normalizeWords.

documents = normalizeWords(documents)

documents = 
  4x1 tokenizedDocument:

    10 tokens: 空 に 星 が 輝く 、 瞬く て いる 。
    10 tokens: 空 の 星 が 輝き を 増す て いる 。
     9 tokens: 駅 まで は 遠い て 、 歩ける ない 。
     7 tokens: 遠く の 駅 まで 歩ける ない 。

Language-Independent Features
Word and N-Gram Counting

The bagOfWords and bagOfNgrams functions support tokenizedDocument input
regardless of language. If you have a tokenizedDocument array containing your data,
then you can use these functions.

Modeling and Prediction

The fitlda and fitlsa functions support bagOfWords and bagOfNgrams input
regardless of language. If you have a bagOfWords or bagOfNgrams object containing
your data, then you can use these functions.

The trainWordEmbedding function supports tokenizedDocument or file input
regardless of language. If you have a tokenizedDocument array or a file containing
your data in the correct format, then you can use this function.
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See Also
addEntityDetails | addLanguageDetails | addPartOfSpeechDetails |
normalizeWords | removeStopWords | stopWords | tokenDetails |
tokenizedDocument

More About
• “Language Considerations” on page 4-2
• “Analyze Japanese Text Data” on page 4-12
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Analyze Japanese Text Data
This example shows how to import, prepare, and analyze Japanese text data using a topic
model.

Japanese text data can be large and can contain lots of noise that negatively affects
statistical analysis. For example, the text data can contain the following:

• Variations in word forms. For example, "難しい" ("is difficult") and "難しかった" ("was
difficult")

• Words that add noise. For example, stop words such as "あそこ" ("over there"), "あた
り" ("around"), and "あちら" ("there")

• Punctuation and special characters

These word clouds illustrate word frequency analysis applied to some raw text data from
"吾輩は猫である" by 夏目漱石, and a preprocessed version of the same text data.
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This example first shows how to import and prepare Japanese text data, and then it shows
how to analyze the text data using a Latent Dirichlet Allocation (LDA) model. An LDA
model is a topic model that discovers underlying topics in a collection of documents and
infers the word probabilities in topics. Use these steps in preparing the text data and
fitting the model:

• Read HTML code from a website.
• Parse the HTML code and extract the relevant data.
• Prepare the text data for analysis using standard preprocessing techniques.
• Fit a topic model and visualize the results.

 Analyze Japanese Text Data
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Import Data

Read the data from "吾輩は猫である" by 夏目漱石 from https://www.aozora.gr.jp/cards/
000148/files/789_14547.html using the webread function.

Specify the character encoding of the text using the weboptions function. To find the
correct character encoding for an HTML, look in the header of the HTML code. For this
file, specify the character encoding to be "Shift_JIS".

url = "https://www.aozora.gr.jp/cards/000148/files/789_14547.html";
options = weboptions('CharacterEncoding','Shift_JIS');
code = webread(url,options);

View the first few lines of the HTML code.

extractBefore(code,"<script")

ans = 
    '<?xml version="1.0" encoding="Shift_JIS"?>
     <!DOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.1//EN"
         "http://www.w3.org/TR/xhtml11/DTD/xhtml11.dtd">
     <html xml:lang="ja" >
     <head>
         <meta http-equiv="Content-Type" content="text/html;charset=Shift_JIS" />
         <meta http-equiv="content-style-type" content="text/css" />
         <link rel="stylesheet" type="text/css" href="../../aozora.css" />
         <title>夏目漱石 吾輩は猫である</title>
         '

Extract the text data from the HTML using extractHTMLText. Split the text by newline
characters.

textData = extractHTMLText(code);
textData = string(split(textData,newline));
textData(1:10)

ans = 10×1 string array
    "吾輩は猫である"
    ""
    "夏目漱石"
    ""
    " "
    ""
    "一"
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    ""
    " 吾輩は猫である。名前はまだ無い。"
    " どこで生れたかとんと見当がつかぬ。何でも薄暗いじめじめした所でニャーニャー泣いていた事だけは記憶している。吾輩はここで始めて人間というものを見た。しかもあとで聞くとそれは書生という人間中で一番獰悪な種族であったそうだ。この書生というのは時々我々を捕えて煮て食うという話である。しかしその当時は何という考もなかったから別段恐しいとも思わなかった。ただ彼の掌に載せられてスーと持ち上げられた時何だかフワフワした感じがあったばかりである。掌の上で少し落ちついて書生の顔を見たのがいわゆる人間というものの見始であろう。この時妙なものだと思った感じが今でも残っている。第一毛をもって装飾されべきはずの顔がつるつるしてまるで薬缶だ。その後猫にもだいぶ逢ったがこんな片輪には一度も出会わした事がない。のみならず顔の真中があまりに突起している。そうしてその穴の中から時々ぷうぷうと煙を吹く。どうも咽せぽくて実に弱った。これが人間の飲む煙草というものである事はようやくこの頃知った。"

Remove the empty lines of text.

idx = textData == "";
textData(idx) = [];
textData(1:10)

ans = 10×1 string array
    "吾輩は猫である"
    "夏目漱石"
    " "
    "一"
    " 吾輩は猫である。名前はまだ無い。"
    " どこで生れたかとんと見当がつかぬ。何でも薄暗いじめじめした所でニャーニャー泣いていた事だけは記憶している。吾輩はここで始めて人間というものを見た。しかもあとで聞くとそれは書生という人間中で一番獰悪な種族であったそうだ。この書生というのは時々我々を捕えて煮て食うという話である。しかしその当時は何という考もなかったから別段恐しいとも思わなかった。ただ彼の掌に載せられてスーと持ち上げられた時何だかフワフワした感じがあったばかりである。掌の上で少し落ちついて書生の顔を見たのがいわゆる人間というものの見始であろう。この時妙なものだと思った感じが今でも残っている。第一毛をもって装飾されべきはずの顔がつるつるしてまるで薬缶だ。その後猫にもだいぶ逢ったがこんな片輪には一度も出会わした事がない。のみならず顔の真中があまりに突起している。そうしてその穴の中から時々ぷうぷうと煙を吹く。どうも咽せぽくて実に弱った。これが人間の飲む煙草というものである事はようやくこの頃知った。"
    " この書生の掌の裏でしばらくはよい心持に坐っておったが、しばらくすると非常な速力で運転し始めた。書生が動くのか自分だけが動くのか分らないが無暗に眼が廻る。胸が悪くなる。到底助からないと思っていると、どさりと音がして眼から火が出た。それまでは記憶しているがあとは何の事やらいくら考え出そうとしても分らない。"
    " ふと気が付いて見ると書生はいない。たくさんおった兄弟が一疋も見えぬ。肝心の母親さえ姿を隠してしまった。その上今までの所とは違って無暗に明るい。眼を明いていられぬくらいだ。はてな何でも容子がおかしいと、のそのそ這い出して見ると非常に痛い。吾輩は藁の上から急に笹原の中へ棄てられたのである。"
    " ようやくの思いで笹原を這い出すと向うに大きな池がある。吾輩は池の前に坐ってどうしたらよかろうと考えて見た。別にこれという分別も出ない。しばらくして泣いたら書生がまた迎に来てくれるかと考え付いた。ニャー、ニャーと試みにやって見たが誰も来ない。そのうち池の上をさらさらと風が渡って日が暮れかかる。腹が非常に減って来た。泣きたくても声が出ない。仕方がない、何でもよいから食物のある所まであるこうと決心をしてそろりそろりと池を左りに廻り始めた。どうも非常に苦しい。そこを我慢して無理やりに這って行くとようやくの事で何となく人間臭い所へ出た。ここへ這入ったら、どうにかなると思って竹垣の崩れた穴から、とある邸内にもぐり込んだ。縁は不思議なもので、もしこの竹垣が破れていなかったなら、吾輩はついに路傍に餓死したかも知れんのである。一樹の蔭とはよく云ったものだ。この垣根の穴は今日に至るまで吾輩が隣家の三毛を訪問する時の通路になっている。さて邸へは忍び込んだもののこれから先どうして善いか分らない。そのうちに暗くなる、腹は減る、寒さは寒し、雨が降って来るという始末でもう一刻の猶予が出来なくなった。仕方がないからとにかく明るくて暖かそうな方へ方へとあるいて行く。今から考えるとその時はすでに家の内に這入っておったのだ。ここで吾輩は彼の書生以外の人間を再び見るべき機会に遭遇したのである。第一に逢ったのがおさんである。これは前の書生より一層乱暴な方で吾輩を見るや否やいきなり頸筋をつかんで表へ抛り出した。いやこれは駄目だと思ったから眼をねぶって運を天に任せていた。しかしひもじいのと寒いのにはどうしても我慢が出来ん。吾輩は再びおさんの隙を見て台所へ這い上った。すると間もなくまた投げ出された。吾輩は投げ出されては這い上り、這い上っては投げ出され、何でも同じ事を四五遍繰り返したのを記憶している。その時におさんと云う者はつくづくいやになった。この間おさんの三馬を偸んでこの返報をしてやってから、やっと胸の痞が下りた。吾輩が最後につまみ出されようとしたときに、この家の主人が騒々しい何だといいながら出て来た。下女は吾輩をぶら下げて主人の方へ向けてこの宿なしの小猫がいくら出しても出しても御台所へ上って来て困りますという。主人は鼻の下の黒い毛を撚りながら吾輩の顔をしばらく眺めておったが、やがてそんなら内へ置いてやれといったまま奥へ這入ってしまった。主人はあまり口を聞かぬ人と見えた。下女は口惜しそうに吾輩を台所へ抛り出した。かくして吾輩はついにこの家を自分の住家と極める事にしたのである。"
    " 吾輩の主人は滅多に吾輩と顔を合せる事がない。職業は教師だそうだ。学校から帰ると終日書斎に這入ったぎりほとんど出て来る事がない。家のものは大変な勉強家だと思っている。当人も勉強家であるかのごとく見せている。しかし実際はうちのものがいうような勤勉家ではない。吾輩は時々忍び足に彼の書斎を覗いて見るが、彼はよく昼寝をしている事がある。時々読みかけてある本の上に涎をたらしている。彼は胃弱で皮膚の色が淡黄色を帯びて弾力のない不活溌な徴候をあらわしている。その癖に大飯を食う。大飯を食った後でタカジヤスターゼを飲む。飲んだ後で書物をひろげる。二三ページ読むと眠くなる。涎を本の上へ垂らす。これが彼の毎夜繰り返す日課である。吾輩は猫ながら時々考える事がある。教師というものは実に楽なものだ。人間と生れたら教師となるに限る。こんなに寝ていて勤まるものなら猫にでも出来ぬ事はないと。それでも主人に云わせると教師ほどつらいものはないそうで彼は友達が来る度に何とかかんとか不平を鳴らしている。"

Visualize the text data in a word cloud.

figure
wordcloud(textData);
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Tokenize Documents

Tokenize the text using tokenizedDocument and view the first few documents.

documents = tokenizedDocument(textData);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

      5 tokens: 吾輩 は 猫 で ある
      2 tokens: 夏目 漱石
      0 tokens:
      1 tokens: 一
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     11 tokens: 吾輩 は 猫 で ある 。 名前 は まだ 無い 。
    264 tokens: どこ で 生れ た か とんと 見当 が つか ぬ 。 何 でも 薄暗い じめじめ し た 所 で ニャーニャー 泣い て いた事 だけ は 記憶 し て いる 。 吾輩 は ここ で 始め て 人間 という もの を 見 た 。 しかも あと で 聞く と それ は 書生 という 人間 中 で 一番 獰悪 な 種族 で あっ た そう だ 。 この 書生 という の は 時々 我々 を 捕え て 煮 て 食う という 話 で ある 。 しかし その 当時 は 何 という 考 も なかっ た から 別段 恐し いとも 思わ なかっ た 。 ただ 彼 の 掌 に 載せ られ て スー と 持ち上げ られ た 時 何だか フワフワ し た 感じ が あっ た ばかり で ある 。 掌 の 上 で 少し 落ちつい て 書生 の 顔 を 見 た の が いわゆる 人間 という もの の 見 始 で あろ う 。 この 時 妙 な もの だ と 思っ た 感じ が 今 でも 残っ て いる 。 第 一 毛 をもって 装飾 さ れ べき はず の 顔 が つるつる し て まるで 薬缶 だ 。 その後 猫 に も だいぶ 逢っ た が こんな 片 輪 に は 一 度 も 出会わ し た 事 が ない 。 のみ なら ず 顔 の 真中 が あまりに 突起 し て いる 。 そうして その 穴 の 中 から 時々 ぷうぷうと 煙 を 吹く 。 どうも 咽 せ ぽく て 実に 弱っ た 。 これ が 人間 の 飲む 煙草 という もの で ある 事 は ようやく この 頃 知っ た 。
    100 tokens: この 書生 の 掌 の 裏 で しばらく は よい 心持 に 坐っ て おっ た が 、 しばらく する と 非常 な 速力 で 運転 し 始め た 。 書生 が 動く の か 自分 だけ が 動く の か 分ら ない が 無 暗に 眼 が 廻る 。 胸 が 悪く なる 。 到底 助から ない と 思っ て いる と 、 ど さり と 音 が し て 眼 から 火 が 出 た 。 それ まで は 記憶 し て いる が あと は 何 の 事 やら いくら 考え出そ う として も 分ら ない 。
     92 tokens: ふと 気 が 付い て 見る と 書生 は い ない 。 たくさん おっ た 兄弟 が 一疋 も 見え ぬ 。 肝心 の 母親 さえ 姿 を 隠し て しまっ た 。 その 上今 まで の 所 と は 違っ て 無 暗に 明るい 。 眼 を 明い て い られ ぬ くらい だ 。 はてな 何 でも 容子 が おかしい と 、 のそのそ 這い出し て 見る と 非常 に 痛い 。 吾輩 は 藁 の 上 から 急 に 笹原 の 中 へ 棄て られ た の で ある 。
    693 tokens: ようやく の 思い で 笹原 を 這い出す と 向う に 大きな 池 が ある 。 吾輩 は 池 の 前 に 坐っ て どう し たら よかろ う と 考え て 見 た 。 別に これ という 分別 も 出 ない 。 しばらく し て 泣い たら 書生 が また 迎 に 来 て くれる か と 考え付い た 。 ニャー 、 ニャー と 試み に やっ て 見 た が 誰 も 来 ない 。 そのうち 池 の 上 を さらさら と 風 が 渡っ て 日 が 暮れ かかる 。 腹 が 非常 に 減っ て 来 た 。 泣き たく て も 声 が 出 ない 。 仕方 が ない 、 何 で も よい から 食物 の ある 所 まで ある こう と 決心 を し て そろ り そろりと 池 を 左 り に 廻り 始め た 。 どうも 非常 に 苦しい 。 そこ を 我慢 し て 無理やり に 這っ て 行く と ようやく の 事 で 何となく 人間 臭い 所 へ 出 た 。 ここ へ 這入っ たら 、 どうにか なる と 思っ て 竹垣 の 崩れ た 穴 から 、 とある 邸 内 に もぐり込ん だ 。 縁 は 不思議 な もの で 、 もし この 竹垣 が 破れ て い なかっ た なら 、 吾輩 は ついに 路傍 に 餓死 し た かも 知れ ん の で ある 。 一樹 の 蔭 と は よく 云っ た もの だ 。 この 垣根 の 穴 は 今日 に 至る まで 吾輩 が 隣家 の 三 毛 を 訪問 する 時 の 通路 に なっ て いる 。 さて 邸 へ は 忍び込ん だ ものの これから 先 どうして 善い か 分ら ない 。 その うち に 暗く なる 、 腹 は 減る 、 寒 さ は 寒し 、 雨 が 降っ て 来る という 始末 で もう 一刻 の 猶予 が 出来 なく なっ た 。 仕方 が ない から とにかく 明るく て 暖か そう な 方 へ 方 へ と あるい て 行く 。 今 から 考える と その 時 は すでに 家 の 内 に 這入っ て おっ た の だ 。 ここ で 吾輩 は 彼 の 書生 以外 の 人間 を 再び 見る べき 機会 に 遭遇 し た の で ある 。 第 一 に 逢っ た の が お さん で ある 。 こ…
    276 tokens: 吾輩 の 主人 は 滅多 に 吾輩 と 顔 を 合せる 事 が ない 。 職業 は 教師 だ そう だ 。 学校 から 帰る と 終日 書斎 に 這入っ た ぎりほとんど 出 て 来る 事 が ない 。 家 の もの は 大変 な 勉強 家 だ と 思っ て いる 。 当人 も 勉強 家 で ある か の ごとく 見せ て いる 。 しかし 実際 は うち の もの が いう よう な 勤勉 家 で は ない 。 吾輩 は 時々 忍び足 に 彼 の 書斎 を 覗い て 見る が 、 彼 は よく 昼寝 を し て いる 事 が ある 。 時々 読みかけ て ある 本 の 上 に 涎 を たらし て いる 。 彼 は 胃弱 で 皮膚 の 色 が 淡 黄色 を 帯び て 弾力 の ない 不 活溌 な 徴候 を あらわし て いる 。 その 癖 に 大飯 を 食う 。 大飯 を 食っ た 後 で タカジヤスターゼ を 飲む 。 飲ん だ 後 で 書物 を ひろげる 。 二 三 ページ 読む と 眠く なる 。 涎 を 本 の 上 へ 垂らす 。 これ が 彼 の 毎夜 繰り返す 日課 で ある 。 吾輩 は 猫 ながら 時々 考える 事 が ある 。 教師 という もの は 実に 楽 な もの だ 。 人間 と 生れ たら 教師 と なる に 限る 。 こんなに 寝 て い て 勤まる もの なら 猫 に でも 出来 ぬ 事 は ない と 。 それでも 主人 に 云わ せる と 教師 ほど つらい もの は ない そう で 彼 は 友達 が 来る 度 に 何とか かん とか 不平 を 鳴らし て いる 。

Get Part-of-Speech Tags

Get the token details and then view the details of the first few tokens.

tdetails = tokenDetails(documents);
head(tdetails)

ans=8×8 table
    Token     DocumentNumber    LineNumber     Type      Language     PartOfSpeech     Lemma       Entity  
    ______    ______________    __________    _______    ________    ______________    ______    __________

    "吾輩"          1               1         letters       ja       pronoun           "吾輩"     non-entity
    "は"            1               1         letters       ja       adposition        "は"      non-entity
    "猫"            1               1         letters       ja       noun              "猫"      non-entity
    "で"            1               1         letters       ja       auxiliary-verb    "だ"      non-entity
    "ある"          1               1         letters       ja       auxiliary-verb    "ある"     non-entity
    "夏目"          2               1         letters       ja       proper-noun       "夏目"     person    
    "漱石"          2               1         letters       ja       proper-noun       "漱石"     person    
    "一"            4               1         letters       ja       numeral           "一"      non-entity

The PartOfSpeech variable in the table contains the part-of-speech tags of the tokens.
Create word clouds of all the nouns and adjectives, respectively.

figure
idx = tdetails.PartOfSpeech == "noun";
tokens = tdetails.Token(idx);
subplot(1,2,1)
wordcloud(tokens);
title("Nouns")

idx = tdetails.PartOfSpeech == "adjective";
tokens = tdetails.Token(idx);
subplot(1,2,2)
wordcloud(tokens);
title("Adjectives")
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Prepare Text Data for Analysis

Remove the stop words.

documents = removeStopWords(documents);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

      2 tokens: 吾輩 猫
      2 tokens: 夏目 漱石
      0 tokens:
      0 tokens:
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      6 tokens: 吾輩 猫 。 まだ 無い 。
    117 tokens: 生れ とんと 見当 つか ぬ 。 薄暗い じめじめ ニャーニャー 泣い いた事 記憶 。 吾輩 始め 人間 という 。 しかも 聞く 書生 という 人間 一番 獰悪 種族 あっ 。 書生 という 時々 捕え 煮 食う という 。 しかし 当時 という 考 なかっ 別段 恐し いとも 思わ なかっ 。 掌 載せ られ スー 持ち上げ られ 何だか フワフワ あっ 。 掌 少し 落ちつい 書生 顔 いわゆる 人間 という 始 あろ 。 妙 思っ 残っ 。 毛 をもって 装飾 れ べき 顔 つるつる まるで 薬缶 。 猫 だいぶ 逢っ こんな 片 出会わ 。 のみ なら 顔 真中 あまりに 突起 。 そうして 穴 時々 ぷうぷうと 煙 吹く 。 どうも 咽 せ ぽく 実に 弱っ 。 人間 飲む 煙草 という ようやく 知っ 。
     43 tokens: 書生 掌 裏 しばらく よい 心持 坐っ おっ 、 しばらく 非常 速力 運転 始め 。 書生 動く 動く 分ら 無 暗に 眼 廻る 。 胸 悪く 。 到底 助から 思っ 、 ど さり 音 眼 出 。 記憶 いくら 考え出そ として 分ら 。
     46 tokens: ふと 付い 見る 書生 。 おっ 兄弟 一疋 見え ぬ 。 肝心 母親 姿 隠し しまっ 。 上今 違っ 無 暗に 明るい 。 眼 明い られ ぬ くらい 。 はてな 容子 おかしい 、 のそのそ 這い出し 見る 非常 痛い 。 吾輩 藁 急 笹原 棄て られ 。
    323 tokens: ようやく 思い 笹原 這い出す 向う 大きな 池 。 吾輩 池 坐っ たら よかろ 考え 。 別に という 分別 出 。 しばらく 泣い たら 書生 迎 来 くれる 考え付い 。 ニャー 、 ニャー 試み やっ 来 。 そのうち 池 さらさら 風 渡っ 暮れ かかる 。 腹 非常 減っ 来 。 泣き たく 声 出 。 仕方 、 よい 食物 こう 決心 そろ り そろりと 池 り 廻り 始め 。 どうも 非常 苦しい 。 我慢 無理やり 這っ 行く ようやく 何となく 人間 臭い 出 。 這入っ たら 、 どうにか 思っ 竹垣 崩れ 穴 、 とある 邸 もぐり込ん 。 縁 不思議 、 もし 竹垣 破れ なかっ なら 、 吾輩 ついに 路傍 餓死 かも 知れ 。 一樹 蔭 よく 云っ 。 垣根 穴 今日 至る 吾輩 隣家 毛 訪問 通路 なっ 。 さて 邸 忍び込ん ものの これから どうして 善い 分ら 。 暗く 、 腹 減る 、 寒 寒し 、 雨 降っ 来る という 始末 もう 一刻 猶予 出来 なく なっ 。 仕方 とにかく 明るく 暖か あるい 行く 。 考える すでに 這入っ おっ 。 吾輩 書生 以外 人間 再び 見る べき 機会 遭遇 。 逢っ 。 書生 一層 乱暴 吾輩 見る 否や いきなり 頸筋 つかん 表 抛り出し 。 駄目 思っ 眼 ねぶっ 運 天 任せ 。 しかし ひもじい 寒い どうしても 我慢 出来 。 吾輩 再び おさん 隙 台所 這い 上っ 。 すると 間もなく 投げ出さ れ 。 吾輩 投げ出さ れ 這い 上り 、 這い 上っ 投げ出さ れ 、 遍 繰り返し 記憶 。 おさん 云う つくづく なっ 。 この間 おさん 馬 偸 んで 返報 やっ 、 やっと 胸 痞 下り 。 吾輩 最後 つまみ出さ れよ 、 主人 騒々しい いい ながら 出 来 。 下女 吾輩 ぶら下げ 主人 向け 宿 なし 小 猫 いくら 出し 出し 御台 上っ 来 困り いう 。 主人 鼻 黒い 毛 撚り ながら 吾輩 顔 しばらく 眺め おっ 、 やがて そん なら 置い やれ といった 奥 這入っ しまっ 。 主人 あまり 聞か ぬ 見え 。 下女 口惜し 吾輩 台所 抛り出し 。 かくして 吾輩 ついに 住 極める 。
    122 tokens: 吾輩 主人 滅多 吾輩 顔 合せる 。 職業 教師 。 学校 帰る 終日 書斎 這入っ ぎりほとんど 出 来る 。 大変 勉強 思っ 。 当人 勉強 ごとく 見せ 。 しかし 実際 いう 勤勉 。 吾輩 時々 忍び足 書斎 覗い 見る 、 よく 昼寝 。 時々 読みかけ 本 涎 たらし 。 胃弱 皮膚 色 淡 黄色 帯び 弾力 不 活溌 徴候 あらわし 。 癖 大飯 食う 。 大飯 食っ タカジヤスターゼ 飲む 。 飲ん 書物 ひろげる 。 ページ 読む 眠く 。 涎 本 垂らす 。 毎夜 繰り返す 日課 。 吾輩 猫 ながら 時々 考える 。 教師 という 実に 。 人間 生れ たら 教師 限る 。 こんなに 寝 勤まる なら 猫 出来 ぬ 。 それでも 主人 云わ 教師 つらい 友達 来る 何とか かん 不平 鳴らし 。

Erase the punctuation.

documents = erasePunctuation(documents);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

      2 tokens: 吾輩 猫
      2 tokens: 夏目 漱石
      0 tokens:
      0 tokens:
      4 tokens: 吾輩 猫 まだ 無い
    102 tokens: 生れ とんと 見当 つか ぬ 薄暗い じめじめ ニャーニャー 泣い いた事 記憶 吾輩 始め 人間 という しかも 聞く 書生 という 人間 一番 獰悪 種族 あっ 書生 という 時々 捕え 煮 食う という しかし 当時 という 考 なかっ 別段 恐し いとも 思わ なかっ 掌 載せ られ スー 持ち上げ られ 何だか フワフワ あっ 掌 少し 落ちつい 書生 顔 いわゆる 人間 という 始 あろ 妙 思っ 残っ 毛 をもって 装飾 れ べき 顔 つるつる まるで 薬缶 猫 だいぶ 逢っ こんな 片 出会わ のみ なら 顔 真中 あまりに 突起 そうして 穴 時々 ぷうぷうと 煙 吹く どうも 咽 せ ぽく 実に 弱っ 人間 飲む 煙草 という ようやく 知っ
     36 tokens: 書生 掌 裏 しばらく よい 心持 坐っ おっ しばらく 非常 速力 運転 始め 書生 動く 動く 分ら 無 暗に 眼 廻る 胸 悪く 到底 助から 思っ ど さり 音 眼 出 記憶 いくら 考え出そ として 分ら
     38 tokens: ふと 付い 見る 書生 おっ 兄弟 一疋 見え ぬ 肝心 母親 姿 隠し しまっ 上今 違っ 無 暗に 明るい 眼 明い られ ぬ くらい はてな 容子 おかしい のそのそ 這い出し 見る 非常 痛い 吾輩 藁 急 笹原 棄て られ
    274 tokens: ようやく 思い 笹原 這い出す 向う 大きな 池 吾輩 池 坐っ たら よかろ 考え 別に という 分別 出 しばらく 泣い たら 書生 迎 来 くれる 考え付い ニャー ニャー 試み やっ 来 そのうち 池 さらさら 風 渡っ 暮れ かかる 腹 非常 減っ 来 泣き たく 声 出 仕方 よい 食物 こう 決心 そろ り そろりと 池 り 廻り 始め どうも 非常 苦しい 我慢 無理やり 這っ 行く ようやく 何となく 人間 臭い 出 這入っ たら どうにか 思っ 竹垣 崩れ 穴 とある 邸 もぐり込ん 縁 不思議 もし 竹垣 破れ なかっ なら 吾輩 ついに 路傍 餓死 かも 知れ 一樹 蔭 よく 云っ 垣根 穴 今日 至る 吾輩 隣家 毛 訪問 通路 なっ さて 邸 忍び込ん ものの これから どうして 善い 分ら 暗く 腹 減る 寒 寒し 雨 降っ 来る という 始末 もう 一刻 猶予 出来 なく なっ 仕方 とにかく 明るく 暖か あるい 行く 考える すでに 這入っ おっ 吾輩 書生 以外 人間 再び 見る べき 機会 遭遇 逢っ 書生 一層 乱暴 吾輩 見る 否や いきなり 頸筋 つかん 表 抛り出し 駄目 思っ 眼 ねぶっ 運 天 任せ しかし ひもじい 寒い どうしても 我慢 出来 吾輩 再び おさん 隙 台所 這い 上っ すると 間もなく 投げ出さ れ 吾輩 投げ出さ れ 這い 上り 這い 上っ 投げ出さ れ 遍 繰り返し 記憶 おさん 云う つくづく なっ この間 おさん 馬 偸 んで 返報 やっ やっと 胸 痞 下り 吾輩 最後 つまみ出さ れよ 主人 騒々しい いい ながら 出 来 下女 吾輩 ぶら下げ 主人 向け 宿 なし 小 猫 いくら 出し 出し 御台 上っ 来 困り いう 主人 鼻 黒い 毛 撚り ながら 吾輩 顔 しばらく 眺め おっ やがて そん なら 置い やれ といった 奥 這入っ しまっ 主人 あまり 聞か ぬ 見え 下女 口惜し 吾輩 台所 抛り出し かくして 吾輩 ついに 住 極める
    101 tokens: 吾輩 主人 滅多 吾輩 顔 合せる 職業 教師 学校 帰る 終日 書斎 這入っ ぎりほとんど 出 来る 大変 勉強 思っ 当人 勉強 ごとく 見せ しかし 実際 いう 勤勉 吾輩 時々 忍び足 書斎 覗い 見る よく 昼寝 時々 読みかけ 本 涎 たらし 胃弱 皮膚 色 淡 黄色 帯び 弾力 不 活溌 徴候 あらわし 癖 大飯 食う 大飯 食っ タカジヤスターゼ 飲む 飲ん 書物 ひろげる ページ 読む 眠く 涎 本 垂らす 毎夜 繰り返す 日課 吾輩 猫 ながら 時々 考える 教師 という 実に 人間 生れ たら 教師 限る こんなに 寝 勤まる なら 猫 出来 ぬ それでも 主人 云わ 教師 つらい 友達 来る 何とか かん 不平 鳴らし

Lemmatize the text using normalizeWords.

documents = normalizeWords(documents);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

      2 tokens: 吾輩 猫
      2 tokens: 夏目 漱石
      0 tokens:
      0 tokens:
      4 tokens: 吾輩 猫 まだ 無い
    102 tokens: 生れる とんと 見当 つく ぬ 薄暗い じめじめ ニャーニャー 泣く いた事 記憶 吾輩 始める 人間 という しかも 聞く 書生 という 人間 一番 獰悪 種族 ある 書生 という 時々 捕える 煮る 食う という しかし 当時 という 考 ない 別段 恐い いとも 思う ない 掌 載せる られる スー 持ち上げる られる 何だか フワフワ ある 掌 少し 落ちつく 書生 顔 いわゆる 人間 という 始 ある 妙 思う 残る 毛 をもって 装飾 れる べし 顔 つるつる まるで 薬缶 猫 だいぶ 逢う こんな 片 出会う のみ なる 顔 真中 あまりに 突起 そうして 穴 時々 ぷうぷうと 煙 吹く どうも 咽 する ぽい 実に 弱る 人間 飲む 煙草 という ようやく 知る
     36 tokens: 書生 掌 裏 しばらく よい 心持 坐る おる しばらく 非常 速力 運転 始める 書生 動く 動く 分る 無 暗に 眼 廻る 胸 悪い 到底 助かる 思う ど さる 音 眼 出る 記憶 いくら 考え出す として 分る
     38 tokens: ふと 付く 見る 書生 おる 兄弟 一疋 見える ぬ 肝心 母親 姿 隠す しまう 上今 違う 無 暗に 明るい 眼 明く られる ぬ くらい はてな 容子 おかしい のそのそ 這い出す 見る 非常 痛い 吾輩 藁 急 笹原 棄てる られる
    274 tokens: ようやく 思い 笹原 這い出す 向う 大きな 池 吾輩 池 坐る た よい 考える 別に という 分別 出る しばらく 泣く た 書生 迎 来る くれる 考え付く ニャー ニャー 試み やる 来る そのうち 池 さらさら 風 渡る 暮れ かかる 腹 非常 減る 来る 泣く たい 声 出る 仕方 よい 食物 こう 決心 そる り そろりと 池 り 廻る 始める どうも 非常 苦しい 我慢 無理やり 這う 行く ようやく 何となく 人間 臭い 出る 這入る た どうにか 思う 竹垣 崩れる 穴 とある 邸 もぐり込む 縁 不思議 もし 竹垣 破れる ない だ 吾輩 ついに 路傍 餓死 かも 知れる 一樹 蔭 よく 云う 垣根 穴 今日 至る 吾輩 隣家 毛 訪問 通路 なる さて 邸 忍び込む ものの これから どうして 善い 分る 暗い 腹 減る 寒い 寒い 雨 降る 来る という 始末 もう 一刻 猶予 出来る ない なる 仕方 とにかく 明るい 暖かい あるく 行く 考える すでに 這入る おる 吾輩 書生 以外 人間 再び 見る べし 機会 遭遇 逢う 書生 一層 乱暴 吾輩 見る 否や いきなり 頸筋 つかむ 表 抛り出す 駄目 思う 眼 ねぶる 運 天 任せる しかし ひもじい 寒い どうしても 我慢 出来る 吾輩 再び おさん 隙 台所 這う 上る すると 間もなく 投げ出す れる 吾輩 投げ出す れる 這う 上る 這う 上る 投げ出す れる 遍 繰り返す 記憶 おさん 云う つくづく なる この間 おさん 馬 偸 んで 返報 やる やっと 胸 痞 下りる 吾輩 最後 つまみ出す れる 主人 騒々しい いう ながら 出る 来る 下女 吾輩 ぶら下げる 主人 向ける 宿 ない 小 猫 いくら 出す 出す 御台 上る 来る 困る いう 主人 鼻 黒い 毛 撚る ながら 吾輩 顔 しばらく 眺める おる やがて そん だ 置く やる といった 奥 這入る しまう 主人 あまり 聞く ぬ 見える 下女 口惜しい 吾輩 台所 抛り出す かくして 吾輩 ついに 住 極める
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    101 tokens: 吾輩 主人 滅多 吾輩 顔 合せる 職業 教師 学校 帰る 終日 書斎 這入る ぎりほとんど 出る 来る 大変 勉強 思う 当人 勉強 ごとし 見せる しかし 実際 いう 勤勉 吾輩 時々 忍び足 書斎 覗く 見る よく 昼寝 時々 読みかける 本 涎 たらす 胃弱 皮膚 色 淡い 黄色 帯びる 弾力 不 活溌 徴候 あらわす 癖 大飯 食う 大飯 食う タカジヤスターゼ 飲む 飲む 書物 ひろげる ページ 読む 眠い 涎 本 垂らす 毎夜 繰り返す 日課 吾輩 猫 ながら 時々 考える 教師 という 実に 人間 生れる た 教師 限る こんなに 寝る 勤まる だ 猫 出来る ぬ それでも 主人 云う 教師 つらい 友達 来る 何とか かん 不平 鳴らす

Some preprocessing steps, such as removing stop words and erasing punctuation, return
empty documents. Remove the empty documents using the removeEmptyDocuments
function.

documents = removeEmptyDocuments(documents);

Create Preprocessing Function

Creating a function that performs preprocessing can be useful to prepare different
collections of text data in the same way. For example, you can use a function to
preprocess new data using the same steps as the training data.

Create a function which tokenizes and preprocesses the text data to use for analysis. The
function preprocessJapaneseText, performs these steps:

1 Tokenize the text using tokenizedDocument.
2 Erase punctuation using erasePunctuation.
3 Remove a list of stop words (such as "あそこ", "あたり", and "あちら") using

removeStopWords.
4 Lemmatize the words using normalizeWords.

Remove the empty documents after preprocessing using the removeEmptyDocuments
function. Removing documents after using a preprocessing function makes it easier to
remove corresponding data such as labels from other sources.

In this example, use the preprocessing function preprocessJapaneseText, listed at the
end of the example, to prepare the text data.

documents = preprocessJapaneseText(textData);
documents(1:5)

ans = 
  5×1 tokenizedDocument:

    2 tokens: 吾輩 猫
    2 tokens: 夏目 漱石
    0 tokens:
    0 tokens:
    4 tokens: 吾輩 猫 まだ 無い
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Remove the empty documents.

documents = removeEmptyDocuments(documents);

Fit Topic Model

Fit a latent Dirichlet allocation (LDA) topic model to the data. An LDA model discovers
underlying topics in a collection of documents and infers word probabilities in topics.

To fit an LDA model to the data, you first must create a bag-of-words model. A bag-of-
words model (also known as a term-frequency counter) records the number of times that
words appear in each document of a collection. Create a bag-of-words model using
bagOfWords.

bag = bagOfWords(documents);

Remove the empty documents from the bag-of-words model.

bag = removeEmptyDocuments(bag);

Fit an LDA model with seven topics using fitlda. To suppress the verbose output, set
'Verbose' to 0.

numTopics = 7;
mdl = fitlda(bag,numTopics,'Verbose',0);

Visualize the first four topics using word clouds.

figure
for i = 1:4
    subplot(2,2,i)
    wordcloud(mdl,i);
    title("Topic " + i)
end
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Visualize multiple topic mixtures using stacked bar charts. View five input documents at
random and visualize the corresponding topic mixtures.

numDocuments = numel(documents);
idx = randperm(numDocuments,5);
documents(idx)

ans = 
  5×1 tokenizedDocument:

     4 tokens: 細君 細君 なかなか さばける
     7 tokens: 進行 せる 山々 どうしても 暮れる くれる 困る
    13 tokens: 来る そんな 仙骨 相手 少々 骨 折れる 過ぎる 宛然 たり 仙 伝 人物
     3 tokens: 先生 譜 下さる
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    23 tokens: 立つ 月給 上がる いくら 勉強 褒める くれる 郎 君 独 寂寞 中学 時代 覚える 詩 句 細君 朗吟 細君 ちょっと 分る かねる 返事

topicMixtures = transform(mdl,documents(idx));
figure
barh(topicMixtures(1:5,:),'stacked')
xlim([0 1])
title("Topic Mixtures")
xlabel("Topic Probability")
ylabel("Document")
legend("Topic " + string(1:numTopics),'Location','northeastoutside')

Example Preprocessing Function
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The function preprocessJapaneseText, performs these steps:

1 Tokenize the text using tokenizedDocument.
2 Erase punctuation using erasePunctuation.
3 Remove a list of stop words (such as "あそこ", "あたり", and "あちら") using

removeStopWords.
4 Lemmatize the words using normalizeWords.

function documents = preprocessJapaneseText(textData)

% Tokenize the text.
documents = tokenizedDocument(textData);

% Erase the punctuation.
documents = erasePunctuation(documents);

% Remove a list of stop words.
documents = removeStopWords(documents);

% Lemmatize the words.
documents = normalizeWords(documents,'Style','lemma');
end

See Also
addPartOfSpeechDetails | normalizeWords | removeStopWords | stopWords |
tokenDetails | tokenizedDocument

More About
• “Language Considerations” on page 4-2
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Analyze Text Data Containing Emojis” on page 2-35
• “Train a Sentiment Classifier” on page 2-43
• “Classify Text Data Using Deep Learning” on page 2-53
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
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See Also
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German Language Support
This topic summarizes the Text Analytics Toolbox features that support German text. For
an example showing how to analyze German text data, see “Analyze German Text Data”
on page 4-33.

Tokenization
The tokenizedDocument function automatically detects German input. Alternatively, set
the 'Language' option in tokenizedDocument to 'de'. This option specifies the
language details of the tokens. To view the language details of the tokens, use
tokenDetails. These language details determine the behavior of the
removeStopWords, addPartOfSpeechDetails, normalizeWords,
addSentenceDetails, and addEntityDetails functions on the tokens.

Tokenize German Text

Tokenize German text using tokenizedDocument. The function automatically detects
German text.

str = [
    "Guten Morgen. Wie geht es dir?"
    "Heute wird ein guter Tag."];
documents = tokenizedDocument(str)

documents = 
  2x1 tokenizedDocument:

    8 tokens: Guten Morgen . Wie geht es dir ?
    6 tokens: Heute wird ein guter Tag .

Sentence Detection
To detect sentence structure in documents, use the addSentenceDetails. You can use
the abbreviations function to help create custom lists of abbreviations to detect.

Add Sentence Details to German Documents

Tokenize German text using tokenizedDocument.

4 Language Support

4-26



str = [
    "Guten Morgen, Dr. Schmidt. Geht es Ihnen wieder besser?"
    "Heute wird ein guter Tag."];
documents = tokenizedDocument(str);

Add sentence details to the documents using addSentenceDetails. This function adds
the sentence numbers to the table returned by tokenDetails. View the updated token
details of the first few tokens.

documents = addSentenceDetails(documents);
tdetails = tokenDetails(documents);
head(tdetails,10)

ans=10×6 table
      Token      DocumentNumber    SentenceNumber    LineNumber       Type        Language
    _________    ______________    ______________    __________    ___________    ________

    "Guten"            1                 1               1         letters           de   
    "Morgen"           1                 1               1         letters           de   
    ","                1                 1               1         punctuation       de   
    "Dr"               1                 1               1         letters           de   
    "."                1                 1               1         punctuation       de   
    "Schmidt"          1                 1               1         letters           de   
    "."                1                 1               1         punctuation       de   
    "Geht"             1                 2               1         letters           de   
    "es"               1                 2               1         letters           de   
    "Ihnen"            1                 2               1         letters           de   

Table of German Abbreviations

View a table of German abbreviations. Use this table to help create custom tables of
abbreviations for sentence detection when using addSentenceDetails.

tbl = abbreviations('Language','de');
head(tbl)

ans=8×2 table
    Abbreviation     Usage 
    ____________    _______

       "A.T"        regular
       "ABl"        regular
       "Abb"        regular
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       "Abdr"       regular
       "Abf"        regular
       "Abfl"       regular
       "Abh"        regular
       "Abk"        regular

Part of Speech Details
To add German part of speech details to documents, use the addPartOfSpeechDetails
function.

Get Part of Speech Details of German Text

Tokenize German text using tokenizedDocument.

str = [
    "Guten Morgen. Wie geht es dir?"
    "Heute wird ein guter Tag."];
documents = tokenizedDocument(str)

documents = 
  2x1 tokenizedDocument:

    8 tokens: Guten Morgen . Wie geht es dir ?
    6 tokens: Heute wird ein guter Tag .

To get the part of speech details for German text, first use addPartOfSpeechDetails.

documents = addPartOfSpeechDetails(documents);

To view the part of speech details, use the tokenDetails function.

tdetails = tokenDetails(documents);
head(tdetails)

ans=8×7 table
     Token      DocumentNumber    SentenceNumber    LineNumber       Type        Language    PartOfSpeech
    ________    ______________    ______________    __________    ___________    ________    ____________

    "Guten"           1                 1               1         letters           de       adjective   
    "Morgen"          1                 1               1         letters           de       noun        
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    "."               1                 1               1         punctuation       de       punctuation 
    "Wie"             1                 2               1         letters           de       adverb      
    "geht"            1                 2               1         letters           de       verb        
    "es"              1                 2               1         letters           de       pronoun     
    "dir"             1                 2               1         letters           de       pronoun     
    "?"               1                 2               1         punctuation       de       punctuation 

Named Entity Recognition
To add entity tags to documents, use the addEntityDetails function.

Add Named Entity Tags to German Text

Tokenize German text using tokenizedDocument.

str = [
    "Ernst zog von Frankfurt nach Berlin."
    "Besuchen Sie Volkswagen in Wolfsburg."];
documents = tokenizedDocument(str);

To add entity tags to German text, use the addEntityDetails function. This function
detects person names, locations, organizations, and other named entities.

documents = addEntityDetails(documents);

To view the entity details, use the tokenDetails function.

tdetails = tokenDetails(documents);
head(tdetails)

ans=8×8 table
       Token       DocumentNumber    SentenceNumber    LineNumber       Type        Language    PartOfSpeech      Entity  
    ___________    ______________    ______________    __________    ___________    ________    ____________    __________

    "Ernst"              1                 1               1         letters           de       proper-noun     person    
    "zog"                1                 1               1         letters           de       verb            non-entity
    "von"                1                 1               1         letters           de       adposition      non-entity
    "Frankfurt"          1                 1               1         letters           de       proper-noun     location  
    "nach"               1                 1               1         letters           de       adposition      non-entity
    "Berlin"             1                 1               1         letters           de       proper-noun     location  
    "."                  1                 1               1         punctuation       de       punctuation     non-entity
    "Besuchen"           2                 1               1         letters           de       verb            non-entity
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View the words tagged with entity "person", "location", "organization", or
"other". These words are the words not tagged with "non-entity".

idx = tdetails.Entity ~= "non-entity";
tdetails(idx,:)

ans=5×8 table
       Token        DocumentNumber    SentenceNumber    LineNumber     Type      Language    PartOfSpeech       Entity   
    ____________    ______________    ______________    __________    _______    ________    ____________    ____________

    "Ernst"               1                 1               1         letters       de       proper-noun     person      
    "Frankfurt"           1                 1               1         letters       de       proper-noun     location    
    "Berlin"              1                 1               1         letters       de       proper-noun     location    
    "Volkswagen"          2                 1               1         letters       de       noun            organization
    "Wolfsburg"           2                 1               1         letters       de       proper-noun     location    

Stop Words
To remove stop words from documents according to the token language details, use
removeStopWords. For a list of German stop words set the 'Language' option in
stopWords to 'de'.

Remove German Stop Words from Documents

Tokenize German text using tokenizedDocument. The function automatically detects
German text.

str = [
    "Guten Morgen. Wie geht es dir?"
    "Heute wird ein guter Tag."];
documents = tokenizedDocument(str)

documents = 
  2x1 tokenizedDocument:

    8 tokens: Guten Morgen . Wie geht es dir ?
    6 tokens: Heute wird ein guter Tag .

Remove stop words using the removeStopWords function. The function uses the
language details from documents to determine which language stop words to remove.
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documents = removeStopWords(documents)

documents = 
  2x1 tokenizedDocument:

    5 tokens: Guten Morgen . geht ?
    5 tokens: Heute wird guter Tag .

Stemming
To stem tokens according to the token language details, use normalizeWords.

Stem German Text

Tokenize German text using the tokenizedDocument function. The function
automatically detects German text.

str = [
    "Guten Morgen. Wie geht es dir?"
    "Heute wird ein guter Tag."];
documents = tokenizedDocument(str);

Stem the tokens using normalizeWords.

documents = normalizeWords(documents)

documents = 
  2x1 tokenizedDocument:

    8 tokens: gut morg . wie geht es dir ?
    6 tokens: heut wird ein gut tag .

Language-Independent Features
Word and N-Gram Counting

The bagOfWords and bagOfNgrams functions support tokenizedDocument input
regardless of language. If you have a tokenizedDocument array containing your data,
then you can use these functions.
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Modeling and Prediction

The fitlda and fitlsa functions support bagOfWords and bagOfNgrams input
regardless of language. If you have a bagOfWords or bagOfNgrams object containing
your data, then you can use these functions.

The trainWordEmbedding function supports tokenizedDocument or file input
regardless of language. If you have a tokenizedDocument array or a file containing
your data in the correct format, then you can use this function.

See Also
addLanguageDetails | addPartOfSpeechDetails | normalizeWords |
removeStopWords | stopWords | tokenDetails | tokenizedDocument

More About
• “Language Considerations” on page 4-2
• “Analyze German Text Data” on page 4-33
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Analyze German Text Data
This example shows how to import, prepare, and analyze German text data using a topic
model.

German text data can be large and can contain lots of noise that negatively affects
statistical analysis. For example, the text data can contain the following:

• Variations in word forms. For example, „rot“, „rote“, and „roten“.
• Words that add noise. For example, stop words such as „der“, „die“, and „das“.
• Punctuation and special characters.

These word clouds illustrate word frequency analysis applied to some raw text data and a
preprocessed version of the same text data.
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This example first shows how to import and prepare German text data, and then it shows
how to analyze the text data using a Latent Dirichlet Allocation (LDA) model. An LDA
model is a topic model that discovers underlying topics in a collection of documents and
infers the word probabilities in topics. Use these steps in preparing the text data and
fitting the model:

• Import the text data from a CSV file and extract the relevant data.
• Prepare the text data for analysis using standard preprocessing techniques.
• Fit a topic model and visualize the results.
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Import Data

Download the data vorhaben.csv from https://opendata.bonn.de/dataset/vorhabenliste-b
%C3%BCrgerbeteiligungen-planungen-und-projekte. This file can change over time, so
the results in the example can vary.

Use detectImportOptions to determine the format of the CSV file and set the text type
to string. Set the 'Encoding' option to 'ISO-8859-15'. Read the data using the
readtable function and view the first few rows.

filename = "vorhaben.csv";
options = detectImportOptions(filename,'TextType','string','Encoding','ISO-8859-15');
data = readtable(filename,options);
head(data)

ans=8×19 table
                                                          Titel                                                                                        Adresse                                                                                                                       AktuellerBearbeitungsstand                                                                                                                                                                                        Ansprechpartnerin_Ansprechpartner                                                                                                           ArtDerB_rgerbeteiligung                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      BeschreibungDesVerfahrensBzw_Begr_ndung_WennKeineB_rgerb                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           InhaltlicheBeschreibungUndZielsetzung                                                                                                                                                                                                                                                                                                                                                                                                                                  Kategorie                      KostenB_rgerbeteiligung_soweitBezifferbar_                                                                                                                        KostenDesGesamtvorhabens                                                                                                                           LetzterPolitischerBeschlussZumVorhaben_Projekt                                                         N_chsteSchritte_geplanterZeitpunktDerUmsetzung                                  Latitude    Longitude    Schwerpunktm__igBetroffeneThemen          Stadtbezirk          VoraussichtlicheBearbeitungsdauer    Vorhabennummer         WeitereInformationen     
    _________________________________________________________________________________________________________________    ___________________________________________________________________    ____________________________________________________________________________________________________________________________________________________________________________________________________    _______________________________________________________________________________________________________________________________________________________________________________________________________________________________    ________________________________________    __________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________    _________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________    _________    _______________________________________________________________________________    __________________________________________________________________________________________________________________________________________________________________________________________________________________________    ___________________________________________________________________________________________    __________________________________________________________________________________________________________    ________    _________    ________________________________    _______________________    _________________________________    ______________    ______________________________

    "Bauleitplanverfahren zur Aufstellung des vorhabenbezogenen↵Bebauungsplans Nr. 6620-1 ?Bundeskanzlerplatz?↵"         "Bundeskanzlerplatz 2-10, 53113 Bonn"                                  "Die Offenlage hat stattgefunden. Die politische Beratung und der  Satzungsbeschlusses sind erfolgt. DSN: 1810045↵"                                                                                     "Hr. Koch, Tel. 0228-77 2205, Amt 61-4,↵ Email: rainer.koch@bonn.de↵"                                                                                                                                                              "standardisiertes Beteiligungsverfahren"    "Der Bebauungsplanentwurf wird mit der Begründung und den vorliegenden umweltbezogenen Stellungnahmen und Gutachten für die Dauer eines Monats öffentlich ausgelegt. Parallel hierzu werden die Planunterlagen im Internet zur Einsichtnahme bereitgestellt. Ort und Dauer der Auslegung sowie Angaben dazu, welche Arten umweltbezogener Informationen verfügbar sind, werden mindestens eine Woche vorher ortsüblich bekanntgemacht. Die abgegebenen Stellungnahmen werden durch die Verwaltung geprüft und den zuständigen politischen Gremien mit einem Abwägungsvorschlag der Verwaltung zur Beratung und Beschlussfassung vorgelegt. Das Ergebnis wird den Verfassern/Verfasserinnen der Stellungnahmen mitgeteilt.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   "Für das Gebiet zwischen Reuterstraße, Bundeskanzlerplatz, Willy-Brandt-Allee, Eduard-Pflüger-Straße und Straßburger Weg ist der Bebauungsplan Nr. 6620-1 aufzustellen, mit dem Ziel, nach Abriss des Bonn-Centers ein Gebäudeensemble aus einem Bürohochhaus mit maximal 28 Geschossen und zwei weiteren 6 ? 7 geschossigen Bürogebäuden zu realisieren.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             ""        "Nur interne Kosten↵"                                                              "-↵"                                                                                                                                                                                                                          "Bezirksvertretung Bonn 21.04.2015 Drucksachennummer 1511116EB6↵"                              "-↵"                                                                                                           50.719      7.1169                     ""                   "Bonn"                         "Beendet↵"                         1.612e+06       "-↵"                          
    "Bauleitplanverfahren zur Aufstellung des vorhabenbezogenen↵Bebauungsplans Nr. 6522-1 "Didinkirica""                 "Graurheindorfer Straße 2-16, 53117 Bonn"                              "Vorhaben beendet↵"                                                                                                                                                                                     "Hr. Koch, Tel. 0228-77 2205,↵Amt 61-4↵E-Mail: rainer.koch@bonn.de↵"                                                                                                                                                               "standardisiertes Beteiligungsverfahren"    "Der Bebauungsplanentwurf wird mit der Begründung und den vorliegenden umweltbezogenen Stellungnahmen und Gutachten für die Dauer eines Monats öffentlich ausgelegt. Parallel hierzu werden die Planunterlagen im Internet zur Einsichtnahme bereitgestellt. Ort und Dauer der Auslegung sowie Angaben dazu, welche Arten umweltbezogener Informationen verfügbar sind, werden mindestens eine Woche vorher ortsüblich bekanntgemacht. Die abgegebenen Stellungnahmen werden durch die Verwaltung geprüft und den zuständigen politischen Gremien mit einem Abwägungsvorschlag der Verwaltung zur Beratung und Beschlussfassung vorgelegt. Das Ergebnis wird den Verfassern/Verfasserinnen der Stellungnahmen mitgeteilt.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   "Für den vorhabenbezogenen Bebauungsplan Nr. 6522-1 ?Didinkirica? der Bundesstadt Bonn, Stadtbezirk Bonn, Ortsteil Bonn-Castell, an der Graurheindorfer Straße 2-16 und der Straße Rosental ist ein Bebauungsplan aufzustellen mit der Zielsetzung, Wohnungsbau mit insgesamt rund 55 Wohneinheiten zu schaffen.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      ""        "nur interne Kosten↵"                                                              "-↵"                                                                                                                                                                                                                          "BV Bonn: 01.12.2015/Planungsausschuss 09.12.2015 Drucksachennummer 1513541 sowie 1711124↵"    "-↵"                                                                                                           50.742      7.0973                     ""                   "Bonn"                         "ca. 1 Jahr↵"                      1.612e+06       "-↵"                          
    "Bauleitplanverfahren zur Aufstellung des Bebauungsplans↵Nr. 7621-56 ?Sebastianstraße?↵"                             "Sebastianstraße 180-182, 53115 Bonn"                                  "Die Bekanntmachung des Bebauungsplanes gemäß § 10 BauGB ist im Amtsblatt Nr.25 der Bundesstadt Bonn, am 23.05.2018 erfolgt. Der Bebauungsplan ist somit in Kraft getreten.↵"                           "Hr. Koch, Tel. 0228-77 2205, Amt 61-4,↵ Email: rainer.koch@bonn.de↵"                                                                                                                                                              "standardisiertes Beteiligungsverfahren"    "Der Bebauungsplanentwurf wird mit der Begründung und den vorliegenden umweltbezogenen Stellungnahmen und Gutachten für die Dauer eines Monats öffentlich ausgelegt. Parallel hierzu werden die Planunterlagen im Internet zur Einsichtnahme bereitgestellt. Ort und Dauer der Auslegung sowie Angaben dazu, welche Arten umweltbezogener Informationen verfügbar sind, werden mindestens eine Woche vorher ortsüblich bekanntgemacht. Die abgegebenen Stellungnahmen werden durch die Verwaltung geprüft und den zuständigen politischen Gremien mit einem Abwägungsvorschlag der Verwaltung zur Beratung und Beschlussfassung vorgelegt. Das Ergebnis wird den Verfassern/Verfasserinnen der Stellungnahmen mitgeteilt.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   "Für das Gebiet zwischen Alfred-Bucherer-Straße, Sebastianstraße und dem Fußweg zwischen Röckumstraße und Endenicher Allee ist der Bebauungsplan Nr. 7621-56 aufzustellen, mit dem Ziel, das Grundstück für Wohnbauzwecke zu entwickeln unter besonderer Berücksichtigung altengerechter Wohnformen und Pflege.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       ""        "Nur interne Kosten↵"                                                              "-↵"                                                                                                                                                                                                                          "Bezirksvertretung Bonn 01.03.2016, Drucksachennummer 1610497B3↵"                              "-↵"                                                                                                           50.724      7.0779                     ""                   "Bonn"                         "Beendet↵"                         1.612e+06       "-↵"                          
    "EPICURO - European Partnership for Innovative Cities within and Urban Resilience Outlook"                           ""                                                                     "Die einzelnen Aktivitäten des Projekts wurden in einem Abschlussbericht beschrieben. Dieser Abschlussbericht wurde veröffentlicht und ist u.a. auf der städtischen Website www.bonn.de aufrufbar.↵"    "Referat Stadtförderung, Lutz Udally, Tel. 0228?77 4007,↵Email: lutz.udally@bonn.de, ↵Koordinierungsstelle Bürgerbeteiligung, Dirk Lahmann, Tel. 0228 -77 4974,↵Email: buergerbeteiligung@bonn.de↵"                                "komplexes Beteiligungsverfahren"           "Lokale Akteure sowie aus dem Zufallspanel der Bürgerbeteiligung an der Themenstellung interessierte Bürgerinnen und Bürger wurden eingeladen, sich an der Konferenz zu beteiligen.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         "In den vergangenen Jahren führte der Klimawandel zu einer Vielzahl von Folgen für die Umwelt, die Wirtschaft und die Menschen. Städte und Gemeinden sind aufgefordert sich diesen Folgen anzupassen und auf mögliche zukünftige Szenarios, bezogen auf den Klimawandel, vorzubereiten. Um diesen Anpassungsprozess zu fördern, unterstützt die EU Kommission Aktivitäten in den EU-Mitgliedsstaaten, um Europas ?Klima-Resilienz? zu stärken und die Kapazitäten, auf die Folgen des Klimawandels reagieren zu können, auszubauen. EPICURO bildet ein Netzwerk aus 11 europäischen Kommunen und öffentlichen Institutionen, das zwei Jahre lang gemeinsam an dem Ziel arbeitet, Strategien für die urbane Resilienz zu entwickeln und zu fördern. Dabei liegt ein besonderer Schwerpunkt auf der Einbindung von Bürgerinnen und Bürgern, die unmittelbar an den Projektaktivitäten teilnehmen.↵"       ""        "Nur interne Kosten↵"                                                              "Keine, da das Projekt durch EU-Fördermittel finanziert wird.↵"                                                                                                                                                               "-↵"                                                                                           "-↵"                                                                                                              NaN         NaN                     ""                   "Bonn, gesamtstädtisch"        "Im März 2018 beendet.↵"           1.701e+06       "-↵"                          
    "Bauleitplanverfahren zur Aufstellung des Bebauungsplanes Nr. 6719-3 "Schwimmbad Wasserland""                        "Christian-Miesen-Straße"                                              "Der Bebauungsplan wurde im Zeitraum vom 19.07.2018 bis zum 20.08.2018 öffentlich ausgelegt.↵"                                                                                                          "Fr. Müller, Tel. 0228-77 4473,↵ Amt 61-22 ,↵Email: bettina.mueller@bonn.de↵"                                                                                                                                                      "standardisiertes Beteiligungsverfahren"    "Öffentlicher Aushang der Planung für zwei Wochen im Stadthaus und Durchführung einer Bürgerinformationsveranstaltung zum Vorhaben und der weiteren Verfahrensschritte vor Ort.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             "Schaffung von Planungsrecht für den Bau eines neuen Familien-, Schul- und Sportschwimmbades auf den Flächen nördlich des Heizkraftwerkes in Bonn-Dottendorf.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         ""        "Vom Vorhabenträger zu tragen.↵"                                                   "Aktuell nicht bezifferbar↵"                                                                                                                                                                                                  "Beschluss des Rates vom 22.09.2016 (DS-Nr. 1612541 EB5) sowie 1710085↵"                       "Das Vorhaben wird aufgrund des erfolgreichen Bürgerentscheids vom 04.08.2018 nicht durchgeführt.↵"            50.707      7.1217                     ""                   "Bonn"                         "Bis Anfang 2018↵"                 1.701e+06       "-↵"                          
    "Bürgerbeteiligung an der Konzepterstellung für den Neubau eines Schwimmbades in Bonn-Dottendorf"                    "Christian-Miesen-Straße"                                              "In einem Bürgerbescheid haben sich die Bonnerinnen und Bonner gegen einen Neubau entschieden. Das Vorhaben ist damit abgeschlossen.↵"                                                                  "Stadtwerke Bonn ? Energie und Wasser, Peter Weckenbrock, Tel. 0228-7111, Email: kontakt@unserneuesschwimmbad.de;  ↵Koordinierungsstelle Bürgerbeteiligung Dirk Lahmann, Tel. 0228-77 4974,↵Email: buergerbeteiligung@bonn.de↵"    "komplexes Beteiligungsverfahren"           "Im Folgenden wird exemplarisch der Prozess des nächsten Schrittes ?Dialog Architektur? erläutert: Auf der Basis der Ergebnisse des Architekturwettbewerbs werden die Arbeiten in einem größeren Raum über längere Zeit (2-4 Wochen) öffentlich ausgestellt. Die Beteiligung erfolgt in Form eines Dialogs zwischen den planenden Architekten und der interessierten Öffentlichkeit. Diese wird über die Medien informiert und eingeladen. An dem Beteiligungstermin werden zunächst das Wettbewerbsverfahren sowie alle platzierten Planungen vorgestellt. Die Gründe für die Festlegung der Rangfolge der Arbeiten werden erläutert und die Planungen detailliert vorgestellt. Die Erörterung der Architektur wird in kleineren Gruppen fortgesetzt. Die Anregungen und Hinweise werden festgehalten und ausgewertet. Abschließend werden sie im Plenum unter Beteiligung des Architekten erörtert. Die Ergebnisse des Dialogs werden dem Planungsteam für die weitere Bearbeitung übergeben. Die Resultate des Dialogs sowie daraus folgende Anpassungen der Planung werden auf der Homepage veröffentlicht. Die weitere Ausgestaltung des Prozesses der Beteiligung wird im Laufe der Projektentwicklung schrittweise ausgearbeitet.↵"    "Für die begleitende Bürgerbeteiligung bei der Konzepterstellung für das neue Schwimmbad soll es zu folgenden Themen eine Beteiligung geben: Dialog Architektur, Schule und Sportbad, Barrierefreiheit, Sauna / Wellness / Spa, Rutschen / Attraktionen, Erschließung sowie dem Betrieb. Der erste Schritt der Beteiligung, die ?Bürgerwerkstatt im Zelt? hat bereits im November 2016 stattgefunden. Die weiteren Schritte der Bürgerbeteiligung erfolgen zeitlich nach dem Bürgerentscheid zum Erhalt/Weiterbetrieb des Kurfürstenbades.↵"                                                                                                                                                                                                                                                                                                                                                            ""        "Kann noch nicht beziffert werden↵"                                                "Kann noch nicht beziffert werden↵"                                                                                                                                                                                           "DS-Nr. 1613528AA4 sowie 1713161↵"                                                             "-↵"                                                                                                           50.707      7.1217                     ""                   "Bonn"                         "-↵"                               1.701e+06       "www.unserneuesschwimmbad.de↵"
    "Integriertes Handlungskonzept Grüne Infrastruktur (InHK GI) zur↵zukünftigen Freiraumsicherung im Bonner Norden↵"    "Siedlungsränder nördlich Beuel, Bonn; Gebietskulisse des Grünen C"    "Der zugrunde liegende Förderantrag wurde abgelehnt. Für die Maßnahmen aus dem IHK GI werden interkommunal in den kommenden Jahren Umsetzungsmöglichkeiten erarbeitet.↵"                                "Hr. Michels, Tel. 0228-77 4401, E-Mail: jonas.michels@bonn.de↵"                                                                                                                                                                   "komplexes Beteiligungsverfahren"           "Im Rahmen des Förderaufrufes wird ein komplexes Beteiligungsverfahren gefordert. Dieses wird mit der Erstellung des IHK durchgeführt und steht kurz vor dem Abschluss.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     "In der Gebietskulisse des Grünen C sollen die Freiräume auch zukünftig im Sinne von Naherholung, Landwirtschaft und Naturschutz gesichert und weiterentwickelt werden. Hierzu ist ein interkommunales Integriertes Handlungskonzept (InHK) notwendig, welches die zukünftige Weiterentwicklung der Freiräume regelt.Aufbauend auf dem InHK wurden über die Landesförderung "Grüne Infrastruktur" Förderanträge zur Umsetzung gestellt.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                               ""        "Nicht einzeln erfasst: Im Gesamtvolumen der Erstellung des IHKs eingebettet.↵"    "Das IHK GI enthält über 20 Maßnahmen in allen acht teilnehmenden Kommunen mit einem interkommunalen Gesamtfinanzrahmen von 6,15 Mio. ?. Der Finanzrahmen für die Maßnahmen der Bundesstadt Bonn beträgt rund 447.850 ?.↵"    "DS-NR. 1710990, 1811383↵"                                                                     "Zum jeweiligen Sachstand informiert die Verwaltung und wird entsprechende Beschlussvorlagen erarbeiten.↵"        NaN         NaN                     ""                   "Beuel"                        "ca. 5 Jahre↵"                     1.612e+06       "-↵"                          
    "Verlängerung des Teufelsbachweges bis zur L 83n"                                                                    "Teufelsbachweg zwischen Am Weidenbach und L 83n"                      "Die Vorplanung wird erarbeitet.↵"                                                                                                                                                                      "Fr. Schneider, Tel. 0228-77 4481,↵Amt 61-32 ,↵Email: ulrike.schneider@bonn.de↵"                                                                                                                                                   "standardisiertes Beteiligungsverfahren"    "Es ist eine Bürgerversammlung vorgesehen. Die Bürgerversammlung stellt eine wichtige Möglichkeit zur Beteiligung der Bürger dar. Das unmittelbar Ziel ist, die Kommunikation zu verbessern und die Förderung von Transparenz bei öffentlichen Belangen. Insofern trägt die diskursive Versammlung mittelfristig zur Konfliktprävention bei.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                "Zur Entlastung von Pützchen/Bechlinghoven vor Durchgangsverkehr und in Verbindung mit der geplanten Anschlussstelle Maarstraße bzw. Schließung der Anschlussstelle Pützchen ist vorgesehen, den Teufelsbachweg bis zur L 83n zu verlängern und als Umgehungsstraße auszubauen. Somit hätte man eine durchgängige Verbindungsstraße zwischen Pützchens Chaussee und L 83n.↵"                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            ""        "-↵"                                                                               "-↵"                                                                                                                                                                                                                          "-↵"                                                                                           "Verwaltungsinterne Abstimmung der Planung, ca. im Jahr 2020↵"                                                 50.742      7.1614                     ""                   "Beuel"                        "-↵"                               1.701e+06       "-↵"                          

Extract the text data from the variable InhaltlicheBeschreibungUndZielsetzung
(the description of the content and the goal).

textData = data.InhaltlicheBeschreibungUndZielsetzung;

Visualize the text data in a word cloud.

figure
wordcloud(textData);
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Tokenize Text Data

Create an array of tokenized documents using the tokenizedDocument function.

documents = tokenizedDocument(textData);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

     50 tokens: Für das Gebiet zwischen Reuterstraße , Bundeskanzlerplatz , Willy-Brandt-Allee , Eduard-Pflüger-Straße und Straßburger Weg ist der Bebauungsplan Nr . 6620-1 aufzustellen , mit dem Ziel , nach Abriss des Bonn-Centers ein Gebäudeensemble aus einem Bürohochhaus mit maximal 28 Geschossen und zwei weiteren 6 ? 7 geschossigen Bürogebäuden zu realisieren .
     46 tokens: Für den vorhabenbezogenen Bebauungsplan Nr . 6522-1 ? Didinkirica ? der Bundesstadt Bonn , Stadtbezirk Bonn , Ortsteil Bonn-Castell , an der Graurheindorfer Straße 2-16 und der Straße Rosental ist ein Bebauungsplan aufzustellen mit der Zielsetzung , Wohnungsbau mit insgesamt rund 55 Wohneinheiten zu schaffen .
     41 tokens: Für das Gebiet zwischen Alfred-Bucherer-Straße , Sebastianstraße und dem Fußweg zwischen Röckumstraße und Endenicher Allee ist der Bebauungsplan Nr . 7621-56 aufzustellen , mit dem Ziel , das Grundstück für Wohnbauzwecke zu entwickeln unter besonderer Berücksichtigung altengerechter Wohnformen und Pflege .
    134 tokens: In den vergangenen Jahren führte der Klimawandel zu einer Vielzahl von Folgen für die Umwelt , die Wirtschaft und die Menschen . Städte und Gemeinden sind aufgefordert sich diesen Folgen anzupassen und auf mögliche zukünftige Szenarios , bezogen auf den Klimawandel , vorzubereiten . Um diesen Anpassungsprozess zu fördern , unterstützt die EU Kommission Aktivitäten in den EU-Mitgliedsstaaten , um Europas ? Klima-Resilienz ? zu stärken und die Kapazitäten , auf die Folgen des Klimawandels reagieren zu können , auszubauen . EPICURO bildet ein Netzwerk aus 11 europäischen Kommunen und öffentlichen Institutionen , das zwei Jahre lang gemeinsam an dem Ziel arbeitet , Strategien für die urbane Resilienz zu entwickeln und zu fördern . Dabei liegt ein besonderer Schwerpunkt auf der Einbindung von Bürgerinnen und Bürgern , die unmittelbar an den Projektaktivitäten teilnehmen .
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     24 tokens: Schaffung von Planungsrecht für den Bau eines neuen Familien - , Schul - und Sportschwimmbades auf den Flächen nördlich des Heizkraftwerkes in Bonn-Dottendorf .
     80 tokens: Für die begleitende Bürgerbeteiligung bei der Konzepterstellung für das neue Schwimmbad soll es zu folgenden Themen eine Beteiligung geben : Dialog Architektur , Schule und Sportbad , Barrierefreiheit , Sauna / Wellness / Spa , Rutschen / Attraktionen , Erschließung sowie dem Betrieb . Der erste Schritt der Beteiligung , die ? Bürgerwerkstatt im Zelt ? hat bereits im November 2016 stattgefunden . Die weiteren Schritte der Bürgerbeteiligung erfolgen zeitlich nach dem Bürgerentscheid zum Erhalt / Weiterbetrieb des Kurfürstenbades .
     60 tokens: In der Gebietskulisse des Grünen C sollen die Freiräume auch zukünftig im Sinne von Naherholung , Landwirtschaft und Naturschutz gesichert und weiterentwickelt werden . Hierzu ist ein interkommunales Integriertes Handlungskonzept ( InHK ) notwendig , welches die zukünftige Weiterentwicklung der Freiräume regelt . Aufbauend auf dem InHK wurden über die Landesförderung " Grüne Infrastruktur " Förderanträge zur Umsetzung gestellt .
     51 tokens: Zur Entlastung von Pützchen / Bechlinghoven vor Durchgangsverkehr und in Verbindung mit der geplanten Anschlussstelle Maarstraße bzw . Schließung der Anschlussstelle Pützchen ist vorgesehen , den Teufelsbachweg bis zur L 83n zu verlängern und als Umgehungsstraße auszubauen . Somit hätte man eine durchgängige Verbindungsstraße zwischen Pützchens Chaussee und L 83n .
     29 tokens: Für das Areal der ehemaligen Landwirtschaftskammer sowie einer angrenzenden städtischen Fläche im Stadtbezirk Beuel , Ortsteil Hoholz-Roleber soll die Möglichkeit einer Umnutzung der landwirtschaftlichen Flächen für Wohnnutzung geprüft werden
     37 tokens: Für das Areal Herbert-Rabius-Straße im Stadtbezirk Beuel , Ortsteil Beuel-Mitte soll der vorhabenbezogene Bebauungsplan Nr . 6722-2 aufgestellt werden , mit dem Ziel , hier Planungsrecht für die Errichtung eines Büro - und Verwaltungsgebäudes zu schaffen .

Get Part-of-Speech Tags

Add the part of speech details using the addPartOfSpeechDetails function.

documents = addPartOfSpeechDetails(documents);

Get the token details and then view the details of the first few tokens.

tdetails = tokenDetails(documents);
head(tdetails)

ans=8×7 table
           Token            DocumentNumber    SentenceNumber    LineNumber       Type        Language    PartOfSpeech
    ____________________    ______________    ______________    __________    ___________    ________    ____________

    "Für"                         1                 1               1         letters           de       adposition  
    "das"                         1                 1               1         letters           de       determiner  
    "Gebiet"                      1                 1               1         letters           de       noun        
    "zwischen"                    1                 1               1         letters           de       adposition  
    "Reuterstraße"                1                 1               1         letters           de       proper-noun 
    ","                           1                 1               1         punctuation       de       punctuation 
    "Bundeskanzlerplatz"          1                 1               1         letters           de       noun        
    ","                           1                 1               1         punctuation       de       punctuation 

The PartOfSpeech variable in the table contains the part-of-speech tags of the tokens.
Create word clouds of all the nouns and adjectives, respectively.

figure
idx = tdetails.PartOfSpeech == "noun";
tokens = tdetails.Token(idx);
subplot(1,2,1)
wordcloud(tokens);
title("Nouns")

idx = tdetails.PartOfSpeech == "adjective";
tokens = tdetails.Token(idx);
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subplot(1,2,2)
wordcloud(tokens);
title("Adjectives")

Prepare Text Data for Analysis

Tokenize the text using tokenizedDocument and view the first few documents.

documentsRaw = tokenizedDocument(textData);
documents = documentsRaw;
documents(1:10)

ans = 
  10×1 tokenizedDocument:
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     50 tokens: Für das Gebiet zwischen Reuterstraße , Bundeskanzlerplatz , Willy-Brandt-Allee , Eduard-Pflüger-Straße und Straßburger Weg ist der Bebauungsplan Nr . 6620-1 aufzustellen , mit dem Ziel , nach Abriss des Bonn-Centers ein Gebäudeensemble aus einem Bürohochhaus mit maximal 28 Geschossen und zwei weiteren 6 ? 7 geschossigen Bürogebäuden zu realisieren .
     46 tokens: Für den vorhabenbezogenen Bebauungsplan Nr . 6522-1 ? Didinkirica ? der Bundesstadt Bonn , Stadtbezirk Bonn , Ortsteil Bonn-Castell , an der Graurheindorfer Straße 2-16 und der Straße Rosental ist ein Bebauungsplan aufzustellen mit der Zielsetzung , Wohnungsbau mit insgesamt rund 55 Wohneinheiten zu schaffen .
     41 tokens: Für das Gebiet zwischen Alfred-Bucherer-Straße , Sebastianstraße und dem Fußweg zwischen Röckumstraße und Endenicher Allee ist der Bebauungsplan Nr . 7621-56 aufzustellen , mit dem Ziel , das Grundstück für Wohnbauzwecke zu entwickeln unter besonderer Berücksichtigung altengerechter Wohnformen und Pflege .
    134 tokens: In den vergangenen Jahren führte der Klimawandel zu einer Vielzahl von Folgen für die Umwelt , die Wirtschaft und die Menschen . Städte und Gemeinden sind aufgefordert sich diesen Folgen anzupassen und auf mögliche zukünftige Szenarios , bezogen auf den Klimawandel , vorzubereiten . Um diesen Anpassungsprozess zu fördern , unterstützt die EU Kommission Aktivitäten in den EU-Mitgliedsstaaten , um Europas ? Klima-Resilienz ? zu stärken und die Kapazitäten , auf die Folgen des Klimawandels reagieren zu können , auszubauen . EPICURO bildet ein Netzwerk aus 11 europäischen Kommunen und öffentlichen Institutionen , das zwei Jahre lang gemeinsam an dem Ziel arbeitet , Strategien für die urbane Resilienz zu entwickeln und zu fördern . Dabei liegt ein besonderer Schwerpunkt auf der Einbindung von Bürgerinnen und Bürgern , die unmittelbar an den Projektaktivitäten teilnehmen .
     24 tokens: Schaffung von Planungsrecht für den Bau eines neuen Familien - , Schul - und Sportschwimmbades auf den Flächen nördlich des Heizkraftwerkes in Bonn-Dottendorf .
     80 tokens: Für die begleitende Bürgerbeteiligung bei der Konzepterstellung für das neue Schwimmbad soll es zu folgenden Themen eine Beteiligung geben : Dialog Architektur , Schule und Sportbad , Barrierefreiheit , Sauna / Wellness / Spa , Rutschen / Attraktionen , Erschließung sowie dem Betrieb . Der erste Schritt der Beteiligung , die ? Bürgerwerkstatt im Zelt ? hat bereits im November 2016 stattgefunden . Die weiteren Schritte der Bürgerbeteiligung erfolgen zeitlich nach dem Bürgerentscheid zum Erhalt / Weiterbetrieb des Kurfürstenbades .
     60 tokens: In der Gebietskulisse des Grünen C sollen die Freiräume auch zukünftig im Sinne von Naherholung , Landwirtschaft und Naturschutz gesichert und weiterentwickelt werden . Hierzu ist ein interkommunales Integriertes Handlungskonzept ( InHK ) notwendig , welches die zukünftige Weiterentwicklung der Freiräume regelt . Aufbauend auf dem InHK wurden über die Landesförderung " Grüne Infrastruktur " Förderanträge zur Umsetzung gestellt .
     51 tokens: Zur Entlastung von Pützchen / Bechlinghoven vor Durchgangsverkehr und in Verbindung mit der geplanten Anschlussstelle Maarstraße bzw . Schließung der Anschlussstelle Pützchen ist vorgesehen , den Teufelsbachweg bis zur L 83n zu verlängern und als Umgehungsstraße auszubauen . Somit hätte man eine durchgängige Verbindungsstraße zwischen Pützchens Chaussee und L 83n .
     29 tokens: Für das Areal der ehemaligen Landwirtschaftskammer sowie einer angrenzenden städtischen Fläche im Stadtbezirk Beuel , Ortsteil Hoholz-Roleber soll die Möglichkeit einer Umnutzung der landwirtschaftlichen Flächen für Wohnnutzung geprüft werden
     37 tokens: Für das Areal Herbert-Rabius-Straße im Stadtbezirk Beuel , Ortsteil Beuel-Mitte soll der vorhabenbezogene Bebauungsplan Nr . 6722-2 aufgestellt werden , mit dem Ziel , hier Planungsrecht für die Errichtung eines Büro - und Verwaltungsgebäudes zu schaffen .

Replace common phrases (n-grams) with a single token and remove the stop words.

old = ["Bad" "Godesberg"];
new = "Bad Godesberg";
documents = replaceNgrams(documents,old,new);
documents = removeStopWords(documents);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

    35 tokens: Gebiet zwischen Reuterstraße , Bundeskanzlerplatz , Willy-Brandt-Allee , Eduard-Pflüger-Straße Straßburger Weg Bebauungsplan Nr . 6620-1 aufzustellen , Ziel , Abriss Bonn-Centers Gebäudeensemble Bürohochhaus maximal 28 Geschossen zwei weiteren 6 ? 7 geschossigen Bürogebäuden realisieren .
    33 tokens: vorhabenbezogenen Bebauungsplan Nr . 6522-1 ? Didinkirica ? Bundesstadt Bonn , Stadtbezirk Bonn , Ortsteil Bonn-Castell , Graurheindorfer Straße 2-16 Straße Rosental Bebauungsplan aufzustellen Zielsetzung , Wohnungsbau insgesamt rund 55 Wohneinheiten schaffen .
    27 tokens: Gebiet zwischen Alfred-Bucherer-Straße , Sebastianstraße Fußweg zwischen Röckumstraße Endenicher Allee Bebauungsplan Nr . 7621-56 aufzustellen , Ziel , Grundstück Wohnbauzwecke entwickeln besonderer Berücksichtigung altengerechter Wohnformen Pflege .
    81 tokens: vergangenen Jahren führte Klimawandel Vielzahl Folgen Umwelt , Wirtschaft Menschen . Städte Gemeinden aufgefordert Folgen anzupassen mögliche zukünftige Szenarios , bezogen Klimawandel , vorzubereiten . Anpassungsprozess fördern , unterstützt EU Kommission Aktivitäten EU-Mitgliedsstaaten , Europas ? Klima-Resilienz ? stärken Kapazitäten , Folgen Klimawandels reagieren , auszubauen . EPICURO bildet Netzwerk 11 europäischen Kommunen öffentlichen Institutionen , zwei Jahre lang gemeinsam Ziel arbeitet , Strategien urbane Resilienz entwickeln fördern . Dabei liegt besonderer Schwerpunkt Einbindung Bürgerinnen Bürgern , unmittelbar Projektaktivitäten teilnehmen .
    15 tokens: Schaffung Planungsrecht Bau neuen Familien - , Schul - Sportschwimmbades Flächen nördlich Heizkraftwerkes Bonn-Dottendorf .
    57 tokens: begleitende Bürgerbeteiligung Konzepterstellung neue Schwimmbad soll folgenden Themen Beteiligung geben : Dialog Architektur , Schule Sportbad , Barrierefreiheit , Sauna / Wellness / Spa , Rutschen / Attraktionen , Erschließung sowie Betrieb . erste Schritt Beteiligung , ? Bürgerwerkstatt Zelt ? bereits November 2016 stattgefunden . weiteren Schritte Bürgerbeteiligung erfolgen zeitlich Bürgerentscheid Erhalt / Weiterbetrieb Kurfürstenbades .
    40 tokens: Gebietskulisse Grünen C sollen Freiräume zukünftig Sinne Naherholung , Landwirtschaft Naturschutz gesichert weiterentwickelt . Hierzu interkommunales Integriertes Handlungskonzept ( InHK ) notwendig , zukünftige Weiterentwicklung Freiräume regelt . Aufbauend InHK wurden Landesförderung " Grüne Infrastruktur " Förderanträge Umsetzung gestellt .
    32 tokens: Entlastung Pützchen / Bechlinghoven Durchgangsverkehr Verbindung geplanten Anschlussstelle Maarstraße bzw . Schließung Anschlussstelle Pützchen vorgesehen , Teufelsbachweg L 83n verlängern Umgehungsstraße auszubauen . Somit durchgängige Verbindungsstraße zwischen Pützchens Chaussee L 83n .
    19 tokens: Areal ehemaligen Landwirtschaftskammer sowie angrenzenden städtischen Fläche Stadtbezirk Beuel , Ortsteil Hoholz-Roleber soll Möglichkeit Umnutzung landwirtschaftlichen Flächen Wohnnutzung geprüft
    25 tokens: Areal Herbert-Rabius-Straße Stadtbezirk Beuel , Ortsteil Beuel-Mitte soll vorhabenbezogene Bebauungsplan Nr . 6722-2 aufgestellt , Ziel , hier Planungsrecht Errichtung Büro - Verwaltungsgebäudes schaffen .

Normalize the text using the normalizeWords function.

documents = normalizeWords(documents);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

    35 tokens: gebiet zwisch reuterstrass , bundeskanzlerplatz , willy-brandt-alle , eduard-pfluger-strass strassburg weg bebauungsplan nr . 6620-1 aufzustell , ziel , abriss bonn-cent gebaudeensembl burohochhaus maximal 28 geschoss zwei weit 6 ? 7 geschoss burogebaud realisi .
    33 tokens: vorhabenbezog bebauungsplan nr . 6522-1 ? didinkirica ? bundesstadt bonn , stadtbezirk bonn , ortsteil bonn-castell , graurheindorf strass 2-16 strass rosental bebauungsplan aufzustell zielsetz , wohnungsbau insgesamt rund 55 wohnein schaff .
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    27 tokens: gebiet zwisch alfred-bucherer-strass , sebastianstrass fussweg zwisch rockumstrass endenich alle bebauungsplan nr . 7621-56 aufzustell , ziel , grundstuck wohnbauzweck entwickeln besond berucksicht altengerecht wohnform pfleg .
    81 tokens: vergang jahr fuhrt klimawandel vielzahl folg umwelt , wirtschaft mensch . stadt gemeind aufgefordert folg anzupass moglich zukunft szenarios , bezog klimawandel , vorzubereit . anpassungsprozess ford , unterstutzt eu kommission aktivitat eu-mitgliedsstaat , europas ? klima-resilienz ? stark kapazitat , folg klimawandel reagi , auszubau . epicuro bildet netzwerk 11 europa kommun offent institution , zwei jahr lang gemeinsam ziel arbeitet , strategi urban resilienz entwickeln ford . dabei liegt besond schwerpunkt einbind burgerinn burg , unmittelbar projektaktivitat teilnehm .
    15 tokens: schaffung planungsrecht bau neu famili - , schul - sportschwimmbad flach nordlich heizkraftwerk bonn-dottendorf .
    57 tokens: begleit burgerbeteil konzepterstell neu schwimmbad soll folgend them beteil geb : dialog architektur , schul sportbad , barrierefrei , sauna / wellness / spa , rutsch / attraktion , erschliess sowi betrieb . erst schritt beteil , ? burgerwerkstatt zelt ? bereit novemb 2016 stattgefund . weit schritt burgerbeteil erfolg zeitlich burgerentscheid erhalt / weiterbetrieb kurfurstenbad .
    40 tokens: gebietskuliss grun c soll freiraum zukunft sinn naherhol , landwirtschaft naturschutz gesichert weiterentwickelt . hierzu interkommunal integriert handlungskonzept ( inhk ) notwend , zukunft weiterentwickl freiraum regelt . aufbau inhk wurd landesforder " grun infrastruktur " forderantrag umsetz gestellt .
    32 tokens: entlast putzch / bechlinghov durchgangsverkehr verbind geplant anschlussstell maarstrass bzw . schliessung anschlussstell putzch vorgeseh , teufelsbachweg l 83n verlang umgehungsstrass auszubau . somit durchgang verbindungsstrass zwisch putzch chausse l 83n .
    19 tokens: areal ehemal landwirtschaftskamm sowi angrenz stadtisch flach stadtbezirk beuel , ortsteil hoholz-roleb soll moglich umnutz landwirtschaft flach wohnnutz gepruft
    25 tokens: areal herbert-rabius-strass stadtbezirk beuel , ortsteil beuel-mitt soll vorhabenbezog bebauungsplan nr . 6722-2 aufgestellt , ziel , hier planungsrecht erricht buro - verwaltungsgebaud schaff .

Erase the punctuation using the erasePunctuation function.

documents = erasePunctuation(documents);
documents(1:10)

ans = 
  10×1 tokenizedDocument:

    27 tokens: gebiet zwisch reuterstrass bundeskanzlerplatz willybrandtalle eduardpflugerstrass strassburg weg bebauungsplan nr 66201 aufzustell ziel abriss bonncent gebaudeensembl burohochhaus maximal 28 geschoss zwei weit 6 7 geschoss burogebaud realisi
    25 tokens: vorhabenbezog bebauungsplan nr 65221 didinkirica bundesstadt bonn stadtbezirk bonn ortsteil bonncastell graurheindorf strass 216 strass rosental bebauungsplan aufzustell zielsetz wohnungsbau insgesamt rund 55 wohnein schaff
    22 tokens: gebiet zwisch alfredbuchererstrass sebastianstrass fussweg zwisch rockumstrass endenich alle bebauungsplan nr 762156 aufzustell ziel grundstuck wohnbauzweck entwickeln besond berucksicht altengerecht wohnform pfleg
    64 tokens: vergang jahr fuhrt klimawandel vielzahl folg umwelt wirtschaft mensch stadt gemeind aufgefordert folg anzupass moglich zukunft szenarios bezog klimawandel vorzubereit anpassungsprozess ford unterstutzt eu kommission aktivitat eumitgliedsstaat europas klimaresilienz stark kapazitat folg klimawandel reagi auszubau epicuro bildet netzwerk 11 europa kommun offent institution zwei jahr lang gemeinsam ziel arbeitet strategi urban resilienz entwickeln ford dabei liegt besond schwerpunkt einbind burgerinn burg unmittelbar projektaktivitat teilnehm
    11 tokens: schaffung planungsrecht bau neu famili schul sportschwimmbad flach nordlich heizkraftwerk bonndottendorf
    41 tokens: begleit burgerbeteil konzepterstell neu schwimmbad soll folgend them beteil geb dialog architektur schul sportbad barrierefrei sauna wellness spa rutsch attraktion erschliess sowi betrieb erst schritt beteil burgerwerkstatt zelt bereit novemb 2016 stattgefund weit schritt burgerbeteil erfolg zeitlich burgerentscheid erhalt weiterbetrieb kurfurstenbad
    31 tokens: gebietskuliss grun c soll freiraum zukunft sinn naherhol landwirtschaft naturschutz gesichert weiterentwickelt hierzu interkommunal integriert handlungskonzept inhk notwend zukunft weiterentwickl freiraum regelt aufbau inhk wurd landesforder grun infrastruktur forderantrag umsetz gestellt
    27 tokens: entlast putzch bechlinghov durchgangsverkehr verbind geplant anschlussstell maarstrass bzw schliessung anschlussstell putzch vorgeseh teufelsbachweg l 83n verlang umgehungsstrass auszubau somit durchgang verbindungsstrass zwisch putzch chausse l 83n
    18 tokens: areal ehemal landwirtschaftskamm sowi angrenz stadtisch flach stadtbezirk beuel ortsteil hoholzroleb soll moglich umnutz landwirtschaft flach wohnnutz gepruft
    19 tokens: areal herbertrabiusstrass stadtbezirk beuel ortsteil beuelmitt soll vorhabenbezog bebauungsplan nr 67222 aufgestellt ziel hier planungsrecht erricht buro verwaltungsgebaud schaff

Visualize the raw and cleaned data in word clouds.

figure
subplot(1,2,1)
wordcloud(documentsRaw);
title("Raw Data")

subplot(1,2,2)
wordcloud(documents);
title("Cleaned Data")
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Create Preprocessing Function

Creating a function that performs preprocessing can be useful to prepare different
collections of text data in the same way. For example, you can use a function to
preprocess new data using the same steps as the training data.

Create a function which tokenizes and preprocesses the text data to use for analysis. The
function preprocessGermanText, listed at the end of the example, performs these
steps:

1 Tokenize the text using tokenizedDocument.
2 Replace the multiword phrase ["Bad" "Godesberg"] with "Bad Godesberg".
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3 Remove a list of stop words (such as „der“, „die“, and „das“) using
removeStopWords.

4 Normalize the words using normalizeWords.
5 Erase punctuation using erasePunctuation.

Remove the empty documents after preprocessing using the removeEmptyDocuments
function. Removing documents after using a preprocessing function makes it easier to
remove corresponding data such as labels from other sources.

In this example, use the preprocessing function preprocessGermanText, listed at the
end of the example, to prepare the text data.

documents = preprocessGermanText(textData);
documents(1:5)

ans = 
  5×1 tokenizedDocument:

    27 tokens: gebiet zwisch reuterstrass bundeskanzlerplatz willybrandtalle eduardpflugerstrass strassburg weg bebauungsplan nr 66201 aufzustell ziel abriss bonncent gebaudeensembl burohochhaus maximal 28 geschoss zwei weit 6 7 geschoss burogebaud realisi
    25 tokens: vorhabenbezog bebauungsplan nr 65221 didinkirica bundesstadt bonn stadtbezirk bonn ortsteil bonncastell graurheindorf strass 216 strass rosental bebauungsplan aufzustell zielsetz wohnungsbau insgesamt rund 55 wohnein schaff
    22 tokens: gebiet zwisch alfredbuchererstrass sebastianstrass fussweg zwisch rockumstrass endenich alle bebauungsplan nr 762156 aufzustell ziel grundstuck wohnbauzweck entwickeln besond berucksicht altengerecht wohnform pfleg
    64 tokens: vergang jahr fuhrt klimawandel vielzahl folg umwelt wirtschaft mensch stadt gemeind aufgefordert folg anzupass moglich zukunft szenarios bezog klimawandel vorzubereit anpassungsprozess ford unterstutzt eu kommission aktivitat eumitgliedsstaat europas klimaresilienz stark kapazitat folg klimawandel reagi auszubau epicuro bildet netzwerk 11 europa kommun offent institution zwei jahr lang gemeinsam ziel arbeitet strategi urban resilienz entwickeln ford dabei liegt besond schwerpunkt einbind burgerinn burg unmittelbar projektaktivitat teilnehm
    11 tokens: schaffung planungsrecht bau neu famili schul sportschwimmbad flach nordlich heizkraftwerk bonndottendorf

Remove the empty documents using the removeEmptyDocuments function.

documents = removeEmptyDocuments(documents);

Fit Topic Model

Fit a latent Dirichlet allocation (LDA) topic model to the data. An LDA model discovers
underlying topics in a collection of documents and infers word probabilities in topics.

To fit an LDA model to the data, you first must create a bag-of-words model. A bag-of-
words model (also known as a term-frequency counter) records the number of times that
words appear in each document of a collection. Create a bag-of-words model using
bagOfWords.

bag = bagOfWords(documents);

Remove the empty documents from the bag-of-words model.

bag = removeEmptyDocuments(bag);
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Fit an LDA model with seven topics using fitlda. To suppress the verbose output, set
'Verbose' to 0.

numTopics = 7;
mdl = fitlda(bag,numTopics,'Verbose',0);

Visualize the first four topics using word clouds.

figure
for i = 1:4
    subplot(2,2,i)
    wordcloud(mdl,i);
    title("Topic " + i)
end
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Visualize multiple topic mixtures using stacked bar charts. View five input documents at
random and visualize the corresponding topic mixtures.

numDocuments = numel(documents);
idx = randperm(numDocuments,5);
documents(idx)

ans = 
  5×1 tokenizedDocument:

      4 tokens: gastronom angebot sollt verbessert
     82 tokens: grunflach dietrichglaunerstrass rand dorfplatz entlang fussweg mehlem bach entlang rheinpromenad gesaumt hundehauf je witter verschlagt gestank mitunt atem weiss einig hundebesitz hinterlassenschaft kumm fast jederman schaut weg hundebesitz ohn anstand eben kehricht kumm grunflach sollt spiel picknick freud genuss hundeklo dien jetzt empfind zumut burg vergess mitarbeit grunamt grunpfleg regelrecht exkrement herumschlag hundesteu sollt empfind erhoht zusatz reinigungsgebuhr flankiert einnahm sollt ordnungskraft eingestellt verstoss geg sorgfaltspflicht hundehalt konsequent ahnd zud sollt zusatzeinnahm ausreich bemess kostendeck reinig offent grunflach hundekot stadtisch kraft refinanzi
    116 tokens: sportplatz plittersdorf kommt leid regelmass unschon vorfall einsehbar umfeld heruntergekomm gesichert ca jahr wurd flutlichtscheinwerf waff kaputt geschoss reparatur dauert mehr woch kostet stadt 5000 euro netz tor regelmass kaputt geschnitt schon mindest 34 tor gestang mindest 2 tor rad zerbroch wahrschein unsachgemass behandelt wurd abgeholt geschweisst kost dafur unerheb platz regelmass chipstut flasch zigarett hundehauf verdreckt obwohl hund ausfuhr eigent verbot umkleid vereinsbud desolat zustand allein fussballmannschaft sohn saison 3 fahrrad 1 sporttasch fahrradhelm geklaut word training folgend vorschlag statt geland sollt richtig zaun platz gemacht hund drauf erleicht idealerweis sollt ganz geland umzaunt richtung friedhof gotenstrass hausmeist gotenschul morg abend abgeschloss ssv plittersdorf sollt dabei unterstutzt ordent vereinsheim erstell geland aufzuwert prasenz polizei ordnungsdien
     64 tokens: mainz strass bereich geschaft kirch uberwieg beidseit zugeparkt unschon sond fussgang radfahr absolut unkomfortabel unubersicht buss steh andauernd stau gegenverkehr parkend fahrzeug durchfahrt verhind gibt fast vernunft abstellmog fahrrad mehlem zentrum attraktiv mach sollt park seit strass komplett untersagt strassenrand sollt dafur grunpflanz zb kubel installiert park sollt wenig ausnahm zb kurzparkzon poststell kostenpflicht ortszentrum schon fussgang radfahr sich ausserd okolog ansatz einzig zukunftstracht
     50 tokens: "1" "bezirksverodnet" "sollt" "kulturburgermeist" "gewahlt" "hatt" "aufgab" "vertret" "verschied" "bad godesberg" "tatig" "kulturverein" "bzw" "einricht" "theat" "galeri" "orch" "gesangsgrupp" "literaturgrupp" "filmtheat" "ua" "zwei" "drei" "mal" "jahrlich" "rund" "tisch" "einzulad" "gemeinsam" "vorhab" "zb" "kulturf" "geplant" "vorbereitet" "2" "wertvoll" "hrdlickaskulptur" "sollt" "bundesinnenministerium" "graurheindorf" "strass" "wohin" "sieb" "jahr" "entfuhrt" "wurd" "bad godesberg" "zuruckgefuhrt" "hier" "aufgestellt"

topicMixtures = transform(mdl,documents(idx));

figure
barh(topicMixtures(1:5,:),'stacked')
xlim([0 1])
title("Topic Mixtures")
xlabel("Topic Probability")
ylabel("Document")
legend("Topic " + string(1:numTopics),'Location','northeastoutside')

4 Language Support

4-44



Example Preprocessing Function

The function preprocessGermanText, performs these steps:

1 Tokenize the text using tokenizedDocument.
2 Replace the multiword phrase ["Bad" "Godesberg"] with "Bad Godesberg".
3 Remove a list of stop words (such as „der“, „die“, and „das“) using

removeStopWords.
4 Normalize the words using normalizeWords.
5 Erase punctuation using erasePunctuation.

function documents = preprocessGermanText(textData)
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% Tokenize the text.
documents = tokenizedDocument(textData);

% Replace multiword phrases
old = ["Bad" "Godesberg"];
new = "Bad Godesberg";
documents = replaceNgrams(documents,old,new);

% Remove a list of stop words.
documents = removeStopWords(documents);

% Normalize the words.
documents = normalizeWords(documents);

% Erase the punctuation.
documents = erasePunctuation(documents);

end

See Also
addPartOfSpeechDetails | normalizeWords | removeStopWords | stopWords |
tokenDetails | tokenizedDocument

More About
• “Language Considerations” on page 4-2
• “Create Simple Text Model for Classification” on page 2-2
• “Analyze Text Data Using Topic Models” on page 2-18
• “Analyze Text Data Using Multiword Phrases” on page 2-9
• “Analyze Text Data Containing Emojis” on page 2-35
• “Train a Sentiment Classifier” on page 2-43
• “Classify Text Data Using Deep Learning” on page 2-53
• “Generate Text Using Deep Learning” (Deep Learning Toolbox)
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Language-Independent Features

Word and N-Gram Counting
The bagOfWords and bagOfNgrams functions support tokenizedDocument input
regardless of language. If you have a tokenizedDocument array containing your data,
then you can use these functions.

Modeling and Prediction
The fitlda and fitlsa functions support bagOfWords and bagOfNgrams input
regardless of language. If you have a bagOfWords or bagOfNgrams object containing
your data, then you can use these functions.

The trainWordEmbedding function supports tokenizedDocument or file input
regardless of language. If you have a tokenizedDocument array or a file containing
your data in the correct format, then you can use this function.

See Also
addLanguageDetails | addSentenceDetails | bagOfNgrams | bagOfWords |
fitlda | fitlsa | normalizeWords | removeWords | stopWords |
tokenizedDocument | wordcloud

More About
• “Text Data Preparation”
• “Modeling and Prediction”
• “Display and Presentation”
• “Japanese Language Support” on page 4-6
• “Analyze Japanese Text Data” on page 4-12
• “German Language Support” on page 4-26
• “Analyze German Text Data” on page 4-33
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Text Analytics Glossary
This section provides a list of terms used in text analytics.

Documents and Tokens
Term Definition More Information
Bigram Two tokens in succession.

For example, ["New"
"York"].

bagOfNgrams

Complex token A token with complex
structure. For example, an
email address or a hash tag.

tokenDetails

Context Tokens or characters that
surround a given token.

context

Corpus A collection of documents. tokenizedDocument
Document A single observation of text

data. For example, a report,
a tweet, or an article.

tokenizedDocument

Grapheme A human readable
character. A grapheme can
consist of multiple Unicode
code points. For example,
"a", "��", or "語".

splitGraphemes

N-gram N tokens in succession. bagOfNgrams
Part of speech Categories of words used in

grammatical structure. For
example, "noun", "verb", and
"adjective".

addPartOfSpeechDetail
s

Token A string of characters
representing a unit of text
data, also known as a
"unigram". For example, a
word, number, or email
address.

tokenizedDocument
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Term Definition More Information
Token details Information about the token.

For example, type,
language, or part-of-speech
details.

tokenDetails

Token types The category of the token.
For example, "letters",
"punctuation", or "email
address".

tokenDetails

Tokenized document A document split into
tokens.

tokenizedDocument

Trigram Three tokens in succession.
For example, ["The"
"United" "States"]

bagOfNgrams

Vocabulary Unique words or tokens in a
corpus or model.

tokenizedDocument

Preprocessing
Term Definition More Information
Normalize Reduce words to a root

form. For example, reduce
the word "walking" to "walk"
using stemming or
lemmatization.

normalizeWords

Lemmatize Reduce words to a
dictionary word (the lemma
form). For example, reduce
the words "running" and
"ran" to "run".

normalizeWords
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Term Definition More Information
Stem Reduce words by removing

inflections. The reduced
word is not necessarily a
real word. For example, the
Porter stemmer reduces the
words "happy" and
"happiest" to "happi".

normalizeWords

Stop words Words commonly removed
before analysis. For example
"and", "of", and "the".

removeStopWords

Modeling and Prediction
Bag-of-Words

Term Definition More Information
Bag-of-n-grams model A model that records the

number of times that n-
grams appear in each
document of a corpus.

bagOfNgrams

Bag-of-words model A model that records the
number of times that words
appear in each document of
a collection.

bagOfWords

Term frequency count
matrix

A matrix of the frequency
counts of words occurring in
a collection of documents
corresponding to a given
vocabulary. This matrix is
the underlying data of a
bag-of-words model.

bagOfWords
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Term Definition More Information
Term Frequency–Inverse
Document Frequency (tf-idf)
matrix

A statistical measure based
on the word frequency
counts in documents and the
proportion of documents
containing the words in the
corpus.

tfidf

Latent Dirichlet Allocation

Term Definition More Information
Corpus topic probabilities The probabilities of

observing each topic in the
corpus used to fit the LDA
model.

ldaModel

Document topic
probabilities

The probabilities of
observing each topic in each
document used to fit the
LDA model. Equivalently,
the topic mixtures of the
training documents.

ldaModel

Latent Dirichlet allocation
(LDA)

A generative statistical topic
model that infers topic
probabilities in documents
and word probabilities in
topics.

fitlda

Perplexity A statistical measure of how
well a model describes the
given data. A lower
perplexity indicates a better
fit.

logp

Topic A distribution of words,
characterized by the "topic
word probabilities".

ldaModel
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Term Definition More Information
Topic concentration The concentration

parameter of the underlying
Dirichlet distribution of the
corpus topics mixtures.

ldaModel

Topic mixture The probabilities of topics in
a given document.

transform

Topic word probabilities The probabilities of words in
a given topic.

ldaModel

Word concentration The concentration
parameter of the underlying
Dirichlet distribution of the
topics.

ldaModel

Latent Semantic Analysis

Term Definition More Information
Component weights The singular values of the

decomposition, squared.
lsaModel

Document scores The score vectors in lower
dimensional space of the
documents used to fit the
LSA model.

transform

Latent semantic analysis
(LSA)

A dimension reducing
technique based on
principal component
analysis (PCA).

fitlsa

Word scores The scores of each word in
each component of the LSA
model.

lsaModel

5 Glossary

5-6



Word Embeddings

Term Definition More Information
Word embedding A model, popularized by the

word2vec, GloVe, and
fastText libraries, that maps
words in a vocabulary to
real vectors.

wordEmbedding

Word embedding layer A deep learning network
layer that learns a word
embedding during training.

wordEmbeddingLayer

Word encoding A model that maps words to
numeric indices.

wordEncoding

Visualization
Term Definition More Information
Text scatter plot A scatter plot with words

plotted at specified
coordinates instead of
markers.

textscatter

Word cloud A chart that displays words
with sizes corresponding to
numeric data, usually
frequency counts.

wordcloud

See Also
addPartOfSpeechDetails | bagOfNgrams | bagOfWords | fitlda |
normalizeWords | removeStopWords | textscatter | tokenDetails |
tokenizedDocument | wordEmbedding | wordEmbeddingLayer | wordEncoding |
wordcloud

More About
• “Try Text Analytics in 10 Lines of Code”
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• “Import Text Data into MATLAB”
• “Create Simple Preprocessing Function”
• “Get Started with Topic Modeling”
• “Visualize Text Data Using Word Clouds” on page 3-2
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