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Introduction

This paper provides an overview of the most important features and capabilities of the
SAS/ACCESS Interface to DB2. General and technical product information is given for
SAS/ACCESS and DB2 RDBMS users who need fast, seamless access to DB2 tables from the
SAS System. The methods for accessing DB2 data are presented, along with examples.

Throughout this paper, tips are provided that enable you to optimize a SAS session or job so that
the processing is performed by SAS or by DB2, whichever would be most efficient for the job. The
objective is to achieve SAS centered processing where the SAS software manages, but not
necessarily performs, the work. SAS centered processing, given good performance, is preferable
to separating the work and performing some tasks in SAS and the rest of the tasks outside SAS;
for example, pre-processing or post-processing with DB2 utilities.

The content of this paper ranges from rudimentary to complex. Because sections that are dense
with detail can be time-consuming to read, this paper is formatted with main ideas presented as
topics. Within a topic, you'll find a technical discussion that often includes a code example. All the
examples that are shown in this document were run using SAS 9.1 or higher.

SAS/ACCESS Interface to DB2

Problem: Your site uses DB2 as a data repository. Your DB2 users want to mine, warehouse,
and analyze the DBMS data by using SAS software, thereby taking advantage of the
broad range of SAS tools: from basic data exploitation — reports and graphs — to
the latest technologies.

Solution: The SAS/ACCESS Interface to DB2 enables SAS users to transparently access and
manipulate DB2 data. SAS/ACCESS doesn’t replace the database functionality but
enhances it by adding the power of the SAS language and functions.

What’s New in SAS/ACCESS 9.1.x?

The following options and features are new:

e The DEGREE option in the LIBNAME statement determines whether DB2 can use
parallelism.

e Multi-volume support for both SMS and non-SMS managed data sets when using the bulk
loader via the BL_DB2UNITCOUNT option.

e Threaded reads, which are controlled by the following new options:

o DBSLICEPARM - enables or disables threaded reads, controls their scope, and
controls the number of SAS threads to be generated.
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o DBSLICE - overrides the DBSLICEPARM option when you specify WHERE clauses
to partition a table across multiple SAS threads. This option is especially useful when
you are familiar with the table content and structure.

e Full support of stored procedures, including the ability to pass and retrieve parameters by
using SAS macro variables.

e Support for GLOBAL TEMPORARY tables. Starting with SAS 9.1.2, the
DBMSTEMP=YES option in the LIBNAME statement creates DECLARE GLOBAL
TEMPORARY tables by using implicit pass-through.

e Starting in SAS 9.1.3, SQL updates use parameter markers that remove the limitation of
not being able to update columns with literals when the length of a literal exceeds 255
bytes.

For complete information about the syntax and use of these new options, see the SAS
documentation.

Which Releases of DB2 Are Supported?

SAS/ACCESS Interface to DB2 for SAS®9 and higher supports DB2, Version 6, Release 1 and
higher.

What SAS Software Is Required to Access DB2?

Base SAS and SAS/ACCESS Interface to DB2 are required in order to access DB2.

Where Should the Required SAS Software Be Installed?

To access DB2, you must install the required SAS software on the same machine on which the
DB2 software is installed.

How Does SAS/ACCESS Communicate with the Database?

The SAS/ACCESS Interface to DB2 uses two types of call attachment facilities to connect to DB2.
An attachment facility is a part of the DB2 code that allows other programs to connect to and use
DB2 to process SQL statements and commands. With the Call Attachment Facility (CAF), your
application program can establish and control its own connection to DB2. Programs that run in
MVS batch, TSO foreground, and TSO background can use CAF. By default, the SAS/ACCESS
Interface to DB2 uses CAF. SAS supports multiple CAF connections for a SAS session, therefore,
for a SAS server, each SAS client can have its own connection to DB2. However, because CAF
does not support sign on, each connection that the SAS server makes to DB2 has the operating
environment authorization ID of the server, not the authorization ID of the client for which the
connection is made.
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If you specify the DB2RRS system option, the SAS/ACCESS interface to DB2 engine uses the
Recoverable Resource Manager Services Attachment Facility (RRSAF). RRSAF was a new
feature in DB2 Version 5, Release 1, and support for it began in SAS 8.

Because only one attachment facility can be used at a time, the DB2RRS system option can be
specified only when SAS is invoked. SAS supports multiple RRSAF connections for a SAS
session, and RRSAF supports the ability to associate a mainframe authorization ID with each
connection at sign on. This authorization ID is not the same as the authorization ID that is
specified in the AUTHID data set or in the LIBNAME option. DB2 uses the RRSAF-supported
authorization ID to validate a given connection's authority to use both DB2 and system resources,
when those connections are made using the System Authorization Facility and other security
products such as RACF. Basically, this authorization ID is the user ID that you used for logging on
to the host system. With RRSAF, the SAS server makes the connections for each client, and the
connections have the client's host authorization ID associated with them. This is true only for
clients that are authenticated by the SAS server when the client specifies a user ID and a
password. (Usually, servers authenticate their clients when the clients provide their user IDs and
passwords.) If a client connects to a SAS server without providing a user ID and a password, then
the ID that is associated with the connections is the ID of the server (as with CAF) and not the ID
of the client.

Other than specifying DB2RRS at SAS start-up, there is nothing else that needs to be done in
order to use RSSAF. The SAS/ACCESS Interface to DB2 automatically signs on each connection
that is made to DB2 with either the ID of the authenticated client or the ID of the SAS server for
non-authenticated clients. The authenticated clients have the same authorities to DB2 as they
have when they run their own SAS session from their own ID.
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Figure 1. How SAS/ACCESS Communicates with DB2

For more information about CAF and RRSAF, see the DB2 documentation from IBM.
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Can SAS/ACCESS Get Data at Remote Locations?

The Distributed Data Facility (DDF) is a DB2 component that enables DB2 applications to
access data at other DB2 servers and at remote relational database systems that are DRDA
compliant. The SAS/ACCESS Interface to DB2 supports both types of distributed database

connections, system-directed (through private protocol) and application-directed (through
DRDA).

System-Directed Access

System-directed access enables a DB2 requester to connect to one or more DB2 servers. This
type of connection is established by coding three-part names or database aliases in the
application. The connection that is established between the DB2 requester and the server does
not adhere to the DRDA standards, and cannot be used to connect products that are not DB2
products to DB2. The SAS/ACCESS Interface to DB2 cannot explicitly request a connection.
Instead, it performs an implicit connection when a distributed request is initiated by the SAS
application. To initiate an implicit connection, you must specify the LOCATION option. When you
specify this option, the three-level table name (location.authid.table) is used in the SQL statement
that is generated by the interface to DB2. When the SQL statement that contains the three-level
table name is executed, an implicit connection is made to the remote DB2 subsystem. The
primary authorization ID of the initiating process must be validated in order to connect to the
remote location.

Application-Directed Access

Application-directed access enables a DB2 requester to connect to one or more DB2 or non-
DB2/mainframe application servers such as DB2 Universal Database for AIX and DB2 Universal
Database for iSeries (AS/400) using DRDA protocols. This type of connection is established by
coding SQL CONNECT statements in the application. To connect to a DRDA remote server or
location, the SAS/ACCESS Interface to DB2 uses an explicit connection. To establish an explicit
connection, the interface to DB2 first connects to the local DB2 subsystem via an attachment
facility (CAF or RRSAF). Then it issues an SQL CONNECT statement to connect from the local
DB2 subsystem to the remote DRDA server prior to accessing data. To initiate a connection to a
DRDA remote server, you must specify the connection option SERVER. The SAS application
uses a separate connection (specifying the SERVER option) for each remote DRDA location.

What Is DRDA?

DRDA is an abbreviation for Distributed Relational Database Architecture. DRDA distributes
relational data among multiple platforms and enables similar and dissimilar platforms to
communicate with one another. For example, a DB2 subsystem can communicate with another
DB2 subsystem (similar). Alternatively, a DB2 subsystem can communicate with a third-party
RDBMS (dissimilar). As long as both platforms conform to the DRDA specifications, they can
communicate. DRDA can be considered to be a "universal, distributed data protocol."

DRDA provides methods of coordinating communication among distributed locations. This
capability enables applications to access multiple remote tables at various locations and have
them appear to the end user as if they were a logical whole.
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However, a distinction should be made between the architecture and the implementation. DRDA
describes the architecture for distributed data and nothing more. DRDA defines the rules for
accessing the distributed data, but it does not provide the actual application programming
interfaces (APIs) to perform the access. So DRDA is not an actual program but is more like the
specifications for a program.

When a DBMS is said to be DRDA compliant, it means that the DBMS follows the DRDA
standards. DB2 is a DRDA-compliant RDBMS product.

DRDA versus Private Protocol

It is recommended that the DRDA protocol be used to access distributed data. IBM has
announced that private protocol will not be enhanced in the future, and it might not be supported
for future releases of the database.

Here are some other factors relating to private protocol:

¢ Private protocol does not support many SQL features, including user-defined functions,
LOBs, and stored procedures.

¢ Only DB2/mainframe subsystems can communicate using this protocol.

¢ When a static SQL statement is passed to the server, it is dynamically bound and then
executed. The statement is dynamically bound only the first time that it is executed in a
unit of recovery. Subsequent executions of the SQL statement in the unit of recovery do
not pay the cost of the dynamic bind. However, if the SQL statement is executed again
after a COMMIT or a ROLLBACK statement, another dynamic bind occurs, unless
dynamic SQL is being cached either globally or locally.

¢ In a unit of work, updates can be made to an unlimited number of DB2 subsystems. An
application can also read at several sites in a unit of work.

Distributed processing using DRDA has the following characteristics:

e The application can access data at any server that supports DRDA. It is not limited to
accessing data at a DB2 server on the mainframe.

¢ The application can use remote BIND to bind SQL into packages at the serving RDBMS.

¢ The application can connect to other RDBMSs in the network and execute packages at
those DBMSs.

How SAS/ACCESS Works — Methods to Access DB2

SAS/ACCESS software for relational databases is a family of interfaces (each interface is
licensed separately) that enable you to interact from SAS with data that is stored in RDBMSs.
SAS/ACCESS provides the following methods for accessing relational DBMS data:

e The LIBNAME statement, which enables you to assign SAS library references (librefs) to
database schemas, local or remote. After a database schema is associated with a libref,
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two-level names can be used to access any table or view in the schema and work with it
as if it were a SAS data set.

e The MODIFY and UPDATE statements in a DATA step.

e The Pass-Through Facility, which enables you to interact with the database by using its
SQL syntax without leaving your SAS session. The SQL statements are passed directly to
the data source for processing.

SAS/ACCESS can use either implicit or explicit pass-through. The former uses the
LIBNAME engine to generate and run SQL statements against the database.

e The ACCESS, DBLOAD, and DBUTIL procedures, which support indirect access to
database objects. These are legacy procedures that continue to be supported for the
database interfaces and environments on which they were available in releases of SAS 6.
The ACCESS procedure does not support SAS names that are longer than 8 characters
or database fields that are longer than 200 characters.

Selecting a SAS/ACCESS Method

There are several methods that you can use in order to access DBMS data. The advantages and
limitations of each method are described in the next sections. Before processing complex or data-
intensive operations, you might want to test several of these methods in order to determine which
one is the most efficient for your specific task.

In general, using the LIBNAME statement in SAS/ACCESS is usually the fastest and most
direct method of accessing your DBMS data, and the only method that supports bulk
loading. An exception to this is when you need to use non-ANSI standard SQL. ANSI standard
SQL is generated when you use the SAS/ACCESS LIBNAME engine in PROC SQL, but the
Pass-Through Facility, using explicit pass-through, accepts all the extensions to SQL that are
provided by your DBMS.

Using the LIBNAME statement in SAS/ACCESS has the following advantages:

o Significantly fewer lines of SAS code are required in order to perform operations on your
DBMS. For example, a single LIBNAME statement establishes a connection to the
database for easy table access.

¢ You do not need to know SQL in order to access and manipulate data on your DBMS.
You can use SAS procedures or DATA step programming on any libref that references
DBMS data. You can read, insert, update, delete, and append data, as well as create and
drop DBMS tables by using SAS statements.

e The LIBNAME statement provides more control over database operations such as
locking, spooling, and data type conversion by using LIBNAME and data set options.

e The LIBNAME engine can optimize the processing of joins and WHERE clauses by
passing these operations directly to the DBMS. This takes advantage of database
indexing and other processing capabilities.

e The LIBNAME engine can pass some functions directly to the DBMS for processing.
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Using the Pass-Through Facility has the following advantages:

e Pass-Through Facility statements enable the DBMS to optimize queries, especially when
you join tables.

e Pass-Through Facility statements enable the DBMS to optimize queries when they have
summary functions (such as AVG and COUNT), GROUP BY clauses, or columns that are
created by expressions (such as the COMPUTED function).

e Pass-Through Facility statements can be used with SAS/AF' applications to handle the
transaction processing of the DBMS data. Using a SAS/AF application gives a user
complete control of COMMIT and ROLLBACK transactions. The Pass-Through Facility
accepts all the extensions to SQL that are provided by your DBMS.

How the LIBNAME Statement Works in SAS/ACCESS

SAS/ACCESS enables you to read, update, insert, and delete data from a DBMS object as if it
were a SAS data set. You invoke a SAS/ACCESS interface by specifying a DBMS engine name
and the appropriate connection options in a LIBNAME statement. Then, enter SAS requests as
you would when accessing a SAS data set. SAS/ACCESS generates DBMS-specific SQL
statements for the SAS requests that you entered, and submits the generated SQL to the DBMS.

Example 1 Browse a table by using the LIBNAME statement.

libname db21lib db2 ssid=db2a
authid=dsn8710;

proc print data=db2lib.emp;

run;

Example 2 Add data to a table by using the LIBNAME statement in conjunction with PROC
APPEND.

libname db2lib db2 ssid=db2a
authid=dsn8710;

proc append base=db2lib.manager;
data=db2lib.emp;
where job = ‘MANAGER’;
run;

(See the Base SAS Procedures Guide for details about the APPEND procedure.)

Example 3  Create and populate a table from an existing table by using the LIBNAME
statement.

libname db21ib db2 ssid=db2a
authid=dsn8710;

proc sql;
create table db2lib.managers
as select * from db2lib.emp
where job = ‘MANAGER’;
quit;

' SAS/AF set of tools that develop applications in the SAS System.
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How the Pass-Through Facility Works

When you read and update DBMS data by using the Pass-Through Facility, SAS/ACCESS
passes SQL statements directly to the DBMS for processing. To enhance performance,
SAS/ACCESS can pass queries, joins, and data functions to the DBMS for processing (instead of
retrieving the data from the DBMS and processing it in SAS).

Here is how the Pass-Through Facility works:

1. The Pass-Through Facility invokes PROC SQL and submits a CONNECT statement
that can include the DBMS name (the default is DB2) and the options that are required
in order to establish a connection with a specific database.

2. PROC SQL examines each query to determine whether it would be advantageous to
send all or part of the query to the DBMS for processing.

3. PROC SQL translates queries (or query fragments) into DBMS-specific SQL syntax.

4. The queries (or query fragments) are processed by the DBMS, which returns the results
to SAS. Any queries or query fragments that cannot be passed to the DBMS are
processed in SAS.

In the following example, the CONNECTION TO option is used to read data from a DBMS table or
view. Notice that the SQL statement is stored in a SAS view for later processing (optional). The
SELECT statement in parenthesis uses SQL that is native to DB2. SAS/ACCESS passes the SQL
statements directly to the DBMS for processing. If the SQL syntax that you enter is correct, the
DBMS processes the statement and returns the result to SAS.

The syntax of a SQL statement is not checked immediately when the statement is used to
create a SAS view. The syntax will be checked at run- time.

proc sql;
connect to db2 (ssid=db2a);
create view managers as
select *
from connection to db2
(select select empno, firstnme,
lastname, workdept,
salary
from dsn8710.emp
where job = ‘MANAGER’);
quit;

proc print data=managers;
run;

Alternatively, the Pass-Through Facility uses PROC SQL to pass SQL statements other than
SELECT statements (such as INSERT, DELETE, and UPDATE) to the database. As with the
CONNECTION TO option, all EXECUTE statements are passed to the DBMS exactly as you
enter them. INSERT statements must contain literal values. Terminate the connection with the
DISCONNECT statement. For example:




proc sql;
connect to db2 (ssid=db2a);
execute (

create view managers as
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select select empno, firstnme,
lastname, workdept,
salary
from dsn8710.emp
where job = ‘MANAGER’) by db2;

execute (

grant select on managers to
public) by db2;

disconnect from db2;

quit;

Notice that, in the first example, the CREATE VIEW resulted in the creation of a SAS PROC SQL
view, but in the latter example, the view is actually created in DB2.

specify SAS SQL

to DB2-specific SQL
on your behalf, and
passes the SQL to
the DBMS; however,
it executes the SQL
portions of the
queries, joins, etc.
that cannot be
converted in SAS

SaQL User action in PROC sQL ... DBMS response...
Pass-Through | SAS/ACCESS
Method Interface to DB2
EXPLICIT Uses PROC SQL to Passes the SQL Performs the SQL request if
specify SQL that is exactly as written to the syntax is correct,
specific to DB2 DB2 otherwise, the request fails
IMPLICIT Uses PROC SQL to Converts SAS SQL Performs the SQL request if

the functionality is
supported, otherwise, it
returns an error condition
that triggers SAS processing

Table 1. Explicit vs. Implicit SQL Pass-Through

Explicit Pass-Through Method — No LIBNAME statement

Using this method, you invoke the SQL procedure and provide parameters to connect to the DB2
server, then enter the SQL requests. PROC SQL submits your SQL statements to DB2 exactly as
specified. Assuming that your SQL syntax is correct, DB2 performs the processing that’s

requested.

il
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Implicit Pass-Through Method — LIBNAME statement

Using a LIBNAME statement, PROC SQL can generate SQL statements on your behalf. This
behind-the-scenes processing is known as implicit pass-through. SAS, via PROC SQL, passes as
much work as possible to the underlying DBMS (in this instance, to DB2). However, implicit pass-
through is subject to the rules that are discussed in the next section “Understanding the Rules of
Implicit Pass-Through”. Additional examples of explicit and implicit pass-through are given later in
this section.

Understanding the Rules of Implicit Pass-Through

Basic Eligibility — To be eligible for implicit pass-through, a query must meet the following
requirements:

o refer to a single LIBNAME statement in SAS/ACCESS (versions prior to SAS®9)
e be legal according to the ANSI SQL2 standard
¢ be recognized by PROC SQL

Effect of DBMS SQL2 Conformance — The DBMS can reject a valid SQL2 query that is passed
by SAS because the DBMS might not support all three levels of SQL2 conformance. Describing a
legal SQL2 query for DB2 is beyond the scope of this paper, however, SQL keywords are listed
that trigger PROC SQL to pass the query (or query fragment) to DB2. Also listed are the elements
within the query that cause PROC SQL to disqualify it.

The following SQL keywords trigger PROC SQL to pass the query to DB2:

e DISTINCT

e Aggregate functions:
e COUNT(*)
e COUNT(x)
e FREQ(x)
e N(x)
o AVG(x)
e MEAN(x)
e MAX(x)
e MIN(x)
e  SUM(x)
e JOIN

¢ UNION

PROC SQL disqualifies any query that includes one or more of the following elements:

e CONNECTIONTO

¢ Re-merging

o DATA step options

e One or more truncated comparisons

e INTO clause

e One or more ANSI MISS/NOMISS inner or outer joins

e A SAS function that is not in the preceding list of aggregate functions or in the SAS data
function list (see the next section “Data Functions That Are Passed to DB2”.

10
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Therefore, PROC SQL does not pass a query to DB2 that contains a WHERE clause with an
unsupported SAS function, for example, the FUZZ? function. Instead, PROC SQL returns the
query to SAS for processing.

Data Functions That Are Passed to DB2
Beginning with SAS/ACCESS 8.2, the following SAS SQL functions are passed to DB2 for

processing. If the DB2 function name is different from the SAS function name, the DB2 name is
shown in parenthesis:

ABS LOWCASE (LCASE) TAN

ARCOS (ACOS) LOG TANH

ARSIN (ASIN) LOG10 UPCASE (UCASE)
ATAN MOD SUM

CEIL SIGN COUNT

CoSs SIN AVG

COSH SINH MIN

EXP SQRT MAX

FLOOR YEAR MONTH

DAY

Table 2. SAS Data Functions That Are Passed to DB2

Some of these functions didn’t exist in DB2 prior to DB2 Version 6, so they are not passed to
the DBMS in DB2 Version 5. Also, these functions are not passed to the DBMS when you
connect by using DRDA, because there is no way to determine what location that you are
connected to and which functions are supported there.

LR

Example 1 Implicit Pass-Through of the SAS YEAR() Function

libname db21ib db2 ssid=db2a
authid=dsn8710;
proc print data=db2lib.emp
(keep=empno, firstnme, lastname,
workdept, salary, hiredate);
where year(hiredate)>=1980;
run;

The SAS YEAR() function is equivalent to the DB2 YEAR() function. Therefore,
implicit pass-through generates the following DB2-specific SQL for the preceding
SAS WHERE-clause code:

SELECT "EMPNO","FIRSTNME","LASTNAME"
"WORKDEPT", "SALARY" , "HIREDATE"
FROM DSN8710.EMP
WHERE (YEAR("HIREDATE") >= 1980)
FOR FETCH ONLY

2 The FUZZ function returns the nearest integer if the argument is in 1E-12.

11
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Example 2 Explicit and Implicit Pass-Through: Side-by-Side Code
/* Setup: Create a small DB2 sample table */
libname db2lib db2 ssid=db2a;
data db2lib.customers;
input custname $ 1-10

custnum 18-20
custcity $ 22-36;

datalines;

Beach Land 16 Ocean City
Coast Shop 3 Myrtle Beach
Coast Shop 5 Myrtle Beach
Coast Shop 12 Virginia Beach
Coast Shop 14 Charleston

Del Mar 3 Folly Beach
Del Mar 8 Charleston

Del Mar 11 Charleston

New Waves 3 Ocean City

New Waves 6 Virginia Beach
Sea Sports 8 Charleston

Sea Sports 20 Virginia Beach
Surf Mart 101 Charleston
Surf Mart 118 Surfside

Surf Mart 127 Ocean Isle
Surf Mart 133 Charleston
run;

Explicit SQL Implicit SQL
option db2dbug nodate sastrace=’,,,d’; option db2dbug nodate
title2 'Customer Cities'; sastrace=’,,,d’;

title2 'Customer Cities';
proc sql noerrorstop; libname db2lib db2 ssid=db2a;
connect to db2 (ssid=db2a); proc sql noerrorstop;
select * from connection to db2 select distinct custcity from
(select distinct custcity from customers); | db2lib.customers;
quit; quit;

continued

Table 3. Side-by-Side SQL Pass-Through Examples

12
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proc sgql noerrorstop;
connect to db2 (ssid=db2a);
select * from connection to db2
(select distinct custcity from
customers);

o) J¢ ) BN N VO I \C R

DB2_7: Prepared:
select distinct custcity from customers

DB2_8: Executed:
select distinct custcity from customers

7 quit;
NOTE: The PROCEDURE SQL used 0.08 CPU
seconds and 16901K.

line.

SAS Log
options db2dbug nodate sastrace=',,,d'; 1 options db2dbug nodate
title2 'Customer Cities'; sastrace=',,,d';

TRACE: Entering d2init
TRACE: Exiting d2init
2 title2 'Customer Cities';
3 libname db21ib db2 ssid=db2a;
NOTE: Libref DB2LIB was successfully
assigned as follows:
Engine: DB2
Physical Name: DB2A
4 proc sgl noerrorstop;
5 select distinct custcity from
db21lib.customers;

DB2_1: Prepared:
SELECT * FROM CUSTOMERS FOR FETCH ONLY

DB2_2: Prepared:

NOTE: The address space has used a maximum select distinct customers."CUSTCITY" from
of 1224K below the line and 19848K above the CUSTOMERS FOR FETCH ONLY

DB2_3: Executed:
select distinct customers."CUSTCITY" from
CUSTOMERS FOR FETCH ONLY

ACCESS ENGINE: SQL statement was passed
to the DBMS for fetching data.

COMMIT WORK

DB2_4: Executed:

COMMIT WORK

6 quit;

NOTE: The PROCEDURE SQL used 0.07 CPU
seconds and 15721K.

NOTE: The address space has used a maximum
of 1224K below the line and 20344K above
the line.

SAS Output

The SAS System
Customer Cities
Custcity
Charleston
Folly Beach
Myrtle Beach
Ocean City
Ocean Isle
Surfside
Virginia Beach
Wilmington

The SAS System
Customer Cities
Custcity
Charleston
Folly Beach
Myrtle Beach
Ocean City
Ocean Isle
Surfside
Virginia Beach
Wilmington

*This statement is executed to determine whether the table exists.

Table 3 (continued). Side-by-Side SQL Pass-Through Examples

13
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In the preceding examples, look at the SQL that is marked in bold. Notice that, with explicit pass-
through, the SQL that is submitted to DB2 is exactly as specified; with implicit pass-through, the
SAS/ACCESS Interface to DB2 generates the SQL that is submitted on your behalf. (In this
example, the SQL submitted to DB2 is essentially the same.)

Loading Data into the DBMS

DB2 Bulk Loading

By default, the SAS/ACCESS Interface to DB2 loads data into tables by executing a SQL INSERT
statement for each row. If you specify BULKLOAD=YES, the DB2 LOAD utility is invoked. This
enables you to bulk load the rows of data as a single unit, which can significantly enhance
performance. For small tables, the extra overhead of the bulk-load process might slow
performance. For large tables, the speed of the bulk-load process outweighs the overhead costs.

Note: When using the bulk loader, always look at the SYSPRINT output for information about
the load.

In the SAS/ACCESS Interface to DB2, the bulk loading capability is provided via DSNUTILS,
which is an IBM stored procedure that invokes the DB2 LOAD utility. DSNUTILS is included in
DB2 Version 6 and later and is available in DB2 Version 5 via a maintenance release. Because
the LOAD utility is complex, familiarize yourself with it before you use it through SAS/ACCESS.
Ask your database administrator whether this utility is available.

The DB2 LOAD utility does not create tables; it loads data into existing tables. SAS/ACCESS
creates a table before loading data into it (whether you use SQL INSERT statements or invoke
the LOAD utility). You might want to invoke the LOAD utility for an existing table. In this case,
specify BL_DB2TBLXST=YES to tell the engine that the table already exists. If the table does not
yet exist and you do not want to create and load it, you can use BL_DB2TBLXST in conjunction
with BL_DB2LDEXT=GENONLY. In this case, the control and data files are generated, but the
table is not created.

The column types of the data that will be loaded into an existing table must match the column
types of that table. SAS does not verify the input data against the table definition. Any
incompatibilities are flagged by the LOAD utility.

BL_DB2LDCT1, BL_DB2LDCT2, and BL_DB2LDCT3 Options

The options BL_DB2LDCT1 and BL_DB2LDCT2 enable you to pass parameters to the load
process. Using these options, you can collect statistics about the table that is being loaded,
compress its content, load data using a different character set, or avoid putting the table in copy-
pending status when LOG NO is also specified.

The parameters that are specified by using the option BL_DB2LDCT1 are added to the LOAD
command after the keyword LOAD and before the clause INTO TABLE. The parameters that are
specified by using the option BL_DB2LDCT2 are added to the LOAD command between the table
name and the column list.
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The parameters that can be passed depend on which release of DB2 is running. See the DB2
documentation from IBM for the list of options that can be passed by using BL_DB2LDCT1 and
BL_DB2LDCT2.

The option BL_DB2LDCT3 enables you to pass extra options that are added at the end of the
control file. These options are not related to the load process, but they can be used to call other
DB2 utilities, such as the REPAIR utility, to re-set the tablespace status when LOG NO is used
and NOCOPYPEND is not specified. See the examples at the end of this section that show how
this option can be used.

SMS Support

The SAS/ACCESS Interface to DB2 in SAS®9 enables SMS parameters to be specified for the
SYSIN, SYSREC, and SYSPRINT data sets that are allocated by the bulk loader. Data,
management and storage classes can be passed by using the options BL_DB2DATACLAS,
BL_DB2MGMTCLAS, and BL_DB2STORCLAS.

Multi-Volume Data Set Support

Support for multi-volume data sets is provided by the option BL_DB2UNITCOUNT. This option
applies only to the SYSREC data set, which is the file that has to be loaded into the DB2 table.

The value that is specified for the option BL_DB2UNITCOUNT must be an integer between 1 and
59; if the value is greater than 59, this option is ignored. However, the value depends on the unit
name that is provided by using the option BL_DB2DEVT_PERM, which, by default, is SYSDA. An
association exists at the operating environment level that defines the maximum number of
volumes for a unit name. Ask your storage administrator for this number.

If the value that is specified for the option BL_DB2UNITCOUNT exceeds the maximum number of
volumes for the unit, an error is returned. For SMS-managed data sets, the data class determines
whether they can extend on multiple volumes. When the options BL_DB2DATACLAS and
BL_DB2UNITCOUNT are both specified, the latter overrides the unit count values for the data
class.

BL_DB2DATACLAS Option

Use the option BL_DB2DATACLAS to specify a data class for a new SMS-managed data set. If
you specify this option for a data set that SMS does not support, SMS ignores it. If SMS is not
installed or is not active, the operating environment ignores any data class that is passed by using
BL_DB2DATACLAS. The storage administrator at your site defines the names of the data classes
that can be specified when using BL_DB2DATACLAS.

The option BL_DB2DATACLAS applies to the control file (BL_DB2IN), the input file
(BL_DB2REC), and the output file (BL_DB2PRINT) for the bulk loader.

BL_DB2MGMTCLAS Option

Use the option BL_DB2MGMTCLAS to specify a management class for a new SMS-managed
data set.. If SMS is not installed or is not active, the operating environment ignores any
management class that is passed by using BL_DB2MGMTCLAS. The storage administrator at
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your site defines the names of the management classes that can be specified when using
BL_DB2MGMTCLAS.

The option BL_DB2MGMTCLAS applies to the control file (BL_DB2IN), the input file
(BL_DB2REC), and the output file (BL_DB2PRINT) for the bulk loader.

BL_DB2STORCLAS Option

Use the option BL_DB2STORCLAS to specify a storage class for a new SMS-managed data set.
If SMS is not installed or is not active, the operating environment ignores any storage class that is
passed by using BL_DB2STORCLAS. A storage class contains the attributes that identify a
storage service level that SMS uses for storage of the data set. It replaces any storage attributes
that are specified by using the option BL_DB2DEVT_PERM.The storage administrator at your site
defines the names of the storage classes that can be specified when using BL_DB2STORCLAS.

The option BL_DB2STORCLAS applies to the control file (BL_DB2IN), the input file
(BL_DB2REC), and the output file (BL_DB2PRINT) for the bulk loader.

Re-Starting the Bulk Loader

In case of failure, you can re-start a bulk-load operation. Re-start functionality is controlled by the
option BL_DB2RSTRT, which tells the LOAD utility whether the current load is a re-start and, for a
re-start, indicates where to begin. When you specify a value other than NO for the option
BL_DB2RSTRT, you must also specify BL_DB2TBLXST=YES and BL_DB2LDEXT=USERUN.
Valid values for the option BL_DB2RSTRT are:

NO — specifies a new invocation of the LOAD ultility, not a re-start. This is the default.
CURRENT - specfies to re-start at the last commit point.
PHASE - specifies to re-start at the beginning of the current phase.

How do these options interact with DB2? To answer this question, consider how the DB2 load
utility works. The utility has 10 phases: UTILINIT, RELOAD, ENFORCE, DISCARD, SORT,
INDEXVAL, REPORT, BUILD, SORTBLD, and UTILTERM. The ability to re-start a load operation
is determined as follows:

o |[f afailure occurs during the UTILINIT phase, re-start the utility from the beginning.

¢ |[f a failure occurs during the RELOAD, ENFORCE, or DISCARD phase, re-start the utility
using BL_DB2RSTRT=CURRENT.

¢ |[f a failure occurs during the SORT, INDEXVAL, or REPORT phase, re-start the utility
using BL_DB2RSTRT=PHASE.

¢ |[f a failure occurs during the BUILD phase, re-start the utility using
BL_DB2RSTRT=PHASE if the option REPLACE was also used. If the load was
appending data, the utility is not re-startable; it must be terminated and the indexes must
be rebuilt.

o |[f the utility fails during the UTILTERM phase, there is usually no need to re-start it.
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Note: When the load option SORTKEYS is used and the utility fails during the RELOAD,
SORT, or BUILD phase, the value CURRENT or PHASE for the option BL_DB2RSTRT
re-starts the utility from the beginning of the RELOAD phase.

For a complete description of all the phases of the DB2 load utility and their ability to be re-

started, see the DB2 documentation from IBM.

SQL Inserts vs. Bulk Load

A database table can be loaded either by using SQL INSERT statements or by using the bulk
loader. Which method is best? The answer is...”it depends”. It depends on:

« the amount of data to be loaded

o whether the table has indexes and how many indexes there are

« whether the table has referential constraints

« whether the table is empty and, if it's not, whether its content must be kept or replaced

Table 4 shows a comparison between SQL inserts and the bulk loader.

SQL Inserts

Bulk Loader

Rows are inserted one at a time.

All rows are logged.

If the table has triggers defined on it, they will
fire.

All constraints are validated.

Parallelism cannot be exploited.

The DELETE statement, which causes
logging, must be executed before the SQL
inserts if the table content is being replaced.

If indexes exist, their keys are populated one
at a time.

The load utility inserts formatted pages of data.

LOG NO can be used to prevent logging,
especially when the volume of data is large.

Triggers are not fired.

Constraints might or might not be validated
during the load process, depending on the
load input statements.

Beginning with DB2 Version 6, the load utility
can perform parallel index builds.

The option REPLACE enables the table
content to be deleted without the overhead
due to logging.

During the load, index keys are sorted and
used to build the indexes after the table has
been loaded.

continued

Table 4. Differences between SQL Inserts and Bulk Loader
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SQL Inserts Bulk Loader

Statistics cannot be collected during the Statistics can be collected as part of the load
inserts. process.

No backup image is required. With the option LOG NO, the table space of

the table that is being loaded is placed in
COPY PENDING STATUS when the load
process finishes.* To re-set the table space
status to normal, either a backup is performed
or the DB2 REPAIR utility is invoked.
Otherwise, all the tables in the table space are
inaccessible for modifications.

* In the DB2 Versions 6 and 7, the load option NOCOPYPEND re-sets the table-space status even if LOG NO
is used.

Table 4 (continued). Differences between SQL Inserts and Bulk Loader

To demonstrate the difference between SQL inserts and the bulk loader, three charts are shown
that represent the total time that is necessary to load different amounts of data into a table. In the
first chart, the table does not have indexes; in the second and third charts, the table has,
respectively, one and two non-unique indexes defined. All tests were run against an empty table.

The following table was used for the test:

CREATE TABLE EMPPROJACT (

EMPNO VARCHAR (0006) NOT NULL
, PROJUNO VARCHAR (0006) NOT NULL
,ACTNO FLOAT NOT NULL
, EMPTIME FLOAT WITH DEFAULT
, EMSTDATE DATE WITH DEFAULT
, EMENDATE DATE WITH DEFAULT)

The tests were performed loading 1000, 10000, 50000, 100000, 500000, and 1000000 records.
The data wasn’t sorted. Results will vary from site-to-site due to different workloads, machines,
and software.
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Test 1
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Figure 2. SQL Inserts vs. Bulk Loader on a Table without Indexes

Test 2 The following index was added to the table:

CREATE INDEX XEMP1 ON EMPPROJACT (EMPNO) CLUSTER
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Figure 3. SQL Inserts vs. Bulk Loader on a Table That Has One Non-Unique Cluster Index
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Test3 A second index was added to the table:
CREATE INDEX XEMP2 ON EMPPROJACT (PROJNO)
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SQL inserts 3.2 6.7 29.9 59.9 181.4 394.9
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Figure 4. SQL Inserts vs. Bulk Loader on a Table That Has Two Non-Unique Indexes

Example 1

Create and load data into a DB2 table.

/* Setup: Create a small SAS sample table */

data work.customers;

input custname $ 1-10

custnum

custcity $ 22-36;

datalines;
Beach Land
Coast Shop
Coast Shop
Coast Shop
Coast Shop
Del Mar
Del Mar
Del Mar
New Waves
New Waves
Sea Sports
Sea Sports

16
3
5

Ocean City
Myrtle Beach
Myrtle Beach
Virginia Beach
Charleston
Folly Beach
Charleston
Charleston
Ocean City
Virginia Beach
Charleston
Virginia Beach
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Surf Mart 101 Charleston
Surf Mart 118 Surfside
Surf Mart 127 Ocean Isle
Surf Mart 133 Charleston
run;

libname db21lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
dbtype=(custnum="smallint"));
set work.customers;
run;

Load a table, collect statistics on it, and re-set the table-space status to normal
after the process completes.

libname db2lib db2 ssid=db2a;

data db2lib.customers
(bulkload=yes
bl db2ldct1="REPLACE LOG NO NOCOPYPEND’
>STATISTICS REPORT YES’);
set work.customers;
run;

Note: Using the NO COPYPEND option avoids the need to run the COPY or the REPAIR
utility to reset the tablespace status.

Example 3

Append data to a DB2 table
/* Setup: Create a small SAS sample table */

data work.customers;
input custname $ 1-10
custnum
custcity $ 22-36;

datalines;

Sea World 4 Cape Hatteras
Sea World 9 Cape Hatteras
Sea World 7 Cape Hatteras
Sea World 24 Cape Hatteras
run;

libname db2lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl_db2tblxst=yes

bl db2ldcti='RESUME YES');

=il
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set work.customers;
run;

Note: Be sure to use uppercase when passing parameters to the LOAD utility with the
BL_DB2LDCT1 option.

Example 4 Replace the content of a DB2 table.
/* Setup: Create a small SAS sample table */

data work.customers;
input custname $ 1-10
custnum
custcity $ 22-36;

datalines;
Beach Land 16 Ocean City
Coast Shop 3 Myrtle Beach
Coast Shop 5 Myrtle Beach
Coast Shop 12 Virginia Beach
Coast Shop 14 Charleston
Del Mar 3 Folly Beach
Del Mar 8 Charleston
Del Mar 11 Charleston
New Waves 3 Ocean City
New Waves 6 Virginia Beach
Sea Sports 8 Charleston
Sea Sports 20 Virginia Beach
Surf Mart 101 Charleston
Surf Mart 118 Surfside
Surf Mart 127 Ocean Isle
Surf Mart 133 Charleston

Sea World 4 Cape Hatteras

Sea World 9 Cape Hatteras

Sea World 7 Cape Hatteras

Sea World 24 Cape Hatteras

run;
libname db2lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl_db2tblxst=yes
bl db2ldct1='REPLACE');
set work.customers;
run;

Note: Be sure to use uppercase when passing parameters to the LOAD utility with the
BL_DB2LDCT1 option.
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Example 5 Generate control and data files, create the table, but do not run the utility to load it.

libname db21lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl_db2ldext=genonly
bl db2in="testuser.sysin'
bl_db2rec='testuser.sysrec'
bl db2ldct1='REPLACE');
set work.customers;

run;

Note: Be sure to use uppercase when passing parameters to the LOAD utility with the
BL_DB2LDCT1 option.

=il

Example 6 Use the control and data files that were generated by the preceding program to
load the table.

libname db21ib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl db2ldext=userun
bl db2tblxst=yes
bl _db2in="'testuser.sysin'
bl db2rec='testuser.sysrec');
set work.customers;

run;

Example 6 requires that the input file be specified (even though the data that is being loaded is
physically in the SYSREC file) because the input file contains the descriptions for the table fields
that are used by SAS/ACCESS during the load. For Example 6, it would be more efficient to
eliminate the input file by replacing it with one or more fictitious variables. Notice that the number
of variables does not have to correspond to the number of fields that are in the table.

libname db2lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl _db2ldext=userun
bl db2tblxst=yes
bl _db2in="'testuser.sysin'
bl db2rec='testuser.sysrec');
custname="";

run;

Another solution for this problem is to self-reference the table in the SET statement if the table
already exists, as shown in the following example:

libname db21lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl_db2ldext=userun
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bl_db2tblxst=yes
bl db2in="testuser.sysin'
bl_db2rec='testuser.sysrec');
set db2lib.customers;

run;

Example 7 Load a table by using another DB2 table as input.

libname db2lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl db2tblxst=yes
bl db2ldct1='RESUME YES');
set db2lib.new_customers;

run;

Example 8 Generate SMS-managed control and data files; do not create the table, and do
not run the utility to load it.

libname db21lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl_db2ldext=genonly
bl db2in="'testuser.sysin'
bl_db2rec="'testuser.sysrec'
bl db2tblxst=yes
bl db2ldct1='REPLACE'
bl db2dataclas=’STD’
bl _db2mgmtclas=’STD’
bl_db2storclas=’STD’);
set work.customers;

run;

Example 9  Append data to a table by using another DB2 table as input. This enables the
SYSREC file to extend to a maximum of 6 volumes.

libname db21lib db2 ssid=db2a;

data db2lib.customers (bulkload=yes
bl_db2tblxst=yes
bl db2ldct1='RESUME YES'
bl_db2unitcount=6);
set db2lib.merge_customers;
run;

Example 10 Load data into a table and collect statistics.

libname db2lib db2 ssid=db2a;

data db2lib.employees (bulkload=yes
bl_db2tblxst=yes
bl db2ldcti1='REPLACE'
bl db2ldct3= 'RUNSTATS TABLESPACE
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MYDB.EMP SHRLEVEL REFERENCE');
set work.emp_list;
run;

In Example 10, the statistics could also have been collected by adding the keyword STATISTICS

in the BL_DB2LDCT1 option. Notice that the RUNSTATS utility requires that the database and @
table-space names be provided, which means that the user must know in advance where the

table resides.

Example 11 Load data into a table and invoke the REPAIR utility to re-set the table-space
status to READ and WRITE.

libname db2lib db2 ssid=db2a;

data db2lib.employees (bulkload=yes
bl_db2tblxst=yes
bl _db2ldct1='REPLACE'
bl db2ldct3= 'REPAIR SET TABLESPACE
MYDB.EMP NOCOPYPEND') ;
set work.emp_list;
run;

In Example 11, the table-space status could also have been re-set by adding NOCOPYPEND to
the option BL_DB2LDCT1. However, the option BL_DB2LDCT1 is available only in DB2 Version 6 @
and later.

Maximizing Performance with the SAS/ACCESS Interface to DB2

Among the factors that affect DB2 performance are the size of the table that is being accessed
and the form of the SQL SELECT statements. As a general rule, if the table is larger than 10,000
rows (or 1,000 pages), you should evaluate all SAS programs that access the table directly. In
evaluating, consider the following questions:

¢ Can any of the selected columns be dropped?

¢ Do the WHERE-clause criteria retrieve only those rows that are needed for subsequent
analysis?

¢ |s the data used by more than one SAS procedure? If yes, consider extracting the data
into a SAS data file for the SAS procedures to use, instead of having each procedure
directly accessing the DB2.

¢ Do the rows need to be in a specific order? If yes, can an indexed column be used to
order them? If there is no index column, is DB2 or SAS performing the sort?

¢ Do the WHERE-clause criteria enable DB2 to use the available indexes efficiently?
¢ What kind of locks does DB2 need to acquire?

¢ Are joins being passed to DB2?
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e Can your DB2 system use parallel processing to access the data more quickly?

o Are statistics up-to-date on the DB2 tables that are being accessed?

Note: Statistics should be collected on DB2 objects. Failure to do so might result in poor
performance for applications (such as SAS) that access the database. Your DBA should
collect statistics periodically.

DB2 has a Resource Limit Facility (RLF) to limit the execution time of dynamic SQL statements. If
the time limit is exceeded, the dynamic statement is terminated with SQL code -905. The RLF can
stop a user from consuming large quantities of CPU time in the following situations:

e A very complex query accesses many tables and data. If the SQL statement is already

optimized, consider breaking it into smaller chunks. Each chunk can produce intermediate
results that are processed by the next chunk until the result set that you want is
generated.

An extensive search is being executed by the FSEDIT, FSVIEW, or FSBROWSE
procedures.

Extensive extraction of data from DB2. Breaking up the extraction might be a reasonable
workaround.

A large load is being entered into a DB2 table. Lowering the commit frequency or bulk
loading might overcome the problem.

Here are some tips and techniques to improve SAS performance with DB2:

e Set the SAS system option SASTRACE=',,,d’ (DB2DBUG for SAS 8.2 and earlier). This

option logs SQL that is passed to DB2, thereby enabling you to verify WHERE clauses,
PROC SAQL joins, and ORDER BY clauses that are being passed to DB2.

Verify that SAS procedures and DATA step code share connections where possible. You
can do this by using one SAS libref for all SAS applications that read DB2 data, and by
accepting the default value of SHAREDREAD for the CONNECTION option in the
LIBNAME statement.

If your DB2 subsystem supports parallel processing, assign a value to the CURRENT
DEGREE special register. Setting this register might enable your SQL query to use
parallel operations. To set the special register, use the options DBCONINIT or DBLIBINIT
in the LIBNAME statement with the DB2 SET statement as shown in the following
example:

libname db2lib db2
dbconinit="SET CURRENT DEGREE='ANY'";

With a SAS application that reads data twice, let SAS/ACCESS spool the DB2 data,
which occurs via the default SPOOL=YES. The spool file is read when the application re-
reads the data and when the application scrolls forward or backward through the data.
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e Use the SQL procedure to pass joins to DB2 instead of using the MATCH MERGE
capability (that is, merging with a BY statement) in a DATA step.

e Use the option DBKEY with SAS processing that involves the option KEY. When you use
the option DBKEY, the DB2 engine generates a WHERE clause with parameter markers.
Values for the key are substituted into the parameter markers in the WHERE clause.

Without the DBKEY option, a new WHERE clause is generated for each key value. When the
key value changes, a SQL query with the new WHERE clause must be optimized by BD2. A
SQL query with parameter markers is optimized, or prepared, only once.

LR

e Stored procedures can improve performance in client/server applications by reducing
network traffic.

Making the Most of Your Connections

In SAS versions after SAS 6, SAS/ACCESS supports more than one connection to DB2. This is
very useful. One advantage is that this segregates tasks that fetch rows by using a cursor from
tasks that must issue commits. This eliminates re-synchronizing the cursor, preparing the
statement again, and re-fetching rows until you are positioned back to the row that you were on.
In general, when tables are opened for fetch, no commits are issued; when tables are open for
update, commits can take place.

You control how the DB2 engine uses connections by using the CONNECTION option in the
LIBNAME statement. At one extreme, when CONNECTION=UNIQUE, each table access creates
and uses its own connection. At the other extreme, when CONNECTION=SHARED, only one
connection is made, and input, update, and output accesses all share that connection.

The default CONNECTION=SHAREDREAD causes tables that are opened for input to share one
connection, and update and output opens get separate connections.
CONNECTION=SHAREDREAD results in the best separation between tasks that fetch from
cursors and tasks that must issue commits, and eliminates the re-synchronization of cursors.

The values GLOBAL and GLOBALREAD for the CONNECTION option perform similarly to
SHARED and SHAREDREAD. The difference is that you can share the connection across all
librefs that you specify as GLOBAL or GLOBALREAD.

Most often, the default CONNECTION=SHAREDREAD is optimal but, if you use multiple librefs,
GLOBALREAD enables you to have one connection for all input opens, regardless of which libref
you use. In a single-user environment (as opposed to a SAS server session), you might know that
you won’t have multiple opens at the same time. In this case, you can use CONNECTION=
SHARED (or CONNECTION=GLOBAL for multiple librefs). This eliminates the overhead of
creating separate connections for input, update, and output transactions and, having only one
open at a time, eliminates re-synchronizing input cursors.

The values SHARED and GLOBAL also eliminate - 911 deadlock when opening a table for output
while opening another table in the same database for input.
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The first connection to DB2 is made from the main SAS task. Subsequent connections are made
from SAS subtasks because DB2 allows only one connection per task. Due to subtask overhead,
the main SAS task is faster in terms of CPU time. If you are reading or writing large numbers of
rows, the values SHAREDREAD or GLOBALREAD enable sharing the first connection.

One other type of connection that the DB2 engine uses, which can now be controlled by using the
option UTILCONN_TRANSIENT (see the next section), is the utility connection. The utility
connection accesses the system catalog, issues commits to release locks, and is a separate
connection. Utility procedures such as DATASETS and CONTENTS can cause the utility
connection to be created, although other actions might also necessitate it creation. There is one
utility connection per LIBNAME statement, but it is not created until it is needed. If you have
critical steps that must use the main SAS task connection for performance reasons, don't use the
option DEFER=YES in the LIBNAME statement. It is possible that the utility connection can be
established from that task, which causes the connection that you use for your opens to come from
a slower subtask.

UTILCONN_TRANSIENT Option

By default, the utility connection persists for the duration of the SAS session. The new option
UTILCONN_TRANSIENT is used to determine whether an idle utility connection should be
closed. UTILCONN_TRANSIENT=YES, the default setting, causes SAS to close the connection
when it is not in use, therefore reducing the total number of concurrent client connections.

Accessing DB2 Catalog Tables

Some SAS procedures access the DB2 system catalog for information. For example, PROC
DATASETS and PROC CONTENTS need to query SYSIBM.SYSTABLES.

If the SAS 9.1 Open Metadata Server is installed at your site, it retrieves metadata from DB2
system catalog tables. The SYSIBM.SYSTABLES, SYSIBM.SYSINDEXES, SYSIBM.SYSKEYS,
SYSIBM.SYSFOREIGNKEYS, and SYSIBM.SYSRELS tables are accessed.

Note: If the SAS user does not have authorization to read these DB2 system catalog tables,
some procedures or applications fail.

Other tables being accessed by SAS include SYSIBM.SYSPARMS for stored procedure support,
and SYSIBM.SYSKEYS (along with SYSIBM.SYSINDEXES and SYSIBM.SYSCOLUMNS) for
threaded reads support.

Controlling DB2 Locks

SAS/ACCESS provides the following four options to control how locks are acquired on a database
resource:

« READ_LOCK_TYPE

e UPDATE_LOCK_TYPE
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e READ_ISOLATION_LEVEL
o UPDATE_ISOLATION_LEVEL

The options READ_LOCK_TYPE and UPDATE_LOCK_TYPE refer to the type of locks to be
acquired when a table is opened for read or update processing. The only valid value for these
options is TABLE, which means that a table-level lock is acquired.

The options READ_ISOLATION_LEVEL and UPDATE_ISOLATION_LEVEL indicate the degree
of granularity that is used to process rows in a result set. Depending on the value that is specified,
concurrency is impacted. However, read-only applications can benefit by using a value that avoids
any potential conflict on database resources.

Table 5 shows all the values that can be used for the READ_ISOLATION_LEVEL and
UPDATE_ISOLATION_LEVEL options. For a complete explanation of isolation level values, see
the DB2 for OS/390 and z/OS documentation from IBM.

Value Isolation Level

CS Cursor stability

UR Uncommitted read

RR Repeatable read

“‘RR KEEP UPDATE LOCKS” * Repeatable read, keep update locks
RS Read stability

‘RS KEEP UPDATE LOCKS” * Read stability, keep update locks

*When specifying a value that consists of multiple words, enclose the entire string in quotation marks.

Table 5. Isolation Level for DB2 OS/390 and z/OS

Binding SAS/ACCESS to DB2

Whether you are using CAF or RRSAF, access to DB2 takes place by using an execution plan.
Before you can manipulate database data, SAS/ACCESS must be bound to DB2.

A plan tells DB2 how and what an application will do against the database. A plan also indicates
to DB2 what to do when the application uses database resources (for exa