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INTRODUCTION 

Applications of all kinds have four basic elements. First there's the 
need to access data. Then there's a need to manage data - to 
get the data In the right format for further Investigation. There's 
also a need to analyze data, applying logic In an effort to translate 
raw data into useful information. And finally, there's a need to 
present the information obtained from analysis. 

The access to the data and the proceSSing Involved in managing 
and analyzing the data can be distributed across platforms In a 
variety of ways. The following sections describe the types of 
services provided by the SAS System to enable optimal 
distribution of these activities. These services Include compute 
services, data transfer services, and a new capability offered by 
the SAS System • remote library services. Guidelines for choosing 
the right service or combination of services are also given along 
with further usage detailS. 

SERVICES FOR IMPLEMENTING DISTRIBUTED 
APPLICAnONS 

The SAS System provides two sets ot services to enable the 
development ot distributed applications. The first Is compute 
services; these services give you access to all of the computing 
resources on your network. The second Is remote data services; 
these services give you access to ali of your data regardless of 
where they are stored. Most often, the best Implementation of a 
distributed application Incorporates a combination of compute and 
remote data services. 

Compute services enable utilization of remote computing 
resources, Including hardware, software, and data, to most 
efficiently execute an application and to maximize the use of all 
computing resources. The SAS System enables you to move any 
or ali portions of an application's processing to a remote machine 
to take advantage of remote hardware resources, to utilize 
software available in the remote environment, to Interface with 
existing legacy systems, and to execute against the remote copy 
of the data. The results of the remote processing are then 
returned to the local machine. This Is useful when the remote 
machine has hardware and/or software resources available to 
more efficiently perform the task at hand. It can also be preferable 
If the amount of data to be processed Is too large to be moved to 
the local machine or H It Is updated too frequently for a local static 
copy to be useful. 

Remote data services enabie access to data stored In a remote 
environment this access may be as a slngle user of the data or 
as multiple users simultaneously accessing the data. It may be to 
data stored In SAS data sets, extemal databases, SAS catalogs, 
or external files. this capability can be further dMded Info data 
transfer services and remote library services (RLS). Data transfer 
services provide a method for moving a copy of the data 1rom one 
machine to another machine where a physlcel copy is created. 
Subsequent local processing takes place against the local copy of 
the data without generating further network traffic until you decide 
to update the copy of the data with another transfer. RLS provide 
access to remote data libraries and move the data through the 
network as the local execution requests it. A copy of the data is 
not written to the local file system and the data must pass through 
the network on any subsequent use by the local processing. 

These services are by no means mutually exclusive. The degree 
to which each Is applied and the most beneficial combination of 
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services Is completely determined by the needs and goals of each 
individual application. Each set of services has a fal~y defined set 
of benefits and drawbecks. By matching these characteristics to 
the characteristics of your data and your application needs, you 
can determine how to best combine these services in order to 
wrIta the most efficient distributed application. 

IMPLEMENTATION CONSIDERAnONS 

COMPUTE SERVICES 

The compute services available In the SAS System can give you 
easy access to many of the remote resources on your network 
from a single local SAS session. this results in maximum 
utilization of all of the computing resources within your 
organization. Figure 1 illustrates the concept of compute services. 

COMPUTE 
SERVCES 

Figure 1 Compute Servfces 

1. Programs and commands are sent from the local mechlne to 
the remote machine. 

2. The processing takes place on the remote machine. 

3. The log, list, and graphical output from the rsmote execution 
ars retumed to the local machine. 

Compute Services - Advantages 

One or more remote machines on your network may have vector 
processors or other larger, fastar hardware resources that would 
more efficiently accomplish the CPU IntenSive portions of your 
application. Compute services allow you to move any or ali 
segments of an application to a remote machine for execution. 
The results of the remote execution are retumed to the local SAS 
session to be used with further local processing and/or managed 
by the local graphical user Interface (GUI). 

In addition, a remote machine may have peripherals attached that 
would otherwise be lnaccessfble to you on a stand-alone local 
system. A PC in another part of your organization may have a 
plotter or printer attached that you need to use. By simply 
directing your local SAS session to move the graphics processing 
to the remote PC and pointing to Its output device, you can get a 
hard copy of your graph from the remote plotter. 

Data center rules or data characteristics may mandate a single 
centralized copy of the data needed by your application. By 
moving the processing to the remote system whers the data 
reside, there is no need to transfer or create additional copies of 



the data. This can address security needs as well as enable 
access to data sources that are too large or dynamic to be 
transferred. 

Compute Services - Side Effects 

Compute services, by definition, require remote CPU cycles. 
Because the processing takes place on the remote machine, It 
does require CPU cycles from that machine. This could be a 
drawback If the goal Is to offload work from the remote system. 
The remote CPU Impact could be minimized by utilizing data 
transfer services to transfer a copy of the data to the local 
machine and maintaining the processing on the local CPU. Impact 
could also be minimized by combining compute services and data 
transfer services. Refer to the section below, 'Comblnlng 
Compute Services and Data Transfer Services," for more 
Information. 

Compute services also create network traffle In order to retum the 
results of the processing baek to the local machine. If the 
processing needs to be repeated frequently, the best solution 
would be to utilize data transfer services to transfer the necessary 
data to the local system and maintain the processing In the local 
environment. 

Another side effect of compute services Is that remote production 
data systems will still be Impacted as the data is subsetted or 
pre-processed. This can be minimized by careful Implementation 
of your application to eliminate or reduce multiple passes of the 
data. 

REMOTE DATA SERVICES 

There are many applications, or parts of applications, that require 
processing to be done In the local SAS session, but the data 
required by that processing reside on a remote file system. In this 
case, It is necessary to move the data to the local processor for 
execution. There are two types of services available with the SAS 
System that can remove the boundaries of your organization'S 
heterogeneous data sources and enable remote data access: 
data transfer services and RLS. 

Data Transfer Services 

For many applications, data transfer services offer the maximum 
benefit. Rgure 2 Illustrates the concept of data transfer services. 

D\TA TIW\ISFER 
SERVICES 

Rgure 2 Data Transfer Services 

1. The local session sends a transfer request to the remote 
session. 

2. The request may be either to copy the data from the local 
session to the remote session or to copy the data from the 
remote session to the local session. 
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3. The copy of the data is then available for processing on the 
target system without further network trafflc. 

Data Transfer Services - Advantages 

A major benefit of data transfer services is to offload work from a 
remote system to one or more local machines and boost response 
time for production systems running In the remote environment. 
Once the data have been downloaded to the local machine, all 
subsequent data aocess and processing Is done by the local 
processor. By moving a copy or subset of the original data to the 
local machine, applications can be run on the local machine 
without further remote CPU consumption or impact on remote 
data systems. 

Moving a copy of the data to your locel system adds robustness to 
your decision support environment. In the case of a network 
failure that would temporarily eliminate aocess to the remote data, 
you can continue working with your local copy of the data. 

You can transfer only the data that you need by using WHERE 
processing to dynamically subset the data as It is being 
transferred to the local machine. This reduces network traffic and 
gives you only the data you need on the local system. 

Data transfer services not only facilitate moving data from a larger 
source to a requesting local workstation, but also support the 
modal of a centralized control point, such as a mainframe, 
Initiating communication to a network of workstations. This 
enables centralized distribution of data and/or applications. 
Automated jobs can be set up to distribute data and/or 
applications during non-peak hours to multiple machines that 
have need of the data and/or applications for the next day's work. 
Likewise, jobs can be set up to query a network of workstations 
for the purpose of gathering data and storing them in a centralized 
repository. 

Yet another reason to utilize data transfer services Is for backup 
purposes. Data and/or applications can be copied from one 
system to another system with more memory resources to provide 
a backup In case of loss on the local system. 

In addition, by moving a copy or subset of the data to the local 
system, applications can be developed and tested without further 
dependence or Impact on remote system response time. 

Data Transfer Services· Side Effects 

Transferring a copy of the data to another file system creates 
multiple copies of the data. The remote data may be updated so 
frequently that It Is not feasible to keep a local copy of the data 
current enough to be useful. Also, security restrictions at your site 
may prohibit multiple copies of the data. In this case, consider 
compute services If the amount of data Involved Is large. If the 
amount of data Is small to medium, RLS allow the processing to 
take place on the local system and the data to come from a 
remote source as the execution requests It. 

If the volume of the data that would need to be moved Is too large, 
then data transfer services alone are not sufficient to meet your 
needs. The Increased network traffic as well as the lime It would 
take to transfer the data may be unacceptable for your 
application. This scenario needs the functionality of compute 
services to either move aU of the processing to the remote system 
to execute against the remote data source or a combination of 
compute services and data transfer services. Refer to the section 
below, 'Comblnlng Compute Services and Data Transfer 
Services,' for more Information. 

Data transfer services are less transparent. Transferring the data 



Is an expllcll step that must be done prior to Inilialing any local 
processing. If the volume of dale to be accessed Is nOllarge and 
your application requires more transparent accass, RLS are a 
bellsr solution. 

Remole Library Services 

With the addition of RLS, the SAS System now provides a 
comprehensive set of tools for Implementing a distributed 
application with the greatest nexlblilly and efficiency. RLS provide 
accass to remote data as If they were In a local library. Rgure 3 
Illustrates the concept of RLS. 

Figure 3 Remote Ubrary Services 

1. The processing takes place In the local session, which Is 
unaware that Ills accessing remOle data versus local data. 

2. The local session passes record requests to the remOle 
session. 

3. Records are retumed from the remOle session to the 
processing program of the local session. 

4. This cycle continues until the processing Is complete. 

Remole Library Services· Advantages 

RLS enable you to accass remOle data In a mUHl-user 
environment through the use of a multi-user server. This gives a 
big boost to productivity by allowing muHlple users to 
simultaneously accass and update the same data source while 
guaranteeing the Integrity of the dale. 

Now Ills elso possible to perform updates to data In extemal 
databases. RLS enable a single user accessing data stored In an 
external database to perform updates to that data through the use 
of the single-user server. This permits updates of remote 
database data as a result of local processing. 

If you need to maintain a single copy of the data on the remOle 
machine and keep the processing on the local system, then you 
need RLS. This Is the superior choice If the amount of data 
needed by the local processing Is small, the remote data are very 
frequently updated, or your data center rules prohibit muHlple 
copies of data. 

RLS also provide more transparent data access. This eliminates 
an explicit step of coding an upload or download of the data 
before processing. It also permits the GUI of an application to 
reslde on the local system while the data remain In the remote 
environment (for example, a local FSEDIT of a remOle data set). 
And, It allows applications to be built that provide seemingly 
Identical access to local and remote data without requiring any 
knowledge on the pari of the end user as to where the dale reside. 
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Remote Library Services • Side Effects 

Accessing data through RLS Is nof effiCient for large amounts of 
data. The data must stili move from the remote machine to the 
local machine, but the data are not written to the local disk. If the 
local proceSSing is against large amounts of data, it is usually 
better to use compute services to move the processing to the 
remOle system rather than transfer au of the data. 

Similarly, RLS are nOl efficient for multiple passes of the dale. If 
the procedures being run make multiple passes of the data or the 
entire procedure must be run more than once against the data, II 
would be better to transfer a copy of the data to the local machine. 
Then you would Incur the network traffic cost once rather than 
paying Ihe cost on each pess of the data. 

Response time may be degraded by accessing remote data that 
are being simultaneously updated by other users. If this Impact 
cannot be tolerated, you may need to transfer a copy of the data 
to the local system and remove the live dale from your 
application. 

Careful thought must be given to the following: the amount of data 
that will be accassed by your application, whelher you need 
muHl-user or slngle-user data access, whether your application 
will be making muHlple passes of the data, and the resuHlng effect 
on your network load. Analyzing these criteria will help you 
determine when to UtiUze RLS and when to ulllize data transfer or 
compute services. 

COMBINING COMPUTE SERVICES AND DATA TRANSFER 
SERVICES 

Several of the scenarios described above suggested a 
combination of compute services and data transfer services as 
the optimal choice for portions of a distributed application. The 
combination of these services provides tremendous flexibility and 
efficiency to any distributed application. 

Your application will benefit from combining these services If you 
need Information from dale that are stored on a remOle system 
and you do nO! want to move a copy of the data to the local 
system. Reasons for not moving a copy of the data could Include 
the following: the emount of dale Is too large, the data are 
frequently updated, or you want to avoid data duplication. 
Regardless of the motivation for reducing the amount of date that 
Is transferred, Incorporating compute services will achieve your 
goal. Compute services enable you to format and preprocess data 
Into a subsetted or summarized form on the remOle system prior 
to transferring the subsequent smaOer amount of data to the local 
platform. This balances the use of CPU cycles between the local 
and remOle systems and minimizes the amount of data 
contribUting to network traffic. 

REMOTE LIBRARY SERVICES IN DETAIL 

RLS Is made up of a remote engine that executes In the local or 
client session and a server that executes In the remOle or server 
session. This auows SAS procedures and data steps that execute 
In the local sessJcn to access SAS data sets In a remOle data 
library Just like they would In a local library. Rgures 4 and 5 show 
the difference between the Implementation of a L1BNAME 
statement that accasses a local $AS data library and a LlBNAME 
statement that accesses a remote SAS dale library. 
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Figure 4 UBNAME Statement for Local Data Ubrary 

1. A LIBNAME statement is submitted to the local SAS session 
specifying a libref and a local SAS data library. 

2. Data raquests ara passed to the defauit (or specified) I/O 
engine. 

3. The 110 engine oblains the results of the data requests from a 
local SAS data library 

Now compare this to a UBNAME statement that accesses a 
ramote SAS data library. 

REMOIE 
SAS SESSION 

--...... ·1· ... ·· .. · 
! dEfat vo 

: """" 

Figure 5 UBNAME Statement for Remote Data Ubrary 

1. A UBNAME statement is submitted to the local SAS session 
specifying a libraf, a ramots SAS data library, and a SERVER= 
option. 

2. The SERVER= option tells SAS to pess date requests to the 
remote engine. 

3. The remote engine sends data raquests to the server. The 
server Is Identified by the value of the SERVER= option on the 
UBNAME atetement. The server Is probably running in a SAS 
session on a ramote machine, but this is not a requirement. 

4. The server then administers the requests to SAS files on 
behalf of the local/client SAS session. These requests are 
serviced by the defauH (or specified) VO engine. 

5. The VO engine oblains the results of the date requests from 
the remote SAS data library and the results are retumed 
through the remote engine. 

The SAS System provides two types of servers: a single-user 
server and a muHI-user server. 
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The Single-User Server 

The slngle-user server executes in a remote SAS/CONNECT 
session. This server Is controlled by and dedicated to the local 
user of a SAS/CONNECT conversation and provides that user 
wHh transparent access to remote SAS data libraries. Because 
this type of server Is dedicated to a single user, it can be used to 
update data storad in extemal DBMS's. 

In order to use a single-user server, you must be signed on to the 
platfonn where the remote data reside. You then locally submit a 
LlBNAME statement to specify a remote SAS data library, giving 
the ramote session Id as the value of the SERVER= option, as 
shown in the following example: 

SIGNON <rsessid>, 

LIBNAME <libref> <REMOTE> <'SAS-data-library'> 
SERVER=<rsessid> <engine/host-options>; 

(Note: If you have a muHi-user server running on the remote 
machine, you do not need to sign on in order to access a library 
through this server. In fact, you wouid not want to incur the 
overhead of signing on If you only need to access the muiti-user 
server in the remote environment.) 

The single-user server Is initialized In the specified ramote SAS 
session upon execution of a UBNAME statement with a valid 
remote session Id as the value of the SERVER= option. The 
access method specified to establish the SAs/CONNECT 
conversation through SIGNON Is also used for communicating 
wHh the single-user server . 

In the following example, a SIGNON Is executed to a remote 
UNIX node named ramnode. Then, a LIBNAME statement 
pointing to a directory on ramnode Is submitted wtth the remote 
session Id of remnode specified as the SERVER= value. This 
rasults in the inHiation 01 a single-user server on rem node and the 
librel 'a' being defined to this server running on remnode. 

options comamid=tcp, 
filename rlink 'tcpunix.scr'; 
signon remnode; 

libname a '/usr/local/prod' server=remnode; 
proc datasets lib=a, 
quit; 

The libref 'a" can then be used in subsequent local execution to 
access data In the ramote Ilbrery without first moving a physical 
copy of the date to the local session. Note that the data must stili 
move through the network to the local session in order to be 
processed. However, the data are not written to disk to produce a 
local copy of the data. 

The Multi-User Server 

A muHi-user server Is Initiated by a server administrator and left 
running to service data raquests from mUHlple users. This type 01 
server provides concurrent update access to ramote SAS data 
libraries and manages that access to ensura the integrity 01 the 
data. 



In order to access a remote library through a multi-user selVer, 
you submit a LlBNAME statement that specifies the remota 
server name for the SERVER= option as In the following example: 

options comamid=tcp, 
libname remlib 'sasdemo. edu.screens , 

server=serverl; 

Using WHERE Statements 

When using RLS, one way to reduce the amount of date that 
needs to move through the network to local processing Is to use 
WHERE statement processing on the local procedures and/or 
date steps. Whether you are accessing a single-user server or a 
multi-user server, the WHERE statement Is passed to the serve~s 
execution and evaluated on the remote side so that only those 
date meeting the selection criteria are moved across the network 
to the local session. If the date that you are accessing are stored 
in en extemal database, the WHERE stetementls passed to the 
database and evaluated If possible. If the date base cannot 
complete the evaluation, the server completes the evaluation 
before retumlng any of the date to the remote engine In the local 
session. 

Accessing External DBMS Data 

RLS via the single-user server provide update access to data 
stored In extemal databases. The SAS/ACCESS. engines as well 
as the SQL engine all recognize the single-user server as one 
user and therefore enable update mode for extemal database 
sources. However, these same engines prohibit update access to 
extemal databases when using RLS with e multi-user server. 
Updating Is prohibited because It would be Impossible for either a 
multi-user server or a date base product to detect conflicting 
requests from multiple users and therefore Impossible to 
guarantee date Integrity and security or to provide audit trails. 

Using SAS Data Views 

You can also use RLS with SAS date views. SAS data views 
Include SAs/ACCESS views, DATA step views, and PROC SQL 
views. A view Is a SAS date set that describes other date. It Is 
processed as a date set by an engine that reads the underlying 
date and uses the description to retum the date In the requested 
form. This process Is called view Interpretetlon. 

When the IIbrery that conteins the view Is accessed through a 
server, the view Is Interpreted In the server session by default. 
This means that the engine Is loaded and called by the server to 
read and transform the underlying date and a minimum of date Is 
moved through the network. The local processing Is unaware that 
a view Is Involved. 

If the view Is a PROC SQL view or If the local and remota 
machine architectures are the same, you can cause the view to 
be Interpreted In the local session. This Is done by specifying 
RMlVIEW=NO on the UBNAME statement used to define the 
remote library. If the architectures are not the same, 
SAs/ACCESS views and DATA step views can only be 
Interpreted In the remote session. 

Interpreting a view as date can produce significant processing 
demands. When a view Is interpreted locally, that frequentiy 
means that a lot of date has to flow to the local session. This 
removes processing demands from the selVer session and may 
be desirable In order to Increase server response time. In the 
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case of a single-user server, the server Is dedicated to you so 
tuning server response time Is not an Issue. In the case of a 
multi-user server, however, you often must balance network load 
with server response. 

Security Considerations 

When using RLS to access a single-user server you do not face 
any additional security exposure. You must sign on to establish a 
connection to the remote environment before Issuing a LIBNAME 
to define a remote library. Because the SIGNON command 
requires a valid userid and password to gain access to the remote 
environment and establish the connection, you are provided the 
same level of security that you would have by locally logging on to 
the same system. You also have the ability to restrict access to 
members of SAS date libraries, Including SAS date files, SQL 
views, SAs/ACCESS views, and date step views, by assigning 
passwords to them. You can assign passwords to all member 
types except catelogs. Once the password Is assigned for a 
certain level of protection, you must specify the password to 
perform any operation that level of protection prevents. You can 
specify three levels of protection: read, write, and alter. Also, 
RACF or any other security features inherent In the terget system 
stili apply to RLS. Therefore, whether you are accessing a remote 
detebase, remote SAS data sets, or remote views, you have the 
same level of security with a single-user server that you would 
with local access to these date sources. 

When using RLS to access a multi-user server that Is running on 
any operating systsm other than MVS or CMS, you are more 
vulnerable accessing your date because you do not go through 
any login process to validate yourself to the remota system. 
However, there are methods for restricting access not only to a 
server but also to the date that are available to a server. 

You have the ability to run secured multi-user servers on both 
MVS and CMS because both the APPC and TePIiP access 
methods have the capability to run secured on these operating 
systsms. Multi-user servers In these environments run secured by 
default. This requires any user trying to access the S8lVer through 
a UBNAME statement to specify a valid userldlpassword 
combination for the remote systsm. If the specified 
userlellpassword Is valid for the remote MVS or CMS system, you 
are effectively 'logged In' and can now access the server. 

If your multi-user server is running on an operating system other 
than MVS or CMS, there are several security measures that can 
be Implemented. (The following measures can also be used with 
selVers on MVS and CMS to provide security In addition to the 
secured access methods.) You can limit access to a server by 
specifying a user access password (UAPW) during server 
Initialization. This requires the user to specify the password on the 
LIBNAME statement used to establish communication to the 
server. You can also limit the dete that are available to the server 
with the NOALLOC option during server Initialization. The 
NOALLOC option prevents users from defining libraries to the 
server and restricts users to acceSSing only those libraries defined 
by the server administrator. Finally, of the data available to the 
server, you can limit the type of access to that date by specifying 
passwords for the Individual files, as described above. 

Tuning Guidelines 

The first rule of thumb Is to run your application with all of the 
default seHings and determine If there are performance problems. 
This will also provide a baseline for comparison If you determine 
that you need to tune the environment. 

It Is possible to tune the number of observations that are 
transmitted In each exchange with a server; this Is called 



muHl-observation buffering (MOBbing). By default, the server 
does MOBbing when a file has been opened with an access 
paltem and mode of output or sequential Input. The following 
paragraphs use the term 'open mode" to Indicate the way that a 
parllcUlar file Is opened: Input, output, or update. The term 
'access paltem" Is used to Indicate the way that a particular file Is 
being accessed: sequential, random, BY-group rewind, or 
two-pass sequential. 

The TOBSNO= date set option specifies the number of 
observations to be transmitted In each multl-observation 
exchange with a SAS server. However, the ability and/or desire 
for the server to do MOBbing Is dependent on the open mode and 
access pattern for the file being requested. 

If the open mode Is anything other than UPDATE and TOBSNO Is 
set, then the specified number of observations will be transmmed 
In each exchange with the server. It should be pointed out that If 
the server Is a multi-user server and the access pattern Is 
non-sequential, for example with FSBROWSE, It Is not advised to 
use MOBbing because the date source may have been updated 
by the time you scroll to the subsequent observations from the 
buffer. Also, things like FSBROWSE are generally driven by 
human Interaction and do not suffer the performance exposures 
that a programmallcally driven procedure would suffer. However, 
If your server Is a single-user server, all date access will be limited 
to one user and probably more sequential so It may be more 
beneficial to use the TOBSNO option. 

If this option is not specified, Its value Is calculated based on the 
observation length and the size of the server's transmission 
buffers. A server's default transmission buffer size Is 32K. If the 
server Is a multl-user server, the transmission buffer size Is set 
with the TBUFSIZE= option on the PROC SERVER statement. Be 
sure to remember that modifying the TBU FSIZE= option will affect 
all users of the server. If the server Is a single-user server, the 
default buffer size Is used and cannot be aHered. Once tha value 
has been calculated the lesser of the following three numbers will 
be used to determine how many observations to send In one 
exchange with the server. 100 observations, 213 of the data set, or 
the calculated value. 

If a file Is opened In UPDATE moda, only one observallon will be 
returned per exchange with the server. This Is because there may 
be multiple people updating the data source (If the server Is a 
multi-user server) and since only one observetion cen be locked 
at a time, there would be no way to guarantee date Integrity If an 
observation were sent unlocked In a MOB to more than one user. 
So with something like FSEDIT, there Is no way to force 
MOBbing. This also applies to a single-user server. 

The TOBSNO= option Is valid only for date sets opened for Input 
or output and accessed through a server via the REMOTE engine. 
If this option 15 specified for a data set opened for update or 
accessed via another engine, It Is Ignored. PROC COPY and the 
DATA step SET statement (without POINT= or KEY=) typically 
use sequential access. PROC FSEDIT and PROC FSBROWSE 
typIca1ly use non-sequential access. 

It Is also possible to tune the buffer size that Is used for 
transmitting date during remote compute services and date 
transfer services by specifying the TBUFSIZE= option on the 
SIGNON statement. The TBUFSIZE= option cen only be specified 
with program-to-program communications access methods, such 
as APPC, DECnet, NETBIOS and TCPIIP. The packet sizes of 
terminal-based access methods are limited by the screen size and 
cannot be overridden. 
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Restrictions of Remote Library Services 

There are some restrictions on what RlS can provide and how 
these services are provided. Most of these restrictions exist when 
the locaVuser session and remote/server session are running on 
machines that have differing Internal representations of data, and 
the remote library access crosses machine architectures. The 
following paragraphs detail the current limits and give alternate 
solutions when possible. 

The peer-to-peer access methods are the only access methods 
with the abURy to support RlS. They include: 

• APPC 

• DECnet 

• NETBIOS 

• TCP 

RlS support for the terminal-based access methods such as 
ASYNC, HLLAPI, and TElNET is not planned. If you must use an 
access method that Is not supported, you should use compute 
services or data transfer services to Implement your application. 

Currently, with respect to RLS, access to data In remote SAS date 
libraries Is limited to SAS data sets when the local system and the 
remote system have different data representations. These data 
sets Include PROC Sal views, which can be Interprated In eHher 
the local or remote session, and SAS/ACCESS and DATA step 
views, which can only be Interprated In the remote session. 
Therefore, If your local application requires remote SAS catalogs 
or utllRy files, you must use compute services or date transfer 
services to Implement your application. We hope to enable remote 
library access for SAS catalogs In a future version of the system. 

Character variables ara assumed to contain printable character 
data and numeric variables are assumed to contain numeric data 
In floating point format. Storing binary data In character variables 
or any other unusual use of variables must be avoided when 
accessing data sets across machine architectures. Character 
conversion Is performed on character variables and numeric 
conversion Is performed on numeric variables. Any unusual data 
will produce unpredictable results from the translation process. 

especially with numeric variables, translation from one 
representation to another may alter the value of the variable. A 
common type of alteration Is loss of precision. This occurs when 
the source representation has more bits of mantissa than the 
target representation. No warning Is produced due to loss of 
precision during translallon. Another type of value distortion Is 
loss of magnitude. This occurs when the source representation 
has a greater exponent range than the target representation, and 
a value with a magnitude lying In the excess range of the source 
representallon Is converted. A warning Is produced when this type 
of alteration occurs. 

SAS date sets, typically on IBM mainframe machines, that may be 
accassed cross-architecture should not Include two-byte numeric 
variables. Due to their underlying floating point representation 
scheme, most hosts that SAS supports have a minimum numeric 
variable length of three. A data set containing a length two 
variable cannot be accessed with RLS from such a host. You 
should use compute services or data transfer services In order to 
access a data set with two-byte numeric variables. 



If you want your local SAS session to access both a multi-user 
server and a single-user server, choose a name for your remo1e 
SAs/CONNECT session that Is different from the name 01 the 
multi-user server you Intend to access. Each time a LIBNAME Is 
submltled, the BERVER= value Is first checked to see If It 
matches any currently signed on remote session Ids. If there are 
no remote sessions that match the value of the SERVER= option, 
It Is assumed to be a UBNAME to a multi-user server. Therefore, 
single-user and multi-user servers must have unique names. If the 
names are the seme, the single-user server will always override 
the use of a multi-user server. 

A CASE STUDY - STAR AUTOS DEMO 

A prototype has been developed of the systems that would be 
needed to conduct business In a car rental agency. The 
hypothetical car rental agency, Star Autos, Is a franchised 
business. The Headquarters for the franchisor, Star Autos, Inc., 
are In Chicago, Il. Star Autos, Inc. provides vehicle purchasing, 
marketing, and computer services to franchisees throughout the 
country. The franchisee owns and malntains cars and local 
offices, purchasing the franchise name and services from Star 
Autos, Inc. Both the Headquarters and each of the franchise 
offices have data and distributed applications that must be 
Implemented and Integrated In order to meet their business goals. 

Data and Application Requirements or Headquarters OffIce 

Among the application systems provided by the Headquarters are 
a central reservation database, a corporate reporting system, and 
a distribution system for distributing reservations and reports to 
each of the franchise offices on a nightly basis. 

The reservation database contains reservations for all of the 
franchise offices. It Is simultaneously updated by multiple travel 
agents as they add new reservations. It can also be 
asynchronously accessed by each of the franchise offices for 
transection type requests for a specific reservation as well as for 
adding a new reservation being made at the franchise counter. 
The Headquarters' reservation database Is also utilized by the 
franchise offices for ad hoc report generation based on total 
reservations and also rental type. 

The corporate reporting system generates production reports In 
order to compare the performance of the franchise offices. These 
reports give Information on predicted revenue based on the 
number of reservations, total reservations, and on rental types 
that are currently reserved. The reports generated by this system 
are stored In extemal text files. 

The distribution system Implements an automated method for 
sending pertinent reservations as well as selected reports to each 
franchise office on a nightly basis when system load Is light and 
rates are lower. The reservations for each franchise location are 
copied to the local office each night so that each office will have a 
current copy of Its reservations at the beginning of the next day's 
business. Each franchise maintains a data set that specifies a sat 
of reports that the franchise Is Interested In receiving. Part of the 
distribution system Is to query this data sat and distribute only the 
requested reports to each individual franchise. 

Data and Application Requlrementa or Franchise Offices 

Severel functions have baen distributed to the local franchise 
offices In order to ease the system load on the mainframe at 
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Headquarters and to Improve response time for the customer by 
locating the data at the point where It is used - at each franchise 
office counter. The systems that are In place at the Individual 
franchlsas Include a contracts system as well as a reporting 
system. 

The contracts system includas a reservation database and a 
contract database that exist on the workstation at the franchise 
counter. When a customer needs to check out a car, the local 
reservation database Is queried for the customefs reservation. If it 
is found In the local database, the Information Is completed and 
the record Is stored In the contrect database. If the reservation is 
no1 found In the local data base, a query Is made to the 
Headquarters' master reservation database and, If found, the 
Information Is entered and the record Is stored In the contract 
database. If no reservation' exists, a blank entry screen is 
presented, the Information is complated, and the record Is stored 
In the contrect database. In addition, If the customer wishes to 
retum the rental car In a city other than the origin of rental, the 
contracts system transfers the completed contract to the 
destination city so that the Information Is avallable when the 
customer returns the car to the final destination. 

The reporting system Includes methods for accesSing production 
reports that are produced on a regular basis by the Headquarters 
office as well as a method for generating ad hoc reports which 
require company-wide data maintained on the Headquarters' 
mainframe. Each franchise maintains a control data set that 
contains, among other things, the specific production reports that 
are Importent to that office. The reporting system first checks for 
the eXistence of a requested production report. lIthe previOUS 
nighfs run was successful, the report will ba on the local system, 
and It will be displayed. If the report Is no1 found, processing will 
be Invoked on the malnframe to generate the report, the report will 
be moved to the local workstation, and then displayed. The ad 
hoc portion of the reporting system produces graphic output to 
compare the performance of this frenchlse to that of the other 
franchises within the company with respact to reservatiOns as well 
as rental types. The graphs must be displayed locally but must be 
run against the master reservation database because It is the only 
source of Information on all of the franchise offices. 

Analysis or the DIstributed Application Implementation 

The eppllcatlons just described were Implemented In a two-phase 
process. In the first phase, the Implementation was done using 
compute services and data transfer services. The second phase 
made use of RLB where appropriate. The following sections focus 
on severel small pieces of the distributed application and discuss 
how they were Implemented with compute services and/or data 
transfer services, and why each piece was or was not converted 
to make use of RlS In the second phase of the Implementation. 

• The Best Solution - Remo1e library Services 

First, we'll take a look at the contract system running at the local 
franchise office. Specifically, we'll look at the situation of a 
reservation no1 found In the local reservation database and the 
process of querying the Headquarters' master reservation 
database and finding the reservation there. 

The following fregment contains BCl progrem statements that 
were coded In the first phase of the Implementation In order to 
extract a single reservation from the master reservation database. 



submit continue; 
rsubmit &rsessid; '* define remote shared library to '* remote SAS session 
options comamid=xms; 
libname master "sascgg.sugi18.library" 

server=mvs.c02xhsrv; 

*' *' 
'* transfer only requested reservation *f '* to local temp ds * f 
proc download data=master.reserv 

out=finlcall status=no; 
where resnum='&resnum'; run; 

endrsubmi t ; 
proc append base=s18.reserv data=finlcall; 
run; 
endsubmit; 

f* open local reservation database *f 
wherecls = -resnum=- II II I. I I resnum II II I "; 

dsid = open("s18.reserv-); 
call set (dsid) ; 
rc where (dsid, wherecls); 
rc = fetchobs(dsid, 1); 

Data transfer services are used in this implementation via the 
PROC DOWNLOAD statement. The DOWNLOAD procedure, in 
this case, makes use of a WHERE statement to copy only the 
requested reservation to the local workstation where It is then 
appended to the local reservation data base. The record is copied 
to the local system because it needs to be displayed in a local 
data entry window and then saved into the local contract 
database. WHERE processing Is used to minimize the amount of 
data being transferred through the network and to provide the 
optimal response time to the customer waiting at the counter. 
Compute services could not address the needs of this part of the 
application because the remote data needs to be displayed and 
edited by the local GUI. Therefore, the processing must remain on 
the local system. 

Now, let's re-examine this Implementation with respect to RLS. 
The following SCL fragment represants the second 
Implementation of this piece of the application, which takes 
advantage of RLS. 

f* define remote shared library to local *f 
f * SAS session * / 
libname master "sascgg.sugi18.library" 

server=mvs.c02xhsrv; 

/* build and apply where clause to speed */ 
/ * up retrieval * / 
wherecls = .. resnwn- It I I ., II I I resnum I 1 R' II ; 

/* open remote Headquarters database *f 
dsid = open(ltmaster.reserv·, 'u'); 
call set (dsid) ; 
rc where (dsid, wherecls); 
rc = fetchobs(dsid, 1); 

In this Implementation, a U8NAME statement is Issued In the 
local SAS session to define the remote library containing the 
Headquarters' reservation database. Note that the remote library 
Is being accessed through a SAs/SHARE server. The reservation 
Is then moved to the local session (but not written to disk) when 

69 

the SCL FETCHOBS function is executed. Note the WHERE and 
FETCHOBS function cells after the OPEN of the master 
reservation database. 

The use of these functions Is very important because it pOSitions 
the remote file on the desired record. If a LOCATEC function were 
used In place of the WHERE and FETCHOBS functions, each 
reservation would have to be transferred to the local session and 
compared against the speclfled reservation number during the 
execution of the LOCATEC function, until a match was found. 
This would result in very poor performance and a misuse of RLS. 
This Illustrates why It Is important to remember that the data must 
still move through the network with RLS and that the capability 
should only be used on small to medium amounts of data. It is 
preferable to use RLS In this case rather than data transfer 
services because we are moving a small amount of data, and It 
can be locally edited and saved into the local contract database 
as needed. 

• The Best Solution - Data Transfer Services 

The next part of the application to be examined Is the distribution 
of selected reservations from the master reservation database to 
each of the local franchise offices. The implementation Involves 
the mainframe Initiating a conversation with each of the franchise 
workstations and moving selected reservations to each 
workstation. 

The following program enables distribution of reservations to a 
franchise office by using a WHERE statement to select the 
desired reservations. The actual application was implemented 
using the macro facility and a control data set to provide remote 
session Ids for each franchise. The macro made H very easy to 
distribute reservations to any number of franchises as well as to 
add or delete franchises as needed. This example represents one 
Iteration of the macro. 

f*-----------------------------------*f 
f* Name: DISTRSV.PROGRAM *f 
f* *f 
f* Distributes the reservations data *f 
f* set to the franchise offices. *f 
/*-----------------------------------*/ 
INIT: 

submit continue; 
signon atlanta; 

rsubmit; 
libname mres ~d:\counterR; 
libname backup "d:\counter\backup"; 

f* upload all reservations for a 
f* particular location 
rsubmit; 

proc upload data=hq.reserv 
out=update status=no; 

where origin="Atlanta-; 
run; 

f* sort uploaded ds for merge *f 
proc sort data=update; 

by resnum; 
run: 

*/ 
*/ 



/* backup existing data set */ 
proc COpy in=mres out=backup; 

select reserv; 
run; 

/* merge new & existing data sets "/ 
data mres.reserv; 

update mres.reserv update; 
by resnurn; 

run; 
endrsubmit; 

/* signoff from franchise */ 
signoff; 
endsubmit; 

In the first phase of the Implementation, moving a copy of each 
office's reservations to that office Is clearly a better choice than 
maintaining the single centralized copy on the mainframe and 
requiring the franchises to access this copy of the deta either 
through terminal emulation or by transferring single reservations 
many times throughout the day. The goals of reducing the 
mainframe workload and Improving customer response time, the 
need to manipulate the reservation data In a local GUI, and the 
probability of little or no change to a reservation once II has been 
entered all support creating a full copy of each office's 
reservations on the local workstation. 

When considering RLS for this part of the application you need to 
consider the goalS of offIoadlng work from the mainframe, and 
how often and how much data access is Involved. Each franchise 
Is expected to frequently query and updale reservation deta 
throughout the day. When you muHlply this by the number of 
franchise offices, the network overhead of RLS ceuses an 
unacceptable response time for the customer waiting to check oul 
a car. Also, If the connection to the mainframe were temporarily 
lost, the franchise counter operations would be crippled. Clearly, II 
Is stili desirable to employ data transfer services to create local 
copies of the raSBrvations designated for each office. 

• The Best SolUtion· Compute Services 

The next area to be considered Is the ad hoc reporting part of the 
local franchise reporting system. The ad hoc reports require 
graphic output to highlight the performance of a specific Office wHh 
respect to the rest of the franchise offlces. 

This sample segment of SCL code moves all of the processing, 
the PROC SORT and PROC SUMMARY preprocessing, and the 
actual graph generation to the remote mainframe for execution by 
the faster hardware and against the remote data. The graphic 
output Is then displayed on the local workstation. 

submit continue; 
rsubmi t &rsessid; 

proc sort data=master.reserv 
out=tmp; by origin; run; 
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proc summary data=tmp vardef=n 
noprint; by origin; 

output out=tmp2; run; 

title 'Total Reservations / ; 
patternl value=solid color=green; 

goptions dev=grlink ftitle=centx 
ftext=simplex htitle=3; 

proc gchart data=tmp2; 
block origin /sumvar=_fr~ 
noheading; 
label origin='OO'x; 

run; 
quit; 

endrsubmit; 
endsubmit; 

The Inl1lallmplementation of this portion of the application fully 
exploits compute services. The only database containing 
Information on all of the franchise offices resides on the 
Headquarters' mainframe. The mainframe can also provide the 
compUting power necessary to process the large amount of data 
needed to produce the graphs. However, we want the graphs to 
be displayed on the local workstation and possibly saved for later 
raterence. Compute services are the logical choice over data 
fransfer services because the amount of data needed to generate 
the graphs Is 100 large to be transferred and you do not need or 
want a copy of the entire reservation detabase on the local 
system. 

Even for phase two of the Implementation, when we consider the 
usefulness of RLS for this portion of the application, compute 
services stili have a clear advantage. The large amount of date 
Involved Is an obvious Indlcallon that RLS are not the right choice. 
Therefore, compute services give the maximum benefit to this 
segment of the appllcalion. 

• The Best SoIuHon • Data Transfer Services Combined with 
Remote Library Services 

The final portion of the application that will be discussed is the 
distribution of production reports from Headquarters to each of the 
franchise offlces based on the Imorrnatlon contained In the control 
data set maintained by each of the franchise offices. The 
Implementation Involves the mainframe Initiating a conversation 
wHh each of the franchise workstations and transferring a set of 
reports to the franchise based on selection criteria. 

The following program distributes reports to a franchise offlce. 
This Is aocompllshed by reading a Headquarters' data set that 
provides the network location of a franChise, querying that office's 
control data set, and generating a text file with Ihe statements 
necessary to transfer the requested reports. The actual 
application was Implemented using the macro 1acI11ty and a 
control data set to provide remote session Ids for each franchise. 
The macro made It very easy to distribute reports to any number 
of franchises as well as to add or delete franchises as needed. 
This example represents one iteration of the macro. 



1*----------------------------------*/ 
;* *; 
;* Name: DISTRPT.PROGRAM 
;* 

*; 
*; 

;* This program runs on the HQ *; 
;* machine and distributes reports *; 
;* to the franchise offices. *; 
;* *; 
;*----------------------------------*/ 
INIT: 

submit continue, 
signon atlanta, 

x "alloc fi(xferrpt) 
da ( 'sascgg. sugil8. xferrpt') shr", 

rsubmit; 
filename xferjob nxferjob.sas ll

; 

libname rpt "d: counterreports" , 
filename frptlib "d:counterreportsprod', 

data Jlull_, 
set rpt.preport end=finish: 
file xferjob; 

if -"- = 1 then 
put "rsubmit; n; 

'* only transfer desired reports *' 
if (copy = 'Y') then do; 

put "proc upload 
infile='sascgg.sugi18. lI name ll ,n; 

put ftoutfile=franch{- name II) 

status=no:runi - i 

end: 
if finish then 

put "endrsubmit,", 
run; 

'* download file to %include at HQ *' 
proc download infile=xferjob 

outfile=xferrpt status=no; 
run; 

endrsubmit; 

'* upload desired reports *' 
%include xferrpt, 

signo££; 
endsubmit: 

1llls program uses a combination of compute services and data 
transfer services. The DATA step to determlne the reports that are 
being requested and to generate the PROC UPLOAD statements 
to transfer the reports Is executed on \he franchise system. This 
execution belongs on the franchise system. Thet Is where the 
control data set used lor report selection Is maintained by each 
franchise, and there Is no need to move these data sets to the 
mainframe system. The statements to transfer the reports are 
written to a text 1IIe which Is then downloaded to the mainframe, 
Invoked, and the appropriate reports are then distributed to the 
franchise office. 

While the above Implementation accomplishes the desired task, 
RLS offer a Simpler, more efficient solution. Consider the control 
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data set on the local franchise workstation. The amount of 
Information needed by Headquarters from this data set Is small -
the value of one variable lor no more than a dozen records. 
Headquarters does not need a physical copy of the data set, but 
only some Information to be used In subsequent processing. Also, 
the subsequent processing - creating a file with the statements for 
actually moving the reports to the franchise - Is much better 
appropriated to the mainframe to avoid having to transfer this file 
back to the mainframe for execution. For all of these reasons, 
RLS are utilized In the second Implementation of this segment of 
the application, shown below. 

1*----------------------------------*1 '* Name: DISTRPT.PROGRAM *' 
'* *' '* This program distributes reports *; '* to the franchise offices by *; '* making use of RLS. *; 
/*----------------------------------*/ 
INIT: 

submit continue; 
signon atlanta; 

x "alloc fi (xferrpt) 
da (' sascgg. sugil8.xferrpt') shr", 

rsubmit; 
filename frptlib "d: counterreportsprod": 

endrsubmit; 
libname rpt -d:counterreports" 

server=atlanta; 
data Jlull_: 

set rpt.preport end=finish; 
file xferrpt; 
if _"- = 1 then 

put "rsubmit:": 

/* only transfer desired reports */ 
if (copy = "YO) then do; 

put "proc upload 
infile='sascgg.sugi18."name"'"; 

put "outfile=frptlib( "name") 
status=no;run;"; 

end; 
if finish then 

put -endrsUbmit;"; 
run; 

/* upload desired reports */ 
%include xferrpt; 

signoff; 
endsubmit; 

THE PRODUCTS THAT PROVIDE THE SERVICES 

There are two products within the SAS System that provide the 
services described In this paper: SAS/cONNECT" software and 
SASISHARE" software. The lollowing sections describe which 
product provides which servlce(s) along with a brief description on 
how each service Is provided. 



SASICONNECT Software 

SASICONNECT software Is defined as our primary cooperative 
processing product for multiple CPU environments. It allows the 
SAS application developer to optimize computer resources by 
chOOSing the appropriate CPU on which to execute the various 
components of an application. This may mean accessing remote 
data from local processing or moving the processing to the remote 
machine where the hardware or data resources reside. 
SASiCONNECT software provides compute services, date 
transfer services, and RLS. 

Compute services are provided through the use of the RSUBMIT 
facUlty. The RSUBMIT faclUty causes SAS program statements to 
be sent from a local SAS session to a SAS session on a remote 
system for execution. All results of that execution are then 
retumed to the local SAS session for display and management. 
The RSUBMIT facility Is Implemented In several ways. The 
RSUBMIT command provides an Interactive means for moving 
proceSSing to a remote seSSion. The RSUBMIT statement allows 
you to altemate between local and remote pieces of execution 
within a single SAS job submission. There Is also a SUBMIT 
REMOTE Implementation within SCL to allow !he applications 
programmer to embed remote funcllonaJlty within an application. 

Data transfer services are provided by the UPLOAD and 
DOWNLOAD procedures. These procedures can be used to 
transfer SAS data sets, catalogs, graphics catalogs, entire data 
libraries, as well as extemal files between local and remote 
systems. These procedures also support WHERE statement 
processing for dynamic date subsettlng. 

The newest feature of SASICONNECT software, RLS, Is provided 
through the use of a LIBNAME statement that specifies a valid 
remote session Id as !he SERVER= value. This functionality 
enables you to define a Ilbref In a local SAS session that points to 
data residing on a remote platform and to access this data 
transparently from your local SAS execution. 

SASISHARE SoftWare 

SASISHARE software Is defined as a set of advanced database 
features necessary for multi-user concurrent data update 
applications utilizing SAS storage formats. In the future, we Intend 
to add database features such as audit trail and Integrated 
Integrity constralnts to this software. For more Information about 
these features, refer to the paper 'Database Features Extend the 
Scope of SASlSHARE Software" listed In the section 'Where to 
Find More Information." 

Historically, the SASISHARE client and server have run on either 
the serne machine or on two machines of like architecture. Now, 
with RLS, SAS/SHARE software provides concurrent update 
access to SAS data flies when the user session and server are 
running on machines that have different Intemal represenleflons 
of date. 

Do I Need SASICONNECT Software or SASISHARE SoftWare? 

There are well-defined differences between the functionality of 
SASICONNECT software and SAS/SHARE software. Mapping 
these characteristics with the requirements of an application 
should enable you to determine which product you need to get the 
job done. In many cases, you might find that you want to combine 
functionality from both products. 

The most obvious distinguishing characteristic of SAS/SHARE 
software Is that It Is the only piece of the SAS System that 
provides multi-user update access to SAS date libraries or SAS 
files. On the other hand, SAs/CONNECT software Is the only 
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piece of the SAS System that gives you compute services, data 
transfer services, and single-user RLS. 

The following two basic guidelines define which product is 
required on a machine based on the role of that machine. 

1. If a machine needs to provide multi-user access to SAS data 
either for concurrent update access or to serve data to multiple 
remote users from one SAS session, then you need 
SAS/SHARE software on this machine. 

2. Otherwise, you need SAs/CONNECT software on this 
machine because It Includes the remote engine required to 
access a remote multi-user server as well as compute 
services, data transfer services, and single-user RLS. 

CONCLUSION 

Distributed applications come In a variety of forms, but they all 
heve the need to access data, manage data, analyze data, and 
present the information obtained from the analysis. The 
successful Implementation of a distributed application requires 
breaking the application down Into specific segments, defining 
where the Initial data sources reside, and Identifying what 
Information needs to be available to the user Interface. Once 
these Issues are understood, educated daclslons must be made 
about where the data should reside and where the processing 
should take place for each segment of the application. The 
guidelines detailed in this paper will enable you to make educated 
decisions abou1lmplementing your application. 

The SAS System offers a complete set of tools that provide you 
with the ftexlbIHty to Implement the segments of your application to 
best meet your goals. Compute services, data transfer services, 
and now, RLS, let you maximize resource usage, response time, 
and enduser productivity. 

Remember that whether you use RLS or data transfer services, 
the data must stili mova over the network. Be careful to program 
your application to balance the costs of moving data via RLS, 
moving data via data transfer services, computing on the remote 
host, and computing on the local host. 

WHERE TO FIND MORE INFORMATION 

For more Information about SASICONNECT software and 
SAs/sHARE software: 

• SASICONNECT Software: Usage and ReferenCB, Version 6, 
Second Edition 

• SAs/sHARE Software: Usage and Reference, Version 6, First 
edition 

• SASISHARE software host documenleflon 

• Proceedings of tha SAS user's Group Intemational 
Seventeenth Annual Conference, 'Maximizing Computer 
Resources wtlh COOperative Processing and Distributed Data 
Access,' pages 641-650 

• Proceedings of tha SAS User's Group Intemational 
Sevente9nth Annual conference, 'Database Features Extend 
the SCOpe of SASISHARE SOftware' pages 335·340 

• Proceedings of the SAS User's Group International Elghte9nth 
Annual Conference, 'Tuning TIps for Applications That Use 
SASISHARE Soflwere" 
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