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ABSTRACT

XML (eXtensible Markup Language) is gaining popularity as a medium for data exchange. SAS Institute has added
additional support recently for reading and writing XML files under both 8.2 and 9.1. The purpose of this workshop is
to provide a quick introduction to XML, show the ways in which XML is read and written from SAS, and then present
hands-on examples for reading in and mapping XML files to SAS datasets and writing out SAS datasets to XML files.

INTRODUCTION

This workshop is targeted toward SAS programmers with a working knowledge of BASE SAS and familiarity with
HTML or another markup language. This workshop will guide you through a series of examples that illustrate how to
read and write XML files from SAS on computers running SAS 9.1 with the stand-alone SAS XML Mapper tool version
9.1.10 installed.

THE CHALLENGE

XML is a language that is hierarchical and describes data in terms of markup tags. But SAS is usually implemented
using a relational model, even though data sets are often not fully normalized. Therefore, translation between these
two formats requires at least a rudimentary understanding of the structure behind the data.

Figure 1 illustrates a possible XML representation of some clinical trial specimen data. In this case, all clinical trial
data are grouped under a single study which is identified by a StudyID. A study may have multiple sites from which
data are collected and each site is identified by a unique SitelD. A site has multiple participants who may visit the site
on multiple visits. Each visit has a date and VisitID and may include the collection of specimens. In turn, each
specimen has a type and it is collected in one or more tubes, all of which share the same tube type.

SpecimenType
TubeType

Figure 1. Possible XML (tree) representation of clinical trial specimen data

Figure 2 diagrams a possible relational view of the same data displayed in Figure 1. The relational diagram stores the
same information as the hierarchical diagram in Figure 1 preserving both the data and the relationships between the
data entities. In this case, the names of the tables can be extracted by determining the critical path among the nodes
of the tree in Figure 1. At each level of the tree, there is a single node that acts as a root for a sub-tree (i.e. Study,
Site).

Each one of these critical path nodes becomes a table in the relational diagram while the rest of the nodes become
column names within the table named after its parent node. Some of these subordinate nodes become primary keys
within their tables if they can uniquely identify a table entry. For instance, the table Site uses the column SitelD as a
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primary key since it is a unique identifier for all site records.

The primary keys are also reproduced in related tables as foreign keys to establish relationships among tables. For
example, SitelD is the primary key to the Site table and it is also a foreign key within the Participant table reflecting
the relationship between Site and Participant. Additionally, the links among the tables preserve the cardinality of the
relationships.

Study
StudylD

Participant

ParticipantiD
SitelD

Specimen Visit

SpecimenID VisitiD
SpecimenType ParticipantlD
TubeType
MumTubes

VisitiD

Figure 2. Possible relational representation of clinical trial specimen data from Figure 1

Transferring data from a hierarchical structure (XML) to a relational structure (SAS) is a non-trivial problem. It requires
good understanding of the data to be able to identify primary keys, foreign keys, and dataset variables. Data transfer
from a relational structure (SAS) to a hierarchical structure (XML) is also difficult. You need to identify which data
elements take precedence in the hierarchy and establish an order relationship. In either case, the programmer must
have a solid understanding of the source data to be transferred.

BASIC RULES OF XML

While SAS now has tools for you to read in XML documents without your needing to become an XML guru, it is
important to familiarize oneself with the following basic rules of XML before attempting to convert XML files to SAS
datasets and vice versa:

e The basic building block of XML is an element. Elements begin with an open tag <element_name>

e Elements can either end with an end tag </element_name> or terminate with />’ in their open tag
<element_name/>

e All tags must be fully nested — no overlapping tag boundaries are allowed.
e Atag may optionally include a value.
e Atag may optionally include attributes, which are values enclosed in double quotes.

e A commentis text delimited by ‘<!-- and *-->’.

ACTIVITY 1: VIEWING AN XML FILE FROM INTERNET EXPLORER

Since XML documents are text files, they can be viewed in virtually any text editor. In addition, there are XML editors
available that simplify the process of writing and editing XML documents, including the SAS XML Mapper tool
provided with SAS 9.1.

But even using Microsoft’'s Internet Explorer to view an XML file can provide us valuable information about its
structure that we cannot see in a simple text editor such as NotePad. Consider the XML document displayed in the
box on the following page:



SUGI 29 Hands-on Worksho

<!DOCTYPE client list SYSTEM "..\XML\client list.dtd">
<client list>
<client status="active">
<name>John Doe</name>
<address>1212 Maple Road</address>
<city>Springfield</city>
<state>CA</state>
<zip>91234</zip>
</client>
<client status="inactive">
<name>Mary Doe</name>
<address>1212 Maple Road</address>
<city>Springfield</city>
<state>CA</state>
<zip>91234</zip>
</client>
<client status="active">
<name>John Public</name>
<address>100 Byron Road</address>
<city>Carlsbad</city>
<state>CA</state>
<zip>99999</zip>
</client>
<client status="active">
<name>Fionnula Jackson</name>
<address>444 First Street</address>
<city>San Mateo</city>
<state>CA</state>
<zip>94402</zip>
</client>
</client list>

orkshoptws119% XML client_list.zml - |E||L|
. L. . . J File Edit ‘iew Favorites Tools Help | ","
If the file containing the statements in the box above is named [ - - %] @) D] 0 seman 7 rovoter @bt »
C:\workshop\ws119\XML\client_list.xml, you can bring the file w7 %/ = i
— JAgdress I Ciiwarkshopiws119xMLclient_lisk,xml j G0

into Internet Explorer as follows:

. <7uml version="1.0" 7=
® From Wlndows Explorer or My compUter’ <l-- This is a reference to an external DTD file -
navigate to the C:\workshop\ws119\XML <IDOCTYPE client_list (View Source for full doctype.,.)»
f - «client_list>
subdlrectory. - «client status="active">
. . . . <name=John Doe</names
. RIght—C'le on Cllent_llSt.Xml. <address=1212 Maple Road</address>
=city=8pringfield</city>
e Select Open With and then Internet Explorer. ST TSI EITE
<zip>=91234</2ip>
=/client=
- «client status="inactive">
<name=Mary Doe</narme

The file will be dlsplayed asin Figure 3, rlght <address>1212 Maple Road</address>
=city=8pringfield</city>
<state>CA</states
. . . <zip=91234</zip>
Internet Explorer displays XML in a tree view where each </clients
parent node is preceded by a control (a plus or minus sign) - «<elient Stztus=":iil\_'9";
that allows the user to collapse or expand a sub-tree of e ¥ et S | |
nodes. <city=Carlsbad</city
<statexChA</states
IE also color codes the display of elements and attributes {/jf;tg}ggggdz‘”
(maroon), data (black), triangular brackets (blue), directives - «client status="active"s =l
<name=Finnnula lacksnne</names =
(blue), and comment text ( )- o T [ ~

Figure 3. Internet Explorer rendering of an XML file.
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ACTIVITY 2: READING AN XML DOCUMENT INTO A SAS DATASET

The easy way to access and write XML from SAS is to use the XML engine on a libname statement (versions 8.1 and
above). However, using this statement without any other options requires that the XML file structure contain only
rectangular datasets. In other words, the hierarchy for the source XML Document can only be three levels deep,
containing a root element, second-level elements corresponding to the table to be read in, and third-level elements
corresponding to the variables. For this activity, we use the XML engine to parse the incoming file called
hosp_discharge.xml, which contains an excerpt of a hospital discharge data file.

The syntax of the XML libname is similar to that of a standard SAS libname, but (1) xml is placed after the libname
keyword and before the location to indicate that the XML engine is to be used, and (2) the location in quotes refers to
the specific XML file, not just a directory path.

Before reading in an XML file into SAS, it is a good idea to examine it. Figure 4 shows a screenshot of the
hosp_discharge.xml file in Internet Explorer. The file contains a root-level node called <hosp_discharge> which in turn
contains a number of <discharge> elements. Each <discharge> element has 5 children elements <patient_ID>,
<SEX>, <admit_date>, <DOB>, and <discharge_date>.

3 Cvworkshop'ws119% %ML hosp_discharge.xml -0l x|
J File Edit ‘iew Faworites Tools  Help | ;,’

n M - n
J \_) EBack - \___) - \ﬂ |§| ._l\J | 7 ) 5earch H;:( Favnrites wMedia
J-°-E_|C|r855 Cewarkshiopiws 1 19WXML hosp_discharge, xml j o]

<7Tuml version="1.0" encoding="windows-1252" 7> I~

- <hosp_discharge:=
- =discharges>
<patient_ID=2121229</patient_ID=
<SEX=F</SEX>
<admit_date=2000-03-24</admit_date=
<DOB=1940-12-27</D0B>=
<discharge_date>2000-03-24</discharge_datex

</discharge:=

<discharges>

<discharge:=

<discharges>

«<discharge:=

zdischarge=

<dischargex=

zdischarge=

zdischarge>

</hosp_discharge=

€ HEN

Figure 4. Display of rectangular XML file to be read into SAS

+ 4+ 4+ o+ o+

B

J My Computer

The SAS code to read the XML file is as follows:

titlel 'XML WORKSHOP EXERCISE #2';
libname in xml 'C:\workshop\wsll9\XML\hosp discharge.xml';
data discharge;
set in.discharge;
run;

title2 'check parsing of file';
proc print data=discharge;
run;

proc contents data=discharge;
run;
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The PROC PRINT of the resulting SAS dataset is reproduced below:

DISCHARGE PATIENT
Obs DATE DOB ADMIT DATE SEX D
1 2000-03-24 1940-12-27 2000-03-24 F 2121229
2 2000-03-30 1946-08-25 2000-03-29 F 3359900
3 2000-03-05 1910-06-30 2000-03-03 M 4245123
4 2000-03-28 1946-06-13 2000-03-25 M 6919113
5 2000-03-01 1941-02-01 2000-02-25 F 2836181
6 2000-12-22 1928-11-25 2000-12-20 M 7098312
7 2000-03-27 1922-09-10 2000-03-26 M 9983225
8 2000-03-09 1916-08-31 2000-03-09 F 1299349
9 2000-03-27 1946-06-05 2000-03-26 M 555856
An excerpt from the PROC CONTENTS is below:
# Variable Type Len Format Informat Label
3 ADMIT_DATE Num 8 IS8601DA. YYMMDD. ADMIT_DATE
1 DISCHARGE_DATE Num 8 IS8601DA. YYMMDD . DISCHARGE_DATE
2 DOB Num 8 IS8601DA. YYMMDD . DOB
5 PATIENT_ID Num 8 F8. F8. PATIENT_ID
4 SEX Char 1 $1. $1. SEX

If we examine the SAS code and the XML file on the previous page we notice that the name of the SAS dataset is the
same as the name of the second-level element in the XML file (<discharge>). Additionally, the variable names in the
PROC PRINT output match the name of the third-level elements in the XML file. However, the case of the element
names is not preserved, as SAS converts all characters in a name to upper case. Finally, the XML engine formats
dates using the IS8601DA. (yyyy-mm-dd) format. (Former releases transformed such dates to character fields.)

ACTIVITY 3: CONVERTING A SAS DATASET TO XML

To convert a SAS dataset to XML, create an XML libname and then write to it. The following lines of code illustrate
how to write out the dataset created in activity #2 to an XML file. The program adds in a SAS date variable, xfer_date,
to record the date we transferred the file back to XML format.

titlel 'XML WORKSHOP EXERCISE #3';
libname out xml 'C:\workshop\wsll9\XML\discharge from SAS.xml';

data out.discharge;
set discharge;
***let’s add in the date converted as today’s date and format it in IS08601
***x (yyyy-mm-dd) format;
xfer date=today();
format xfer date is8601dal0.;
run;

The resulting XML file as seen through Internet Explorer (partially collapsed) is displayed in Figure 5, below. Notice
the following about the resulting XML file in Figure 5:

e The root element is <TABLE>. This is a convention SAS uses when writing out XML files using the XML
libname engine.

e Tags for all the original fields are all caps (this conversion was done during the original parsing in
Activity #2).

e The tags for the xfer_date field are in lower case, since we created that variable using lower case in
SAS.

e All the SAS date fields are displayed in SAS internal numeric data storage (# of days since January 1,
1960). This is because formats are not preserved in general when copying to non-native engines such
as XML. In fact, your SAS log should show the following note:
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NOTE: SAS variable labels, formats, and lengths are not written to DBMS tables.

However, in 9.1, SAS dates formatted with the DATEw. format are mapped to ISO 8601 representation. Thus one
solution to this problem is to format all the date variables with the DATEw. format. Please note that the default
behaviors of the XML engine have been changing with successive re-releases, so you should test your code carefully
when reading/writing XML files in a production environment.

/3 Cvworkshop'ws119% XML discharge_from_sAS.xmil -1O] x|
File Edit Wiew Favorites Tools Help | ;','

y Y A B e . . »
(%] Back = \___) - |£| \ELI | Search \E,/\.;‘Favontes @Mecha
Address I Ciworkshoplws1 1904MLdischarge_from_SAS.xml j Go

<tuml wersion="1.0" encoding="windows-1252" 7= I

ZTABLE=

- «DISCHARGE:
<DISCHARGE_DATE>14693+«/DISCHARGE_DATE:
<D0B=-6944</00R>
<ADMIT_DATE=14693</A0MIT_DATE=>
<SER>F</SEX>
<PATIENT_[D=>2121229</PATIENT_ID=
<xfer_datex16100</xfer_datex

</DISCHARGE=

<DISCHARGE=

ZDISCHARGE=

<DISCHARGE=

<DISCHARGE=

<DISCHARGE:=

<DISCHARGE=

ZDISCHARGE=

<DISCHARGE=

</TABLE>

|@ l_l_l_l ,J My Computer

Figure 5. XML file created by writing to the XML libname engine.

o+

L

ACTIVITY 4: CREATING XML FILES FROM SAS PROCS USING ODS
ODS can render output in a number of different formats such as listing, html, and rtf. One of the output destinations is
XML. Following is code to render a PROC PRINT of the discharge data to an XML file.

ods xml file="'C:\workshop\ws119\XML\discharge print.xml';
proc print noobs data=discharge;

run;

ods xml close;

If you examine the resulting file, discharge_print.xml in IE, you will notice that it follows a very rigid data structure that
specifies every detail of the PROC PRINT issued including the title, the name of the data set, the descriptions of
every column, and the data of the entire table on a row by row basis. This XML format carries a lot of detail which is
unrelated to the data being presented. This makes it impractical as a data transport mechanism because its verbose
nature makes the resulting XML files quite large and unwieldy.



SUGI 29 Hands-on Workshops

ACTIVITY 5: READING IN MORE COMPLICATED XML FILES

As mentioned earlier, using the XML libname to read in XML files to SAS requires that the file be structured in a
rectangular (non hierarchical) manner. Specifically, this means that each observation to be read into SAS must be
appear within a second-level element, and each variable value must appear as a third-level element.

By default, XML attributes are dropped in the conversion process, and SAS determines the data type, format, and
informat of all variables. SAS 9.1 includes a production version of the XMLMAP option, which can read in XML files
that don’t map directly to rectangular data. The SAS XML Libname engine shipped with SAS 8.2 cannot handle non-
rectangular input files. Backporting of the functionality of the SAS 9.1 XML Libname engine to SAS 8.2 is expected
soon.

USING THE XMLMAP OPTION REQUIRES THE CREATION OF A MAP FILE

The map file is an XML file that specifies how SAS is to map the source XML document to specific datasets,
variables and observations. Documentation for this option can be found at
http://support.sas.com/91doc/docMainpage.jsp. See also Anthony Friebel’s paper presented at SUGI 28 which
includes an extensive discussion of the XMLMAP engine (in the References section at the end of this paper).

SAS 9.1 also includes a production version of SAS XML Mapper, a stand-alone application that can be used as an
XML Editor or to create XML map files with a drag and drop interface. SAS XML Mapper is located on the 9.1 client-
component CDs. SAS XML Mapper should also be available soon via web download. Contact XMLEngine@sas.com
for details.

For this workshop, we use XMLMAP v1.2 syntax. The structure of the basic XMLMAP schema is displayed in Figure 6
and described further below:

e The root element of the XMLMAP file is the <SXLEMAP> element. It can have one or more <TABLE>
children elements. Each <TABLE> element identifies a SAS dataset by name using the name= attribute.

e A <TABLE> element has a single <TABLE-PATH> child element which specifies the point in the XML
document where the table data begins. A <TABLE> element also has one or more <COLUMN>
elements that identify the columns of the dataset. A <COLUMN> element will have several children:

a <DATATYPE> element that specifies the XML data type of the source data

an optional <FORMAT> element that specifies a format to be associated with the variable

an optional <INFORMAT> element that specifies an informat to be associated with the variable
a <LENGTH> element that specifies the data length

a <TYPE> element that indicates the SAS data type (character or numeric) used for the column

A N N N NN

a <PATH> element that specifies where to look for column data within the XML input file’s hierarchy

XMLMAP Selected
Elements Tree View
(version 1.2)

1 SXLEMAP

Legend:
+ 1 or more times
? 0or1times

+ COLUMN 1 TABLE-PATH

1 DATATYPE X ? FORMAT ) ? INFORMAT A1 LENGTH

Figure 6. Selected elements of the XMLMAP Syntax v 1.2
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THE EXERCISE
Use the XMLMAP option to read all client_list.xml elements (viewed in Activity 1) and map (1) the status= attribute to
a character variable named status and (2) the zipcode element to a character variable.

In general, reading in more complicated XML files into SAS can be accomplished using a five-step process:
1. View the Data/Understand the structure.
2. Decide what you want to extract.
3. Use SAS XML Mapper to create the map file.
4. Use SAS XML Mapper to generate the SAS code to read in the file and reference the map file.
5. Submit your program and check that the conversion worked.
STEP 1: VIEW THE DATA AND UNDERSTAND THE STRUCTURE

First, we launch SAS XML Mapper by selecting All Programs from the Start button in Windows and picking the
“SAS” Program Group. Within it, click on the SAS XML Mapper item to launch the application.

Jdava Web Sart k
Lavasoft ad-aware & 3
Maestro L
Microsoft SQL Server Z000 Driver for JDBZ  #
-@ RaccoonWorks SpesdTacsk ]
ﬁ"] SA5 L] n@ Enterprise Reporker 9.1 #
Tablet b ] Imkret *
Iff) ScreenPrint Gold 3.5 » ) SAS 9.1 Utlities »
¥ 5As5 2.1 (English)

Figure 7. Launching SAS XML Mapper

The XML Mapper user interface uses a single window divided in 3 panes (see Figure 8, below). The top-left pane is
named the XML pane and displays the tree structure of an XML file. The top-right pane is named the XML Map pane
and displays a graphical representation of the table and columns specified for the target SAS dataset(s) and also
allows the user to specify the properties and formats of each dataset column. The bottom pane is named the Source
Pane and includes multiple tabs which in turn display the XML document source code, the source code for the
automatically generated XML Map, the automatically generated SAS code used to read the XML file, a Map file
validation test pane, and a Log file.

SE

Fie Toolks Help

|2 e a|a|v

-

Properties | % Format | [2] Conettion | €{} Enumeration | 53 ordinal | [ XtdLiap Settings

% Condensed | T Fui |
* =nodatar (1]

Name [sxemar

Descrition [

KPeth [

End 3Pt [ EeginEnd 2

I~ Retzin

XML Pane

XML Map Pane

e
xpL source | (2] xiMisp | (4] 545 Cove Exarple |+ valdate | [2] Log |

Source Pane

Figure 8. The SAS XML Mapper Environment
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The normal sequence of actions in XML Mapper involves opening an existing XML document, creating an XML Map
from the elements of the XML document, saving the resulting XML Map file, and saving the automatically generated
SAS code that reads the XML document.

To open an XML document simply select the “Open XML...” menu item from the File menu, then select the name of
the file to open by navigating through the directory structure. If we open the document client_list.xml, the XML Mapper
interface appears as in Figure 9:

=
File Tools Help
et e m|||v
L client_ist i | Properties | &Y Farmat | [?] Contion | &{} Enumerstion | &5t Orcinal | [3 xMLbap Settings
% Condenses 5 Ful | Natme: e Emap
filedCiorkshopins1190MLiclient_listxm|
@ ML Description I
P comment=This Is 2 reference to an external DT | | sepapn [
P comment=edited with XL Spy wa.3 U (httpiiane
2> comment=DTD generated by XL Spy vd 3 U (n| | End XPath | BeinEnd 'I
=[] client_ist
=-[*] client I stain
=4 Attributes
L4 status=actie w
| marme=John Doe
deress=1212 Maple Road
ity=Springfield
tate=CA
oo 2ip=01234
[ ] client
- 2] client
[2] client
| |
AT
L saurce | 21 xmiman | (%] sas code Exampie | o vaiete | 2] Log |
=?xml version="1.0"7> =
=I—This i3 & reference to an external DTO file —=
=IDOCTYPE client_list SYSTEM " xmiiclient_list.cid"=
=client_list=
=client status="active"=
=name=John Doe=iname=
=address=1212 Maple Road=/address=
<city=Springlield=/city=
=state=CA=lslate=
=zip=01234=/zip>
<lclignts =l
Ready ..

Figure 9. Displaying client_list.xml in SAS XML Mapper

STEP 2: DECIDE WHAT YOU WANT TO EXTRACT

We want to extract all the client information from the XML document. Specifically, we want the name, address, city,
state, zip sub-elements of the client element as well as the active attribute from the client element. This means that
we will use the client element of the XML document as the basis for our target dataset, and its sub-elements and
attribute will make up the variables of the target dataset.

STEP 3: USE SAS XML MAPPER TO CREATE THE MAP FILE

It is time to create the map file. The XML Pane displays a tree view of the XML document where each node or
attribute is a node in the tree. At the same time, the Source Pane displays the text of the XML document while the
XML Map Pane is initially empty. To build an XML Map file we must drag the elements that we intend to read in from
the XML Pane into the XML Map Pane. The first step is to drag the element that will constitute the basis for our
entire dataset. In the case of the client_list.xml file the element that makes the logical choice for a table name is the
<client> element.

To select the client element simply click and drag it from the XML Pane into the XML Map Pane dropping it over the
SXLEMAP node. This action creates a table node in the XML Map pane view with the name “client”. The elements
and attributes selected for the dataset columns must be dragged and dropped over the “client” node in the XML Map
Pane. The resulting tree is displayed in Figure 10. Notice how, the Source Pane displays the code of the
automatically generated map file.



<> XML Mapper

SUGI 29 Hands-on Worksho

File Tools Help

oy ]
EE N
ML clert_ist sl | Praperties | %% Formet | [2] conaition | €{} Enumeration | 5} oretinel | [ xLMap Settings
P Condensed T8 Ful | - [rert
filedCwarkshophws 1 192XMLUclient_listxml
& 3oL Descrigtion |
4T comment=This is a reference to an external DT file wPath Ifcliem isticlient
<P comment=edited with XML Spy v4.3 U (hitp:ihaememlspy. o —
E’] cornment=DTD generated by XML Spy v4.3 U (hitp v x| | End XPath | EBeginEnd >
= client_list pEEEENNENN
o) . L] LN |
S[%] olient L] Ny » ™ Retain
=% Attributes
+ status=active AP
name=John Doe
address=1212 Maple Road status
city=Springfield narne
state=CA F address
3 ? city
[#] client T state
[2] client zip
[‘,'] client
1| | |
av
[3] 3L source ) ¥Lnep | (%] 545 ot Bxample |  vaicate | [£] Loy
=l — =]
<TABLE name="client's

<TABLE-PATH syntax="xPath"=/client_listclient=TABLE-PATH=

=COLUMMN name="status"=

<PATH syntax="XPath"=/client_listclientigstatus<iPATH=
<TYPE=character=mYPE=
=DATATYPE=string</DATATYPE=
=LENGTH=B=/LENGTH=

<ICOLURMN=

=COLUMMN name="name"=

Reeadly

Figure 10. Creating the map file by dragging elements to the XML Map Pane

Finally, we change the default name of the XML Map (SXLEMAP) to a name meaningful to our program by clicking on

the SXLEMAP node of the XML Map Pane and entering a new name in the Properties tab. A partial listing of the
generated XML Map file can be seen in Figure 11.

£> XML Mapper
File Tools Help

|et g || v

ML source [ vbion | (%] 505 code Example | 7 vaiiete | 2] Log |
=<l version="10" encoding="UTF-8"7=

=10] ]

I

1= 2003-12-02T21:03:1 3 —»

<I—SAS XML Libname Engine Map —>

<I— Generated by XML Mapper, 8.1.10.20031008.1123 —
\

01|

=SXLEMAP version="1 2" name="CLIENTMAP">

=TABLE name="client'»
=TABLE-PATH syntax="xPath"=/client_listiclient=TABLE-PATH=

=COLUMN name="status">

=PATH syntax="xPath"=fclient_listelient@status</PATH=
=TYPE=character=myFPE=
=DATATYPE=string=</DATATYPE=
=LENGTH=8=/LENGTH=

<UCOLUMN=

COLUMN name="name"=
=PATH syntax="xXPath"=iclient_listclienthame=/PATH=
<TYPE=character<iTYPE>
=DATATYPE=string</DATATYPE=
=LENGTH=8=/LENGTH=
=ICOLUMN=

<COLUMN name="address"=

=PATH syntax="¥Path"=iclient_listclientaddress</PATH=
=TYPE=character<TYPE>
=DATATYPE=string=/DATATYPE=
=LENGTH=15=/LENGTH>

Ready.

I

Figure 11. The map file generated by SAS XML Mapper

We then save the XML Map file by selecting the Save XMLMap As... item from the File menu.

STEP 4: USE SAS XML MAPPER TO GENERATE THE SAS CODE TO READ IN THE FILE AND REFERENCE THE MAP FILE
After we save the XML Map file, the automatically generated SAS code in the SAS Code Example tab of the Source
Pane will be complete (see Figure 12). The SAS code can be saved to a .sas file by selecting the Save SAS As...
item from the File menu. As you can see in Figure 12, the example code references the .map file we created in the

XML libname xmlmap= option. The SAS code includes a PROC CONTENTS and PROC PRINT on a subset of

observations. The PROC CONTENTS and PROC PRINT are excellent tools to check that the source data was
mapped properly.

10
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=10l =]

File Tools Help

=
AT
ML source | [ iaiMap (] S5 Code Example | o vaiidate | [Z] Lag |

Edi= RN

i
* Generated by XML Mapper, 9.1.10.200311048.1146

I

* ENVIROMMENT

i

filenarme clientli 'Cworkshopiws? 1 90MLIclient_listxml’,
filename SXLEMAP 'Clworkshopiwst18MLclient_listmap’,
libname clientli xmlxmlmap=SxLEMAP access=READOMLY),

i

* CATALOG

)

proc datasets lib=clientli; run;
I

* SAMPLE USAGE

)

prac contents data=clientli.client varnum; run;
proc print data=clientli.client; run;

Ready...
Figure 12. The SAS program generated by SAS XML Mapper
STEP 5: SUBMIT YOUR PROGRAM AND CHECK THAT YOUR CONVERSION WORKED

An excerpt from PROC CONTENTS on the converted file appears below. We successfully read in all elements as well
as the status attribute, and mapped the zip element to a character variable.

Alphabetic List of Variables and Attributes

# Variable Type Len Format Informat Label

3 address Char 16 $1l6. $lo. address

4 city Char 11 $11. $11. city

2 name Char 16 $16. $lo. name

5 state Char 2 $2. $2. state

1 status Char 8 $8. $8. status

6 zip Char 5 $5. $5. zip
ACTIVITY 6 (EXTRA CREDIT)

In this activity, we will go through the process of reading a complex XML file (acc.xml) in more detail. We will use the
same five-step process described in the previous activity.

STEP 1: VIEW THE DATA AND UNDERSTAND THE STRUCTURE

If you examine the file acc.xml in SAS XML Mapper (Figure 13) you will see that it contains lab data for a clinical trial.
There is a root element called <study> that contains a variable number of children members called <participant>
which in turn can have multiple children called <visit>.
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File Tools Help

e |e m|®|v
ML aco il | Propertiesl S Formatl 2l Cond'rtionl f} Eng <| »
O Condensed T3 Ful| Matne [sxLEmer
fileCiiwarkshopins 11 9MLIace xml 1= o
G- .‘] acc Description I
~- % Attributes —_— |
% noMamaespaceSchemalocation= MLace_hierarchicalxs:
2] study EndkPat | BeginEnd | 7]
-] study_ID=AB101 ;
] participant I™ Retain
site_ID=ACTO1
| participant_ID=1 L Emar |

] participant_init=MBT
B, ] wisit
collection_date=2002-06-13
collection_time=12:30:00
wisit_nums=0

specimen

| barcode_|D_8=106001

| tube_type=05 ml 55T
-] specimen_type=whale hlood
| nurn_tubes=1
o] specimen |
-, ] wisit

L, ] wisit
_+---[,] participant
i r 1 PP .

4

-
| »
P

*0L source | [ ximan | [£] sas cade Example | 7 vaiiste | [Z] Lo |

=study=
=study_ID=AB101 «fstudy_ID=
=participant=
=gite_ID=AC101 <isite_|ID=
=participant_ID=1=/participant_ID=
=participant_Init=tBT =/participant_lnit=
=wigit=

=ace xminsxsi="hitp w3 orgf2001MLSchema-instance” xsinoMamespaceSchemalocation=". WhLiacc_hierarchical xsd"= il

Ready..

Figure 13. Viewing the acc.xml file in SAS XML Mapper (full view)

Since this hierarchy is several levels deep, it is a good idea to select the Condensed view tab in the XML Pane as
shown in Figure 14. This allows us to view the document metadata and get an understanding of the hierarchy. It even

shows us in the Condensed view tab how many times each element occurs.

XML Mapper ;IEIEI
File Tools Help
|2 g m|||v
ML accml | Proper‘tiesl E@ﬂL
] g FU"l Matne W
1) Descriptit,i

=[] study ¢1)

-] study_ID (1)

=-{,] participant (5)

J site_ID (5)

| participant_ID (5)
| participant_Init (5)
=[] visit (13)
#- =] collaction_date (13)
collection_time {13}
vigit_num (13)

i

WPath I
Eridl KPatfegin/End I |

[~ Retain

@
vm

Faady...

Figure 14. Viewing the acc.xml file in SAS XML Mapper (condensed view)
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STEP 2: DECIDE WHAT YOU WANT TO EXTRACT

Assume that we want to extract the data from the following elements into one dataset: study_ID, site_ID,
participant_ID, collection_date, collection_time, visit_num, barcode_ID_9, tube_type, and num_tubes. Further
assume that the new dataset will be called “acc” and will originate in the specimen element of the XML document. We
will therefore expect the dataset acc to have 16 observations.

STEP 3: USE SAS XML MAPPER TO CREATE THE MAP FILE

Since our dataset observations originate in the specimen element, we select and drag a specimen element from the
XML Pane into the XML Map Pane (Figure 15). The specimen element of the XML file becomes the name of the
TABLE element in the XML map (examine the XMLMap tab of the Source Pane).

loix
Fie Tooks Help
|2 = a8~
i ace zml I Praperties | 4 Formet | [2] condtion | €{} Enumeration | 55t orcinal | [B xiLMap Settings
@ Condensed T3 Ful | iame [specimen >
TleCworkshop/ws1 1 87<MLfacc xml = -
23] ace Descripion |
B Atiributes XPath Ifal:t:fs'tudwpamc\pam/\flsrlfspamman
=L,] study
H study_ID=AB101 End XPath I B |
=1 patticipant .
] site_ID=AC101 Liestin

% participant_ID=1

| participant_Init=MBT aE RN SX|
o vt os* . i
tollzction_dagB002-06-13
collecting $me=12:30:00

ol yisit Bum=0

=,]

barcode_|D_9=106001
tube_type=06 mil SST
specimen_type=whale blood -
] num tunes=1
=-,] specimen
- [] barcode_ID_g=108001
o] tube_type=07 ml EDTA
L [1 specimen_type=whale blood =

ay
XML SourcH XMU\@] SAS Code Examp\al g Vahdalal E] Lngl

-

=SXLEMAP version="1.2" name="SxXLEMAP">

specimen’s,

=TABLE-PATH syfal= A Path"=/acc/study/participantivisit'specimen=TABLE-PATH=

=ISKLEMAP=

Ready

Figure 15. Creating the table via drag and drop in SAS XML Mapper

In order to have the resulting dataset member name be acc, we now change the name of the TABLE element to acc
using the text box Name in the Properties tab of the XML Map Pane (see Figure 16).
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%> XML Mapper

_1ojx
Fle Took Help
|e|g |||
ML &ec il

-,
% Condensed 13 Full |

Properties | % Farmat | [2] Condition | €[} Enumeration | &5 Orainal | [ kMLMap Settings

— [
filesC workshopiws 1180MLUIace xml =
23] acc

Descrigtion |
£ e XPath [rmccrstuayparticipantvistispecinen
B[, ] study

H study_ID=AB101 oo ]
=] participant
=] site_ID=AC101 I~ Fietein
[] participant_ID=1
[% participant_Init=MBT

=H

BeginEnd =l

] collection_date=2002-06-13
B [] collection_fime=12:30:00
B [] visit_num=0
2l

| barcode_ID_9=106001
tube_type=04 ml 55T

specimen_ype=whole hlood
E [] num_fubes=1
[..] specimen

|
aw
XML source ) MLMap | [%] 545 Code Example | + vaidate | [£] Log |
G -

<k Generated by XML Mapper, 9.1.10.20031008.1123 —=
1

=SHLEMAP version="1.2" name="SXLEMAP">

al-

=TABMKE name="acc;
<TABLE—;Symax:"XF’a(h">/atclstudy/pamtlpanWlSlUspe:lmen<ITAELE—PATH>

=TABLE>

=ISKLEMAP>

Ready

Figure 16. Renaming the table to acc using the Properties tab of the XML Map Pane

Now it's time to drag and drop the elements and attributes that will be used to extract the data for the dataset’s
variables maintaining their desired order. Drag each element/attribute into the acc TABLE element of the XML Map

Pane (Figure 17). If the resulting list of columns is not in the correct order, right-click on the column name and select
Move up” or “Move Down” from the popup menu. The .map file is generated for you as you drag and drop.

< XML Mapper
File Tooks Help

=0l
ERER LR

|)(ML acc Xl

Praperties | % Format | [7] condtion | €[} Enumeration | 53 ardinal | B shLbtap Settings
% condensed 15 Ful |

Narie (dTS)
file:/C:hworkshophws1 1 9fMLIace xml =
[=] ?] ace Description |
2R T ¥Path [iaceistuctyparticipantivisitispecimenium_tubes
E|---[,] study
L] stutly_ID=AR101 En Pt |
=[] participant

Eegit/Encl 'I
site_ID=AC101 ™ Retain

patticipant_ID=1
paticipant_Init=MBET

3> SHLEMAP
= [, visit - ace
o] collection_sate=2002-08-13 .

. & study_D

I3 [] collection_time=12:30:00 * site_ID

I3 [] wisit_num=0 “ participant_ID

=15 ] specimen collection_date

H [] barcude_\D_Bﬂ?EUm collection_time
=] tune_type=0@mi 55T

wisit_nurm
i [] specimel ﬁpe:whulebluud harcode_ID_3

[,] specimen

Bl

Ay

WML sowrce () xMLMap | [#] 545 code Examplel 4 Validmal El Logl
&

<LENGTH=3=/LENGTH=
=ICOLUMMN=

<COLUMN na

=PATH syntax="xXPath"=lacc/studyipatticipantvisittspecimeninum_tubes<iPATH=
=TYPE=numeric=TYPE>

=DATATYPE=integer</DATATYPE=
=ICOLUMMN=

<TABLE=

<ISHLEMAP=

Ready

Kl

Figure 17. Dragging elements that will map to SAS variables to the XML Map Pane

If you look carefully as you drag and drop, you will observe that the XML Mapper application automatically sets the
retain= attribute of a COLUMN element, if necessary. For example, the study ID COLUMN originates in an XML
element that is an ancestor of the specimen element used as the basis of the TABLE. XML Mapper automatically
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checks the Retain box in the Properties tab, thereby setting the retain attribute of the study_ID COLUMN to “YES”
for the generated map file, as in Figure 18, below.

_igix

File Tools Help

g e aa|v
ML ace i | PTDDEH\Esl Byl Formatl 71 Condmonl f} Enumerat\onl Eordmall [ ¥MLMap Semngsl
4 Condenssd 13 Ful | Name Istudy_\D
filehworkshopiws 11900 acc xml =
[EN ] ace Description I
-8 Attibutes KPath [iaccstuaysstuay 1o
B {,] study
{] study_ID=AB101 End KPath | Begin/End |
=1+, ] participant
] site_ID=ac101 [ retan
|| participant D=1
~[o| participant_Init=MET ¥ SHLEMAP
=[] wisit = ace
'] collection_date=2002-06-13 -
| collection_time=12:30:00 site_ID
| visit_nums=0 participant_ID
-L.] specimen ] F collection_date
[ barcode_ID_9=106001 collection_time
| fube_type=08 ml 95T wisit_nurm
] specimen_type=whole blood ﬁ harcode_ID_9
- i B tuhe_type
[,] specimen = I num_tubes
-~
WML source 1) X6 | (€] sas Code Example |+ vaiiate | [] Loa |
=TABLE-PATH syntax="xPath"=lacc/study/paricipantvisitispecimen=MABLE-PATH= LI

=COLUNMPM name="stud@l
<PATH syntax="xPath"=aCC.
<TYPE=character</TYPE=
<DATATYPE=string=<iDATATYFPE=
<LENGTH=5=LENGTH=
<COLUNN=

=COLUMMN name="site_ID" retain="YES">
=PATH syntax="x¥Path"=facc/studyiparticipant/site_ID=/PATH=
=TWPE=character=TYPE=
<DATATYPE=string=iDATATYPE= LI

Reacy.

Figure 18. SAS XML Mapper anticipates when certain element values are to be retained

We are almost done with the mapping process. But we need to examine the selections for Type, Datatype, Format
and Informat values for every COLUMN in the XML Map to ensure that they are what we want. We do that using the
Format tab of the XML Map Pane. The XML Mapper application does a great job at guessing the desired formats for
every column. For example, the collection_date column is automatically associated with a Datatype “date” and a
Format “IS8601DA10.” which is equivalent to YYYY-MM-DD. See Figure 19 for an illustration.
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XML Mapper - |EI ll

File Tools Help

|e et @ || v

[10L: acexml | Prupedie@ﬂ condtion | &{} Enumeration | F5} oretinal | B xMLMap Settings
% condensed | P2 | Typs  Jumeri et [ 0
%Ei A‘n}ributes m | Denatype@ =]
@ [ [suidilf;;_m 13 Mame Wicth MDec

Format (Jiseeniontn ) =l oo i NEw...
Informat  [1566010A10 2l T 0 Clear

2 SXLEMAP

=-E ace

1 study 1D
site_ID

H participant 1D

<]

[+] collection_date (13)
[ 2002-06-13
] 2002-06-22
[T] 2002-06-24
[ z002-06-26
] 2002-06-28
2] 2002-07-01 .
] 2002-07-02
[T 2002-07-07

- [] 2002-07-01 El

e VN T

barcode_ID_9
? tube_type
B num_tubes

F A 4
ML source 191 XMLMap | (%] 545 Corle Example | ' validete | [£] Log |

<COLUMMN narne="collection_date" retain="YES">
=PATH syntax="XPath"=/acc/study/paricipantivisiticollection_date</PATH=
=TYPE=numeric=TYPE=

<DATATYPF\T [{PE>
<FORMAT widih= DOF!MAT>
<INFORMAT witth="1 "=TSEB0T DA=/INFORMAT= J
<JCOLUMN=

=COLUMN name="collection_time" retain="YES"=

=PATH syntax="XPath"=laccistudy/paricipantivisittcollection_time</PATH=
<TYPE=numeric<TYPE=

=DATATYPE=time=<IDATATYPE=

=
R A T e A I e ol S 10 A4 TR A T A T _I

Feady...

Figure 19. Checking SAS XML Mapper default format and data type selections for the collection_date variable

STEPS 4-5: CREATING AND SUBMITTING THE SAS CODE

As in Exercise #5, in order for the map validation process to work properly we must change the name of the of the
SXLEMAP element. The XML Map Pane and Source Pane are updated automatically. We can now save the XML
Map file using the Save XMLMap As... item in the File menu, naming the file accmap.map. After saving the XML Map
file, the SAS Code Example tab in the Source Pane will contain the correct file names (Figure 14). We simply save

that code and bring it into a SAS session to execute it. The resulting PROC CONTENTS is displayed following Figure
20.

XML Mapper - | Ellll
File Tools Help
| #@|m|v
AV

WL saurce | 1 s (%] 545 Code Example | o viidste | ] Log|
=
4

* Generated by XL Mapper, 9.1.10.20031105.1146

I3
* ENVIROMNMENT

*

filename ace'Clworkshopiws119MLIECe xml';

filename SHLEMAP 'Clworkshopiws1193bLacemap.map’;
lihname ace xmlxmimap=SXLEMAP access=READONLY;

I
* CATALOG

K)

proc datasets lin=acc; run;

i
* SAMPLE USAGE
M

proc contents data=acc.ace varnum; run;
proc print data=acc.acc{obs=30; run; LI

Ready...
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Figure 20. The SAS program generated by XML Mapper that references the map file

Data Set Name ACC.ACC Observations .

Member Type DATA Variables 9

Engine XML Indexes 0

Created . Observation Length 0

Last Modified . Deleted Observations 0

Protection Compressed NO

Data Set Type Sorted NO

Label

Data Representation Default

Encoding Default

Variables in Creation Order
# Variable Type Len Format Informat Label
1 study ID Char 5 $5. $5. study ID
2 site ID Char 5 $5. $5. site ID
3 participant ID Num 8 F8. F8. participant ID
4 collection date Num 8 IS8601DA10. IS8601DA10. collection date
5 collection time Num 8 IS8601TM16.6 IS8601TM16.6 collection time
6 visit num Num 8 F8. F8. visit num
7 barcode ID 9 Num 8 F8. F8. barcode ID 9
8 tube type Char 9 S11. S11. tube type
9 num_ tubes Num 8 F8. F8. num_ tubes
CONCLUSIONS

This workshop has presented the basic processes for reading and writing XML data to and from SAS. SAS offers
several ways to handle XML files depending on the structure of the XML data. If the data comes in a rectangular
format, XML libname can process it directly. If the XML data has a complex hierarchical structure, you will need to
create a map to inform SAS which elements you wish to extract and point to their location in the hierarchy of the
source XML document. The new production-version XML Mapper tool, provided as a stand-alone application in SAS
9.1, greatly simplifies this process.

The files discussed in this paper will be available for download after the conference from the following URL:

http://www.mgcdata.com/presentations/XMLhandson910.zip
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