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ABSTRACT

Most people who've worked in SAS on a non-Windows OS without a SAS/ACCESS Interface to PC Files license
have at some point tried to create Microsoft Excel files. In most cases we end up creating uncompressed formats
such as CSV or XML, which are then compressed to be sent to our customers, who then have to uncompress them
before being able to open them in Excel. This paper discusses XLSX as an alternative. XLSX is an open ISO
standard created by Microsoft. It's basically a zip file containing XML files that can be directly opened in Excel.
There’s a lot of information out there about creating XML files in SAS and zipping it to an XLSX file is a simple X
statement. This results in a compressed format that doesn’t require decompression to be opened in Excel.

INTRODUCTION
Most people who've worked in SAS on a non-Windows OS without a SAS/ACCESS Interface to PC Files license
have at some point tried to create Microsoft Excel files. The options that are most obvious for this are:

e PROC EXPORT using DBMS=CSV;
e ODS CSVALL;
e ODS TAGSETS.EXCELXP or EXCELBASE.

However, all of the above options create text files (either CSV or XML), which can result in very large files depending
on the records and variables included. To be able to e-mail these to customers we resort to compressing (ZIP) the
files, but then the customers have to uncompress to be able to open them in Excel. An alternative is of course
SAS/ACCESS Interface to PC Files which can create XLS files, but an additional license is needed for this on a non-
Windows system. This is where the XLSX as part of the Office Open XML standards comes in.

Office Open XML is a compressed (ZIP), XML-based format developed by Microsoft as open standard for
spreadsheets, presentations and word processing documents (extensions XLSX, PPTX and DOCX respectively).
The standard was first developed and published as ECMA-376 and was later fast-tracked to become ISO/IEC 29500.
The standard in itself is not the easiest document to read and understand, but once you understand the basics (part
of this paper) the standard can be used to add additional functionality.

Even though this paper is about creating an XLSX file in SAS the main focus will be on how to build the XLSX file
from scratch. Any code examples or coding tips are created on SAS version 9.3 on a UNIX system using Enterprise
Guide 7.1 as front-end.

CONVENTIONS USED

This paper contains a lot of (pieces of) XML code formatted using a [fixed width font within borders| The
same formatting will be used for SAS code. Within the XML code the non-standard parts, for instance sheet names
and cell values, are junderlined and bold. As mentioned in the introduction the 1SO standard is not an easy
document to read. To make it a bit easier to find relevant parts in the standard a reference to specific paragraphs is
given in this paper in (italics within parentheses). So (part 1 § 12.3.24) refers to paragraph 12.3.24 in part 1 of ISO
29500 third edition dated 2012-09-01.

XLSX BASICS

As mentioned an XLSX is basically a ZIP file. This ZIP file contains XML files in a standard folder structure and some
files that tell Excel the relationships between those XML files (part 1 § 12.2). The example used in this paper is an
Excel workbook containing 3 sheets:

e “Student Data” based on the SASHELP data set CLASS;
e “2004 Car Data” based on the SASHELP data set CARS;
e “Measurements of 159 Fish Caught” based on the SASHELP data set FISH.
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The most basic XLSX file to contain these 3 sheets has the following structure (individual parts will be discussed
below):

/_rels/_rels Package-relationship item
/docProps/app.xml Application-Defined File Properties part
/docProps/core.xml Core File Properties part
/x1/_rels/workbook.xml.rels Part-relationship item
/x1/worksheets/sheetl . xml Worksheet part
/x1/worksheets/sheet2.xml Worksheet part
/x1/worksheets/sheet3._xml Worksheet part

/x1/workbook.xml Workbook part
/[Content_types].xml Content-type item

XLSX BASICS: /_RELS/.RELS

The package-relationship item describes the relationship for properties parts and the workbook part (part 1 § 12.2).
So in practice this is an XML file with a record for 3 of the parts mentioned above including a unique ID (unique
within that package-relationship item) and a type. For the example the content is:

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>

<Relationships xmlns="http://schemas.openxmlformats.org/package/2006/relationships'>
<Relationship ld="rid1"
Type=""http://schemas.openxmlformats.org/officeDocument/2006/relationships/extended-
properties” Target="docProps/app.xml"/>

<Relationship ld="rid2"
Type=""http://schemas.openxmlformats.org/package/2006/relationships/metadata/core-
properties" Target="docProps/core.xml"/>

<Relationship 1d="rid3"
Type=""http://schemas.openxmlformats.org/officeDocument/2006/relationships/officeDocume
nt" Target="x1/workbook.xml"/>

</Relationships>

For most workbooks the above is sufficient and doesn’t need any modifications, so it's safe to use this as contents
and not change anything.

XLSX BASICS: /IDOCPROPS/APP.XML

The application-defined file properties part contains additional information added by the application creating the file.
For the example the application used to create the file and a company name are added. The content in the example
is then:

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>

<Properties xmlns="http://schemas.openxmlformats.org/officeDocument/2006/extended-
properties”
xmIns:vt="http://schemas.openxmlformats.org/officeDocument/2006/docPropsVTypes'>
<Application>SAS</Application>

<Company>Your Company Name</Company>

</Properties>

It's unlikely a lot of changes need to be made to this file between different XLSX files within the same company.

XLSX BASICS: /IDOCPROPS/CORE. XML

The core file properties part contains common property metadata about the XLSX file like author and creation date
(part 2 8 11). For the example the creator, last modifier, creation date and modification date are set:

<?xml version="1_.0" encoding="UTF-8" standalone="yes"?>

<cp:coreProperties
xmIns:cp=""http://schemas.openxmlformats.org/package/2006/metadata/core-properties"
xmIns:dc="http://purl_org/dc/elements/1.1/" xmlns:dcterms="http://purl._org/dc/terms/""
xmIns:dcmitype="http://purl._org/dc/dcmitype/*
xmIns:xsi="http://www._w3.0rg/2001/XMLSchema-instance">

<dc:creator>van Stein, Edwin</dc:creator>

<cp:lastModifiedBy>van Stein, Edwin</cp:lastModifiedBy>

<dcterms:created xsi:type="dcterms:W3CDTF">2015-08-03T14:40:23Z</dcterms:created>
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<dcterms:modified xsi:type="dcterms:W3CDTF">2015-08-03T14:40:23Z</dcterms:modified>
</cp:coreProperties>

For creator and modifier the macro variable [&_clientusername.| (Enterprise Guide sets this macro variable) or

otherwise [&sysuserid.| can be used. The date time stamps are just the function formatted using the
158601dz20.|format (note that XLSX can be picky about formatting of date time stamps depending on what

software and version you use to open the resulting XLSX file).

XLSX BASICS: /XL/_RELS/WORKBOOK.XML.RELS

This part-relationship item is similar to /_rel/.rels, but then contains records for the individual worksheet parts related
to the workbook (part 1 § 12.2 and part 1 § 18.2). The content for the example is:

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>

<Relationships xmlns="http://schemas.openxmlformats.org/package/2006/relationships'>
<Relationship 1d="rid1"
Type=""http://schemas.openxmlformats.org/officeDocument/2006/relationships/worksheet™
Target="worksheets/sheetl.xml"/>

<Relationship 1d="rid2"
Type=""http://schemas.openxmlformats.org/officeDocument/2006/relationships/worksheet™
Target="worksheets/sheet2.xml"/>

<Relationship 1d="rid3"
Type=""http://schemas.openxmlformats.org/officeDocument/2006/relationships/worksheet™
Target="worksheets/sheet3.xml"/>

</Relationships>

For workbooks containing just data the above is sufficient. When things like calculation chains (in case formulas
need to be calculated in a specific order), a shared strings table (see further below) or styles are added, they will
need to be identified in this file as well. IDs need to be unique within this file and all sheets need to be defined.

XLSX BASICS: /XL/IWORKSHEETS/SHEET<N>.XML

This is where the actual data resides and can contain additional information like frozen panes, auto filters and
column widths, so this is the XML file that requires some more thought (part 1 § 12.3.23 and § 18.3). For this
example a sheet containing the student data is used. This sheet contains 5 columns (A-E), 21 rows of which the first
2 are frozen and an auto filter that starts on the second row:

A B C D E

1 Name Sex Age Height Weight

2 Mame - | Sex - | Age = | Height > | Weight b
3 |Alfred Ina 14 69 112.5
4 Alice F 13 36.5 84
5 |Barbara F 13 65.3 98
6 Carol F 14 62.8 102.5
7 |Henry M 14 63.5 102.5
8 |James M 12 37.3 83
9 |lane F 12 59.8 84.5
10 |Janet F 15 62.5 112.5
11 Jeffrey M 13 62.5 84
12 John M 12 59 99.5
13 Joyce F 11 51.3 50.5
14 |Judy F 14 64.3 90
15 Louise F 12 56.3 77
16 Mary F 15 66.5 112
17 |Philip M 16 72 150
18 Robert M 12 64.8 128
15 Ronald M 15 67 133
20 Thomas M 11 57.5 85
21 |William M 13 66.2 112

The basic (simplified) structure of the XML file is:
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<?xml>
<worksheet>
<dimension /> Contains the dimension of the worksheet.
<sheetviews>
<sheetview>
<pane /> Contains information about frozen panes.

<selection /> Contains information about selected cell(s).
</sheetview>

</sheetviews>
<cols>
<col /> Contains column width information.
</cols>
<sheetData>
<row>
<c /> Contains the actual cell values or a reference to the actual value.
</row>
</sheetData>
<autofilter /> Contains auto filter information.
</worksheet>

The first part of the XML file (up to the start of the actual data at the <sheetData> tag) can look something like this:

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>

<worksheet xmlns="http://schemas.openxmlformats.org/spreadsheetml/2006/main"
xmIns:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships'>
<dimension ref="A1:E21"/>

<sheetViews>

<sheetView tabSelected="1" workbookViewld="0">

<pane ySplit="2" topLeftCell="A3" activePane="bottomLeft" state="frozen"/>
<selection pane="bottomLeft" activeCell="A3" sqref="A3"/>

</sheetView>

</sheetViews>

<cols>

<col min="1" max="1" width="13" customWidth="1"/>

<col min="2" max="2" width="13" customWidth="1"/>

<col min="3" max="3" width="13" customWidth="1"/>

<col min="4" max="4" width="13" customWidth="1"/>

<col min="5" max="5" width="13" customWidth="1"/>

</cols>

An explanation of the values set above:

e /dimension@ref: since the sheet has 5 columns and 21 rows this is A1:E21 (part 1 § 18.3.1.35);

o /sheetViews/sheetView@tabSelected: this is 1 for the selected tab and 0 for all others (part 1 § 18.3.1.87);

e /sheetViews/sheetView@workbookViewld: can be used if workbook views are used. This is a required
property so even if workbook views are not used this should still be included and can be setto O (part1 8§
18.3.1.87);

e /sheetViews/pane@ysplit: normally the location of the vertical split, but since the pane is only frozen and
not split this is the number of rows visible in the left pane (meaning of this depends on the value for
/sheetViews/pane @state) (part 1 § 18.3.1.66);

e /sheetViews/pane@topLeftCell: location of the top left cell visible in the bottom right pane, so this is A3 in
the example (part 1 § 18.3.1.66);

o /sheetViews/pane@activePane: the active pane which is bottomLeft since that's the location of the actual
data in this example (part 1 § 18.3.1.66);

e /sheetViews/pane@state: the state of the pane is frozen (this can also be used to add a split to the pane)
(part 1 8 18.3.1.66);

e /sheetViews/selection@pane: pane to which the selection belongs (part 1 § 18.3.1.78);

e /sheetViews/selection@activeCell: location of the active cell (part 1 § 18.3.1.78);

o /sheetViews/selection@sqgref: range of the selection, if selection of multiple cells is not needed then this is
the same as activeCell (part 1 § 18.3.1.78);
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e /cols/col@min: first column affected by this definition. Since this is column number and not a cell location
this is 1 for the first column and not A (as opposed to the first cell being Al) (part 1 § 18.3.1.13);

e /cols/col@max: last column affected by this definition (part 1 § 18.3.1.13);

e /cols/col@width: according to the ISO standard this is: “Column width measured as the number of
characters of the maximum digit width of the numbers 0, 1, 2, ..., 9 as rendered in the normal style's font.
There are 4 pixels of margin padding (two on each side), plus 1 pixel padding for the gridlines.”. It's best to
experiment with this to see what fits the data best. In most cases 1.1 times the number of characters that
need to be visible works well (so for a character variable where at least the first 20 characters should be
visible this is set to 22) (part 1 § 18.3.1.13);

e /cols/col@customWidth: set to 1 to indicate that the width of these columns is set manually or is different
from the default (part 1 § 18.3.1.13).

Next up is the actual data. The XML code showing the second and third row looks like this:

<sheetData>

.. First row ..

<row r="2">

<c r="A2" t="inlineStr'><is><t>Name</t></is></c>
<c r="B2" t="inlineStr"><is><t>Sex</t></is></c>

<c r="C2" t="inlineStr"><is><t>Age</t></is></c>

<c r="D2" t="inlineStr'><is><t>Height</t></is></c>
<c r="E2" t="inlineStr'><is><t>Weight</t></is></c>
</row>

<row r="3">

<c r="A3" t="inlineStr'><is><t>Alfred</t></is></c>
<c r="B3" t="linlineStr"><is><t>M</t></is></c>

<c r:"g"><v>14</v></c>

<c r="D3"><v>69</v></c>

<c r="E3"><v>112.5</v></c>

</row>

.. other rows ..

</sheetData>

For a <row> r is the row index and for <c> (cells) r is the reference in the style A1 (part 1 § 18.3.1.73 and § 18.3.1.4).
In this example only numeric and character variables without any formatting are used. Numeric values are captured
in <v> (value) tags within the cell (part 1 8 18.3.1.96). For character values that are not stored in a stored string table
the type of the cell (.../row/c@t) should be set to inlineStr and the actual value should be between <t> tags (text)
within <is> tags (rich text inline) (part 1 § 18.3.1.4 and § 18.3.1.53). Other variable types can be included, for
instance a date in ISO 8601 format can be used by setting .../row/c@t to d (date) (part 1 § 18.18.11).

To finish the sheet XML file the auto filter needs to be set (if an auto filter is needed) and the worksheet needs to be
closed:

<autoFilter ref="A2:E21"/>
</worksheet>

Similar to setting an auto filter in Excel the autoFilter reference (ref) needs to include the cells that are to be the
headers (in this example cells A2:E2) (part 1 § 18.3.12 and § 18.3.2). A sheet XML file needs to be included for all
sheets in the workbook.

XLSX BASICS: /XL/WORKBOOK.XML
The workbook part contains the names and IDs of the individual worksheets (part 1 § 18.2):

<?xml version="1_.0" encoding="UTF-8" standalone="yes"?>

<workbook xmlns="http://schemas.openxmlformats.org/spreadsheetml/2006/main"’
xmIns:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships'>
<sheets>

<sheet name="Student Data" sheetld="1" r:id="rld1"/>

<sheet name="2004 Car Data" sheetld="2" r:id="rld2"/>

<sheet name="Measurements of 159 Fish Caught" sheetld="3" r:id="rld3"/>
</sheets>
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| </workbook>

The name of the sheets will be visible when opening the workbook in Excel (part 1 § 18.2.19). Note that this has a
maximum of 31 characters (though | found this by trial and error and was unable to find it in the ISO standard).
sheetld is an internal identifier for the sheet and needs to be unique. r:id is the relationship ID for the sheet and
should match the one in /xl/_rels/workbook.xml.rels.

XLSX BASICS: /[CONTENT_TYPES]. XML
The content-type item defines the content types for relationship parts, the workbook part and the individual sheets
and is straightforward:

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>

<Types xmlns="http://schemas.openxmlformats.org/package/2006/content-types">
<Default Extension="rels" ContentType="application/vnd.openxmlformats-
package.relationships+xml"/>

<Default Extension="xml" ContentType="application/xml"/>

<Override PartName="/docProps/app.xml" ContentType="application/vnd.openxmlformats-
officedocument.extended-properties+xml"/>

<Override PartName="/docProps/core.xml" ContentType="application/vnd.openxmlformats-
package.core-properties+xml'/>

<Override PartName="/xl1/workbook.xml" ContentType="application/vnd.openxmlformats-
officedocument.spreadsheetml.sheet._main+xml"/>

<Override PartName="/xl1/worksheets/sheetl._xml"
ContentType="application/vnd.openxmlformats-

officedocument.spreadsheetml .worksheet+xml"/>

<Override PartName="/xl/worksheets/sheet2.xml"
ContentType="application/vnd.openxmlformats-

officedocument.spreadsheetml .worksheet+xml"/>

<Override PartName="/xl1/worksheets/sheet3._xml"
ContentType="application/vnd.openxmlformats-

officedocument.spreadsheetml .worksheet+xml"/>

</Types>

In a basic workbook the only variable information are the filenames for the sheets.

XLSX BASICS: /XL/SHAREDSTRINGS.XML

Even though the examples in this paper do not use a shared string table it can be useful to know how they work (part
18§ 12.3.15 and § 18.4). A shared string table can be used to store information that is repeated in the workbook (e.g.
STUDYID or DOMAIN when looking at SDTM data). The string is stored once in the shared strings table and in the
worksheet XML files a number is used to refer to the value instead of repeating the string for every cell. This can be
used to improve performance by reading and writing the repeated information only once. However, not using a
shared string table will make looking at the data in the individual worksheet XML files easier, because the actual
values are shown as opposed to a reference to a value in another XML file. sharedStrings.xml needs to be defined in
both [Content_types].xml and /xI/_rels/workbook.xml.rels when used.

GETTING STARTED

Even though the standard is not easy to read there is a good introduction hidden in annex L (part 1 § L.2), which is a
good place to start when learning how to build XLSX files. Since XLSX files are ZIP files, the files created in Excel
can also be used as reference. Simply rename an XLSX file to ZIP and extract the contents. If this is done before
and after a change is made (for instance auto filter turned on) comparing the underlying XML files shows where
those changes are stored (in the worksheet XML file in case of an auto filter).

BUILDING IT IN SAS: WHEN
At which part in the program the different parts can be created depends on the input that is needed. For the example
the following data is needed:

/_rels/ . rels No input required, so can even be copied from a default file

/docProps/app.-xml Only application and company set, so can be created at any point in SAS
program

/docProps/core.xml Only creator and date time stamp, so can be created at any point in SAS
program

/x1/_rels/workbook.xml.rels Number of sheets needed, so create once that's known
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/x1/worksheets/sheetl.xml Actual data, so create from input data set
/x1/worksheets/sheet2_xml Actual data, so create from input data set
/x1/worksheets/sheet3.xml Actual data, so create from input data set

/x1/workbook.xml Number and name of sheets needed, so create once that's known
/[Content_types].xml Number of sheets needed, so create once that's known

This means that once number and name of sheets is known everything except the individual worksheet XML files
can be created. The individual sheets can be created by looping through the individual data sets to be included.

BUILDING IT IN SAS: CREATING THE DIRECTORY STRUCTURE
The first thing to do is to create the standard directory structure needed for the XLSX file. For the example the
directory structure is created in a temporary sub-directory of the home directory (macro variable set at an

earlier point in the program) of the user running the program and that directory is cleaned up to ensure no relics from
previous runs are present:

X "cd "&home."; mkdir _tempxlsx; cd _tempxlsx; /usr/bin/rm -fr * ; mkdir _rels; mkdir
docProps; mkdir x1; cd x1; mkdir _rels; mkdir worksheets;";

BUILDING IT IN SAS: CREATING XML FILES

There are a number of ways to create XML files in SAS, but I've always preferred doing it from scratch in a DATA
step using PUT statements. For the example the DATA step creating core.xml looks like this:

data _null_;

file "&home./_tempxlsx/docProps/core.xml" encoding="utf-8" lrecl=32000;

length created $200 creator $200;

created=put(datetime(), 1s8601dz20.);

%if %symexist(_clientusername) %then %do;

creator=htmlencode(&_clientusername.,"amp gt It apos quot 7bit");
%end;
%else %do;
creator=htmlencode(*'&sysuserid”,"amp gt It apos quot 7bit");

%end;

put "<?xml version="1.0" encoding="UTF-8" standalone="yes"?>" "0D"X;

put "<cp:coreProperties
xmIns:cp=""http://schemas.openxmlformats.org/package/2006/metadata/core-properties™" @;

put * xmlns:dc="http://purl_org/dc/elements/1.1/"
xmIns:dcterms="http://purl _org/dc/terms/"" @;

put * xmlns:dcmitype="http://purl_org/dc/dcmitype/"
xmIns:xsi="http://www.w3.0rg/2001/XMLSchema-instance'>" "0D"x;

put "<dc:creator>" creator +(-1) "</dc:creator>" "0D"x;

put "<cp:lastModifiedBy>" creator +(-1) "</cp:lastModifiedBy>" "0D"x;

put “<dcterms:created xsi:type="dcterms:W3CDTF">" created +(-1)
"</dcterms:created>" "0D"x;

put “<dcterms:modified xsi:type="dcterms:W3CDTF">" created +(-1)
"</dcterms:modified>" "0D"x;

put “</cp:coreProperties>" (@;
run;

There are a number of things | try to consistently do in my programs when creating XML files for the purpose of
creating an XLSX file:

e In all example XML files the encoding was set to UTF-8, therefore when creating those XML files
lencoding=""UTF-8"is used in the FILE statement as well.

e The examples are created on a Unix server with a Windows client. Unix uses line feed characters (0A) for
end of lines, but Windows expects a line feed character and a carriage return (OD). To ensure line breaks
are always shown correctly on the Windows client I prefer to add at the end of every PUT statement.

e In XML files some characters (like < and >) need to be replaced by predefined entities (like &It ;| and

&gt;], similar to character entities in HTML). This is done by using htmIencode(variable, "amp gt It

apos quot 7bitT)|on all values that are used for the XML files.
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e In a PUT statement SAS adds a space between a variable and the next string that's added in the same PUT
statement. Using removes that space by moving the pointer back one space after writing the
variable’s value.

e For readability of code | try to avoid writing lines of code longer than 200 characters. However, in the
resulting XML files | try to get relevant information on a single line even if it exceeds 200 characters. This is
where (@ comes in at the end of a PUT statement. @ will ensure that the line is held and that the next PUT
statements will continue to write to that line until a PUT statement is executed that does not have @ as last
item.

e SAS does not allow creating a file with brackets in its name, so [Content_types].xml should be created with
a different name and then renamed using an X statement like: [x "'cd "&home./_tempxIsx™; mv|
[Content_types.xml [Content_types].xmlI™;]

e Sheet names cannot contain certain characters, so these need to be replace or removed. Also as
mentioned above sheet names cannot exceed 31 characters. So when creating workbook.xml | use this to
ensure sheet names are valid: [compress(htmlencode(substr(variable,1,31),"amp gt It
lapos quot 7bit"),"/\?*[1:7);|

e I've had issues with data sets that used a different encoding then the Unix system | work on and contained
characters that could not be encoded on that system. This led to ERRORs in the log and corrupt XLSX files
that could not be opened in Excel. The ERRORSs can be solved by using the encoding data set option:
[(encoding="asci iany ")| when opening the data set in the DATA step. Excel not opening the files is
caused by SAS replacing the offending characters with a substitute control character (character 1A in
ASCIl). These characters can be replaced using if index(variable, "1A"x) then|
\variable=translate(variable,*?","1A"X);].

e In Excel cells are identified using the format A1, where A is the first column, B the second column, etc. To
convert numeric column numbers to a format Excel understands | use the following code (works up to
column 702 or ZZ):

if col le 26 then _ _col=byte(mod(col,27)+64);
else __ col=translate(byte(floor((col-1)/26)+64)!1bhyte(mod(col,26)+64),"Z","@");

For the name of sheets (captured in workbook.xml) it can be useful to have the data set labels. There are a number
of ways to get these for instance using SASHELP.VTABLE or PROC SQL with DICTIONARY.TABLES. Similarly
variable labels, variables types and formats (for processing individual data sets) can be taken from
SASHELP.VCOLUMN or PROC SQL with DICTIONARY.COLUMNS.

BUILDING IT IN SAS: COMBINING THE XML FILES INTO AN XLSX FILE

Once all the XML files are created all that's left to do is compressing them into an XLSX file and clean up. Creating
the XLSX file can be done using the zip binary with an X statement and | prefer to remove the temporary directory
afterwards:

X "cd "&home./_tempxlsx®; /sas/common/prod/bin/zip -r &outfile.._xlIsx *; mv
"&home./_tempxlsx/&outfile. . xIsx™ "&outdir./&outfile. _xIsx"";

X "cd "&home."; Zusr/bin/rm -fr _tempxlsx';

There are other ways of creating ZIP files in SAS, like ODS PACKAGE (since 9.2) and FILENAME ZIP (since 9.4).
However, these were not tested for this paper. Most important requirements are support for a directory structure in
the ZIP file (ODS PACKAGE does support this, | can’t find whether FILENAME ZIP does) and support for filenames
like [Content_types].xml (I do not know whether this is supported in ODS PACKAGE or FILENAME ZIP).

DEBUGGING
The quickest way of debugging an XLSX file is to open it in Excel. If there are any issues Excel will say so and give
the option to recover the contents:

Microsoft Office Excel I.&J

lol Excel found unreadable content in ‘phuse.xdsx’. Do you want to recover the contents of this workbook? If you trust the source of this workbook, dick Yes.

If you click Yes, Excel will try to fix the problem and it will try to report what went wrong:
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-

Repairs to 'phusexdsx’ liléj

@ m Excel was able to open the file by repairing or removing the
QW unreadable content.

Replaced Part: [xlfworksheets/sheet1. xml part with XML error, Tlegal qualified name -
character. Line 24, column 43.

Click to view log file listing repairs:  C:\sers), \AppDatallocal\Temp'error048120 01.xml

b

In a lot of cases the filename, line and column will be enough to figure out what went wrong by going to that spot in
the source XML file. If this doesn’t help then the Excel log (link in the screenshot above) can be used as well.

A better alternative is to install the Open XML SDK 2.5 for Microsoft Office. This includes the Open XML SDK 2.5
Productivity Tool for Microsoft Office which can validate XLSX files (and DOCX and PPTX). It will give detailed
information about any issues present in the XLSX file:

< Open XML SDK 2.5 Productivity Tool for Microsoft Office - a X
Eile Actions Settings Help
' |7 Open File... _gﬁeﬂect Code tCompare Files... _f'}_‘falldale =

I 2
Document Explorer « Validation Result 5 x| i
4 {} Book1.xlsx || There are totally 1 errors in the package “Book1.xlsx”, Below is the detail information:
/docProps/app.xml
H ,.!docr-'roﬁs;cz?e setls] Error Node Type Error Part Error Node Path
[l /xlfworkbook.xmi Sheet [xlfworkbookxml  /xoworkbook[1]/x:sheets[1]/xsheet[1] The attribute 'name’ has invalid valy

._Q Document Explorer

&3 Open XML SDK Documentation

Ready

There are other software packages that can open XLSX files, but the ISO standard is not always implemented the
same way as in Excel. For instance LibreOffice can read and write XLSX files, but XLSX files that pass validation in
both Excel and the Open XML SDK 2.5 Productivity Tool for Microsoft Office can still cause issues in LibreOffice.
Unfortunately LibreOffice does not report why an XLSX file could not be read. If customers do require XLSX files
compatible with LibreOffice, then an XLSX file created in LibreOffice can be used as starting point for building XLSX

files. Just rename the XLSX file from LibreOffice to ZIP, extract the contents and use that as example to build XLSX
files.

WAS IT WORTH IT?

As a simple test I've taken all SDTM data sets for a phase 1 study, converted it to a format readable by Excel and
compared the sizes of the outputs (ordered by size of output that can be directly opened in Excel):
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ML using TAGSETS EXCELXP 29.3

XML using custom TAGSETS EXCELXP 220

XLS using SASACCESS 74

CSV using BROC EXPORT 25
XLEX from scratch 14

0 3 10 15 20 25 30
Size (MEB)

The test with CSV as output created a separate CSV file per data set. The custom TAGSETS.EXCELXP test used a
copy of TAGSETS.EXCELXP with all formatting removed. In this case creating XLSX files from scratch resulted in
the smallest overall file size and still being able to open directly in Excel. In addition the program took 27 seconds to
create XLSX from scratch whereas TAGSETS.EXCELXP took 1 minute 22 seconds to run on the same system
(SAS/ACCESS Interface to PC Files test was done on a different system).

CONCLUSION

As this paper has shown creating XLSX files in SAS is just a matter of creating some XML files and combining them
in a (renamed) ZIP file. This results in a file that can be opened directly in Excel and is small enough to be e-mailed

without additional compression. In a similar fashion presentation and/or word processing documents can be created,
because the same ISO standard also covers the PPTX and DOCX formats.

RECOMMENDED READING

e http://standards.iso.org/ittf/PubliclyAvailableStandards/index.html (ISO standard and electronic inserts can
be downloaded here, the relevant standards are ISO/IEC 29500-x:2012 where x is 1-4)
e https://en.wikipedia.org/wiki/Office_Open_ XML

e  http://www.phusewiki.org/wiki/index.php?title=Creating_compressed_Excel workbooks_in_SAS_on_a_non-
Windows_system_without SAS/ACCESS (full SAS macro based on this paper can be downloaded here)

CONTACT INFORMATION
Your comments and questions are valued and encouraged. Contact the author at:
Edwin van Stein
Astellas Pharma Europe B.V.
Global Data Science
Sylviusweg 62, PO Box 344
2300 AH Leiden,The Netherlands
edwin-vanstein (at) astellas.com
http://www.astellas.com
http://nl.linkedin.com/in/ejvanstein

Brand and product names are trademarks of their respective companies.
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