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ABSTRACT 

The SAS* System has many tuning options, most of which are left 
at their default values. When an application accesses data through 
a SAS server, sometimes the default values provide adequate 
performance and sometimes they do not. 

The SAS System Is delivered to you property tuned for a ''typical" 
application that uses SASISHARE* software. SAS Institute makes 
some assumptions about the klnd of processing that Is going to take 
place In a ''typical" application. Recognizing that your application 
may not be ''typicaf', the SAS System supplies tuning options that 
you can use to override default behavior. 

This paper discusses programming techniques and option value 
adjustments that you can use to Improve the performance of your 
applications that access data through SAS servers. The lnlormetlon 
in this paper IS the result of tuning several large applications that 
are In use at SAS Institute. 

OVERVIEW 

This paper will give you some Ideas to help you develop SAS 
applications that make the most efftcient use of concurrent access 
to SAS Illes. Since this audience is composed of people with 
different amounts of experience developing applications that use 
concurrent access to data, In this first part of the paper we will take 
a few minutes to make sure everyone understands the principles 
that will be expanded In later parts of the paper. 

Since Introducing SAS/SHARE software In 1987, SAS Institute has 
compared two contrasting Images to show the additional capability 
that SASISHARE software brings to the SAS System. One Image 
shows a user's SAS session accessing Illes directly; the other 
image shows a user's SAS session connected to a SAS server's 
session and the server's session accessing the files directly. The 
esssntial difference Is that the data In a file that Is accessed through 
a SAS server travels through two SAS sessions whenever It Is 
accessed. Of course, a SAS server controls concurrent access to 
the data that Is read and written through It, so Its overhead has an 
Important purpose. But It Is Important to remember that data 
accessed through a SAS server requires more computing 
resources than data accessed directly. 

One or more SAS servers can execute at the same time on a single 
computer orin a network of computers. You can use different 
servers for different applications, or you can use a few servers to 
distribute the load of many applications. 

When you use more than one SAS server, each server performs 
only part of the work load. This allows each server to respond to 
requests more quickly. On the other hand, every process on a 
computer requires a certail amount of overhead simply to exiSt, and 
SAS servers are no dltferant from other processss In this regard. 
You must balance the performance Improvement that using multiple 
SAS servers gives your users against the Increased load on your 
system as mora SAS servers execute. The later parts of this paper 

will discuss measuring how much work a SAS server Is doing; you 
can use that Information to determine when to add or delete SAS 
servers. 

THE SAS DATA UBRARY MODEL 

You should make sure you thoroughly understand the material on 
pages 203 through 209 of SAS Language: Reference, Version 6, 
First Edition before you attempt to tune SAS applications and 
servers at your Installation. Here are some of the terms defined in 
that material that are most Important to understanding this paper: 

A SAS data library can have five types of members, DATA, VIEW, 
CATALOG, PROGRAM, and ACCESS. This paper will deal only 
With the types DATA, VIEW, and CATALOG. 

A library member of type DATA Is a SAS data file. Through Version 
5 of the SAS System, SAS Institute referred to such files as "SAS 
data sets." A SAS data Ills may be compressed, and It may have 
zero or mora Indexes. 

A SAS data lliew Is a set of directions that tellS a SAS View engine 
how to combine data from one or more sources into observations. 

A SAS cata/cg Is a file that contains smaller files; the flies contained 
In a catalog are catalog entries. Some types of entries you might 
be familiar with are PROGRAM (SAS/AF* programs), SCREEN 
(PROC FSEDIT screens), and FORMAT (user·wrltten formats). 

HOW DATA FLOW WHEN YOU USE SAS FILES 

To tune applications that access data concurrently, it Is to your 
advantage to understand how data are read and written In the 
different types of members of SAS libraries that can be accesssd 
through a SAS server. 

It Is Important to remember that an application cannot run any fester 
when It accesses data through a SAS server than it can when it 
accessss data directly. This may seem obvious, but It Is surprisingly 
easy to simply blame an application's sluggish performance on ''the 
server'' without ever tasting the application while accessing the data 
without going through a SAS server. For many applications, the 
difference In performance between accessing the data directly 
versus accessing the data through a SAS server will not be large. 
Whenever you develop a new application, verify that the application 
runs acceptably while accessing Its data dlractty before you add a 
SAS server to the application's data access. 

SAS Data Fllell 

When a SAS session reads from a SAS data file that Is accessed 
directly: 

1. The procedure or DATA step requests an observation from the 
engine. 

2. The engine requests the SAS host interface to read the page 
of the data file that contains the observation. 
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3. The engine extracts the observation from the page and retums 
it to the procedure. 

When a SAS session updates or adds to a SAS data file that Is 
accessed directly: 

1. The procedure calls the engine to replace or add the 
observation. 

2. The engine replaces or adds the observation In the page. 

3. The engine calls the host Interface to write the updated or new 
page to disk. 

When a SAS session reeds from a SAS data file that is accessed 
. _through a server: _ ~-~-- --~ 

1.0 The procedure or DATA step requests the observation from the 
REMOTE engine. 

1.1 The REMOTE engine determines whether the requested 
observation Is already available In Its transmission buffer In the 
usa(s SAS session. If the observation Is available, It Is returned 
to the procedure. 

1.2 If the observation Is not already available in the user's SAS 
session, the REMOTE engine sands a message to the sarver 
to get a buffer full of observations, Including the observation 
requested by the procedure. 

1.3 The SAS servar fills the transmission buffer by requesting one 
or mora observations from the engine that accesses the data 
file In the server's SAS session. 

2.0 For each observation, the engine In the sarver's session 
requests the SAS host Interlace to read the page of the data 
file that contains the observation. 

3.0 The engine In the sarver's SAS session extracts each 
observation from Its page and retums It to the sarver. 

3.1 After filling the transmission buffer, the server sends the buffer 
to the REMOTE engine. 

3.2 The REMOTE engine extracts the desired observation from the 
transmission buffer and returns it to the procedure or DATA 
step. 

When a SAS session updates or adds to a SAS data file that Is 
accessed through a server: 

1.0 The procedure calls the REMOTE engine to replace or add the 
observation. 

1 .1 The REMOTE engine replaces the observation in its 
transmission buffer or adds the observation to Its transmission 
buffer. 

1.2 If the data file Is open tor update access, the REMOTE engine 
sends a message to the SAS sarver that carries the new or 
updated observation and requests that it be updated in or 
added to the data file. 

1.3 If the data file Is open for output access, the REMOTE engine 
adds observations to Its transmission buffer until the buffer Is 
full. After the transmission buffer Is full, the REMOTE engine 
sands It to the sarver. 

1.4 The SAS server requests the engine that accesses the library 
In the server's SAS session to replace the observation In the 
data file or add the observallon(s) to the data file .. 

2.0 The engine In the sarver's SAS session replaces or adds each 
observation by updating and creating pages In the data file. 
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2.1 The engine requests the SAS host interface to write each 
updated and new page to the data file. 

3.0 The engine In the sarver's SAS session returns to the sarver. 

3.1 The SAS sarver replies to the REMOTE engine Indicating that 
the updated or new observation has been stored In the data 
file. 

3.2 The REMOTE engine returns to the procedure. 

SASDataVIews 

The flow of data as a SAS data view Is processed can be complex, 
because a view Is a set of Instructions that tells how to select and 
combine data from one or more sources. 

A SAS data view can be interpreted In a user's SAS session or a 
serve(s SAS session When a view Is Interpreted In a use~s SAS 
session, the view tile and none, some, or all of the data read by the 
view can be accessed through a SAS server. When a view Is 
Interpreted In a server's SAS session, the view file and all of the data 
read by the view must be accessad by the server. 

There are three types of SAS views: 

• PROC SOL views, which are Interpreted by the SOL engine 

• SAS/ACCESSt> views, which are Interpreted by SASIACCESS 
interface engines 

• DATA step views, which are Interpreted by the DATA step view 
engine 

A view crealed by the SOL procedure can read SAS data sets (SAS 
data files and any kind of SAS data view). 

When a SAS/ACCESS view engine is used In a SAS server's 
session, the view engine can only read from the database: It cannot 
update the database. The flow of data Is one-way: from the 
database to the Interlace engine to the server to the user. 

A DATA step view can, like a PROC SQL view, combine data from 
SAS data files and SAS data views. In addition, DATA step views 
can Include sophisticated calculations and read data from extemsl 
flies. A DATA step view can produce data exclusively by calculation, 
without reading any data. 

SAS Catalogs 

SAS catalogs are "containers" for many different klnds of entries, 
and the data In each type of entry Is accessed In a pattern unique 
totheentrytype. Unlike the observations inSASdatasets, the 
REMOTE engine does not combine the records of a catalog entry 
Into groups. Therefore, It Is easy to cause a large number of 
messages to flow between a use(s SAS session and a SAS sarver 
Without Involving a large number of catalog entries. 

CONCURRENT ACCESS: UPDATE VERSUS READ-ONLY 

Many applications use several SAS files. It Is to your adVantage If, 
while designing your application, you Identify and segregate: 

• the set of tiles which must be updatable by more than one user 
at a time 

• the files that will be updated by only one user, but while other 
users are reading the files 

• the files that will be updated so Infrequently that access to those 
files by all users Is practically read-only 

The flies In the first group are excellent candidates for access 
through a SAS server. The flies In the second group are often gocd 
candidates for access through a SAS server, but for some 
applications the performance lmprovemant from not accessing the 
files through a SAS server may make It worthwhile to use a more 
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complicated procedure to update those files ''while the users are not 
around." The flies In the third group are almost always poor 
candidates for access through a SAS server because all of the 
operating systems that the SAS System runs undar provide shared 
read-only access to files, and that direct access Is almost always 
faster than access through a server. 

Here Is a summary of the advantages and disadvantages of 
ssgregatlng files Into read only and concurrently updated libraries. 

• A SAS file that Is accessed through a SAS server generally ccsts 
more, In terms of computing resources, for users of the 
application to uss than a SAS file that Is stored In a library that 
Is accessed dlreclly by the users. 

• Reduced traffic through a server optimizes response time for the 
users of the concurrently updated Illes. 

• Simpler, more direct access to read-only copies of flies reduces 
the cost of an application's query and reporting functions. Note 
that such a copy may be a subset rather than the entire file. 

• A SAS file that Is accassed through a server can be updated while 
it Is being queried or reported on. 

• Copies of files require disk space. 

• A file In a SAS library that Is accessed dlreclly by ussrs can not 
be updated while a user executes the part of the application that 
uses that file. 

COMPUTEA AESOUACES USED BY A SAS SERVEA 

The lnfonnatlon In this paper so far has been about SAS flies and 
how they are used by an application. You will be a more effective 
application developer If, In addition to understanding how to make 
optimum use of SAS files, you also understand the computer 
resources that a SAS server consumes. That understanding will 
allow you to design your applications to make optimum use of a SAS 
server as well as optimum use of SAS Illes. 

A SAS server Is an lndepently running SAS session that brokers 
requests for data from other SAS sessions. There are 4 kinds of 
computer resources that a SAS server consumes: 

• CPU (the computer's "processor'') 

• 110 (Input from and output to the computer's pennanent storage) 

• Memory (the computer's working storage) 

• Messages (passing data between a server and Its ussrs) 

CPU, 110, and memory resources are consumed by every SAS 
session. "Messages" Is a name for one measurable aspect of the 
complex area of "communications resources:" communications 
resources are consumed by SAS/SHARE software and 
SAS/CONNECT" software because these two products enable 
SAS sessions to communicate with one another. 

Any work done by a SAS server consumes more than one kind of 
resource (If you are looking for simple uncomplicated truths, you 
may want to skip this secllon). A SAS server can do several kinds 
of work and, as you might expect, not all kinds of work consume 
resources In the same relatiVe amounts. For example, some work 
a SAS server can do consumes much of the CPU resource but little 
of the other resources, while other work consumes much of the 
memory resource, less of the CPU resource, and very little of the 
other resources. 

CPU 

A SAS server creates processes as users connect to H and execute 
DATA steps, procedures, and windows. These processes (created 
on users' behalf) are assigned the work that Is actually pelfonned 
In the server's SAS session. This allows a process In a server's 

session to do work requested by one ussr and then yield control so 
that another process can do work for another user. 

Most requests handled by the processes in a SAS server require 
small bursts of CPU time. But there are several requests that can 
consume especially large amounts of CPU time: 

• Processing a WHERE clause 

• Interpreting a SAS data view 

• Processing a compressed SAS data file 

When a SAS data set is accessed through a server, every WHERE 
clause used to sslect observations from that data sat Is evaluated 
by a process In the server's SAS session. This Increases the 
sarver's overall use of the CPU resource to reduce Its use ot the 
messages resource. Often, evaluation of a WHERE clause can be 
optimized by using an Index to locate the desired observations. But 
when an Index Is not used, or selects more observations than satisfy 
the WHERE clauss, the process In the server's session must search 
for observations that completely satisfy the WHERE clause. 
Searching can consume a significant amount of the CPU resource. 
While a process conducts a search, it yields periodically to allow 
other processes In the server's session to do work for other users. 

A PROC SQL view can consume quHe a bH of the CPU resource. 
The SOL view engine may join tables, It may need to sort 
intennedlate files, and there may be several WHERE clausee In the 
view that require evaluation. The process in which the SOL view 
engine executes yields periodically while a view Is Interpreted. 

DATA step views and SAS/ACCESS views also consume the CPU 
resource. The process in which eHher of these engines executes 
does not yield to allow other processes to run, allhough the server 
Hself allows other processes to run when a group of observations 
has been prepared for transmission to a user's SAS session. A 
DATA step view that does a great deal of calculation while preparing 
each observation can have a visibly hannful Impact on a server's 
response time to other ussrs' requests. 

When a compressed SAS date file Is read, processes In the server's 
session decompress each observation; when a compressed SAS 
data file Is created or replaced, a process in the server's session 
compresses each observation. In many cases the ''wall clock'' time 
required to decompress (or compress) Is shorter than the "wall 
clock" time required to read the additional pages of an 
uncompressed file. In other words, trading increased use of the 
CPU resource for decreased use of the 110 resource can, on 
balance, reduce the length of time users walt for a SAS server to 
respond. While a user processes a compressed data file through 
a server, other processes In the server's session may execute 
batween groups of observations requested by that user; a SAS data 
file Is not compressed or decompressed In Its entirety In a single 
operation. 

The "Programming Techniques" section of this paper offers Ideas 
for reducing the CPU consumption of processes In a SAS server's 
session under the topics: 

• Choose the appropriate subseftlng strategy 

• Index wisely 

• Know your application's DATA step views 

110 

Slnca most work done by the processes In a server's SAS session 
Involves 110 activity, those processes can spend a significant 
amount of time waiting for 110 activity to complete. (This time 
Includes moving the head of a disk drive to the correct position, 
waiting for the disk to spin around to the position of the requested 
data, and transferring the data from the disk to the computer's 
working storage.) In the current release of SAS/SHARE software, 
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while a process In a server's session waits for 1/0 activity to 
complete, other processes In the server's session do not perform 
other work that uses a different (CPU, memory, or messages} 

· resource. 

That waiting could, It would seem, become a botUeneck for a SAS 
sarver, and In a taw situations this problem is realized. But In 
practice most of a server's memory is used for 1/0 buffers and 
processes In a server's session typically sadsfy most requests for 
data from 1/0 buffers that are already In memory. 

A SAS sarver typically allocates memory for one page of a file each 
time the file Is opened, up to the number of pages In the file. For 
example, If the appUcadon baing executed by a user opens a file 
twice, enough of the sarver's memory to contain two pages of the 
file Is allocated; If tan users run the application, space for 20 pages 
of the file Is allocated In the sarver's memory. The number of buffers 
allocated for a flla will not exceed Ute rrumbat of pages In tha fila; -

or course, the pages of the fila maintained In memory are not the 
same sat of pages all the time: as users request pages of the file 
that are not In memory, pages that are In memory are written back 
to the file on disk If they have been modified, or If en In-memory page 
has not been modified Its buffer Is simply used to read the new page. 
A larger page size can reduce the number of VO operations required 
to process a SAS data file. But It takes longer to read a large page 
than It takes to read a small one, so unless most of the observations 
in a large page are likely to be accessed by users, large page sizes 
can Increase the amount of time required to perform 1/0 acdvlty In 
the server's SAS session. 
There are two patterns In which data Is read from or written to SAS 
files: 

• Sequential 

• Random 
When an application processes a SAS file In sequential order, no 
page of the file Is read into or written from the server's memory more 
than once each time the file Is read or written. Also, observations 
are transmitted to and from users' sessions In groups, which 
conserves the messages resource. 

In many applications that are used with concurrently accessed files, 
data is accessed In random order, i.e., a user reads the 250th 
observation, then the 1 O,OOOth observation, then the 5th 
observation, and so forth. When a file Is processed In random order, 
it is much more difficult to predict how many times each page of the 
file will be read Into or written from the memory of a server's SAS 
sesslon.ln addition, only one obServation Is transmitted on each 
messsge between server and user, which does not conserve the 
messages resource. 

The "Programming Techniques'' saction of this paper offers Ideas 
for reducing the 110 load of a SAS server under the topics: 

• Clean up your data files 

• Choose the appropriate subsettlng strategy 

• Choose page size wisely 

• Specify sequential access when an SCL program doesn't need 
random access 

Memory 

A computer's working storage Is used by a SAS server to load 
programs, hold VO buffers, and maintain control information. When 
a sarver's wortdng set becomes large compared to the amount of 
memory Installed on a computer, a significant amount of the server's 
wortdng storage may be stored on disk by the operating system's 
virtual memory manager. 
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Large amounts of a server's memory are consumed by: 

• A SAS data view that contains an .ORDER BY clause 

• Many indexes on data Illes accessed through a server 

• A large number of files open at the same time 

• Data files that have large page sizes 

Since the ORDER BY clause causes the observations produced by 
a view to be sorted avery time the view Is Interpreted, It requires 
memory to be used for a work area for the sorting step. Your 
application should only usa this clause In Its views when It has a 
clear benefit for your users. 

When a SAS data file Is opened, au lnda)(es on the file are opened. 
Therefore, when a SAS data file has many Indexes, a large amount 
of memory In the sarver's SAS session can be used to store pages 
o!the Index llle ana relatea control Information. Of course, when 
many SAS data files that are accessed through a SAS server each 
have many indexes, this effect Is multiplied. 

At SAS Institute, we have obServed that the majority of SAS servers' 
memory has been consumed by VO buffers. Carefully selecting the 
number of times each file is opened by your application and the 
page size of each file can have considerable impact on the amount 
of memory required by a SAS sarver. 

The "Programming Techniques" section of this paper offers ideas 
for reducing the memory requirements of a server under the topics: 

• Choose page size wisely 

• Index wisely 

• Limit the number of files open during execution of an SCL 
program 

Meaages 

Massages are the communication events between users' SAS 
sessions and a SAS sarver. Whenever a piece of information (for 
example, an observation) Is moved from a sarver to a user, a 
massage is sent from the user to the sarver and a reply Is sent back 
from the sarver to the user. 

Messages and replies are transmitted by communicallons access 
methods. The cost of a messsge varies greatiy with access method. 
Memory-to-memory communication within a single computer, for 
example via the Cross-Memory Services (COMAMID=XMS) or 
Inter-User Communications Vehicle (COMAMID=IUCV) access 
methods is very rapid, while messsgas that flow on cables between 
computers, for example via the DECnet (COMAMID--OECNET) or 
TCPIIP (COMAMID=TCPIP) access methods take much longer to 
travel between SAS sessions. 

SAS Institute has observed that the cost of sanding data via most 
communications access methods Is more directly a function of the 
number of messages than the amount of data. In other words, to 
move a million characters of data between a user and a sarver, It 
takas less time to send the data in 1 00 messages than to sand the 
data in 10,000 massages. 

SAS/SHARE software conserves the massages resource by: 

• Transmitting observations between SAS servers and users In 
groups 

• Evaluating WHERE clauses In SAS servers' sessions 

• Interpreting SAS data views In SAS servers' sessions 

The "Programming Techniques" saction of this paper offers soma 
Ideas for conserving the messages resource under the topics: 

• Choose the appropriate subsattlng strategy 

• Understand and control random access 

Client/Server Processing and Host Systems 129 



The ''Tuning Options" section shows options you can use to control 
the grouping of observations on messages between servers and 
users: 

• TBUFSIZE= 

• TOBSNO. 

MINIMIZING AND OPTIMIZING FIESOUFICE CONSUMPTION 

Now that you understand how the SAS System and SASISHARE 
software use flies and computer resources, lfs time to apply that 
knowledge to the design end Implementation of your applications. 

The most productive way to optimize the performance of your 
application Is programming It to work as efficiently as possible. You 
can almost always realize more performance Improvement by 
coding your application to exploit features of the SAS System than 
you can gain by adjusting the operation of the SAS System. 
When you decide to adjust the SAS System to operate differently, 
remember that tuning Is a balancing act and Invariably requires 
compromise. Of course, to effectively tuna the SAS System you 
must understand what your application's bottlenecks are. 
This section will first list some programming techniques that are 
basad on the Information presented earlier In this paper. After that, 
the tuning options of SASfSHARE software and the SAS System 
will be described. 

Programming Technlqu• 

Clean up your data flies: The most obvious way to reduce the 
amount of work dona by a SAS server is eliminating unused 
variables and observations from the files that are accassed through 
the server. To make sure that your flies are no larger than they need 
to be, periodically remove or archive unused data 

As a SAS date lila matures, users add new observations, update 
existing observations, and forget about old obServations. In most 
cases the level of activity Is greatest on the newest observations. 
If the users of your application do not frequently access older 
Information, consider moving older observations from files that are 
concurrently updated to "archive" files that are accessed directly 
(instead of through a server). 

Also as a SAS date file matures, new variables are added, some 
variables turn outto be largerthan they need to be, and soma 
variables lose their usefulnaas. Periodically check your application's 
SAS data files tor variables that are longer than they need to be end 
for variables that are no longer used. 

While compressing a SAS date file reduces the number of pages 
in It compression can not be as efficient at eliminating unused 
spa~e as you can be by deleting unused observations end variables 
and by shortening variables that are longer than necessary. 
smaller date files Improve the performance of all SAS sessions by 
reducing the amount of disk spaca required by each fila, by reducing 
the number of 110 operations required to procass the date In each 
fila, end by reducing the number and size of massages required to 
transmit the data In a file between a server end Its users. 
Choou the appropriate subsettlng atratagy: Creating a subset 
of the observations In a SAS file can consume large amounts of the 
110 and messages resources. There are several subsettlng 
techniques available In the SAS system: 

• any WHERE clause that Is not optimized by the usa of an Index 
• the subSettlng IF statement of the SAS DATA step 

• the FINO, SEARCH, and LOCATE commands of SAS/FSf>® 
procedures 

When an Index Is not used to locate directly the obServations that 
satisfy a WHERE clause, the process In the server's session must 
raed observations from the data file until It finds one that matches 
the WHERE ctausa. This can consume a vary large amount of the 
I/O and CPU resources. Those resource requirements can be 
greatly reduced when the variables In the WHERE clause are 
Indexed. 

The subsettlng IF statement of the DATA step and the FINO, 
SEARCH, and LOCATE commands of SAS/FSP procedures 
perform the specified comparison In the user's SAS session Instead 
of In a process In a SAS sarver. This requires that every obSarvation 
of the SAS data set be transmitted from the serve~s session to the 
user's session, which can consumeaverylargeamount of the 
massages resource, In addition to the 110 and CPU resources 
required to raed the data file. Slnca the comparisons of a WHERE 
clause are performed In the server's session, only the desired 
observations are transmitted to the user's session and the massage 
resource Is conserved. 

The VO resource consumption Is the same tor all three cases. Using 
WHERE clauses Is recommended, however, because the 
messages resource consumption is higher tor the subsetllng IF 
statement end the FIND, SEARCH, and LOCATE commands. 
Index wisely: Indexing is a tool that optimizes WHERE clause 
selection of observations from SAS data sets. A WHERE clause 
without an Index requires the procass in the servar to read every 
observation In a SAS data set to find the observations that match 
the WHERE selection criteria. An Index often allows the sarvar to 
locate the records that satisfy a WHERE clause Without having to 
read the records that do not match. 

Adding Indexes may be a good Idea if your application seams to be 
taking too long to execute WHERE clauses. However, indexes 
require extra memory and may present a problem tor a sarver that 
is memory constrained. 

A complete description of Index usage may be found In the paper 
"Effective Use of Indexes In the SAS System," pages 605-614 of 
the Proceedings of the SA$ User's Group lntemstlonal Slxte6nth 
Annual Conference. 

Look at a clock before you create an Index: When a SAS data 
file Is accessed through a SAS server, creating an index on it 
prevents the sarver from responding to other users' requests. While 
It can be useful to create an index while a data file is accessed 
through a SAS server, Indexes on large files should be created 
"attar hours." Indexes on large data files should not be created 
while a SAS server is expected to respond quickly to users' 
requests. 

Choose page size wisely: Larger page sizes can be used to 
reduca the number of 110 operations required to process a SAS data 
file. But It takas longer to read a large page than It takas to raed a 
small one and larger pages can increase the memory load on a SAS 
sarver. 

Large page sizes can be useful It most of the observations on each 
page are likely to be accessed each time the page is read Into the 
server's memory, or if a large page size causes all or most of a SAS 
data file to be kept In the sarver's memory. Otherwise, large page 
sizes can Increase the amount of time required to perform 110 
activity in the sarver's SAS session to the detriment of the serve~s 
ability to provide timely response to users' requests. 

Underatand and control random access: It Is often worth the 
effort to study the order In wlllch the users of your application access 
the data in your application's flies. That tells you how widely 
dispersed your users' pattems of raterance are. Sometimes you can 
reduce the amount of dispersal by sorting one or mora files by a 
variable (like "date last updated") that happens to correlate (even 
to a small degree) With your users' pattem of accass. 
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The components of the BAS System used most frequently to access 
data in a random order are: 

• The "n" (position to observation number) command of SAS 
full-screen procedures. 

• The POINT= opUon of the SET and MODIFY statements of the 
DATA step 

• The KEY= option of the SET and MODIFY statements ofthe 
DATA step 

• The FETCHOBSO funcUon In Screen COntrol Language 

• The SETKEYO funcUon In Screen COntrol Language 

• Using an Indexed variable as a BY variable 

Specify aequenUal accns when an SCL program doesn't need 
random accns: The SCL OPENO function allows you to specify __ 
that a file will be sequentially accessed (the default Is random 
access). II your application Simply reeds all of the observations In 
a SAS data set from beginning to end once, you will achieve a 
significant pertcrmance Improvement by specfylng a sequential 
access pattem ("IS") when the file Is opened. (If your application 
rereads observations, you can not specify sequential access.) 

Specifying an access pattern on an SCL OPEN() function is 
documented on page 223 of SAS Technical Repoft P·216, SASIAF 
Software, SASIFSP Software, and SAS Screen Control Language: 
Changes and Enhancements, Release 6.07. An example of 
specifying a sequential access pattem on an SCL OPEN() function 
is: 

DSID OPEN! 'MYLIB.A', 'IS' ); I 

A sequential access pattem will restrict an SCL appllcllon to those 
functions which access data sequentially. The SCL funcUons which 
access data In a random patlem are: 

• FETCHOBSO 

• DATALISTC() 

• DATALISTN() 

• POINTO 

• SETKEYO 

Llmltthe number of flies open during execution of an SCL 
program: An open file consumes memory In both users' and 
servers' SAS sessions. If a SAS server consumes "too much" 
memory, check the applications that access data through that 
server to see If any of them open files before they are needed or 
leave files open when they are not being used. 

There are three strategies for using SAS data sets In an SCL 
program: 

• open during Initialization of the application and leave open until 
the application terminates 

• open as needed, then leave open until the application terminates 

• open as needed, then close as soon as possible 

The initialization code of an application Is the place to open the SAS 
data sets that will be used throughout the execution of the 
application. But If an application's initialization code must open a 
large number of files, the time It takes to "get started" may be long. 
By studying how an application Is used, you may discover some 
SAS data sets that can be opened as funcUons are requested while 

the application executes, which can reduce the amount of time the 
application takes to initialize and reducas the concentration of time 
required to open files. 

Whether they are opened during Initialization or later, lookup tables 
that are small should usually not be closed until an application 
terminates because the Single 1/0 buffer required by such a lookup 
table does not require a large amount of memory. In such a case 
It Is frequently economical to use a small amount of the memory 
resourca to conserve the CPU resource that would be required to 
open and close the lookup table over and over. 

Larger SAS data sets, and BAS data sets that are used extrerne1y 
Infrequently (for example, once during initialization) or during a 
seldom-used function (for example, a lookup table on a rarely 
updated field), should usually be left closed whenever they are not 
being used. 

Evaluate each repon•stlmellness requirement: ConSider how 
frequently each of your application's reports Is generated and how 
timely the data summarized by the report must be. If a report must 
be based on current Information, It must be based on files that are 
concurrently updated. A report that does not require "uptotha 
second" Information can be generated from files that are directly 
(and Inexpensively) accessed instead of files that are accessed 
through a server. 

For example, a travel agent making reservations or a stock broker 
making trades require every query to show up-to-the-second 
Information. On the other hand, dally reports or analysis of long-term 
trends can use data that are "out of date" by several hours, several 
days, or even several weeks or months. 

When copying data from a server. It may be subset horizontally with 
a WHERE clause and It may be subset vertically with a DROP= or 
KEEP= data set option. (In relational terminology, the horizontal 
subsetting Is "selection" and vertical subsetting Is "projection.") Be 
sure to take advantage of both methods when copying a file from 
a BAS server to make the copy of the file as small as possible and 
thus ensure that reports and generated as efficiently as possible. 

Don't forget that files can be stored In users' WORK libraries. It can 
be most efficient to copy a file that Is concurrently updated from a 
SAS server to a user's WORK library and then use that file more 
than one time to generate reports. Such a copy of a fila contains 
very timely data yet is not especially expensive to create or use. 

A SAS data file that Is accessed directly Is almost always less costly 
to use than a file that Is accessed through a SAS server. 

Be aware of how frequently each file Is updated: Many 
applications contain one or more query funcUons thai use a "lookup 
file" to offer a user a set of values that are valid to enter into a field. 
Such a fila Is read, but never updated, by the majority of the users 
ofthe application. Occasionally, values must be added to and 
removed from the lookup flies as the valid Input data for the 
application changes. 

A lookup file that Is used frequently and updated less often than, 
say, once a week Is likely to be a good candidate for not being 
accessed through a SAS server If It would be easy to find some time 
during the week when the files can be updated because the 
application Is not being used. On the other hand, a lookup file thet 
Is updated many times each day should, In many cases, be 
accessed through a SAS server because updating the file will be 
convenient: the lookup file can be updated while users use It to 
perform queries. 

SAS catalog entries illustrate another way that update frequency 
can change: 

An application may use only a few or many catalog entries. Like 
lookup files, catalog entries that are updated frequently are likely 
candidates for access through a SAS server. But catalog entries 
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that are never changed, or only changed very lnfraquentiy, should 
not be accessed through a SAS server. 

The update frequency may change for some of an application's 
catalog entries over time. For example, while an application Is under 
development and being tested, H can be extremely convenient for 
the developers of the application to be able to update any catalog 
entry while those testing the application continue with their work. 
During this phase, the convenience of accessing the catalog entries 
through a SAS server can more than pay for the cost of the 
overhead of server access. After the testing is completed and the 
application has stabilized, some or all of the application's catalogs 
can be moved to a SAS library that Is accessed dlrectiy by the users 
of the application; In this phase efficient access by the users Is more 
important than being able to update the catalog entries 
convenlentiy. 

Remember that not all of an application's catalog entries must be 
accessed the same way. catalog entries that must be frequently 
updated can continue to be accessed through a SAS server, while 
other catalog entries that change very seldom can be stored In SAS 
catalogs that are accessed directly by the users of the application. 

Know your application's DATA step views: While It Is creating 
each observation, a process In a SAS server's session that Is 
interpreting a DATA step view does not yield control to allow other 
processes in the server to execute other users' requests. While 
DATA step views can be useful in a SAS server, they must be used 
carefully. A DATA step view that requires a small amount of 
processing to create each observation will not prevent other 
processes In a sarver's SAS session from responding to other 
users' requests. But a DATA step view that contains many DO loops 
wHh many calculations and reads (or even writes) many records In 
extemal files or SAS data sets can taka a very long time to create 
each observation. SUch a DATA step view should not be Interpreted 
in a SAS server's session because It does not yield control until 
each observation Is created. 

If It is advantageous to your application for Its DATA step views to 
be Interpreted In a SAS server's session, be sure that any external 
flies read by the DATA step view are available to the server's SAS 
session. 

Tuning Options In SASISHARE Software 

SASISHARE software makes some assumptions about the relative 
values of resources. For example, SASISHARE software considers 
messages to be more expensive than memory so It attempts to use 
more memory to reduce the number of messages. The default 
values and behaviOr may not be optimum tor your application, so 
you have the opportunHy to adjust: 

• when and In what amounts observations are transmitted in 
groups Instead of Individually 

• which SAS data views are Interpreted In users' SAS sessions and 
which are Interpreted In the server's SAS session 

• how frequently a "long-running process" In a server's SAS 
session yields to allow other users' requests to be processed 

SAS/SHARE software automatically attempts to conserve the 
message resource by transmitting observationS In groups whenever 
possible. Observations can always be transmmed In groups when 
a data set Is being created or replaced, but when a data set is 
opened for update access It Is never appropriate to transmit more 
than one observation at a time. The grouping of observations when 
a data set Is opened for Input depends on the situation; you control 
whether observations are transmmed In groups acoordlng to: 
• Whether the data set Is opened for "random" or "sequential" 

access 

• The control level of the data set 

• The use of a BY statement, SET KEY() function, orWH ERE 
clause to select observations from a SAS data set 

• The use of the TOBSNO= data set option to override the default 
behaviOr 

The factors that control how many observations are transmmed In 
each group are: 

• The value specified for the TBUFSIZE= option on the PROC 
SERVER statement 

• The value specified for tha TOBSNO= dsta set option 

TBUFSIZE= PROC SERVER option: A SAS server allocates a set 
of multi-observation transfer buffers, called "MOTBs", during Its 
Initialization that are shared by all SAS files accessed through that 
server. On all Release 6.07 and 6.08 hardware pleUorms the default 
size of each MOTB is 32,766 bytes. To change this size from the 
default value, usa the TBUFSIZE= option on the PROC SERVER 
statement. 

ThevalueoftheTBUFSIZE=optlon is usedbyaSAS server to 
automatically calculate how many observations to combine Into 
each group for s/1 of the data sets accessed through H. Therefore, 
this option can be the easiest way to cause a SAS server to 
generally combine more or fewer observations Into each group. 

When the data sets accessed through a sarver have large 
observations, the number of observations transferred in each 
message Is small when not many observations fit Into 32,768 bytes. 
A small number of observations per message conserves the 
memory resource atthe expense of the messages resource, but 
since messages tend to be expensive relative to memory that 
tradeoff will probably not allow your application to perform as well 
as It could. 

The number of observations per group Is calculated by subtracting 
a small amount of overhead from the MOTB size and dMdlng the 
result by the length of one observation. For example, consider a 
SAS data set In which each observation is 10,000 bytes long. The 
default MOTS size Is 32,768. In this case thrsa observations are 
transmmed in each message when the application opens the data 
set for sequential access. To Increase the number of observations 
per massage to 6, specify the option "TBUFSIZE=64k" on the 
PROC SERVER statement. 

An example of using the TBUFSIZE= option is: 

PROC SERVER TBUFSIZE=l28K 
<other PROC SERVER options>; 

TOBSNO• data set option: Independently of the TBUFSIZE= 
option's effect on a SAS server's overall behavior, you can control 
the number of observations per group for Individual data sets that 
are accessed through the server. For example, if you specify 
TOBSN0-3, three observations will be sent In each message. 

The TOBSNO= option may be specified wherever SAS data set 
options are accepted: as an argument to the OPEN() function of 
SAS Screen Control Language, on the DATA= option of a SAS 
procedure, and on the SET, MERGE, UPDATE, and MODIFY 
statements of the DATA step. It must be speclfled for each data set 
for which you want grouping behavior different from the default. 

When a data set Is opened for Input with a sequential access 
pattem, a SAS server calculates the number of observations per 
group as the smallest of: 
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• the number of observations In the data set 

• 100 

• the number of observations that will m Into an MOTS 

When a SAS data sells opened for Input with a random access 
pallern, the default behavior is transmitting observations 
Individually (the "group size" Is one). This ensures that a user 
always receives up-to-date data when they position to an 
observation, and 11 reduces wasted communiCations bandwidth 
because no observations are transmitted to a user's session except 
the specific observations requested. While a WHERE clause or 
SETKEYO function is in effect, or while a BY statement Is in effect 
that specifies an indexed variable, the TOBSNO= option Is ignored. 

At other times, the TOBSNO= data set option may be used to 
Increase the number of observations transferred in each group. For 

· ell!lfflple, eenaleler M SGL prog1arn In which a SAS data set dsld" 
is passed to a DATAUSTC() or DATALISTN() function. The data 
set is read from beginning to end by the function, and then the 
observation chosen by the user is reread. Since bydefaultthe 
OPEN() function of SCL specifies a random access paltern, 
observations lor that "dsid" are transmitted individually. But the 
access pattern of the DATALISTCO and DATAUSTN() functions is 
really "skip sequential", so transmitting observations individually is 
not optimum. TOBSNQ--4 could be specified in a case like this to 
reduce the number of messages by three-quarters. 

The number of observations transmitted when a data set is opened 
tor input is sumarlzed below: 

WHERE. SETKEY(), Indexed BY Access Pattern 

Sequential Random 

Yes Maximum 1 (fixed) 

No Maximum 1 (tunable) 

An example of using the TOBSNO= data set option is: 

PROC FSVIEW DATA=MYLIB.A(TOBSN0=10); I 
TBUFNO= PROC SERVER option: Since MOTBs are shared by 
ail data sets accessed through a server, it is possible not to have 
enough MOTBs. The number of MOTBs a SAS server allocates is 
specified by the TBUFNO" option on the PROC SERVER 
statement. By default, tour MOTBs are aiiOCaled when a SAS server 
initializes. When WHERE clauses are used frequenUy to request a 
subset of data from a server and evaluation ofthose WHERE 
clauses is not optimized by an Index, a server can spend a long time 
satisfying each user's request lor observations that satisfy a 
WHERE clause. 

Each MOTS is assigned when a request for data is made and Is 
not released until the request is satisfied. Therefore, when a 
process in a SAS server's session takes a long time to satisfy a 
WHERE clause, an MOTS is assigned to that process lor a long 
time. Such a situation reduces the server's ability to reuse MOTBs 
by assigning them to other processes; one solution to that problem 
is specifying a larger value for the TBUFNO= option. Of course, you 
shOUld check the WHERE clauses being used to ensure that they 
can be evaluated as efflcientty as possible. 
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When a user requests one or more observations and a server 
cannot asstgn an MOTB to the process that will execute the user's 
request, the server writes a message to its SAS log, waits tor a brief 
period of time, and tries again to assign an MOTS to the process 
for the user's request. If there are still no MOTBs available, the 
sequence repeats. You can tell when the number of MOTBs is not 
sufficient by the presence of these messages in a server's SAS log. 

An example of using the TBUFNO= option is: 

PROC SERVER TBUFN0=8 
<Other PROC SERVER options>; 

RMTVIEW= and NORMTVIEW options: Consider each SAS data 
view used by your application and determinewhetherthe view 
should be interpreted in the server's SAS session or the users' SAS 
sessions. You decide where to have a view interpreted according 
to: 

• HOw many observations does the view produce? 

• How much data is read by the view? 

• Where Is the data that is read by the view? 

• How much work must the computer do to interpret the view? 

Some PROC SOL views are especially good candidates for 
interpretation in a server's SAB session because the number of 
observations produced by the view is much smaller than the number 
of observations read by the view, the data sets read by the view are 
available to the server and the amount of processing necessery to 
build each observation is not large. 

Other PROC SOL views should be interpreted in users' BAS 
sessions because the number of observations produced by the view 
Is not appreclebly smaller than the number of observations reed by 
the view, some oft he data sets read by the view can be directly 
accessed by the users' SAS sessions, and the amount of 
processing done by the view is considerable. 

By default, BAS data views are Interpreted In a server's SAS 
session, but the RMTVIEW= option of the LIBNAME statement 
enables you to have the views in a library interpreted In users' SAS 
sessions instead. The NORMTVIEW option on the PROC SERVER 
statement enables you to prevent all SAS data views from being 
interpreted in the server's session. 

SAS/ACCESS views do not provide update access to the 
underiYing database when they are interpreted in a SAS server's 
session, so it is usually more practical to interpret BAS/ACCESS 
views in users' SAS sessions. 

If It Is useful for your application to have a BAS/ACCESS view 
interpreted in a SAS server's session, make sure that all ofthe 
necessary database interface components are available to the SAS 
server's session. 

If a user's SAS session Is capable of using a SAS/ACCESS 
interface engine to access the underlying database, It is more 
efficient to execute the SASIACCESS interface engine in the user's 
SAS session. Note that in this case II may be convenient to store 
the view file in a SAS library that is accessed through a SAS server 
if the view will be updated trequenUy and used by more than one 
user. 

Like SAS/ACCESS views, DATA step views are very often most 
usetul when Interpreted in users' SAB sessions. See "Know your 
application's DATA step views", above, tor more Information about 
interpreting DATA step views in a BAS server's session. 
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A complete description of the RMTVIEW= option of the LIBNAME 
statement Is on pages 79 and 80 of SASISHARE Software: Usage 
and Reference, VefS/on 6, First Edition. 

Examples of specifying the RMTVIEW= and NORMTVIEW options 
are: 

LIBNAME MYLIB 'my SAS data library• 
RMTVIEW=YES 
<other LIBNAME options>; 

PROC SERVER NORMTVIEW 
<Other PROC SERVER options>; 

LRPYIELD= PROC SERVER option: Some components of the 
sAS System yield control pertodlcaUy and can be directed to do so 
more or less frequently than their default rate. These components 
are called "long-running processes" and include evaluating 
WHERE clauses and Interpreting PROC SQL vtaws. 

Changing the rata at which control Is yielded Is delicate because 
the act of yielding control consumes some CPU resource: 
increasing the frequency at which control is yielded Increases a SAS 
server's CPU consumption all by ItSelf. You can change the rate at 
which the proceSSBS In a SAS server yield control by varying the 
value of the PROC SERVER option LRPYlELD=. The default value 
of this option Is 10,000; the option has no units. 

To make long-running processes yield relatively more frequently, 
sPecify a value greater than 10,000. While a higher value may have 
the effect of providing more even response time to a server's users, 
this comas at the expense of Increased consumption of the server's 
CPU resource. AJso,the proceSSBS that run for a long time run even 
longer when they are asked to yield mora frequently. 

To make a long-running process yield less frequently, specify a 
value smaller than 10,000. A lower LRPYEILD= value may make 
some individual user requests {like an SOL join with a sort) 
complete sooner, but the server's other users are forced to walt as 
the long-running process does more work before It yields control. 
Response time can become more uneven when long-running 
proceSSBS are allowed to yield lass frequently. 

This option is dOCUmented on page 40 of SAS/SHARE Software: 
Usage and Reference, VelS/on 6, First Edition. 

An example of specifying the LRPYIELD= option Is: 

PROC SERVER LRPYIELD=SOOO 
<Other PROC SERVER options>; 

Multiple SAS servers: This Is not an option you specify on a SAS 
program statement; Instead It Is a method of managing the workload 
of concurrent accass to SAS data sets. 

If you determine that a SAS server is consuming too much of a 
resource and you can not reduce the server's consumption of that 
resource any further, creating an additional SAS server allows you 
to dMde your applications' workload among several servers. 

SAS/SHARE software Includes a family of SAS macros that help 
you manage SAS fila access through multiple servers. Those 

macros are documented on pages 63 through 76 of SASISHARE 
SOftware: Usage and Reference, VelS/on 6, First Edition. 

SAS System Options 

The SAS System has several SAS VO tuning options. The options 
that are most relevant to applications that access data through a 
SAS server are: 

• the BUFSIZE= data set and system option 

• the COMPRESS= data sat and system option 

BUFSIZEa option: When a lila Is created, use the BUFSIZE= data 
set option to specify the size ofthe pages of the file. The SAS 
System default page size Is optimum for files that are processed 
sequentially, but It may not be optimum when the observations of 
a file are accessed In random order. PROC CONTENTS shows the 
page size of a SAS data fila. 

You might find It useful to balance the pattern in which a file is 
randomly accessed against the number of observations stored on 
each page of the file. If most random access sequences access 
observations In very dlfterent locations In the file, then a small page 
size will improve performance because most ot the observations on 
each page are not used. On the other hand, If most random acoess 
sequences are likely to be to observations that are physically near 
each other In the file, you might be able to take advantage of a large 
page size to have many of the observations read from the file Into 
the server's memory at once. 

If you want to keep all or most of a SAS data file In memory, you 
can choose a very large page size. Of course, this can consume a 
lot of the server's memory so you should only use such a page size 
when you really want to. If you expect that not much data from a 
large file will need to be In memory at one time, choose a small page 
size to make reading and writing each page as fast as possible. 

If you find that your server Is spending a significant amount of time 
welting for 110 operations to complete, consider recreating the files 
that are not used for sequential access with a smaller page size. 

An example of using the BUFSIZE= data set option Is: 

DATA MYLIB.A(BUFSIZE=6K); 
SET MYLIB.A; 

RUN; 

COMPRESS= option: This option Is used to cause a SAS data lila 
to be stored In compressed format. Compressing files usually 
makes them smaller, so a server Is able to read more obervations 
per 1/0 request when a file Is compressed. The reduction In file size 
for a compressed file (whiCh conserves the 110 resource) Is paid for, 
though, by an Increase In the consumption of the CPU resource 
{which Is used to decompress the observations as the lila Is read). 
If your server Is CPU-bound, compression could do more harm than 
good, but If your server Is I/O-bound, compression could reduce Its 
consumption of the 1/0 resource. 

USING OPERATING SYSTEM TOOLS 

Up to this point, we have been looking at SAS application and server 
performance from an "Internal" point of view. Now we turn to an 
extema/ point of vtaw. By performance externals, we mean several 
things. First, at what rata Is a SAS server consuming resources such 
as CPU, memory, and DASD 110? Second, with what other 
workloads Is a SAS server competing for these resource? And third, 
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what policy Is being used to manage a SAS server's access to 
resources with respect to other work In the system? 

There are several monitors available for MVS and VM to help you 
analyze a SAS server's resource utilization and contention with 

"' other workloads. On MVS, most sites license IBM 's RMF product. 
RMF Monitor II and Monitor Ill support Interactive analysis of 
SAS/SHARE performance. Also available on MVSare Candle 
Corporation's Omegamon and Landmark System's TMON for MVS. 
Prominent products on VM Include Omegamon from Candle 
Corporation and XAMAP and XAMON frOm Velocity Software. 

QueStions these monitors can help you answer Include: 

• Are my servers getting approplate access to resources? 

• Is another workload causing a severe oontention problem for one 
of my servers? For example, Is my server fighting with another 
apptlcatlo•• 0¥&1 access to the S&iii& diSk drive? --- - ---- ---

• What resource bottlenecks are most critical to my applications? 
Where should I direct my tuning efforts? 

• Often, solutions to resource utilization problems nssult In making 
tradeoffs among nssources. For example, you may be able to 
reduce 110 by allocating additional buffers. But the additional 
buffer allocation will take more memory. Use of one ofthese 
monitors can help you evaluate the effectivess of the tradeoff. 

It is beyond the soope of this paper to tell you exactly how to use 
specific operating system performance monitors. We are making 
the non-trivial sssumption that you or someone else on your staff 
have that knowledge. Basically, every system has thnse principal 
resources: CPU,I/0, and memory. We will look at examples of 
managing each of these for SAS servers: 

Managing CPU 

The most critical factor here Is assuring that your servers ans getting 
a reasonable shans of the available CPU time. Servers In general 
ought to run at a higher priority than clients and at the same priority 
as other types of server or servioe work on your system (transaction 
monitors, database servers, etc.). You can tune your SASISHARE 
application meticulously only to be foiled If batch work (for example) 
Is preventing your servers frOm getting CPU time. 

If CPU time is a scarce resource on your system, that Is your system 
is generally ruming at very high CPU utilizations, then you need to 
consider SAS/SHARE tuning actions which can nsduoe CPU time. 
Two specific examples are type of server oonnectlon and whether 
or not to use data compnsssion. 

Managing 110 

The first thing to consider here Is the amount of oontentlon with other 
work on the system. Ans your SAS libraries competing with other 
work on channels, disk controllers, or disk drives which are too 
busy? "Too busy" on 1/0 channels and control units is highly 
specific to each operating system and hardware vendor. But In 
general It Is safe to say thatlf a disk drive Is consistently above 
twenty percent busy, then off-loading work from that drive ought to 
be oonsidered. 

If there Is no significant contention with other work, then you need 
to consider spreading application libraries using SAS/SHARE 
across multiple disks. 

If "waiting for 110" Is still a problem for your servers, then you need 
to oonslder SAS/SHARE tuning oplions which can reduce 110 time. 
These Include using smaller page sizes for randomly-accessed 
data, adding Indexes for randomly-accessed data, and possibly 
using data compnsssion. Data compnsssion Is a specific example 
of the resource tradeoff problem mentioned earlier. Data 
compression can reduce 110 and disk storage but will incnsase CPU 
time. 
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Managing Memory 

Memory Is an interesting resource in that It directly affects both CPU 
and 110 resource consumption. Too little memory increases both. 
Additional memory can nsduoe both. The most critical factor hens 
Is to ensuns that your servers have sufficient memory to prevent 
exoessive wait for paging. Most operating systems have controls to 
differentiate the amount of memory given to various workloads on 
the system. 

If real memory is a scarce resource on your system, then you need 
to consider SAS/SHARE tuning actions which reduce memory 
consumption. Chief among these are reducing data sat page sizes 
to reduoe 110 buffer memory requirements and using shared SAS 
system Images whens possible. 

COHCLUStON-

The concurrent access capabilities that SAS/SHARE software adds 
to the SAS System give developers opportunities to create 
applications that allow their users to have up-to-date data and to 
be mons productive. 

Such applications use the SAS System in new ways. This paper has 
discussed areas to be aware of and ways to trade usage of one 
resource for another. This information enables developers of 
applications that take advantage of concurrently acoessed data to 
write those applications to use the available computer resources in 
the most efficient ways possible. 

WHERE TO FINO MORE INFORMATION 

For more Information about compressed SAS data files: 

• SAS Language: Referenoe, version 6, First Edition, pages 237, 
718-719. 729·730, 744-745, and 773-n4 

• SAS Technical Report P·222, Changlils and Enhancements to 
BaS9 SAS Software, Release 6.07, page 19 

• Proc98dlngs of the SAS User's Group lnllilmatlonal Seven1991lth 
Annual Conference, "1/0 Pertormanoe Improvements In Release 
6.07 of the SAS System under MVS, CMS, and VMS," pages 
960-964 

For more information about IndeXes on SAS data files: 

• SAS Language: Reference, Vlilrslon 6, First Edition, pages 199, 
217-225, 237, 238. and 498 

• SAS Technical Report P-222, Changes and Enhancements to 
Baslil SAS Software, Rei98S9 6.07, pages 20-21, 41-42, 82-83, 
119, 1n, 180, and 191 

• Proceedings of the SAS Us9r's Group International Sixteenth 
Annual Conference, "Effective Use of Indexes In the SAS 
System", pages 605·614 
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