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ABSTRACT

Iconic Betty Boop in the 1930s cartoon Boop Oop A Doop tamed a lion. Nowadays,

SAS® has tamed the elephant, the yellow Apache Hadoop one, and this paper shows you
how it is done! Some Hadoop elephants live on land and others in clouds, and with the right
SAS tools, you can sneak up really close to tame that data of yours! This paper is your
easy-to-read SAS on Hadoop jungle survival guide that explains Hadoop tools for SAS®9
and SAS® Viya®, the main Hadoop landscapes, and good practices to access and turn your
Hadoop data into top-notch quality information. It is showtime with SAS on Hadoop!

INTRODUCTION

This paper is for beginners! Taming Hadoop elephants can be a challenge, but if you use a
SAS application that suits your user profile and business requirements, you should end up
with a docile elephant and a smooth ride!

This is a tale of three SAS applications! It is about SAS® Data Loader for Hadoop, SAS®
Data Integration Studio and SAS® Data Preparation, each with unique benefits, target
groups and purpose when Hadoop data is in play. There is a natural flow of data between
the three SAS applications, blending SAS 9 and SAS Viya into one SAS platform, and this
paper shows you how to accomplish this.
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Figure 1. The tale of three SAS applications in a nutshell.

For each SAS application, there is a well-defined use case, and there is a natural flow
between them. In short, it is all about removing data quality issues, calculating columns,
combining data in Hive on Hadoop, and loading the results into memory for last-mile data
preparation before analytics. The demo data contains customer contact information, where
one of the tables contains existing Danish customers and the other table contains new
Danish customers. Both tables have real data quality issues.
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Figure 2. Overview of data flow.

The architecture for the use cases contains the SAS platform, with SAS 9 and SAS Viya
providing a solid foundation for the end-to-end data and analytics life cycle, benefitting
many types of users and business purposes.
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Figure 3. Architecture of the SAS platform with the three SAS applications in play.

SAS supports primarily these Hadoop distributions, but there is a variation of the support of
SAS components for each distribution and SAS version that you can read more about in the




documentation (links at the end): Cloudera, Hortonworks, MapR, Amazon EMR and Microsoft
Azure HDInsight.

RIDING THE HADOOP ELEPHANT WITH SAS DATA LOADER FOR
HADOOP

It is an uncomplicated and easy ride using SAS Data Loader for Hadoop, and this use case
shows you how it is done!

USE CASE

Your data lake contains contact information for customers in many countries. As a data
steward, you have noted that especially names, addresses, postal codes and cities for
Danish customers need to be standardized. The original contact information resides in SAS
tables on the Linux server, and it also is your job to ensure that they are copied to the lake
prior to standardization.

SAS DATA LOADER FOR HADOOP - THE ULTIMATE SAS RIDE DIRECTLY IN
THE LAKE

This use case focuses on SAS Data Loader for Hadoop, a self-service web application that
helps you perform data quality and data manipulation tasks for Hive Hadoop data. These
tasks are called directives that contain point-and-click menus, and some directives provide
an array of transformations.

SAS " Data Loader
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Display 1. The SAS Data Loader for Hadoop main page when you have logged on.



What I especially like about SAS Data Loader for Hadoop is that it is an application
dedicated to executing your work as efficiently as possible in Hadoop. Once your data is in
Hadoop, and if you stick to the directives where the underlying code is generated by the
application, you can relax because your data is processed in the lake and not in SAS. Data
movement is something you want to avoid as much as possible! If you use the directive
where you create your own custom SQL code, you need more than minimal Hadoop
knowledge to avoid your data being dredged out of the lake and into SAS for processing.
You can read more about this in the next section on SAS Data Integration Studio.

YOUR ELEPHANT RIDING PROFILE

You are an analyst, business user, data steward or anyone else who needs to access and
process data in Hadoop in an easy manner. Your knowledge of the inner workings of
Hadoop, HiveQL and SAS can be very limited, but that doesn’t matter because the SAS Data
Loader for Hadoop web application is a very user-friendly one.

YOUR ELEPHANT RIDING ACCESSORIES

SAS Data Loader for Hadoop supports in-database processing, which means that SAS
processing is moved to the data source. For this to happen, SAS software is deployed to
each node in the Hadoop cluster. These SAS components are deployed to the Hadoop
nodes.

Component Details

SAS Quality Knowledge Base This is important because it contains the standardization
for Contact Information. definition used in this use case. There are also definitions
for gender analysis, personal data discovery, fuzzy
matching and loads of other content. You can even
customize the knowledge base by adding logic to quality
assure car makes and parts, medical diagnoses, drug
and telco products and many other areas, benefitting
users in any SAS application that supports data quality.

SAS® Data Quality Accelerator | This runs your data quality logic in Hadoop.
for Hadoop.

SAS® In-Database Code This runs SAS Data Loader’s SAS programs in Hadoop.
Accelerator for Hadoop.

SAS/ACCESS® Interface to This allows you to connect to Hadoop.

Hadoop.

Table 1. SAS Data Loader for Hadoop software components.
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Figure 4. Architecture for SAS Data Loader for Hadoop.

MASTERING THE HADOOP ELEPHANT
Here are the overall steps that I took to solve my use case:

1. I used the Copy Data to Hadoop directive to copy to Hadoop the table
DANISH_CUSTOMERS1 residing in the SAS library sasdemo_data on the Linux server.
The destination for the target table is the default Hive schema that I have access to. I
saved the directive so that I can rerun it when necessary.

sas®

Display 2. Summary after copying data to Hadoop.

*Data Loader

Copy danish_customersl to Hadoop

I savens..

« BacktoDirectives [ Save

SOURCE TABLE
FILTER ROWS  Aff rows
COLUMNS  Aff cofumins
OPTIONS  This step s nof applicable for the selected inputs
TARGET TABLE  defauit | danish_customarsi
CODE  (geitersted cods)

@ RESULT  Succesfully copied data

Started January B, 2015 at 311453 PM Eastern Standard Tirme
Cornpleted January B 2018 5t 311511 PM Eastern Standard Tirne

FA View Resultz  [£] Log [ Code

SAS Libiarias [ sasdemo_data | DANISH CUSTOMERST




2. I followed the same process for the DANISH_CUSTOMERS?2 table.

By the way, your Hadoop administrator is the one who provides you with the appropriate
authorization to work with Hive schemas in your organization and your SAS administrator
sets up libraries to your SAS tables and other data sources. You set up your own
preferences for your run-time environment using Apache Spark or MapReduce. In my
environment, Apache Spark is the preferred run-time environment because in-memory
processing is usually much faster.

3. I used the Cleanse Data directive and the Standardize transformation to cleanse names,
addresses, postal codes and cities for each Danish customer table. Because the column
values are written in Danish, I used the Danish (Denmark) locale when standardizing. If
the values had been written in American English, I would have used the US locale. For
Danish postal codes, standardization means turning all deviating occurrences that are
not just 4 digits into a 4-digit postal code (standard for Denmark). For example, a value,
DK-7000, is transformed into 7000.

I would also modify the standard length of new columns (for example, ensuring that the
new postal code column was defined with a length of 4 characters and not 255).
Modifying column attributes is beyond the scope here.

Standardize Danish customersl

« BacktoDirectives | Save [ 3 Settings...

SDURCE TABLE  defBut [ danizf_custemarsi

STAMDARDIZE DATA  name_stardardized, address_standardized, postalcods_standardized, city_standardized

Select the columns you want to standardize, the definition you want to apply and enter 2 name for the new column.

1 Return to Transformations

Locale
Danish (Denmark) &9 Select a different locale

Caolurnn: Definition: Mew Colurnn Marne! Character Limnit:
A name - || Name » | name_standardized 55 b
£ address - || Address * | |address_standardized 256 x
&postalcode = || Postal Code * | postaleode_standardized 256 xX
£ city - || City * | |eity_standardized 256 x
=+ Add Column

Next

TARGETTABLE  default [ danish_customeisi_std

@ RESULT  Succsssfully transformed data

Display 3. Selections made in the Standardize transformation.



RESULTS

Notice in the table below the results after standardization. For each row, the value before
standardization is boxed in red while the value after standardization is boxed in green. For
example, in the first visible row, the dot after P in the name has been removed.
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Output 1. Output showing before and after standardization.
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I also noticed in my data that I had other data quality issues. There appears to be more
than one record for certain persons or organizations, and names of persons and
organizations are jumbled together. To solve these issues, I would need to do fuzzy
matching of values, set up rules to cluster records and then set up another set of survival
rules to create the golden record. Alongside this, I would split the nhame column into two,
with one containing individuals and the other containing organizations. It is of course
possible for you to do all of this and more in SAS Data Loader for Hadoop! These tasks are

beyond the scope of this paper.
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Output 2. Records that appear to be the same person or organization.

Because my directives are also going to be run by ETL developers working in SAS Data
Integration Studio (see next section), I used the Chain Directive to chain my directives into
logical flows. I chained the saved directives that involved DANISH_CUSTOMERSL1 in one
chain and the saved directives for DANISH_CUSTOMERS?2 in another chain. It is also

possible to decide to chain directives to run in sequence or in parallel.
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Display 4. Overview of directives chained together.

TAMING THE HADOOP ELEPHANT WITH SAS DATA INTEGRATION
STUDIO

Understanding the elephant and its blusterous behavior helps you tame it when using SAS
Data Integration Studio. This use case shows you how it is done!

USE CASE

You want to integrate the previously created SAS Data Loader for Hadoop chained directives
into a SAS Data Integration Studio job to make it a part of your ETL flow.

You also want to use the SQL transformations in SAS Data Integration Studio to access and
manage Hive Hadoop tables, working very consciously to ensure that you push as much
processing as possible down to Hadoop for maximum performance. Your tasks for this use
case involve removing duplicate rows and keys, combining tables and calculating columns
using functions. In fact, you want to build a SAS Data Integration Studio job that resembles
the one here:
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m CUSTOMERSZ... | Create Table &) SN L | Proc soit with A E— m—

dupk Mewks
Remove duplicate nodupkey on Mewkey

rows and add Mewkey

Options sastrace=',, sd'
sastraceloc=saslog nostsuffix ;
options
sql_ip_trace=(NOTE,SOURCE);

Display 5. SAS Data Integration Studio job solution.

SAS DATA INTEGRATION STUDIO IS FOR ELEPHANT HABITATS AND OTHER
HABITATS

SAS Data Integration Studio is a sophisticated, professional visual design tool that you use
to build, implement and manage data integration processes regardless of data sources,
applications, or platforms.

In these privacy focused times, SAS Data Integration Studio is the perfect choice to build
warehouses and marts due to its 100% metadata awareness, allowing high trackability for
data flowing in and out of Hadoop and other data sources and providing lineage for the
complete data life cycle.

SAS Data Integration Studio contains pre-built Hadoop transformations where you can pass
through native HiveQL and write Pig, Map Reduce and HDFS commands, all of which require
that you know the syntax. It also contains other transformations based on the SAS DATA
step, SQL and other SAS procedures, the syntax of which you are most likely familiar with.

( [

Uiy Data Loader Directive
¥ Hadoop Container

é‘ Hadoop File Reader
%9 Hadoop File Writer

&l Hive

& Map Reduce

Pig

%4 Transfer From Hadoop
(&) Transfer To Hadoop

Display 6. Overview of Hadoop transformations.

YOUR ELEPHANT TAMER PROFILE

Your job is to build data warehouses and data marts for reporting and analytics in batch.
You are an ETL developer, data engineer or in a similar job, and you are very familiar with
databases and SQL processing. You also have sufficient Hadoop knowledge to avoid getting
snagged in SAS Data Integration Studio jobs involving Hadoop data.

YOUR ELEPHANT TAMING ACCESSORIES



To solve this use case without the first part involving SAS Data Loader for Hadoop, your
minimum SAS software package contains SAS Data Integration Server and SAS/ACCESS®
Interface to Hadoop.
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Figure 5. Depicting a SAS Data Integration architecture.

By the way, to get started, you are dependent on your SAS administrator configuring the
SAS server so that there is a connection to the Hadoop server. You are also dependent on
your Hadoop administrator providing you with the means to authenticate to the Hadoop
server and with the proper authorizations to the Hadoop data locations, meeting your
organization’s stringent security requirements.

MASTERING THE HADOOP ELEPHANT

Mastering the Hadoop elephant involves certain sneaky tricks to track elephants and to
avoid unintentional and interim lake draining.

A sneaky trick to know exactly how to behave in the vicinity of elephants

Do you know if you are staying put in the lake, frolicking with Hadoop elephants, or if you
are unintentionally spending loads of effort dredging content out of the lake? To figure this
out, you can add tracing options to your jobs when developing them. Some transformations
include options for tracing while, for others, you can turn on SASTRACE in an OPTIONS
statement in a job’s pre-code. Once tracing is turned on, you consult the log to determine
whether statements have been sent to Hadoop.
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P& Create Table Properties

——————— General Source Result Filter and Sort Group Options Table
i Create Table
Qesrs P

General
Database pass-throu
Additional Options * | * Bulkload (BULKLOAD):
Checkpoint * Sets the BULKLOAD data set option
No

Additional bulkload options:
Enables you to set additional bulklo

* Debug (SASTRACE):

Turms on the SASTRACE systermn op
Yes

Display 7. Turning on SASTRACE in a transformation.

ﬁ Depuplicate Properties X
Parameters Options Notes Extended Attributes Authorization
General Code Precode and Postcode Status Handling

DeEHE »Rm@EX|F 2

Options sastrace=',,,sd’ sastraceloc=saslog nostsuffix ; s
options sql_ip_trace= (NOTE,S0URCE) ;

Display 8. Turning on SASTRACE in an OPTIONS statement in a job’s pre-code.
Here is an explanation of arguments you can add to SASTRACE:

e S sets timers (to capture and display the amount of time spent on database

activities)
e D is the database trace.
e SASTRACELOC sends the trace to a log.
e NOSTSUFFIX makes the log easier to read.
e FULLSTIMER collects performance statistics on each SAS step.

A sneaky trick to know about functions to avoid lake draining

The trick is to avoid non-mapped SAS functions when attempting SQL implicit pass-through

because that will literally drag all the rows out of the Hadoop data lake and into SAS for
processing.

To exercise caution and get an understanding of what is allowed between SAS and Hadoop,
you need to map SAS functions with equivalent Hive functions. The way to get the full list is
to add the options SQL_FUNCTIONS_COPY=SASLOG and SQL_FUNCTIONS=ALL to a

Hadoop LIBNAME. I ran the following LIBNAME statement in the Code Editor, and the
mapping results appeared in the log.
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libname DL4HDQ Hadoop port=10000 server="sasdatal.demo.sas.com"
schema=default authdomain="DefaultAuth" SQL FUNCTIONS COPY=SASLOG and
SQL FUNCTIONS=ALL;

Output 3. Library definition to access Apache Hadoop Hive data.

\ 1%} Code Editor: SASApp: Ended successfully *
34% Function Mappings provided by 34% ACCEZS engine:
343 DEMS
FUNCTIDN NAME FUNCTION HAME

SCAN SPLIT
LOWCASE LOWER

UPCASE UPPER

AR3 ARZ

ARCOS ACOS

ARSIN AZIN

ATAN ATAN

CEIL CEIL

cos cos

EXP EXP

FLOOR FLOOR

LoG LN

LoGlo LOGlo

SIN 3IN

A0RT SOURT

TAN TAN

Mo CA5T{

DTEXTDAY DAY

DTEXTHONTH MONTH

DTEXTYEAR. TEAR

DTEXTWEEEDAY FROM UNIXTIME (UNIX_TIMESTAME [

YTEAR YEAR

MONTH MONTH

DAY DAY

HOUR HOUR

MINUTE MINUTE
SECOND SECOND

STRIP TRIM

SUBSTR SUBSTR

INDEX LOCATE

LEFT LTRIM

LENGTH LENGTH (RTRIN
TRIMN RTRIN

CATTTT ~ATTTT

Display 9. Log showing partial listing of mapped functions.

If you use appropriate functions when defining expressions, the query is passed down, and
a behind-the-scenes translation of the functions in HiveQL takes place.
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192 DANISH CUSTOMERS1 STD.city standardized length = 256

193 format = §256.

134 informat = §256.

195 label = 'city standardized', = RSt EEl L LRLILER L

196 DANISH CUSTOMERSL STD.customer_id lengtiSIoGHREIZ] Integratlon Studio
197 e

198 strip (DANISH CUSTOMERS1 STD.name standardized) !!

199 strip (DANISH CUSTOMERS1_STD.address_standardized) !!

200 strip (DANISH_CUSTOMERS1_STD.postalcode_standardized) !!

201 strip (DANISH CUSTOMERS1_STD.city standardized) as newkey length = 200,
202 DANISH CUSTOMERS1_STD.name lengti-'n = 35

SQ0L_IP_TRACE: passed down query: CREATE TABLE ‘CUST1LDUPRemoved® as select distinc )
DANTSH _CUSTOMERS1 STD. ‘address standardized', DANISH CUSTOMERSL STD. postalcode stafiElicClMICUSEURLEE U
DANISH _CUSTOMFRS) STD, ~city standardized., DANTSH CHSTOMFRS] STD. custoner id:
CONCAT (TRIM(DANISH_CUSTOMERS1_STD. 'name_standardized®) , TRIM(DANISH_CUSTOMERS1_STD. “address_standardized®) ,
TRIM({DANISH_CUSTOMERS1_STD. ‘postalcode_standardized') , TRIM(DANISH_CUSTOMERS1_STD. city_standardized')) as newkey,
DANISH_CUSTUMERSI SID. naue , DANISH CUSTOMERSI S1D. address , DANLSH CUSTOMERSL SID. postalcode , DANISH CUSTOMERSL S

Output 4. Log output showing that the query is passed down.
BUILDING JOBS

Job 1 - Creating a job with SAS Data Loader for Hadoop saved directives

Because the SAS® Metadata Server is common to both SAS Data Loader for Hadoop and
SAS Data Integration Studio in my environment, the metadata folder with the saved
directives is visible in SAS Data Integration Studio.

! [rakd eqraktio diD OO ASDe D
File Edit “iew Check Outs Actions Debug  Tools  Window  F
ew - E B 2EX|DaEo| HE| e

b
[

Folders | Irventory |v| Transformations |v|

- [ My Folder
= [ Orion_Datawarehouse
i [T Data
=- [:l Directives
i My Copy danish_customers1 o Hadoop
----- My Copy danish_customers? ko Hadaop
----- 0y InDE_Chained Standardize Danish Cuskomers1
----- 0y InDE_Chained Standardize Danish Cuskomers?
- 0y standardize Danish customers1
“ My standardize Danish customers2

/- [ Farmats
- [ T

i [ Profiles
Products
Shared Data

DoDD®

Display 10. Saved directives in metadata visible in SAS Data Integration Studio.
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These are the overall steps that I took to create the job:

1.

I created a new job named Standardize Danish Customers and added the Data Loader
Directive.

Transformations

Access

Analysis

Archived

Change Data Capture

Control

Data

Data Quality

=l Hadoop

Wy Data Loader Directive
Hadoop Container
Hadoop File Reader

%9 Hadoop File Writer

&1 Hive

%@ Map Reduce
Pig

%3 Transfer From Hadoop

& Tranrsfer To Hadoop_

Display 11. Overview of Hadoop transformations in SAS Data Integration Studio.

In the Directives tab in Properties of the transformation, I added the InDB_Chained
Standardize Danish Customers 1 directive. In the Options tab, you can specify whether
you want to wait for the saved directive to finish before processing the rest of the job.

I also added a metadata registered table to visualize the table output of the Directives
transformation.

ESAS Data Integration Studio 4.902 - SASDemo
File Edit Wiew CheckOuts Actions Debug Tools ‘Window Help

New ~ [ B2 B B X[ o 0| M el e B |5 5] L B | 2 [Forkspace sorver 5]

Fodes | ey <] et |||
- L My Folder B | >R mstop G2 30 GG 02| & ”j‘ B8 s B

=~ [ Orion_Datswarshouse

[ Daka (W———— PR S
3 Dretes fomsas B Sae ]

i Oy Copy danish_customerst o Hadoop - LA LONERS 13|
% Capy danish_customersZ2 ta Hadoop — T T
Erlj_u InDE_Chained Standardize Danish Customers1
Ty InDE_Chained Standardize Danish Customers2

Ty standardize Danish customers1 " General Directive I Mappingsl Output Tah\el Optinnsl Table Opt\nnsl Cndel Precode and Pnst(ndel Parametersl Nntasl Extended Attrihutesl
“ [y Standardize Danish customersz

E' InDB_Chained Standardize Danish Customers1 Properties

- [ Formats (v e T D _Chained Standardize Danish Customersi
B [ Jobs
Bl [ 02_staging ] Description:
= [:l Hadoop

DL4H
§§§ Standardize Dansih Customers
Qutput Data Jobs

s

=

=

E [ Profiles
Display 12. Job with saved directive and its properties.

I repeated the process for the InDB_Chained Standardize Danish Customers 2 directive
so that the job now contains two Data Loader Directives transformations with the
relevant Properties specified.

I then modified the Control Flow of the job and that resulted in the hyphened arrow
between the two directives. As you can see here, I ran the job and it completed
successfully.
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E;v' SAS Data Integration Studio 4.902 - SASDemo
File Edit Wew CheckOuts Actions Debug Tools Window Help

NEWVE|$L|%@,X|E)@|IF!§§5|H ‘g@,gﬂ‘ﬁ@lﬁ|?|Wnrkspaceﬁarver:|

Folders | Inventory | - | Transformations | - | : 4% Standardize Dansih Customers
&L My Folder Bu|vrn mecp P30 R R & |E 882 6B
B~ [ Orion_DataWarehouse .

= [ Data

(¢ M . |
- —H,
B [ Directives InDB_Chaned | [ DANISH
- ) Standardize... = == =
- My Copy danish_customers1 to Hadoop L e ERE R

Uiy Copy danish_customers2 to Hadoop

[rﬂﬂ InDB_Chained Standardize Danish Customers1 5
i Uiy InDB_Chained Standardize Danish Customers2 +% InDB_Chained | B e DANISH ™
Dy standardize Danish customers1 =l standardize... [ - _"Eﬂ CUSTOMERSZ... |
‘o My Standardize Danish customers2 ———
[+ I:l Formats

=[] lobs
=] [ 0z_staging 1]
[ (] Hadoop
£ [ DM
é:;:% Standardize Dansih Customers | Diagram | Code ‘ vl Log ‘ vl Output | vI
B [ Output Data Jobs
- [ Profiles Details
& [ Products Status I ‘Warnings and Errursl Stat\sticsl Contral Fluwl
B [ shared Data
B [ System = 5
B [ User Folders Order | Hame
1|Precode & Completed successfully
2 [rﬂ_u InCE_Chained Standardize Danish Customers1 & Completed successfully
3 [rﬂ_u InDE_Chained Standardize Danish Customers2 & Completed successfully
4|Postcode (& Completed successfully
{% Standardize Dansih Customers & Completed successfully

Display 13. A job with saved SAS Data Loader for Hadoop saved directives that ran
successfully.

Job 2 - Creating a job with SQL transformations and user-written
transformation

The tasks involved removing duplicate rows and keys, combining Hive tables and calculating
columns using functions. These are the overall steps I took to complete the job:

1.

I created two Hadoop libraries. One of them is a temporary one where I used the library
options DBMSTEMP=Yes and CONNECTION=Global. Depending on your setup and
security, your Hadoop LIBNAME statements might contain more options than shown
here. The online documentation provides information about this (see the links at the end
of the paper).

E' SAS Data Integration Studio 4.902 - SASDemo
File Edit Wiew CheckOuts  Ackions Debug  Tools  wWindow  Help

e EHEB¥rRBXvaFORE FdfB AZ| LR 2

Folders | Invenkory | - | i e e Display LIBNAME {Read-Only)

f@ My Falder The Following LIENAME statement has been generated For "DL4H DO Data_DL4HDO"
(] Orion_PataWarehouse LIBNAME DL4HDQ HADOOP PORT=10000
= [ Data SERVER="sasdatal.demo.sas.com” SCHEMA=Default

=~ [ 02_5taging

: AUTHDOMATHN="Defaultiuth™ :
= [ Hadoop

E}- (1 DL4H DOdata
“ [ CusTOMERS
- [] DAMISH_CUSTOMERS1_STD
- [7] DAMISH_CUSTOMERSZ_STD
N lCL4H OO Data_DL4HDO
- [ Inputdata
- [0 Outputdata
=~ [ RACE Tempdata
RACE Temp Data_RACETEMP

& [ Tempdats Cancel I Help

- [ Directives

Display 14. Permanent Hadoop library definition.
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£ 55 Data Integration Studio 4.902 - SASDemo
File Edt Wiew CheckOuts Actions Debug Tools Window Help
tew  HE|lvrBX oo RO HNEFdFF AT CB|2
4
LA ty Folder Go to row G| F 2SO0 WM T ER B i |5
b4 = il i5 |5l
[ Orion_Datawarehouse :l ‘ ‘ | | ‘
- (] Data # | /i name_standardized | /iy address_standardized | /A postalcode_standardized | /A city_standardized | () customer_id | b name | A address | /A postakcede | /A cby
e DE‘Z—STW 1_|Anette Damgaard Thoms. .. [¥argaardeve) 14 .. [7000 ... [Frederidia 9lanette Da... ¥argaardevei. .. [7000 Frederici...
= 5 E‘I ;i:H Dt 2 [seren P Andersen .. [Fyrevaenget & ... (7000 .. [Fredericia 11/S@ren P. &... [Fyrevaenget .., (7000 Frederici..,
ata
[ customers 3 |Lise Skousen ..[Stenbjergvej 33, 1th, ... [7000 ... [Fredericia 17 Lise Skous... [Stenbjergue] ... [7000 Frederic...
[7] DANISH_CUSTOMERST_STD 4_[Klaus Stengasrd .. Midtager 86 ..|roo0 .. [Fredericia 15Klaus Sten... Midtager 86 ... 7000 Frederict...
| DANISH_CUSTOMERSZ. 5TD 5 [Mary Brodesen ... |Sejrevasnget O ... [7000 ... [Fredericia 20[Mary Brod... |Seirsvasnget... [7000 Frederici...
DL4H D Data_DL4HDT) 6 [anne Petersen .. Marrealle 2 ..[7om0 ...[Frederida 27|anne Pete... Morrealle 2 ...|DK700D Frederic...
[ Tnputdata 7 |MLarsen ..|koldvej 5 .. |70 ... [Frederidia 20M. Larsen ... [Koldvei 5 ...[7000 Frederic...
[ Outputdata 8 |Center Kinsken ... [panegérdspladsen 1 ... [a00n . [fiborg 34(Center Kio... [Banegdrdspla... 9000 Aalborg ...
= ] RACE Tempdats 3 [saren 3 uislsen .. |Fiolstrasde 44 D TR 35[Saren J. Ni... Fiolstresde 4... (9830 18
RQ(tE Termp Data_RACETEMP 10 |Mustaf Kaganjau L Mivej7, 1th, & . [7000 . [Fredericia 39 |Mustaf Ka... 6. Julivej 7,1...]7000 Frederici...
empdata
& (3 oirectives " 11 [Trine Hesthask. .[th Winthersvej 1, 1 mf.  ...[7000 ...[Frederida 40[Trine Hest... |Th. Winthers... [7000 Frederic...
My Copy danish_customersi to Hadoop 12 |christina Thomsen ...|Dannebrogsgade 11, 1 th. ... [7000 ... [Frederidia 50/Christing T... Dannebrogsg. .. 7000 Frederic...
i e danich ciicbrmores bo Hardnon 13 |Baceriet Aos .I5et Jaroens Gade 31 ~.l7oo0 . [Fredericia 52[Baaeriet A... [Sct. Joroens ... (7000 Frederici...

Output 5. Viewing a table in the Hadoop library.

£ 5AS Data Integration Studio 4.902 - SASDemo
File Edit Wiew Check Quts Actions Debug Tools  Window  Help

ew B EBl*BRBXHa|FO RE b AB| L B2
Folders | Inventory |V| Transformations |v

E@ My Folder The Following LIBMAME statement has been generated for "RACE Temp Data_RACETEMP":
[0 crion_DataWarehouse LIEMAME RACETEMP HADOOP CONNECTION=GLOEAL DEMSTEMP=Yes
B D Data PORT=10000 SERVER="sasdatal.demo.sas.com” SCHEMA=Default
= [ 02 Staging AUTHDOMAIN="Defaultiuth" ;
= [J Hadoop

=~ [ DL4H Dgdata
o [7] cusTOMERS

[7] DANISH_CUSTOMERS1_STD

[7] DANISH_CUSTOMERSZ_STD
L DL4H DG Data_DL4HDG

- [ Inputdsta

- [ outputdata

=}~ [ RACE Tempdata

RACE Temp Data_RACETEMP

- [ Tempdata Cancel I Help

= I Mivarkivaes

Display 15. Temporary Hadoop library definition.

2. I added the Create Table definition to the job and connected the table
DANISH_CUSTOMERS1_STD.

3. In Create Table Properties, I ticked Remove duplicate rows and created a column called
newkey with an expression containing the STRIP function and a concatenation of four
variables. I did this because there are no CUSTOMER_IDs in the second table and I
needed a key to compare the tables with each other.

4. 1 repeated the process for DANISH_CUSTOMERS2_STD.
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7.

¥ Combining tables

Bu|prnmos @0 Q@R G|y E B2 R E

DANISH_
CUSTOMERS1...

Create Table

Remove duplicate

1ows and add Mewkey

£ Create Table Properties
Generall Source Result | Filter and Surtl Gruupl Optiunsl Table Opt\unsl CUdEI Precode and PUst:odEI Parametersl Nutesl Extended Attributesl
¥ Remove duplicate rows (DISTINCT) I
™ Allfields (SELECT *}
B &&= RS
Source table: IDANISH,CUSTOMERSI,STD (DANISH...LI [ Target table: CUST1DUPRemoved (CUST1DUPRemoved) [I<]

skrip{DAMISH_CUSTOMERS], STD.city_standardized)|

# Calumn Calumn Description Type L # Column Column Description Expression Type Length Informat
1 @name_stm name_standardized  |Character 1 ko @name_st... name_standardized Character 256 (3256,
2 iy address_,.. |address_standardized |Character 2 b b, address_ .. |address_standardized Character 2564256,
3 /i postalcod... |postalcods_standar. . [Character 3 e /i, postalcod. . [postalcade_standar... Character 256 $256.
4 iy oty _stan... |cty_standardized  |[Characker 4 b iy ity _stan. .. [city_standardized Character 2564256,
5 @ customer_id|customer_id Humeric 5 nb: @ customer_id|customer_id B Eypression
3 @ name name Character 3 '_,1 i, NEwkeY
7 Ay, address address Character \—» 7 |oral name name Excpression Text:
8 @ postalcode |postalcods Character -\_. 8 |oral @ address address skrip{DANISH_CUSTOMERS1_STD.name_standardized) 1!
a2 A oty ity Character \ 3 o A postalcode [postalcode strip{DAMISH_CUSTOMERSL_STD.address_standardized) I!

\_’ - - strip{DANISH_CUSTOMERS]_STD.postalcode_standardized) !

10 = @ city city

[#[-[+[ef=] amofor]wor] =[~=[<]<]>]>=]=

M1 I ]

Undo Redo

‘alidate Expression |

Add ko Expression |

Display 16. Create Table Properties with visible expression content with mapped

function.

I added the Set Operators transformation so that I could concatenate the temporary
output Hadoop tables created in the Create Table transformation.

I selected a Union All in the Properties of the Set Operators transformation. With Set
Operators, you need to be very wary when it comes to Hive because not all features are

supported. This is a Hive limitation.

4 Combining tables

Up‘ P Run B Stop

PP QEe

DANISH_
Ej CUSTOMERS].. |

 E— F) M I B I
DANISH_ L g
CUSTOMERSZ... —r Create Table
S LE

Create Table

Remove duplicate

| rows and acld Hewkey

g
3
— Set Operators
H- &
Concatenate tables
e S ‘]

E" Set Dperators Properties

emove duplicate

EEIEEFEEIE

General Set Operatars IOptinnsl Table Optmnsl Cﬂdel Precode and Pnstmdel Status Handlingl Paramatersl Nntasl Extended Attr\hutesl

adi...| & B X

[7] cUST1DUPRemaved (C

[ cusTzDUPRemaved (C

Descripkion:

Set operatar:

Set operator bype: I @ Union h l

IV Incude duplicates (ALLY

I~ Match calumns by name (CORRESPONDING)

I Indude parentheses around the clause

|Returns all unique rows from the two query results,

Display 17. Set operator properties with a Union All.

I added a User-Written transformation. In the user-written body, I added my own SAS

program that removes duplicate keys.
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I could have used the Sort transformation, but with that you need to heed the
prerequisites described here to avoid the underlying automatic code from adding a step
involving a SAS WORK table or view that would be detrimental to performance. It is
always good practice to open the underlying code of a transformation to check whether
WORK tables or views are being created.

Here are the Sort transformation prerequisites:

e The number of columns in the source table and target table must be the same.

e All columns must be mapped.

e All of the following attributes must be the same between mapped columns: name,
format, informat, and description.

4 Combining tables

Br|vrn mor PRIEP G0 B @S0 |E

—_— H- 1 H-.

DANISH_ ==
[j CUSTOMERSL.. | Cecatefable @
[ —— Remove duplicate
rows and add Mewkey 3

T
Set Operators A 7 .
Danish
R B L 1 g B Ml User Written [j l:::tlzm_ers |

DANISH_ s J
[j CUSTOMERSZ... | Createliok] s oncatenate tables Proc sit with S

Remove duplicate | nodupkey on Newkey

rows and add Mewkey

B User Written Properties

Generall Mappings | Options I Tahle Options  Code | Precode and Postcode | Parameters I Notesl Extended Attributes |

Options sastrace=',,,sd' Code generation mode: IUsEr written body = =
sastraceloc=saslog nostsuffix |
optons SEFF LA

sql_ip_trace={NOTE, SOURCE);

%let _OUTPUTL _col? format = §24.;

%¥let OUTPUTL _col9 informat = §24.;
%let
%let
%let
let

OOTPUT1_colS label = Inrogquote(city):
OUTPUTL_col9_exp = ;
OUTPUT1_col9_input_count = 0:
OOTPUT1_filetype = PhysicalTable:

Il;proc delete data=& outputl :rum;
proc sort data = s_inputl
out = &_outputl
NODUPEEY
by
newkey

run;:
srcSek(ssyserr) ;

ZrrQakicanlvrei

Display 18. User-written body with custom SAS code.

I added the final output table that is registered in metadata,
DANISH_CUSTOMERS_COMBINED, and ran the job.

Notice the little "H” on each transformation and table. This tells you that you are
pushing code down to Hadoop. The user-written one lacks the “H"” because it contains
custom code, but the log trace and the “H” on the output table tells me that sorting was
pushed down.



¥ Combining tables

Upl I+ Run M Stop G2 30 GLGF Q|@%|E|I§|3 [E)'|

Display 19. Job ran successfully and in Hadoop.

DANISH_
CUSTDMERS 1.

—————————————————H-.
DANISH_
CUSTOMERSZ...

(=)

Create Table

Remaove duplicate

| rows and add Newkey 3

|- >

Create Table

—=

(2——— n.

Remove duplicate
rows and add Mewkey

Options sastrace=',, sd'
sastraceloc=saslog nostsuffix ;

options

sql_ip_trace=(NOTE,SOURCE);

Set Operators

Concatenate tables

The output table is now ready to be used by the analysts!

User Written
C)

Proc sort with
nodupkey on Mewkey

¥Yiew Data: DANISH_CUSTOMERS_COMBINED
Gwow[ || F (A0 AT H|EEE|N
/iy name_standardized / |/ address standardlzed /i postalcode_ standardlzed i, ity standardlzed i) customer_id

AT T AT T ST TS T [T ES e e, T 7T o T T TEeTCT o
55 |Kasper Jensen ... |Zarlingsgade 5, 1 . |7000 .. |Fredericia 9631
56 |Kenneth Andersen . |3@ndre Ringvej 55 .|3220 ... [Tiswildeleje 655413
57 |Kiosken ¥ E D Banegaard... [Banegaardspladsen 1 Lo |S000 ..|&lborg 20349
55 |Kirkegdrdskontaoret . [Postboks 12 L |4690 .1 [Hasley 57521
53 |Kirsten Larsen . [S@ndre Boulevard 12 ... (3000 .. |Roskilde 88762
60 |Kirsten Olsen ..« [Palz=gade 1 L. (4300 o [Makshkor 6334757
61 |Klaus Stengaard .. [Midtager 56 .. |7000 .. [Fredericia 19
62 |Konsulent Lars P Sgrense.. . [Vesterdalsvej 87 . |5700 ..|3vendborg 63345
63 |Kristian Poulsen .. |[5trandgade 12 . |6000 .. [olding 21742
64 |Lars Knudsen ... [@stergade 17, 1 th, . |1150 . [kgbenhavn K 9124
65 |Lasse Jespersen . [Kildewvasid ...|5000 . [Odense C 72347
66 |Leo Sgrensen . |Belladonnawvej 13, 1 th. ..|7000 ..[Fredericia 7E
67 |Lise Andersen .. [Belladonnave]j 13, 1 th. ..|7000 .. [Fredericia 136
68 |Lise Skousen ..[Stenbjergve] 33, 1 th. . |7000 ..[Fredericia 17
79 lliselntte | Assrn - Hrvedveien 12, Kid. . lsnnn cndense © FPA5

Output 6. View of table results after running job.
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GAINING FROM AMAZING MEMORY WITH SAS DATA PREPARATION

It is said that elephants have an amazing memory and intelligence, remembering the many
times they leave the lake to discover land untrodden, gaining invaluable insight about
hidden watering holes and bountiful pastures. This use case is a walk down memory lane!

USE CASE

Using SAS Data Preparation, you want to do some last-mile data preparation using a Hive
Hadoop table as source before moving on to analytics, which ultimately is your primary
focus. To do that, you need to load the Hive table to memory. In SAS terminology, it's
called SAS® Cloud Analytic Services (CAS). You do a quick profile and discover that 9 rows
of contact information lack a customer ID. You decide to investigate further, and match
coding reveals that there is another data quality issue. There seem to be customers who are
duplicated in the data. The ETL developers creating the data mart have now become aware
of this, and the issues are resolved during the next batch load. In the interim, you could
resolve the quality issues yourself using SAS Data Preparation’s many transforms. You
might have to do this in other cases when the data is completely raw, and there are no well-
defined data integration processes supporting your data needs. Fixing data quality issues in
SAS Data Preparation is beyond the scope of this paper.

SAS DATA PREPARATION IS TAMING DATA IN CAS

SAS Data Preparation offers an easy way for you to prepare data, providing an interactive,
self-service environment for users who need to access, blend, shape and cleanse data to
prepare it for reporting or analytics. There is also a seamless integration with analytics
applications such as SAS® Visual Data Mining and Machine Learning, SAS® Visual Statistics,
SAS® Decision Manager and SAS® Model Studio, providing a continuous flow throughout the
analytical life cycle.

YOUR CAS TAMER PROFILE

You are an analyst, business user, data scientist or anyone else who performs tasks
involving data preparation and analytics.

YOUR CAS TAMER ACCESSORIES

To solve this use case, you need the SAS software packages SAS® Visual Analytics and SAS
Data Preparation on SAS Viya. For the full analytical life cycle, you might consider SAS
Visual Statistics, SAS Visual Data Mining and Machine Learning, SAS® Visual Text Analytics
and other analytics packages.

— N
~— —

B DY 0 & SAS® Data
Ay ¢ Ay P A S ¢ :‘ \ C} Preparation
i g )
Apache Hadoop

Figure 6. A simple architecture for SAS Data Preparation on SAS Viya.
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MASTERING CAS

SAS Data Preparation is about creating plans that are a collection of transforms performed
on a table. These are the overall steps I took to create and populate a plan:

1. I created a new plan.

= SAS® Data Studio - Prepare Data

Untitled x| =+

% (=]

There is no open plan.

New Plan Open Plan

Display 20. Starting out with a new plan in SAS Data Preparation.
2. To set up a new connection, I clicked the Connect tool.
Choose Data

Available Data Sources mport

jo]

n=
il

“w O Q@

Data Sources

B cas-shared-default >
Display 21. Overview of Connect tool.

3. I added connection settings to the Hive data source. Your Hadoop administrator can
provide you with the appropriate connection details.
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Connection Settings

sasdatal.demo.sas.com

Display 22. Connection settings to Hive Hadoop tables.

I loaded my Hive table into CAS. In my case, I performed a serial load, but depending
on your deployment and your data, you can also load data to CAS in parallel. CAS
loading techniques are very much a topic worth investigating, and the online
documentation is a must-read!

Once my Hive table was loaded to CAS, I highlighted it to create a profile.
Choose Data

ata Sources Import -
_ Dot voureer d B DANISH_CUSTOMERS_COMBINED ¥y =
T % O @ ¢
=4 N H
100 %)
¥ | HIVE
&5 name_stand & address_stas_standardized & city_standar® customer_id & newkey g
;73 DANISH_CUSTOMERS_COMBINED Maria Poul... Zarlingsga... 7000 Fredericia 112 Maria Poul... '

13/01/2019 10.12.54 ¢ sdkcho
Mary Brod Sejrevan 7000 Fredericia 20 Mary Brod

Display 23. Highlighted CAS table and Profile menu.

The profile revealed that there were missing customer IDs.
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Choose Data

Avallable | Data Sources  Import €0 % DANISH_CUSTOMERS_COMBINED 5y =
p [ Details 3 Sample Data & Profile
T OO a0 1o, veortis cumrent | Run Profile | ¥
v | HIVE [+ ] ©
Column Unique Null Blank Pattern Count Mean &

13/01/2019 10.12.54 =

& city_standardized
F DANISH_CUSTOMERS_COMBINED.

201910128 © customer id 100,00 % (100) I 8,26 %(9) 2499 ..
£ name standardize 76

g DANISH CUSTOMERS COMBINED & address standardi 61
e 12

£ newkey 100,00 % (109) 109
@ postalcode stand: . 21,10 % 6.932,29

Display 24. Profile revealing nine missing occurrences for customer_.id.

5. Iinvestigated the data further using the Matchcodes transform. Here I discover that
there seems to be more than one row for certain customers.

.,
4 Transforms Matchcodes - Step 1 of 1 o] m Save
)
B Add Transform ‘\L) Matchcodes
Casing Source column: Name of new column: Locale Definition: Sensitivity:
y action {5 name_stand... ¥ name_standardized_M anish {Denmark) v ame v 5 v
Field extractior & ! L h (& « N 8
Gender analysis Character length:
|dentification analysis
DANISH_CUSTOMERS_COMBINED (session) Table | Profile = Metadata
Match and cluster
Matchcodes Result rows: 100 (6]
Parsing . . . . - B
- &5 name_standardized_MATCH £, name_standardized 4 address_standeode_standardized 4y city_standardiz %
Standardize
3Y4-P4P$$$54YPISSEES Seren Christensen Kongebroen ... 7000 Fredericia
¥ Multi-input Transforms PWAP$$S55554YPSSS5ES Seren J Nielsen Fiolstreede 44 9830 Tars |
Append PW4P33555554YPSES5%S Seren Nielsen Fiolstrasde 44 7000 Fredericia
Join DIDDDD 255DDI Seren naersen Fyrevanget [s00%) redericia I
w Rou Trancfarme APYAP$SSSISAYPISSESS Sgren P Andersen Fyrreveenget 8 7000 Fredericia

Display 25. Match codes reveal data quality issues in customer information records.

Once you have tamed your data, or someone tames it for you, you can head on to analytics
using SAS Visual Statistics, SAS Visual Data Mining and Machine Learning, SAS Visual Text
Analytics and other SAS analytics applications. After all, analytics is your primary focus, and
CAS has an amazing memory for analytics capabilities!

CONCLUSION

This tale of three SAS® Data Management applications with interconnected use cases and a
natural data flow between them serves as your inspiration and motivation to implement the
right technology that supports your organization’s data management requirements for data
residing in a Hadoop data lake. Different user profiles require applications that suit their
business requirements and proficiency, and this leads to faster insight about your data.

23



Data scientists are a rare breed, and the SAS Data Management applications discussed here
help fill the personnel gap!

It is all about doing the right thing with the right tool with the right knowledge for the right
reason in aid of your business!
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