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ABSTRACT

Are data outputs just for end-user viewing and analyzing or are outputs able to do more? One of my sore
points in a business environment is that SAS is a diverse platform of data inputs, throughput, and outputs.
As SAS users, analysts, and programmers, the community tends output data in spreadsheets, databases,
infographics, or a visual analytics platform. As SAS users, we can provide more value to our
organizations with creating processes that feed other platforms with the organization’s vital data as well
as provide world class data delivery.

Excel, JSON, XMLs have their benefits and drawbacks in delivering data or creating products through the
data output. | will elaborate more on XMLs (one of my favorite ways to deliver data) by using XSLs
(stylesheets) and PROC XSL and SAS XML Mapper that transforms row level XML SAS output and
transforms it into a universal data format that platforms can ingest to make SAS the main hub of your data
ecosystem.

INTRODUCTION

SAS is widely known for statistical analysis and data visualization. SAS’s ability to read from various data
sources, manipulate, calculate, process complex data, and curate output for decision making is a core
competency of why most sponsors of SAS software elect this platform over similar software. A lesser-
known role of SAS is to make it the hub of data processing center that interacts with other software to
complete a product or supply data and information to enhance other platforms in your organization. The
data structures and techniques in this paper will demonstrate how SAS’ platform can be the center of
getting the best out of other software used and make it the main point of your data centric organization.

Data is all around us. With portable devices connected to the Internet, our modern world has access to
data that previous generations did not. With a couple of screen touches from our phone, tablet, or
computer, we can view or download data in seconds. How does SAS fit in by curating the data of their
world class data processing platform?

THE WORLD OF DATA INPUTS AND OUTPUTS
SAS PLATFORM ADVANTAGE

The standard for data sources in organizations is DBMS (Oracle, Netezza, DB2). Data is curated,
maintained, and loaded by intricate systems and usually different levels of access. Most analysis is
completed by production replicates or through a data mart rather than a production database. For
production processes, organizations do let programmers have access to the production database in a
read-only function. Although not unheard of, it’s rare that a single program has access to write or update
a production database.

By using SAS, it gives the ‘best of both worlds’ scenario where you can use the pass-through facility or
use CAS (SAS Viya) to connect to your validated data source. In addition, with SAS pass-through, SAS
can initiate platform packages or procedures in-database to complete processes or tasks that are
normally done natively within the platform . SAS also gives the opportunity for other data platform
programmers to code in the nuances of the platform language.

DATA INPUTS AND OUTPUTS

SAS offers the ‘datalines’ option to load data into SAS and is great for dealing with a small amount of data
or customizing data to test out a program or a model. However, datalines is not an efficient way to input
large datasets for analysis due to the nature and amount of typing that would be prone to typos or missing



data. The least complex way to ingest data other than a database is through a ‘flat’ format like a .csv or
xt file.

CSV AND TXT FILES

The advantage of using a .csv or .txt file is that you do not need any type of special software. With these
file types, you can something as simple as a Notepad or MS Office standard Excel software. The data is
straightforward, and you can store as much data in this file if system limits (disk space and memory) are
allowed.

The disadvantage of using .csv or .txt formats is that the data is very one dimensional. The file will have
to repeat rows if you are introducing arrays or if you are looking to represent multi-dimensional data for
consumption and additional work will need to be completed. This type of local data is prone to user error
and could cause issues once you ingest the data. For example, if you are dealing with a 16-digit
numerical value or leading zeroes, you’ll have to know that information before-hand or the data could
cause you issues down the line of your code or process.

For inputting or exporting there are a couple of options. If you are using SAS Studio or any version of
SAS Enterprise Guide, you can use the import option or export option and send it to any location on the
user interface. With Enterprise Guide, you can also create an export as a step in the process to control
data flow management. One of the limitations of this process is that you must always run the data as a
project and are limited to a Windows based system where you can schedule your Enterprise Guide

If you want to add code within your program and have it not managed by Enterprise Guide, you can add a
proc import step.

PROC IMPORT DATAFILE="mydrive:\proc_demo\demo.xlsx"
DBMS=EXCELCS
OUT=WORK.SASINVOICES REPLACE;
SHEET="Invoice"';

RUN;

The PROC IMPORT allows you ingest your data but does have limitations. The example above is for a
Windows based system. In a Windows based system, you can import XLS(x) files and CSV files from a
Windows location without any issue. If your SAS platform is Linux based, PCFILES server will be needed
to complete an import from a Windows based location. If the file is on a Windows based system and you
are on a Linux based platform, you are limited to what type of files you can import. One of the limits is
importing a .csv file using this method. For Linux users, PCFILES server is a requirement for the platform
to translate MS suite of products if the import and export occurs on the same system.

PROC EXPORT DATA=WORK.SASINVOICES
OUTFILE="mydrive:\PROC_demo\demo2.x1lsb'
DBMS=EXCELCS REPLACE;
SHEET='YourInvoices';
RUN;
The PROC EXPORT sends the file to either a Windows location or Linux based on what type of system
your platform is on. The PROCEXPORT is a great tool for data reconciliation, viewing of data for

business users to review, or keeping records of processes. The use of Excel files in an XLS(*) format is a
finality of the process where other platforms would not pick up this file to create other content.
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File Edit Format View Help

Make,Model, Type,Origin,DriveTrain,MSRP,Invoice,EngineSize,Cylinders,Horsepower,MPG_City,MPG_Highway,Weight,Whee
Acura,™ MDX",SUV,Asia,All,"$36,945","$33,337",3.5,6,265,17,23,4451,186,189

Acura,” RSX Type S 2dr",Sedan,Asia,Front,”$23,828","$21,761",2,4,200,24,31,2778,101,172

Acura,” TSX 4dr",Sedan,Asia,Front,"$26,990","$24,647",2.4,4,260,22,29,3230,105,183

Acura,” TL 4dr",Sedan,Asia,Front,”$33,195","$38,299",3.2,6,276,26,28,3575,168,186

Acura,” 3.5 RL 4dr",Sedan,Asia,Front,"$43,755","$39,014",3.5,6,225,18,24,3880,115,197

Acura,” 3.5 RL w/Mavigation 4dr",Sedan,Asia,Front,"$46,160","%41,108",3.5,6,225,18,24,3893,115,197
Acura,” NSX coupe 2dr manual $",Sports,Asia,Rear,”$89,765","$79,978",3.2,6,298,17,24,3153,106,174
Audi,” A4 1.8T 4dr",Sedan,Europe,Front,"$25,940","$23,588",1.8,4,178,22,31,3252,104,179

Audi,™ A41.8T convertible 2dr",Sedan,Europe,Front,”$35,948","$32,586",1.8,4,1798,23,30,3638,185,180

Audi,” A4 3.8 4dr",Sedan,Europe,Front,"$31,848","$28,846",3,6,220,20,28,3462,104,179

Audi,” A4 3.8 Quattro 4dr manual”,Sedan,Europe,All,"$33,430","$38,366",3,6,220,17,26,3583,104,179
Audi,” A4 3.8 Quattro 4dr auto”,Sedan,Europe,All,"$34,488","$31,388",3,6,226,18,25,3627,104,179

Audi,” A6 3.0 Adr",Sedan,Europe,Front,"$36,648","$33,129",3,6,22@,20,27,3561,109,192

Audi,” A6 3.8 Quattro 4dr",Sedan,Europe,All,"$39,648","$35,992",3,6,220,18,25,3880,109,192

Audi,” A 3.8 convertible 2dr",Sedan,Europe,Front,”$42,490","$38,325",3,6,220,20,27,3814,165,180
Audi,” A4 3.8 Quattro convertible 2dr",Sedan,Europe,All,"$44,2408","$40,075",3,6,228,18,25,4013,1085,18@
Audi,” A6 2.7 Turbo Quattro 4dr",Sedan,Europe,All,"$42,840","$38,846",2.7,6,250,18,25,3836,109,192

Audi,” A6 4.2 Quattro 4dr",Sedan,Europe,All,"$49,690","$44,936",4.2,8,300,17,24,4624,109,193

AunAdd "™ A2 | Nusddns Adn" Cadae Tosmena AT "€220 100" "dEA 74" A 2 8 2130 17 234 AT00 1731 344

Display 1. Example of what a CSV File looks like on Notepad.

MJ cars_tet_example - Notepad
File Edit Format VYiew Help
hake Model Type Origin DriveTrain MSRP Invoice EngineSize Cylinders Horsepower MPG_City MPG_Highway Wei
Acura " MDX" SUV Asia All $36,945 $33,337 3.5 6 265 17 23 4451 186 189
Acura " RSX Type S 2dr" Sedan Asia Front $23,820 $21,761 2 4 208 24 31 2778 181 172
Acura " TSX 4dr" Sedan Asia Front $26,998 $24,647 2.4 4 208 22 29 3238 185 183
Acura " TL 4dr" Sedan Asia Front $33,195 $38,299 3.2 6 278 28 28 3575 188 186
Acura " 3.5 RL 4dr" Sedan Asia Front $43,755 $39,@014 3.5 6 225 18 24 3880 115 197
Acura " 3.5 RL w/Navigation 4dr™ Sedan Asia Front $46,100 $41,1688 3.5 6 225 18 24 3893 115 197
Acura " NSX coupe 2dr manual 5" Sports Asia Rear $89,765 $79,978 3.2 6 2990 17 24 3153 186 174
Audi " A4 1.8T 4dr" Sedan Europe Front $25,948 $23,588 1.8 4 178 22 31 3252 184 179
Audi " A41.8T convertible 2dr" Sedan Europe Front $35,948 $32,506 1.8 4 170 23 30 3638 185 186

Audi " A4 3.8 4dr" Sedan Europe Front $31,848 $28,846 3 6 228 28 28 3462 184 179

Audi " A4 3.8 Quattro 4dr manual” Sedan Europe All $33,4308 %$30,366 3 6 228 17 26 3583 14 179
Audi " A4 3.8 Quattro 4dr auto" Sedan Europe All $34,488 $31,388 3 6 228 18 25 3627 184 179

Audi " A6 3.8 4dr" Sedan Europe Front $36,640 $33,129 3 6 228 28 27 3561 189 192

Audi " A6 3.8 Quattro 4dr" Sedan Europe All $39,648 $35,992 3 6 228 18 25 3880 109 192

Audi " A4 3.8 convertible 2dr" Sedan Europe Front $42,498 $38,325 3 6 220 28 27 3814 185 188

Audi ™ A4 3.8 Quattro convertible 2dr" Sedan Europe All $44,248 $4@,875 3 6 220 18 25 4813 165 180
Audi " A6 2.7 Turbo Quattro 4dr” Sedan Europe All $42,848 $38,848 2.7 6 258 18 25 3836 189 192

Display 2. Example of a .txt file on Notepad

JSON files

JSON files are human readable, very portable, easy to parse and has advantages of quick data transfers.
Almost all systems use JSON in some manner in processing data. JSON can be complex with arrays,
name value pairs and lists of values. JSON is the standard format for APIs in the exchange of data. In
an API, you can control the information that is returned in the API call, but almost always the content you
receive back is in a JSON format. By using the FILENAME statement, you can review and curate the
JSON data from your API process.



As a programmer, you always want to maximize your time coding or completing processes, and APls are
a good way to efficiently program. Most enterprises with robust IT departments have APIs already built
for pricing, location data, or can be used to update other programs like CRMs.

How SAS creates the JSON File:

proc json out="~

5 json example.jso retty nosastags;
J [ J P Y -
export sashelp.cars;

Display 3. Example of JSON Output



proc json out=
write values

write open array;
write
write v

write
write

write values “membeent™;
write open array;

write -

write va

write
write

write v

write

write

write values "dr de’ c&i. S*NDC CODE*/

Display 4. Example of creating a JSON file for APl POST call

jsonfile.json’;

Display 5. Example of how a JSON File is used in PROC HTTP

The above example is using a macro loop to create a JSON file to use in PROC HTTP to retrieve drug
pricing data. Using JSON is this method can be enhanced by SAS as you can use API data retrieved and
use it in your workspace with other data and procedures.

To ingest JSON data, at times you might need to create a map. The map is constructed with the
hierarchy of ‘DATASETS’, DSNNAME, TABLEPATH, and the variables. The variables



XML

XML in SAS is not used as much as other data files. XML is robust, can contain data or instructions for a
wide variety of platforms. XML is my preferred method to send data due to

XML does use the XMLV2 engine to import and export data in an XML format. However, the data is row
level. To have grouped or arrayed data, an XLST is necessary. Also, for complex XML data structures
require a map.

Using the SAS XML Mapper

The SAS XML Mapper is convenient to use and will read in an XSD (XML Schema Definition) to map the
XML. The XML mapper helps read how a file is structured for importing and reading an XML. For
creating complex XMLs, there is not an easy and simplified way to construct the XML without mapping.

E3) SAS XML Mapper

File Tools Help
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Display 6. Example of SAS XML Mapper Interface

Once you do map your XML or XSD, you can export a map to a location that your SAS Program can
access. For example, the example below demonstrates how to import or read the data once a map has
been created.

filename nhl 'c:\example\nhl.xml'; /**/
filename map 'c:\example\nhl.map'; /**/

libname nhl xmlv2 xmlmap=map; /**/
proc print data=nhl.teams; /**/
run;

Display 7. PROC PRINT with XML Mapper Example

To have the most control of your XML output, the creation of an XSLT (Extensible Stylesheet Language)
can put more control over your structure, arrays, and data output. In the example below, the XSL is
matching the structure that will be in the corresponding row level data XML and the controlling variable is
the “MEMBER” variable that will create the array if needed and not include any non-necessary duplicate
information from your corresponding XML.



8" encoding="UTF-8" indent="

xsl:strip-space elements

:template match="/">

<HEADER1 >
rxs1:for
<HEA

:value-of
value

|<?¥xml version="1.8
<TABLE>

encoding="1

Display 9. Example of SAS Row-Level XML output

The grouping will be on the member level, so if there is repeating data within row-level XML, the XSL
Style sheet will create an array based on the data of the controlling member information.

In the example, the resulting XML will replace the tag names from “MEM” to VAR1.
To transform your XML, SAS uses PROC XSL

proc xsl
in='C:\XmlInput.xml'

xsl='C:\XslTransform.xsl'
out="C:\XmlOutput.xml"';
run;

Display 10. PROC XSL example

PROC XSL is a simple, 3-line code the transforms the data. The major downside to the XSL process is
that the process is difficult to troubleshoot. Unlike a SAS log, the error that could be present within the
stylesheet is not that obvious and requires painstaking troubleshooting. There is limited documentation on
the subject for SAS, but information can be found based on the Saxon processor. The upside with the



XSL processor is that the XML is transformed automatically within the requirements for an XML
document.

PLATFORM INTEGRATION

With the number of types of files that you can use (.CSV, .TXT, JSON, XML), which one is the best format
to use? How do | integrate with other platforms? The answer to that question is dependent on what
works best for the platform you are integrating with. Platforms that are data dependent usually work with
all the types of files that we reviewed.

Although CSV and TXT files are viable files to integrate with a data program and it can meet the needs of
a simple process, the files are one-dimensional and would require some data manipulation on the other
platform’s ingestion process. CSV, TXT, and Excel files do have a place in reporting, data validation, and
logging of data at the end of the process.

JSON is a great option for integration with other platforms, especially web-based applications. JSON is a
fluid structure that can be simple-to-complex and handle all your data needs. One of the restrictions is
the data transfer that can be influenced by the size of the file. JSON is valuable to learn and understand
as data programming is incorporating a lot more APlIs into data processing. JSON

XML is probably one of the older, more reliable types of files. The structure is usually the standard in the
transfer of data in platforms. In my experience, | have used XMLs to transmit data to credit reporting
agencies, communication platform integration (also to mail houses), and learning how to adjust variables
within programs like SAS VA.

% ich o [

JSON Oracle instance

I |

Gsas

- A
2

XML Web Service

. v
Pmce: or d"ﬂ:erem bk
Custom Process

Display 11. Example of SAS Output for other products




HOW TO GET FILES TO THE OTHER PLATFORM

As in the decision where the type of file that is consumed by the platform the data is integrating with, file
deliver is also dependent on the platform. If you are using SAS on Windows, an overwhelming number of
programs run off Windows and you can leave the file in a network drive where the other program can pick
up and ingest the file. On Linux based platforms, the data delivery may seem a little more difficult, but is
better for delivery. SAS on Linux is a SFTP by nature and can integrate with other platforms with FTP or
SFTP directly to the other platform or external vendor.

BENEFIT OF FILE GENERATION

A common question is, “Why go through all the trouble?”. The answer is it always depends on your
organization. From a development standpoint, the benefit is owning program control of your data, code,
and limits the involvement of other programs that will need the data to run their process. As you limit If
you can control your data inputs, throughputs, and outputs in the organization, you limit the number of
handshakes in your data process and the data you curate has more context than sending it to another
department. Familiarity with the data can enhance data accuracy, troubleshooting, and changes to the
process. Also, there will always be breakdowns in the process for various reasons and there will be
changes and updates based on your organization. By making SAS the hub of your data ecosystem, you
can research, debug, or find the root cause of the issue faster than a different department is trying to
figure out what happened. Changes can be implemented faster and more accurately than assigning a
ticket or waiting for prioritized workload of your IT department.

CONCLUSION

When looking for a solution for creating a data ecosystem, there is not a one size fits all approach. The
first step is the evaluation of the program or process to achieve the goal of the organization. Another step
of the evaluation is determining what resources you have available to trigger or integrate the process.
Each of the different files contributes one thing over to the process. For your data inputs, DBMS or local
files can control your inputs into SAS. The DBMS, like Oracle usually goes through a stringent data
process from the IT department and in practice has the “cleanest” data.

In any program or process, SAS would be the main candidate for the hub of a data ecosystem with
processing, macros, procedures, and calculations. Once that processing is done, you can determine if
your outputs will be sent to an FTP for another program to pick up or in a file share location. Whatever
the need is and no matter how the files are ingested or output, SAS is the center of the making the
process successful. For maintenance and adding new products, SAS offers scalability and decreases
your time to make updates to your code and process.
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