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1.1 Analytical Data Preparation in Hadoop 

 

In today’s world, only 10% of big data comes from relational databases. The other 90% comes from 
social media streams such as Twitter, Facebook, Netflix, and so on. With the Internet of Things (IoT) 
continuing to grow, data volume, velocity, and variety are exploding everywhere. The challenge for 
many organizations is finding value in the data. 
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Big Data Is Everywhere…

… and much of it is streaming.

• social media clicks

• customer interactions

• bank transactions

• financial feeds

• telecommunications

• sensor measurements

• intelligent devices
(Internet of Things)
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Data Preparation to Support Analytics

Several questions come to mind when considering analytics and the data 
required to support the analysis: 

• Why is preparing data to support analytics important?  

• What business questions can analytical data help answer?

• What tools are available to make it easy to prepare that data for analysis?
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Regression analysis - estimate the relationship between variables 

Analysis-of-variance (ANOVA) - compare the mean of several groups or variables 

Neural networks – organized layers that communicate to each other 

Decision trees (random forests) – learning method for classification, regression, and other tasks 
based on a multitude of decision trees 

Cluster and survival analysis – analysis of data in the form of time from a well-defined origin until 
its end, such as disease infection data 
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Data Requirements to Support Analytics

One-Row-per-Subject requires that all information pertaining to a subject entity, 
like CUSTOMER_ID, be on a single row.  This paradigm supports statistical and 
data mining analytical methods such as these:

• regression analysis 

• analysis-of-variance (ANOVA)

• neural networks

• decision trees (random forests)

• cluster and survival analysis
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Time series analysis comprises methods for analyzing time series data in order to extract 
meaningful statistics and other characteristics of the data.  

Time series forecasting is the use of a model to predict future values based on previously observed 
values. 

Sequence analysis in marketing is often used in analytical customer relationship management 
applications.  In sociology, sequence methods are increasingly used to study life-course and career 
trajectories, patterns of organizational and national development, conversation and interaction 
structure, and the problem of work and family synchrony. 

Link analysis is a data analysis technique used in network theory that is used to evaluate the 
relationships or connections between network nodes. These relationships can be between various 
types of objects (nodes), including people, organizations, and even transactions. 

Association analysis is used to help retailers identify new opportunities for cross-selling their 
products to the customers. Besides market basket data, association analysis is also applicable to 
other application domains such as bioinformatics, medical diagnosis, web mining, and scientific 
data analysis. 
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Data Requirements to Support Analytics

Multiple-rows-per-Subject has a one-to-many relationship between the subject 
and the multiple observations that are relevant to the subject.  This paradigm 
supports repeated measurements over time and hierarchical relationship 
analytical methods, such as the following:

• time series analysis

• association analysis

• sequence analysis

• link analysis
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Business Questions

One-Row-per-Subject data supports analyses to answer some of the 
following questions:

• prediction of events such as, campaign response, contract renewals, 
insurance claims

• prediction of value such as customer churn, time until next purchase, profit 
for next period

• segmentation and clustering of customers such as customer segmentation, 
text document clustering, and clustering based on sociodemographic
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Business Questions

Multiple-Rows-per-Subject data helps answer some of the following questions:

• demand forecast for a product in the next 18 months

• products that are frequently purchased together (market basket analysis)

• Internet user paths (clickstream analysis)

• trends of patient medical information over time, such as blood pressure
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SAS Data Loader is designed to provide business users access to data in the Hadoop cluster, 
without requiring them to be programmers. This greatly improves productivity and potentially gives 
them access to data and information that was not available to them in the past. The self-service 
nature of SAS Data Loader for Hadoop frees business users from their dependence on IT for the 
data that they need to make key business decisions. 

Some of the benefits for using the SAS Data Loader for Hadoop include the following considerations: 

• empowers business users in a highly scalable manner 

• no required coding or scripting 

• no required, specialized skills 

• empowers existing resource talents 

• uses SAS In-Database Processing 

• can execute existing SAS programs 
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SAS Data Loader for Hadoop

SAS Data Loader for Hadoop is 

• purpose-built to solve the big data challenges

• a web-based, wizard-driven user interface that minimizes the need for 
training and improves the productivity of business analysts and data 
scientists who work with Hadoop.

Self-service big data
preparation for
business users
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SAS software is also deployed to each node in the Hadoop cluster. SAS software on the cluster 
includes the following components:  

• SAS Quality Knowledge Base, which supports data cleansing definitions 

• SAS Embedded Process software, which supports in-database code execution using the SAS 
Code Accelerator 

• SAS Data Quality Accelerator, which supports SAS DS2 methods for data cleansing in-database 

• SAS Data Loader for Hadoop Spark Engine, which enables you to execute data integration and 
data quality tasks in Apache Spark (in-memory) on a Hadoop cluster 

• SAS LASR Analytic Server, which enables you to load data from Hadoop into LASR for further 
analysis and reporting 
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Interaction with Other SAS Technology

SAS Data Loader for Hadoop leverages the following SAS technologies:

• SAS/ACCESS engines

• SAS Code Accelerator to execute SAS DS2 code

• SAS Data Quality Accelerator to leverage SAS QKB functions

• SAS Data Loader for Hadoop Spark Engine to execute data quality code in Hadoop 
memory

• SAS LASR Analytic Server to analyze

Hadoop data in SAS Visual Analytics 

or SAS Visual Statistics

Hadoop (Data Node)

SAS 
Embedded 
Process

SAS Code Accelerator
for Hadoop

SAS Data Quality Accelerator for 
Hadoop

SAS Quality Knowledge Base

SAS Data Loader for Hadoop 
Spark Engine
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1.2 Acquire and Discover Data 

 

The process for preparing data for analytics and reporting can be defined in five steps: 

1. Acquire the data that you believe is relevant. Discover what structure and inconsistencies exist in 
the data. 

2. Transform the data into a desired format. 

3. Cleanse the data of anomalies and inconsistencies. 

4. Integrate the data with other sources to provide data that is fit-for-purpose and ready for analysis 
and reporting. 

5. Deliver the data as new tables and views to the appropriate application for analysis or another 
third-party reporting tool. 
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Data Preparation Using SAS Data Loader for Hadoop

A methodology for preparing data for analytics and reporting can be defined 
in five steps.

Access data, move it into Hadoop, and assess the data 
structure and content.

ACQUIRE AND 
DISCOVER DATA

1

Select the data of interest, manipulate it, 
and structure it into the desired data format.

TRANSFORM DATA
2

Put data into a consistent format.CLEANSE DATA
3

Combine data, remove duplicate data, and create new 
data points through aggregation. 

INTEGRATE DATA

4

Load data into SAS LASR Analytic Server 
and deliver the data to databases and apps.

DELIVER DATA

5
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When you access source or target table locations, any libraries that are configured in SAS Metadata 
that are available to the SAS Workspace Server are also available for use by SAS Data Loader for 
Hadoop. These connections use the SAS/ACCESS Interface technologies. The user can also 
configure a Sqoop connection in SAS Metadata to use a JDBC connection to a relational database. 
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Methodology Step 1 (Review)

The first step of the methodology deals with acquiring and discovering data.

Access data, move it into Hadoop, and 
assess the data structure and content.

ACQUIRE AND 
DISCOVER DATA

1
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Copy Data to Hadoop Directive

SAS libraries configured in the SAS Metadata using the SAS/ACCESS Interface 
technology are sources available for use in the Copy Data to Hadoop directive.

• Cloud Analytic Services server (CAS tables)

• Base SAS data sets

• Hadoop

• Oracle

• Teradata

• … and more
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The Import a File directive enables you to perform various operations when you copy a delimited text 
file into Hadoop for subsequent processing. 

Note: In the source file, the delimiter must consist of a single character or symbol. Input delimiters 
must have ASCII character codes that range from 0 to 255, or octal values that range from 
\000 to \177. 
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Importing a File Directive

The Import a File directive provides these capabilities:

• load a delimited file from the SAS Workspace Server to HDFS using PROC 
HADOOP and the HDFS COPYFROMLOCAL command

• create a table definition in Hive and assign an HDFS file using the LOAD 
DATA INPATH option

• use the first row to define the column definitions

• generate default column definitions for the target based on a sample 
of the data
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Copy a SAS Data Set into Hadoop 

 

This demonstration reviews how a user would copy the SAS data set Customers from a SAS library 
location that is specified in SAS Metadata into Hadoop for further processing and analysis using 
additional SAS Data Loader directives. 

 The location is specified in SAS Metadata. 

1. Open an Internet browser. 

2. Type <your SAS mid-tier server name>:7980/SASDataLoader. 

3. Type valid credentials in the User ID and Password fields. 

4. Verify that you are at the Data Loader console. 

 

5. Select the Saved Directives directive. 

a. Select the Copy Customers to Hadoop directive. 

b. Review the tasks in the directive.  Below are the steps to create the custom directive. 

6. Select the Copy Data to Hadoop directive. 

 



 1.2  Acquire and Discover Data 1-13 

Copyright © 2017, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED. 

7. Select SAS Libraries. 

 

8. Select Data Loader Tables. 

 

9. Select the CUSTOMERS table. 
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10. Click  (the Table Viewer icon) in the upper right corner. 

 

Note:   The table is surfaced on a separate tab in the browser. 

 

11. Close the Table Viewer tab. 

12. Click Next. 

13. Select the All rows radio button. 

 

14. Click Next. 
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15. Accept the default (All columns). 

 

16. Click Next. 

17. Click New Table to create a new target table. 

 

a. Enter customers in the New Table field. 

 

b. Click OK. 
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18. Click Next to view the generated LIBNAME and PROC SQL code. 

 

Note: Click the Edit Code button to modify the generated code if necessary. 

19. Click Next. 

20. Click Start Copying Data. 

 

Note: Clicking any task above the Start Copying Data button enables you to edit that task. Any 
changes to the task might require stepping through the subsequent tasks to cascade the 
change and its impact through the directive. 
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21. Select View Results to preview the results that were loaded to the target table. 

 

 

22. Close the Table Viewer tab. 

23. Click Save As to save the directive to the SAS folders. 

a. Enter Copy Customers in the Directive name field. 

b. Click OK. 

24. Click Back to Directives to return to the main SAS Data Loader interface. 
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Using the Profile Data in Hadoop directive enables you to check the data for inconsistencies and 
anomalies. 
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Discover Data Using Data Profiling

Data profiles provide the following advantages:

• improve the understanding of existing databases

• aid in identifying issues early in the data management process, when they 
are easier and less expensive to manage

• help determine which steps need to be taken to address data problems

• enable you to make better business decisions about your data

Data Profile
Provides the ability to inspect data for errors, 
inconsistencies, redundancies, and incomplete information.
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Profile Data Capabilities

The Profile Data directive provides the following capabilities:

• profiles data based on specific locale definitions

• generates basic statistics, recognizes patterns, identifies scarcity, 
and calculates frequency

• reviews and evaluates profiled data trends over time

• identifies redundant and cross-column dependencies

• saves profile reports to SAS folder locations for sharing
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Creating and Exploring a Data Profile 

 

This demonstration reviews the steps that are necessary to analyze the Hadoop table CUSTOMERS 
for inconsistencies and anomalies using a data profile. The results are written and reviewed in a 
profile report that is stored in a SAS folders location that is defined in SAS Metadata. 

1. Verify that you are viewing the Data Loader console. 

2. Select the Saved Directives directive. 

a. Select the Profile Customers directive. 

b. Review the tasks in the directive.  Below are the steps to create the custom directive. 

3. Select the Profile Data directive from the SAS Data Loader console. 

 

4. Select the customers source table. 

5. Click Next. 

 

6. Click Next to accept the default and profile all the columns. 

7. Enter Customers Profile Report in the Report name field. 
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a. Click  (Folder Selection icon) to select a SAS folder location for the profile report. 

 

b. Select My Folder. 

c. Click OK. 

 

8. Click Next. 

9. Click Create Profile Report. 

10. Verify that the profile was successful. 
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11. Click Save As. 

a. Enter Profile Customers in the Directive name field. 

b. Click OK. 

12. Click View Profile Report to open the report on a new browser tab. 

13. Verify that the profile report was generated with 5000 total records and that the following values 
are in each report: 
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Note: Charts show summary graphics that provide information about the uniqueness and 
incompleteness of column values. Is the column a candidate for being a primary key?  
If it is incomplete, it probably is not a candidate. 

14. Click Show Outline. 
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15. Select customer_address. 

 

Note: The addresses under Frequency Distribution are in mixed case. As a result, the data 
must be standardized. 

16. Select customer_city. 

 

Note: The cities are in mixed case and require standardization. Notice the multiple occurrences 
of the same city due to mixed case. 
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17. Select customer_state. 

 

Note: The number of unique states and the customer_state data include both full and 
abbreviated names. Both cases indicate that the data needs to be standardized. 

18. Scroll down and review the pattern distribution. 

 

Note: The various patterns for customer_state indicate an inconsistency in the names. This 
might lead to unpredictable results. 

19. Select customer_id. 
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20. Scroll down and review the Outliers report. 

 

Note: A review of the Outliers report for customer_id might indicate where expected 
customer_id values are out of range and unacceptable. 

21. Select customer_address. 

22. Scroll down and review the Data Type Analysis report. 

 

Note: The UNKNOWN type is an indication of an address that might be invalid. 

23. Close the Profile Report tab in the web browser by clicking X. 

24. Click Back to Directives to return to the Data Loader console. 

25. Click OK in the Unsaved Directive dialog box. 
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1.3 Transform and Transpose Data 

 

Step 2 involves restructuring the data to the desired format. This might include dropping columns, 
filtering rows, or using aggregation and summarization to create new columns. It might also include 
restructuring the data for analytical consumption, which involves transposing the data into a one-
row-per-subject table format. 
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Methodology Step 2 (Review)

The second step of the methodology involves restructuring the data 
into a desired format. The following directives are available:

Select the data of interest, manipulate it, 

and structure it into the desired data format.

TRANSFORM 
DATA

2
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Why Transform Data in Hadoop?

The Transform Data directive enables you to do the following actions:

• select data of interest

• manipulate data

• modify the data structure as required for the desired reports, analyses, 
or both
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The Transform Data directive enables you to create a table that contains only the data that you need 
in the structure that is required for the analytical or reporting objectives. This ensures that additional 
processing of unwanted data is not necessary, which increases processing efficiency. 

 

These transformations give you the ability to perform the following actions: 

• select columns 

• apply filters 

• map columns 

• sort or order 

• calculate columns 

• aggregate data 
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Transformations in the Directive

The Transform Data directive uses three transformations to manage and 
manipulate data.

• Filter Data

• Manage Columns

• Summarize Rows
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The Filter Data transformation enables you to remove unwanted data from your result set. As you 
build the filters, you can use either filter rules or expressions. Expressions are defined in the SQL 
editor, which has a list of functions and a Help resource to aid in their creation. 

If the source table is profiled, then distinct values can be viewed when you create filter rules. 
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Filter Data Transformation Capabilities

The Filter Data transformation enables you to do the following actions:

• define one or more rules or expressions to filter rows in a table

• create compound conditions using AND or OR

• view distinct data values for columns that are profiled

Filter condition operators include Equal to, Not Equal, In, Not In, Like, Null, 
Not Null, Contains, and Not Contains.
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Manage Columns Transformation Capabilities

The Manage Columns transformation enables you to perform the following 
actions:

• select columns, order columns, set column metadata

• rename columns

• map columns

• create new columns with calculated values using SAS DS2 or DataFlux 
Expression Engine Language code

Note: SAS reserved words are flagged as invalid column names.
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The Manage Columns transformation provides a robust set of features that enable you to manage, 
manipulate, and create columns for the target table. These columns are suitable for subsequent 
processing and reporting. 

 

The Summarize Rows transformation gives you the ability to group one or many rows of data based 
on columns. From these groupings, you can create aggregations on numeric values with a 
predefined set of aggregations. 
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Summarize Rows Transformation

The Summarize Rows transformation enables you to perform the following 
actions:

• group rows based on values in one or more columns

• define column names for new aggregations

• choose between Count, Count Distinct, Max, Min, and Sum to aggregate 
values
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Transforming Data for Reporting  

 

This demonstration reviews the use of the Transform Data directive and its associated 
transformations to get a list of customers with product purchases of more than five items and the 
associated costs per product identification to help determine customer discounting policies. 

1. Verify that you are in the SAS Data Loader console. 

2. Select the Saved Directives directive. 

a. Select the Transform Orders directive. 

b. Review the tasks in the directive.  Below are the steps to create the custom directive. 

3. Click the Transform Data directive. 

4. Click Settings in the Transform Data heading. 

a. Click the Preferred runtime target menu arrow. 

b. Select Hadoop Spark to execute the directive in Hadoop memory. 

 

c. Click OK. 

5. Select the Orders table. 

 

6. Click Next. 

7. Select the Filter Data transformation. 
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8. Click Specify rules. 

9. Create the rule below by selecting the column quantity and the operator Greater Than. 

10. Enter 5 in the Value field. 

 

11. Click Add Another Transformation. 

12. Select Manage Columns. 
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13. Remove all the columns from the Selected columns list box, except customer_id, order_type, 
product_id, order_id, quantity, costprice_per_unit, total_price, and total_retail_price. 

 

14. Click Next. 

15. Click New Table. 

a. Enter large_customer_orders in the New Table field. 

b. Click OK. 

16. Click Next. 

 

17. Click Start Transforming Data. 

18. Click View Results to verify the data in the target table. 
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19. Close the Table Viewer. 

20. Click Save As. 

a. Type transform orders in the Directive name field. 

b. Click OK. 

21. Click Back to Directives to return to the SAS Data Loader console. 

 

 

 

This slide discusses some of the basic reasons for transposing data. The most important reason is 
that the analytical analysis of data, such as data mining, requires that as many variables per subject 
as possible be available for analysis. 
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Why Transpose Data in Hadoop?

Important questions to answer are these: Why transpose data? What is the 
purpose of transposing columns into rows and vice versa?

Here is a short list of reasons:

• Many multivariate data mining and predictive modeling methods require
data in the form of one row per subject and multiple variables per row. 

• The ability to transpose data is a critical success factor for being able to 
answer business questions with as many variables as possible.

• All the necessary information for having good predictors is available 
for a target event or value.
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To gather all of the necessary data for a report, several passes over the data might be required. This 
is very inefficient and time consuming. You can transpose that data using group by variables to 
cluster the data. 

 

The bottom diagram shows the significance of transposing by a variable or variables. You can see 
very quickly how this is an invaluable process where you ultimately need to join this data to data that 
uses the patient ID as the common key. 
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Fit-for-Purpose Data Structures

• efficient storage

• fast retrieval

• defined schema

• wide tables or time series data

• iteration (build, test, repeat)

• schema-less
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Transpose Using BY Variables

Transpose by 

Transpose systolic blood 
pressure values and 
group by patient ID.
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The variables in the BY statement define how the data set is structured. In this case, each row 
represents a patient ID and each column represents a visit and the systolic pressure taken during 
the visit. 

The values of the variables in the ID statement reflect the names of new columns. In this case, the 
visit number is part of the systolic columns. 
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Transposing Data in Hadoop 

 

This demonstration reviews how to transpose the LARGE_CUSTOMER_ORDERS table by 
cost_per_unit and total_retail_price per order_type using the Transpose Data directive.  The 
table is grouped by the product identification number. 

1. Select the Saved Directives directive. 

a. Select the Transpose Large_Customer_Orders directive. 

b. Review the tasks in the directive.  Below are the steps to create the custom directive. 

2. Select the Transpose Data in Hadoop directive. 

 

3. Click default for the Hadoop schema, if it is not already selected. 

4. Click large_customer_orders. 

5. Click Next. 

6. Assign the columns that are indicated below to the designated roles. 

7. Click the Transpose columns role. 

a. Double-click total_retail_price in the Columns list box. 

b. Double-click cost_per_unit in the Columns list box. 

8. Click the Columns to group by role. 

Double-click product_id in the Columns list box. 

9. Click the ID columns role. 

Double-click order_type in the Columns list box. 

10. Click Copy columns. 

Double-click quantity. 
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11. Click Next. 

12. Click the default schema. 

13. Click New Table. 

a. Type large_customer_order_pricing in the New Table field. 

b. Click OK. 

14. Click Next. 

 

15. Click Start Transposing Data. 

16. Click View Results to verify the target table data. 

 

17. Close the Table Viewer. 
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18. Click Save As. 

a. Type transpose large_customer_orders in the Directive name field. 

b. Click OK. 

19. Click Back to Directive to return to the SAS Data Loader console. 
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1.4 Cleanse Data 

 

The third step of the methodology, Cleanse Data, involves the following types of activities: 

• change the case of data values 

• perform gender analysis from a name field 

• generate fuzzy logic “match codes” to represent a text string 

• identify the type of data in a field by performing identification analysis 

• parse data elements into individual “tokens” 

• perform pattern analysis on a data value 

• standardize data values to a consistent representation 

• …. and more 
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Methodology Step 3 (Review)

The third step of the methodology involves cleansing the data of 
inconsistencies and ambiguities.

Put data into a consistent format.CLEANSE DATA

3
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A number of transformations are available in the Cleanse Data in Hadoop directive. They enable you 
to perform tasks, such as the following: 

• Change Case – enables you to change the case of data to a desired standard casing. 

• Field Extraction – enables you to extract fields of data from a column. 

• Gender Analysis – enables you to identify the gender of a person based on the first name. 

• Generate Match Codes – enables you to create match codes for selected values in the table. 

• Identification Analysis – enables you to identify the semantic data type of text in a column. 

• Parse Data – enables you to break a text string into its individual components called “tokens.” 

• Pattern Analysis – enables you to examine the pattern of characters in a string. 

• Standardize Data – enables you to ensure a consistent representation of text strings. 

• Filter Data – enables you to select the rows of data to include. 

• Summarize Rows – creates a new row with data that is summarized in selected columns. 

• Manage Columns – selects columns to include in a target table. 
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Cleanse Data Transformations

The following transformations are used in the Cleanse Data in Hadoop 
directive:

• Change Case

• Field Extraction

• Filter Data

• Gender Analysis

• Generate Match Codes

• Identification Analysis

• Manage Columns

• Parse Data

• Pattern Analysis

• Standardize Data

• Summarize Rows
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The QKB is a collection of files and algorithms that perform a wide variety of data cleansing tasks. 
The algorithms in the QKB are surfaced to the end user in the form of “definitions.” There are 
specific definitions for the different data cleansing tasks that you might want to perform. 

• Parsing 

• Standardization 

• Fuzzy matching 

• Identification Analysis 

• Gender Analysis 

• … and more. 

The definitions in the QKB are organized by the type of data they are designed to cleanse. For 
example, the QKB for Contact Information supports management of commonly used contact 
information for individuals and organizations, including the following categories: 

• name 

• address 

• company name 

• phone number 

• email 

• … and more. 

The definitions in the QKB are geography-specific as well as language-specific, creating what is 
referred to as a “locale”. Available locales are indicated by the darker regions in the map above. 
Every locale supported by the QKB has its own set of unique definitions for that geographic location 
and language(s). 
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What Is a Quality Knowledge Base (QKB)?

Locale Support

Quality
Knowledge
Base

Collection of files that perform the “cleansing” of data, 
which could involve parsing, standardization, matching, 
and more
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Locales are hierarchical in nature. For example, Latin 1 is the parent of English, and English  
is the parent of English (United States) and English (Great Britain). This means that definitions in 
English are accessible from both English (United States) and English (Great Britain) locales, but 
would typically not be available in non-English locales (for example, the Spanish (Mexico) locale).  

Note: When a child locale has a definition of the same name and type as the parent, the child's 
definition overrides the parent's, so the parent's definition is no longer accessible from the 
child. 

 

The QKB is a set of files that contain rules, expressions, and reference data that are combined to 
analyze and transform text data in various SAS products. The QKB can be modified in order to 
create custom data quality logic for operations such as custom parsing or matching rules. 

In the context of the QKB, a data type is an object that represents the semantic nature of a data 
value. A data type serves as a container (or grouping) for metadata that is used to define data 
cleansing algorithms (called definitions). Many data types are provided in the QKB, such as address, 
city, data, name, organization, phone, email, state/province, and so on. 

Each data type consists of one or more tokens. A token in the context of the QKB is an "atomically 
semantic” component of a data type. In other words, tokens represent the smallest pieces of a data 
type that have some distinct semantic meaning. A token does not necessarily need to contain only 
one word. For example, the “street name” token might contain multiple words (for example, New 
Hope Church, Martin Luther King, Dutch Creek). Tokens are beneficial throughout the data quality 
process. Many of the definitions for a given data type use the tokens as input. (For example, the 
tokens coming out of an Address Parse definition are used as input by the Address Match 
definition.) 

A definition is a set of steps for processing a piece of data. Several types of definitions can be 
created in the QKB. Generally, a definition is tied to a particular data type. Certain definitions use a 
data type's tokens. Some might use only a subset of the data type's tokens. Some types of 
definitions use other definitions as well. 
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SAS Quality Knowledge Base Components

Hadoop (Data node)

QKB

SAS Data Loader
for Hadoop
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The Parse Data directive enables you to parse data values in the Hadoop data table. Using this 
directive, you can parse data elements into individual tokens and store them as new columns in the 
Hadoop tables. 

Note: A token is the smallest representative (semantically atomic) portion of a data string. (For 
example, a person’s name might be divided into Name Prefix, Given Name, Middle Name, 
Family Name/Surname, Name Suffix, and Name Appendage tokens.) 

Note: The fact that tokens can be written to new columns means that they can potentially be used in 
analysis and reports. 
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Parse Data Transformation

The Parse Data transformation provides these capabilities:

• extracts tokens from a source column and adds the token to a new column

• uses tokens that represent a meaningful subset of the data value that 
provides a basis for analysis and reporting
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The Standardize Data transformation enables you to standardize data values in the Hadoop cluster. 
Using this transformation, you can transform data elements into a standard representation, and 
create consistency across data values in your Hadoop tables. 

Standardizing data values before analysis and reporting greatly improves the accuracy and 
usefulness of the analysis and reports. 

The Standardize Data transformation uses standardization definitions from the QKB to transform 
data. 
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Standardize Data Transformation

The Standardize Data transformation provides these capabilities:

• converts values in a column to a consistent format

• uses the QKB definitions for a given locale
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The match code has the following attributes: 

• presents an encoded representation of a text string 

• enables you to identify similar, but not identical, data values within and across data sources 

• is consistent across data sources and time 

• can be used for house holding, de-duplicating data, surrogate-key joins, SQL lookups, and more 

Match codes are especially useful when you have two data elements that are very similar, but not 
exactly the same. Although it might be easy for humans to understand that these two things are the 
same, it is very difficult for a computer to know that they are the same. Match codes are unique 
strings that are based on the actual data value and a fuzzy-matching sensitivity setting.  

The sensitivity is used to express how exact you want to be when you generate the match code. 
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Generate Match Codes Transformation

The Generate Match Codes transformation provides the following capabilities:

• generates a similar match code value when two strings are not exact character 
matches

• uses a data type definition and match sensitivity setting to determine the 
degree of similarity between strings to generate a match code value

Bob Smith             4B~$$$$$$$$$$$$$$$$$$$$$$$$
Robert Smith        4B~$$$$$$$$$$$$$$$$$$$$$$$$

Bob Smith             4B7~2$$$$$$$$$$M@M$$$$$$$$$
Robert Smith        4B7~2$$$$$$$$$$Y@M_Y~$$$$$$

Sensitivity 50 

Sensitivity 95 
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The Gender Analysis transformation enables you to determine the gender from a column that 
contains name data. In the example, the appropriate gender analysis definition was chosen from the 
English (United States) locale to analyze gender on a column that contains people’s names. The 
value that is returned from the analysis is written to a new column in the target table. The table can 
then be used for analysis and reporting. 
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Gender Analysis Transformation

The Gender Analysis transformation provides the following capabilities: 

• determines the gender of an individual based on the specified name field

• identifies male, female, or “unknown” based on the name field

• creates a new data element that can be used in analysis and reporting

 Robert Young                   M (male)

 Sally Baker                        F (Female)

 T. Millhouse                      U (unknown)
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Identification Analysis Transformation

The Identification Analysis transformation provides the following capabilities:

• determines the type of data in a specified column

• uses QKB definition types based on locale and data types for

 contact info

 phone (validation of format)

 date (validation of format)

 email address (validation of format)

 email address (country identification)

 offensive words

 field name.
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Identification analysis is especially useful when you need to determine the type of data that is 
contained in a column. Using identification analysis definitions in the QKB, the Identification Analysis 
transformation reads in a data string and uses provided algorithms to determine the most likely data 
type. 
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Change Case Transformation

The Change Case transformation provides the following capabilities: 

• standardizes the case of column data into a consistent format

• uses a QKB definition based on locale and data type

• creates a new column to contain the cased output data

 lower – Change all characters values to lowercase values.

Example: John Smith  john smith

 UPPER – Change all character values to uppercase values.

Example: John Smith  JOHN SMITH

 Proper – Change the first character of the words in a string to uppercase.

Example: john smith  John Smith
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Field Extraction Transformation

The Field Extraction transformation provides the following capabilities: 

• It is used to copy tokens from the source column to a new target column 
based on a QKB definition.

• Tokens represent the types of content that can be extracted using an 
extraction definition in the QKB.

• Extraction definitions are based

on locale and data type.
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The following pattern analysis definitions are supported: 

Character – generates patterns that represent the types of each character in the source. A indicates 
uppercase, a indicates lowercase, 9 indicates numbers, and * indicates other (punctuation, and so 
on). Blanks in the source are replicated as blanks in the pattern. 

• 877-846-FLUX             999*999*AAAA 

Character (Script Identification) – generates patterns that identify  
the Unicode character set of each character in the source. 

• (7F, SAS Institute）スズキイチロウ           *9L* LLL Lllllllll*アアアアアアア 

Word – generates patterns that represent the types of words in the source. A represents alphabetic 
words, 9 numeric, M mixed, and * other.  

• 216 E 116th St            9 A M A 

Word (Script Identification) – generates patterns that represent the Unicode character set of each 
word in the source. W indicates a potentially invalid word that contains multiple character sets.  

• （7F, SAS Institute）スズキイチロウ            *9L* L L*ア 
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Pattern Analysis Transformation

The Pattern Analysis transformation provides the following capabilities: 

• reads a source row and generates a pattern value in the output column

• uses a QKB definition that is based on locale and data type

• creates a new column to contain the pattern output data

 Character analysis        877-846-FLUX               999*999*AAAA

 Word  Analysis              216 E 116th St              9 A M A

Note:  9 indicates numbers and A indicates characters
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Cleanse Data Using the Parse and Standardize 
Transformations 

This demonstration illustrates the use of the Parse and Standardize Data transformations to cleanse 
the CUSTOMERS Hadoop table. Using these transformations, you separate the data into meaningful 
fields and transform inconsistent data values into a reliable, consistent forms in a target table. To 
parse and standardize data in a Hadoop table, perform the following steps: 

1. Verify that you are viewing the Data Loader console. 

2. Select the Saved Directives directive. 

a. Select the Cleanse Customers directive. 

b. Review the tasks in the directive.  Below are the steps to create the custom directive. 

3. Click the Cleanse Data in Hadoop directive. 

4. Click Settings. 

a. Select Hadoop Spark in the Preferred runtime target pull-down menu. 

b. Click OK. 

5. Click the Customers table, which was previously profiled and shown to contain inconsistent 
data. 

6. Click Next. 

7. Click the Parse Data transformation. 

a. Select customer_name in the Column pull-down menu. 

b. Select Name in the Definition pull-down menu. 

1) Double-click Given Name to move it from Available tokens to Selected tokens. 

Type First_Name in the Output Column Name field. 

2) Double-click Family Name. 

Type Last_Name in the Output Column Name field. 

c. Click Add Another Transformation. 

8. Click Standardize Data transformation. 

a. Select customer_address in the Column pull-down menu. 

Select Address in the Definition pull-down menu. 

b. Click Add Column. 

c. Select customer_city in the Column pull-down menu. 

Select City in the Definition pull-down menu. 

d. Click Add Column. 

Select customer_state in the Column pull-down menu. 



1-50 Chapter 1  Data Preparation Using SAS® Data Loader for Hadoop 

Copyright © 2017, SAS Institute Inc., Cary, North Carolina, USA. ALL RIGHTS RESERVED. 

Select State/Province(Full Name) in the Definition pull-down menu. 

 

9. Click Next. 

10. Click Add Another Transformation. 

11. Click Manage Columns. 

a. Click   (double arrows) to clear the default Selected Columns table. 

Click OK on the Delete columns dialog box to remove all columns. 

b. Double-click the following columns in the table to add them back to the Selected Columns 
table: 

Source Name Target Name 

customer_id customer_id 

first_name first_name 

last_name last_name 

customer_address_standardized address 

customer_city_standardized city 

customer_state_standardized state 

customer_postal_code postal_code 

customer_gender gender 

customer_birthday birthday 

12. Click Next. 

13. Click New Table. 

a. Type Customers_Cleansed in the New table field. 

b. Click OK. 

14. Click Next. 
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15. Click Start Transforming Data. 

16. Click View Results and verify that the data is parsed as expected. 

 

Note: The customer_name has been parsed into two fields and address/city/state have been 
standardized. 

17. Close the Table Viewer. 

18. Click Save As. 

a. Type cleanse customers in the Directive name field. 

b. Click OK. 

19. Click Back to Directives. 
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1.5 Integrate Data 

 

Step 4 is the process of creating data that is fit-for-purpose. In this step, you might want to join data 
sources to support an analytical exploration or output report format. Any data in the existing tables 
that is not required for a subsequent operation should be removed from the final table that is loaded 
to the LASR Analytic Server or copied to a SAS data set or relational database. To perform these 
integration processes, the Query or Join Data in Hadoop, Sort and De-Duplicate Data in Hadoop, 
and Delete Rows directives are available. 
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The fourth step involves the processes for creating data that is fit-for-purpose 
and ready for consumption.

Combine data, remove duplicate data, and 

create new data points through aggregation.
INTEGRATE DATA

4

Methodology Step 4 (Review)
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Entities is a term that is used to identify the group of combined rows of records based on fields and 
rules. 
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Joining Data in Hadoop Capabilities

The Query or Join Data directive provides these capabilities when you join 
tables:

• combine source tables in Hadoop

• create one or many “join-on” column 

statements

• intuitive joining based on source

table column names

INNER JOIN

left
table

right
table

FULL JOIN

left
table

right
table

LEFT JOIN

left
table

right
table

RIGHT JOIN

left
table

right
table
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What Is Clustering Data?

Clustering data provides the following capabilities:

• identify unique entities after you determine which fields can be used to 
identify related records

• define a set of cluster rules to partition records into related sets of entities
with a unique cluster ID based on those rules
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Note: Leading and trailing spaces are trimmed from fields when survivorship rules are evaluated. 
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What Is Survivorship?

Survivorship processing provides the following capability:

• create a survivor record after the clustering process identifies a set of 
records that are logically related
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Match-Merge Directive Capabilities

Match-merge provides these capabilities:

• combine numeric or character columns, common to all sources, into a 
single target table using values of one or more matched columns

• merge rows in two or more source
tables when values match in a
specified merge-by column
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Run a SAS Program Directive

The Run a SAS Program directive provides the following capabilities:

• This directive executes all SAS programs in Hadoop while leveraging the 
SAS Embedded Process and SAS In-Database Code Accelerator for Hadoop.

• Programs are written with ultra-efficient SAS DS2 language elements. 

• DS2 elements combine the extensive capabilities of SAS DATA step 
processing with the ability to execute in parallel in the Hadoop cluster.

• The directive supports common SAS coding statements and procedures 
such as the LIBNAME statement and PROC SQL.
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Run a Hadoop SQL Program Directive

The Run a Hadoop SQL Program directive provides the following capabilities:

• uses the Hive SQL editor that contains HiveQL function resources to generate 
Hive query (HiveQL) programs to run in Hadoop

• supports copying and pasting existing code into the SQL editor

• leverages user credentials that are configured in the Hadoop Configuration 
panel during the submission of code

• supports the Cloudera Impala 
SQL environment, if configured, 
for performance gains
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Integrate Data in Hadoop  

 

The following demonstration reviews the use of the Query and Join Data directive to perform an 
inner join with the CUSTOMERS_CLEANSED and LARGE_CUSTOMER_ORDERS Hadoop tables 
on the Customer_ID field to build a customer sales order table for large orders. 

1. Select the Saved Directives directive. 

a. Select the Join Customers_Cleansed and Large_Customer_Orders directive. 

b. Review the tasks in the directive.  Below are the steps to create the custom directive. 

2. Select the Query or Join Data directive. 

 

3. Click  (ellipsis) to open the table selector. 

a. Select customers_cleansed. 

 

b. Click OK. 

4. Click Add join. 

5. Click  (ellipsis) to select a table on which to join. 

a. Select large_customer_orders. 

b. Click OK. 

6. Select default.customers_cleansed.customer_id in the first Join on field. 
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7. Select default.large_customer_orders.customer_id in the second Join on field. 

8. Select Left Join. 

 

9. Click Next. 

10. Click Next in the SUMMARIZE ROWS task. 

11. Click No duplicate rows on the FILTER ROWS task. 

12. Click Next. 

13. Click Next in the COLUMNS task. 

14. Select customer_id and Ascending in the SORT task. 

 

15. Click Next. 

16. Click New Table. 

a. Enter large_product_orders in the New table field. 

b. Click OK. 

17. Click Next. 
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18. Click Next in the CODE task. 

 

19. Click Start. 

20. Click View Results after the directive successfully runs to view the results in the Table Viewer. 

 

21. Close the Table Viewer. 

22. Click Save As. 

a. Type Join customers_cleanse and large_customer_orders in the Directive name field. 

b. Click OK. 

23. Click Back to Directives. 
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1.6 Deliver Data 

 

Step 5 is the delivery of the data in its final form for analysis and reporting to other applications. It 
currently consists of two directives, Load Data to LASR and Copy Data from Hadoop. A common 
scenario might be to load large amounts of data into Hadoop for cleansing and transformation. Then 
the Load Data to LASR directive can load the modified data into a preconfigured SAS Visual 
Analytics LASR Server for analysis and reporting. The Copy Data from Hadoop directive could be 
used to load the modified data into SAS data sets or relational databases, such as Oracle or 
Teradata. 
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Methodology Step 5 (Review)

The fifth step of the methodology involves the delivery of the data in its final form.

Load data into the SAS LASR Analytic Server, 

and deliver data to databases and applications.
DELIVER DATA

5
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The steps for loading Hadoop data to a preconfigured SAS LASR Analytic Server are very simple. 
You select your source and specify the LASR server. In SAS Data Loader, more than one LASR 
server can be configured, such as one for development, one for testing, and one for production. 
Lastly, define the target table name and select Start loading data. 

 

When SAS data sets are specified, Sqoop is not used as it is when using a relational database such 
as Oracle. Copying data from Hadoop to SAS uses the SAS Workspace Server, a LIBNAME 
statement, and PROC SQL code. 
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Load Data to LASR Directive Capabilities

The Load Data to LASR directive provides the following capabilities:

• supports any SAS LASR Analytic Server that is configured in SAS Metadata

 loads a single table into a SAS LASR Analytic Server that is optimized for 
symmetric multi-processing (SMP)

 loads a single table into a multi-node SAS LASR Analytic Servers grid that is 
configured and optimized for massively parallel processing (MPP)

• creates a new table or replaces an existing table in a SAS folder location 
that is defined in SAS Metadata
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Copy Data from Hadoop Directive

The Copy Data from Hadoop directive provides the following capabilities:

• copies data from Hadoop to any configured SAS target location that is 
configured in SAS Metadata, including SAS libraries and relational databases

• supports parallel copy processing for specific target locations, such as 
Oracle relational databases that use Hadoop Sqoop JDBC connections

• uses the SAS Workspace Server to connect to SAS data sets and to copy 
the Hadoop table to the SAS library location

Note: SAS target tables need to be registered in SAS Metadata after loading 
to a SAS library location.
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This demonstration illustrates the use of the Copy Data from Hadoop directive to copy a Hadoop 
table to a SAS table. 

1. Verify that you are viewing the Data Loader console. 

2. Select the Saved Directives directive. 

a. Select the Copy Large_Product_Orders from Hadoop directive. 

b. Review the tasks in the directive.  Below are the steps to create the custom directive. 

3. Select the Copy Data from Hadoop directive. 

4. Select the large_product_orders table. 

5. Click Next. 

6. Select the SAS Libraries database. 

 

7. Click Data Loader Tables. 

8. Click New Table. 

a. Enter large_product_orders in the New table field. 

b. Click OK. 

9. Click Next. 
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10. Click Next in the CODE task. 

 

11. Click Start copying data. 

12. Click View Results and verify the SAS target table. 

 

13. Close the Table Viewer. 

14. Click Save As. 

a. Type copy large_product_orders to SAS data set in the Directive name field. 

b. Click OK. 

15. Click Back to Directives. 
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