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INTRODucnON 

Applications of all kinds have four basic elemen1s. First there's the 
need 10 access data. Then there's a need to manage data- to get 
the data In the right format tor further Investigation. There's also a 
need 10 analyze data. applying logic in an effon to translate ,_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 experirnenlal capabllty 
offered by the SAS System • remota fibrary services. Guidelines tor 
choosing the right service or combination of services are also given 
along with further usage details. 

SERVICES FOR IMPLEMENTING DISTRIBUTED 
APPUCAnONS 

The SAS System provides two sets of services to enable the 
development of 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 all 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 appUcallon and to maximize the use of all 
computing resources. The SAS System enables you to move any 
or all portions of an application's processing to a remote machine 
to take advantage of remote hardware resources, 10 utilize software 
available in the rel!'lote environment, to interface with eXisting 
legacy systems, and 10 execute against the remota copy of the data. 
The resul1s of the remota processing are then returned to the local 
machine. This is useful when the remote machine has hardware 
and/or software resources available to more eflicienlly 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 if it is 
updaled too fraquenlly for a local static copy to be useful. 

Remote data services enable access to data stored in a remote 
environment This access may be as a single user of the data or 
as multiple users simultaneously accessing the da1a It may be to 
data stored in SAS data se1s, axtsmaJ data bases, SAS c:atalogs, 
or external files. This capability can be further divided Into data 
transfer services and remote Hbraty services. Data 1ranster services 
provide a method for moving a copy of the data from one machine 
to another machine where a physical copy Is created. Subsequent 
local processing takas place against the local copy ofthe data 
without generating further network traffic unbl you decide to updale 
the copy of the data with another transter. Remote &brary services 
provide access to remote data libraries and move the data through 
the network as the local execution reques1s II. A copy of the data 
Is not written 10 the local file system and the data must pass through 
the network an 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 
services is completely determined by the needs and goals of each 
individual appUcadon. Each set of services has a fairly defined set 
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of benefi1s and drawbacks. By matllhlng these characteristics to the 
characteristics of your data and your application needs, you can 
determine how to best combine these services in order to write the 
most efficient distributed application. 

IMPLEMENTATION CONSIDERAnONS 

COMPUTE SERVICES 

The computs services available In the SAS System can give you 
easy access to many of the remota resouroas on your network from 
a single local SAS session. This resuf1s In maximum utilization of 
all of the computing resources within your organization. The 
following paragraphs describe several common scenarios that 
illustrate the possible benefi1s of utifizing compute services to solve 
part or all of the requiremen1s of a distributed appication. 

One or more remote machines on your network may have vector 
processors or other larger, taster hardware resources that would 
more efficienUy accomplish the CPU Intensive portions of your 
application. Compute services allow you to move any or all 
segmen1s of an appliCation to a remota machine for execution. The 
results of the remote execution are returned to the local SAS 
session to be used With further local processing and/or managed 
by the local GUI. 

In addition, a remota machine may have peripherals attached that 
would otherwise be inaccessible to you on a standalone local 
system. A PC In another pan 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 remota 
PC and pointing to its oulpUt device, your can get a hard copy of 
your graph from the remote plotter. 

Data center rules or data characteristics may mandata a single 
centralized copy of the data needed by your application. By moving 
the processing 10 the remote system where the data reside, there 
is no need to transfer or create additional copies of the da1a This 
can address security needs as well as enable access to data 
sources that are too large or dynamic to be transferred. 

Using compute services may introduce some negative side effec1s 
that conflict with the goals of your distributed application. The 
following paragraphs address these side effects and offer 
alternatives to efiminate or minimize them. 

Compute services, by definition, require remota CPU cycles. 
Because the processing takes place on the remota 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 
10 transfer a copy of the data to the local machine and maintaining 
the processing on the local CPU or by combining compute services 
and data transfer services. Retar to the section below, "Combining 
Compute Services and Data Transfer Services", for more 
intormalon. -

Also, compute services create network traffic in order to return the 
resu11s of the processing back to the local machine. If the processing 
needs 1o be repeated frequenlly, the best solution would be to utilize 
data transfer services to simply transfer the necessary data to the 
local syslem and maintain the processing In the local environment 

Another side effect 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 da1a 
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REMOTE DATA SERVICES 

There are many appficatlons, 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 remota file system. In this case, It 
is necessaJ}' to move the data to the local processor for execution. 
There are two types of senrices available with the SAS System that 
can remove the boundaries of your organization's heterogeneous 
data sources and enable remota data access: data transfer services 
and remota library services. 

Data Transfer Services 

For many applications, data transfer services offer the maximum 
benefit The following paragraphs describe scenarios that lend 
themselves toward a data transfer solution. 

A lT1IIjl:lr benefit o1 daia tnUISiii services IS to OIIIOad work frOm a 
remote system to one or more local machines and boost response 
time for production systems running In the remota environment 
Once the data has been downloaded to the local machine, all 
subsequent data access and processing is done by the local 
processor. By moving a copy or subset of the original data to the 
local machine, production applications can be run on the local 
machine without further remote CPU consumption or Impact on 
remote production data systems. 

Moving a copy of the data to your local system adds robustness to 
your decision support environment In the case of a network failure 
that would temporarily eliminate access 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 
exactly the data you need on the local system. 

Data transfer s81vices not only facilitale moving data from a larger 
source to a requesting local workstation, but also support the 
viewpoint 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. Automaled jobs 
can be set up to allow for distribution of 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. Ukewise, jobs can 
be setup to query a network of workstations for the purpose of 
gathering data and pulling it Into a cenlrallzed 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 systam with more memory resources to provide a backup 
In case of loss on the local system. 

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

Depending on the goals of your appfication, data transfer sBivices 
may have side effects that conftict with your needs. The following 
paragraphs address these side effects and offer alternatives to 
eliminate or minimize them. 

Transferring a copy of the data to another file system creates 
multiple copies of the data. The remote data may be updated so 
frequently thatit Is not feasible to keep a local copy ofthe data 
current enough to be useful. Also, security restrictions at your sile 
may prohibit the possibility of multiple copies of the data. In this 
case, consider compute services if the amount ot data involved Is 
large. If the amount of data is small to medium, remote library 
services 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, 
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then data transfer services alone are not sufficient to meet your 
needs. The increased network traffic as wall as the time II would 
take to transfer the data may be unacceptable for your applcallon. 
This scenario needs the functionality of compute sBivioes 1D either 
move all of the processing to the remota system to exeouiB against 
the remota data source or a combination of compute services and 
data transfer services. Refer to the section below, "Combining 
Compute Services and Data Transfer Services", for more 
informaion. 

Data transfer senrices are less transparent Transferring the data 
is an explicit step lhatmustbe done prior to initiating any local 
processing. If the volume of data to be accessed Is not 1arga and 
your application requires more transparent access, remota Ubrary 
sBivices should be used. 

·Remote Ubrary Services 

A new capability available in experimental status with the SAS 
System, remote Hbtary SfiiYices, means that the SAS System now 
provides a comprehensive set of tools for implementing any 
distributed application with the greatest flexibility and efflclency. 
This capability is made up ot a remole engine that exacut8s in the 
local or client session and a S8IVB( that executes in the remote or 
server session. The SAS procedures and DATA steps that execul8 
In the local session pass requests to access remota SAS files to the 
remote engine. The remote engine then communicates the 
requests for data to the server. The server then administers the 
requests to SAS files on behalf of the localfclient SAS session. 

There are some scenarios for which neither compute services or 
data transfer services offer the ideal solution. The following 
paragraphs describe some of these scenarios and how remote 
Dbrary services can fit the needs of your appficallon. 

Remote library services enable you to access remote data in a 
multi- user environment through the use of the multi-user server. 
This gives a big boost to productivity by allowing multiple users to 
simultaneously access and update the same data source while 
guaranteeing the lnlegrity of the data. 

Now it Is possible to perform updates to data In external data bases. 
Remota library sBivices enable a single user accessing data stored 
in an external data base to perform updates to that data through 
the use of the single user server. This permits updates of remote 
data base data as a result of local processing. 

If you need to maintain a single copy otthe data on the remote 
machine and keep the processing on the local system, then you 
need remote library services. This is the superior choice If the 
amount of data needed by the local processing Is small, the remota 
data is very trequenlly updated, or your data center rules prohibit 
muhiple copies of data. 

Remote library senric:es also provide more transparent data access. 
This efiminates an explicit step of coding an upload or download of 
the data before processing it and permits the graphical user 
interface of an application to reside on the local system while the 
data remains in the remote environment (for example, a local 
FSEOIT of a remole data set). It also alloWs appfications to be built 
that provicl a seemingly identical access to local and remote data 
without requiring any knowledge on the part of the enduser as to 
where the data reside. 

Careful thought must be given to the following: the amount of data 
that will be accessed by your application, whether you need 
multi-user or single user data access, whether your appfication wiD 
be making multiple passes of the data, and the resuhing affects on 
your network load. Analyzing these criteria Will help you determine 
when to utilize remota library services and when to utilize data 
transfer or compute services. The following paragraphs illustrate 
some situations where remote library services may not be the Ideal 
way to access your data. 
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Accessing data through remote Ubraly services Is not efficient for 
large amounts of data. The data must still move from the remote 
machine to the local machine, however, It Is not written to the local 
disk. If the local processing Is against large amounts of data, It Is 
usually better to use compute setvices to move the processing to 
the remote system rather than transfer arry of the data. 

Similarly, remote library access is not efficient for muHiple passes 
of the da1a. H the procedures being run make multiple passes of the 
data or the entire procedure must be run more than once against 
the data, It would be better to transfer a copy of the data to the local 
machine. Then you would Incur the network traffic cost once re1her 
than paying the cost on each pass of the data. 

Also, response time may be degraded by accessing remote data 
that Is being simultaneously updated by ather users. If this impact 
cannot be tolerated, you may need to transfer a copy of the data 
to the local system and remove the Uve data from your application. 

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 dlsbibuted application. The combination of 
these services provides 1remendous flexibility and efficiency to any 
distributed application. 

Your application will benefit from combining these services if you 
need Information from data that is stored an a remote systam and 
you do natwantta move a copy ofthe data to the local system. 
Reasons for not moving a copy of the data could include the 
following: the amount of data is too large, the data Is frequently 
updated, or you want to avoid data duplication. Regardless of the 
motivation for reducing the amount of data that Is transferred, 
incorporating compute services will achieve your goal. Compute 
setvices enable you to format and pre-process data Into a subsetted 
or summarized form on the remote system prior to transferring the 
subsequent smaller amount of data to the local platform. This 
balances the use of CPU cycles between the local and remote 
systems and minimizes the amount of data conbibullng to network 
traffic. 

THE PRODUCTS THAT PROVIDE THE SERVICES 

Thera are two products within the SAS System that provide the 
servicas described in this paper: SAS/CONNECT" Software and 
SAS/SHARE4P Software. The following sections describe which 
product provides which setvice(s) along with a brief description on 
how each service is provided. 

SASICONNECT Software 

BAS/CONNECT 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 processes or moving the processing to the remote 
machine where the hardware or data resources reside. 

The SAS/CONNECT product provides compute services, data 
transfer services, and remote library servioes. 

Compute servioes are provided through the usa of the RSUBMIT 
facility. The RSUBMIT facility causes SAS program slatements to 
be sent from a local SAS session to a SAS session on a remote 
system far execution. All results of that execution are then returned 
to the local SAS session for display and management. The 
RSUBMIT facility Is implemented in several ways. The RSUBMIT 
command provides an interactive means tor moving prooessing to 
a remote session. The RSUBMIT statement allows you to alternate 
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between local and remote pieces of execution within a single SAS 
job SIJbmlsslon. There is also a SUBMIT REMOTE implementation 
within SOL to allow the applications programmer to imbed remote 
functionality 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 external files between local and remote 
systems. These procedures also support WHERE statement 
prooessing for dynamic data subsetting. 

Remallll Ubrary services are the newest feature of SASICONNECT 
Software. This experimental feature includes a remote engine and 
a single user SASICONNECT server. The remota engine provided 
with SAS/CONNECT Software is used to communicate with a 
SASICONNECT server or a SAS/SHARE server. A libname 
slatement is executed In the local session to define a remote Ubraly. 
Then, whenever that library is used in the local execution, the 
remote dala Is transmitted to the local execution for prooessing. The 
dala is not written to disk, so you do not have a local copy of the 
data. However, it must be brought to the local session in order to 
be procassed, so It does result In network traffic. This capability Is 
Ideal for low volume, transaction type processing. 

The SASICONNECT Server 

In order to usa a SASICONNECT server, you must be signed on 
to the platform where the remote data reside. (Note: If you have a 
SAS/SHARE server running on the remote machine, you do not 
need to signon In order to access a library through the remote 
SAS/SHARE server. In fact, you would not want to Incur the 
overhead of signing on H you only need to access the SASISHARE 
server in the remote environment) You than specify a libname 
statement specifying a remote SAS data library and give the remote 
session id as the value of the server• option as shown in the 
following example: 

SIGNON <rsessid>; 

LIBNAME <libref> SASE9 <'~S-data-library'> 
SERVER=<rsessid> <engine/host-options>; 

The SAS/CONNECTserver is currently available through the 
experimental cross-host version of the remote engine. TherefOre, 
SASE9 must be specified as the engine name on the LIBNAME 
statament When this version of the remote engine goes production, 
the production name of REMOTE will be used. (The REMOTE 
engine is implicit when a SERVER- option is specified on the 
6bname slatement) 

The SAS/CONNECT server is initialized in the specified remote 
SAS session upon execution of a libname statement with a valid 
remote session lei as the value of the server. option. Each ame a 
Ubname is submitted, the server. value Is first checksd to see if It 
matches arry 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 libname to a SAS/SHARE server. Therefore, 
SAS/CONNECT and SAS/SHARE servers must have unique 
names because the usa of the SASICONNECT server wiD always 
override the use of the SAS/SHARE server if the names are the 
same. 

In the following example, a SIGNON Is executed to a remote UNIX 
node named REMNODE. Then, a iibname statement pointing to a 
directory on REMNODE is submitted with the remote session id of 
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REMNODE specified for the server-value. This results In the 
Initiation of a SASICONNECT sEIMir on REMNODE and the tibref 
A being defined to this SEIMir running on REMNODE. 

opcions comamid:Ccp; 
filename rlink •ccpunix.scr'; 
signon remnode; 

libname a sase9 '/usr/local/prod• 
server=remnode; 

proc dacasets lib=a; run; 
quit; 

Thelib1 el A can the11 be used In subsequentlocalexecmlRiiffo 
access data in the remote library without first moving a physical 
copy of the data to the local session. Note that the data must sliD 
move through the network to the local session In order to be 
processed. However, it is not written to disk to produce a local copy 
of the da1a. 

The access mathod specifiad to astablish tha SAS/CONNECT 
conversation through signon is also used for communicating with 
the SASICONNECT SEIMir. Usa of the SASICONNECT SEIMir is 
enabled by tha following paar-to-paar access methods: 

• APPC (MVS and OS/2) 

• TCP (all platforms) 

Enablament for tha SASICONNECT SEIMir by other paer-to-paar 
access mathods is under development. Support for the 
terminal-based accass methods such as ASYNC, HLLAPI, and 
TELNET is not planned. 

SAS/SHARE Software 

SAS/SHARE Software is defined as a set of advanced data base 
faatures necessary for multiuser concurrent data update 
applicalicns utilizing SAS storage fonnats. In the future, we Intend 
to add database features-sud! as audit traU and Integrated integrity 
constraints. For more information about these features, refer to the 
paper "Database Features Extend the Scope of SAS/SHARE 
Software" listed in the section "WhereJO Find More Information". 

The SAS/SHARE product includes the ramote engine and a 
multi-user SAS/SHARE server. Together, the remote engine and 
SAS/SHARE server proVide the remote Ubrary serVices for Hbraries 
being accessed by multiple usars. A Ubnama statement is executed 
in the local sasslon to define a remote library. Then, whenever that 
library is used in the local execution, the remote data is transmitted 
to the local execution for processing. The distinguishing 
characteristic Is that the SAS/SHARE servar allows the remote 
library and data to be accessed and updated by multiple users and 
manages thoss users to ensure the integrity of the da1a. 

The SASJSHARE Server 

If you need multi-user update access to a remote data library then 
you must have a SAS/SHARE server running in the remote 
environment You then define the remote library with a llbname 
statement that specifies the remote servar name for the server. 
option as in the following example: 

opcions comamid:tcp; 
libname remlib sase9 •sasdemo.edu.screens' 

server:serverl; 
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Use of the SAS/SHARE server across machine architectures Is 
enabled by the foUowing paer-to-peer access methods: 

• APPC (MVS and OS/2) 

• TCP (all platforms) 

Enablementfor thaSAS/SHARE server by othar peer-to-peer 
access methods is under development 

Do I Need SASICONNECT Software or SASJSHARE 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 casas, you might find that you want to combine functionality 
fr2~ ·- ---
The most obvious distinguishing characteristic of SASISHARE 
Software is that it is the only piece of the SAS System that provides 
multiuser update access to SAS data libraries or SAS files. On the 
other hand, SASICONNECT Software is the only piece of the SAS 
System that givas you compute services, data transfer services, 
and single user remote ibrary serVices. 

The foDowing enumerated list defines 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. If you need the advanced database features planned for 
SAS/SHARE Software, then you need SAS/SHARESoftware 
on this machine. 

3. If you need remote data access from a machine and you do not 
fit the first category, then you need SASICONNECT Software 
on this machine becausa it includas the remote engine required 
to access a remote SASISHARE server as well as the 
capabilities in items 3 and 4. 

4. If you want a machine to be used as a compute server by remote 
clients, execute remote SAS sessions and/or proVide a secure 
envlronmentto update DBMS data through the single-user 
SAS/CONNECT server, then you need SAS/CONNECT 
Software on this machine. 

5. If you want a machine to be able to connect to compute server 
machines, create and control remote SAS sessions from a local 
SAS session, then you need SASICONNECT Software on this 
machine. 

RESTRICTIONS OF REMOTE UBRARY SERVICES 

There are some restrictions on how and what remote library 
services can provide. Most of thesa restrictions exist when the 
local/user 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. 

Currently, with respect to remote library serYices, access to date in 
remote SAS date libraries is limited to SAS data sets when the local 
system and the remote system have different data representations. 
Therefore, if your local application requires remote SAS catalogs or 
utility files, you must usa compute serYicas or data transfer serVices 
to Implement your application. We hope to enable remote library 
access for SAS catalogs in a fu1ure version of the system. 

The peer-to-peer access methods are the only access methods with 
the ability to support remote library services. The APPC access 
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melhod on MVS and OS/2 as well as lhe TCPIIP access melhod 
on all platforms have been modified to support remote library 
services. If you must use an access method or platfonn lhat does 
not yet provide lhls support. you should use compute services or 
data transfer services to Implement your application. Development 
efforts are in progress to add other peer-to-peer access methods 
to 1hls fist 

if you want your local SAS session to access bolh a SASISHARE 
server and a SAS/CONNECTserver, choose a name for your 
remote SASJCONNECT session lhat is different from lhe name of 
lhe SASISHARE server you Intend to access. As described above 
In "The SAS/CONNECT Server" section, the server- value 
specified on lhe llbname statement Is first matched against any 
activeSAS/CONNECTconversations.lf a match Is found, the 
SASJCONNECT server wiU be used. Therefore, If lhe SASISHARE 
server and lhe SASJCONNECT server names were lhe same, lhe 
SASISHARE server would never be used. 

Character variables are assumed to contain printable character 
data and numeric variables are assumed to contain numeric data 
in float decimal tonnat 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 pertonned on numeric variables. Any unusual data will 
produce unpredictable resuiiS from lhe translation process. 

Especially with numeric variables, translation from one 
representation to anolher may alter lhe value of lhe variable. A 
common type of alteration is loss of precision. This occurs when lhe 
source representation has more bits ol mantissa than the target 
representation. No warning is produced due to loss of precision 
during translation. Another type of value distortion is loss of 
magnitude. This occurs when the source representation has a 
greater exponent range 1han lhe target representation and a value 
with a magnitude lying in the excess range of the source 
representation is converted. A warning is produced when this type 
of alteration occurs. 

SAS data seiS, typically on IBM mainframe machines, lhat may be 
accessed cross-architecture should not include two-byte numeric 
variables. Due to their underlying floating point representation 
scheme, most hosiS that SAS supporiS have a minimum numeric 
variable length of three. A data set containing a length two variable 
cannot be accessed wi1h remote Dbrary services from such a host 
You should use compute services or data transfer services in order 
to access a data set wilh two-byte numeric variables. 

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 lhe franchisor, Star AUtos, Inc., are in Chicago, 
IL. Star Autos, Inc. provides vehicle purchasing, marketing, and 
computer services to franchisees lhroughout the country. The 
franchisee owns and maintains cars and local offices, purchasing 
lhe franchise name and services from Star Autos, Inc. Bolh the 
Headquarters and each olthe franchise offices have data and 
distributed applications lhat must be implemenled and integrated in 
order to meet their business goals. 

Data and Application Requirements of Headquarters Office 

Among lhe application systems provided by lhe Headquartsrs are 
a central reservation data base, a corporate reporting system, and 
a distribution system tor distributing reservations and reports to 
each of the franchise offices on a nightly basis. 

The reservation data base contains reservations tor all of the 

franchise offices. It is simultaneously updated by multiple travel 
agents as lhey add new reservations. It can also be asynchronously 
accessed by each of the franchise offices ior transaction type 
requests tor a specific reservation as well as for adding a new 
reservation being made at 1he franchise counter. The Headquarters' 
reservation data base is also utilized by the franchise offices tor 
adhoc report generation based on total reservations and also rental 
type. 

The corporate reporting system generates production reports In 
order to compare the pertonnance of lhe franchise offices. These 
reports give Information on predicted revenue based on the number 
of reservations, total reservations, and on rental types lhat are 
currently reserved. The reports output by lhis system are stored in 
external text files. 

The distribution system implements an automated method tor 
sending pertinent reservations as well as selected reports to each 
franchise office on on a nightly basis when system load Is Ught and 
rates are lower. The reservations for each franchise location are 
copied to the local office each night so lhat each office wiU have a 
currant copy of Its reservations at 1he beginning of the next day's 
business. Each franchise maintains a data set lhat specifies a set 
of reports lhat lhe franchise Is lnteresled In receiving. Part of the 
distribution system Is to query this data set and distribute only the 
requested reports to each lndiYidual franchise. 

Data Md Applicetlon Requirements of Franchise Offices 

Several functions have been distributed to lhe local franchise offices 
in order to ease the system load on 1he mainframe at Headquarters 
and to inprove response time tor 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 franchises Include a 
contrac1s system as well as a reporting system. 

The contracts system Includes a reservation data base and a 
contract data base lhat eXist on the workstation at the franchise 
counter. When a customer needs to checkout a car, the local 
reservation data base is queried tor the customefs reservation. If 
it Is found in lhe local data base, the information is completed and 
the record is stored in lhe contract data base. If lhe reservation is 
not found in the local data base, a query is made to the 
Headquarters' master reservation data base and, if found, the 
intonnation Is entered and lhe record is stored In the contract data 
base. If no reservation exists, a blank entry screen is presenled, lhe 
infonnatlon 19 completed, and lhe record Is stored in lhe contract 
data base. In addition, If the customer wishes to rewm 1he rental 
car in a city other than the origin of rental, the contracts system 
transfers the completed contract to 1he destination city so lhat the 
infonnatlon 19 available when the customer returns the car to lhe 
final destination. 

The reporting system Includes methods for accessing production 
reports lhat are produced on a regular basis by the Headquarters 
office as well as a method for generating adhoc reports which 
require company-wide data maintained on the Headquarters' 
mainframe. Each franchise maintains a control data set that 
contains, among other lhings, the specific production reports lhat 
are inportant to that office. The reporting system first checks tor lhe 
exlsmnce of a requested production report If the previous night's 
run was successful, the report will be on lhe local system, and It will 
be displayed. If the report is not found, processing wiD be invoked 
on lhe mainframe to generate the report, the report will be moved 
to the local workstation, and then displayed. The adhoc portion of 
the reporting system produces graphic output to compare the 
perfonnance of this franchise to that of lhe other franchises within 
lhe company with respect to reservations as well as rental types. 
The graphs must be displayed locally but must be run against lhe 
master reservation data base because It is the only source of 
infonnatlon on all of lhe franchise offices. 
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Analysis of the Distributed Application Implementation 

The appficallons just dascnbad ware implamamed in a two phase 
process. In the first phase, the Implementation was dona using 
Version 6 production features ofthe SAS System, specifically 
compute services and data transfer services. The second phase 
made usa of the experimental remota library services where 
appropriate. The following secllons focus on several small piacas 
of the distributed application and discuss how they were 
Implemented wilh the Version 6 production features and why each 
place was or was not converted to make usa of remote library 
sarvies in the second phase of the implementation. 

• The Best Solution - Remota Ubrary Services 

First we'D taka a look at the contract system running at the local 
franchise office. Specifically, we'll look at the situation of a 
reservatioA Aot fouAc:IIA the leeal resel'\'tllion data base and the 
process of querying the Headquarters' master reservation data 
base and finding the reservation there. 

The following fragment Is SCL program statements tllat were coded 
In 1ha first phase of the implementation in order to extract a single 
rasarva11on from the master rasarvation data base. 

sul::mit continue; 
rsubmit &rsessia; 
I* define remote shared library to •1 
I* remote SAS session */ 
options comamid=Xms; 
libname master •sascgg.sugilS.library• 

server:prd6srv; 
I* transfer only requested reservation •1 
I* to local temp ds •1 
proc download data=master.reserv 

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

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

I* open local reservation data base • I 
wherecls = •resnum=• II ••• II resnum 11 '''; 
dsid = open('s18.reserv'l; 
call set 1 asidl ; 
rc = where(dsid, whereclsl; 
rc = fetchobs(dsid, 1); 

Data 1rans1er services are used in this lmplemenlation via the PROC 
DOWNLOAD statement The download procedure, In this case, 
makes usa 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 entJy window and 
then saved Into the local contract dala base. WHERE processing 
is used to minimize the amount of dala 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 
dala needs to be displayed and edited by the local GUI therefore 
the processing must remain on the local system. 

Now, Iars re-examine this Implementation with respect to remote 
library services. The following SCL fragment represents the second 
implementation of this piece of the application which takes 
advanlage of remota tibrary services. 
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I* define remote shared library to local */ 
/* SAS session • 1 
libname master sase9 •sascgg.sugilS.library• 

server=mvs.c02xhsrv; 

I* open remote Headquarters data base and • 1 
I* search for resnum •f 
rdsid = open(•master.reserv•, 'U'I; 
/* build and apply where clause to speed •1 
I* up retrieval • 1 
wherecls = •resnum=• II ''' I I resnum II '''; 
rc = wherelrdsid, whereclsl; 
call setlrdsid}; 
rc = fetchobs(rdsid, ll: 

In this implementation, a fibnama statement is issued in the local 
SAS session to define the remota library containing the 
Headquarters' reservation data base. Nota that the remote Ubrary 
Is baing acoassed through a SASISHARE sarver. The reservation 
is than moved to the local session (but not written to disk) when the 
SCL FETCHOBS function is executed. Note the WHERE and 
FETCHOBS function caDs after the open of the master reserva11on 
dala base. The usa 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 resarvation would have to be transferred to the local 
session and compared against the specified reservation number 
during the execution of the LOCATEC function, until a match is 
found. This would result in very poor performance and a misuse of 
remote Ubrary services. This Is a good example of why it Is imporlant 
to remember that the data must stiU move through the network Willi 
remote Bbrary services and that the capability should only be used 
on small to medium amounts of data. It Is preferable to use remote 
library services in this case rather than data transfer services 
because we are moving a small amount of dala and It can be locally 
edited and saved into the local contract dala base 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 rBSe~Vation dala base to 
each of the local franchise offices. The inplamenlation involves the 
mainframe initiating a conversation with each of the franchise 
workslations and moving selected reservations to each workstation. 

The following program enables disbibullon of reservations to any 
number of franchise offices. This is accomplished by reading a 
control data set that provides the network location of each of the 
franchises and then uploading only those reservations Willi an origin 
value that matches the franchise location. 

1•----------------------------------•1 
I* Name: DISTRSV. PROGRAM • I 
I* • I 
I* This program distributes the •1 
I* reservations data set to the •1 
I* franchise offices. •1 
1*----------------------------------•1 
length rc 8; 

INIT: 
submit continue; 
1• set UP distribution macro */ 
%macro distrib; 
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I* sat up loop based on number of 
I* franchise offices 
\if \aval{&nl > 0 %then %do; 

%do i = l %to %evall&n); 
%global nextfran; 
\let nextfran = &&fran&i; 
%global nextrem; 
\let nextrem = &&rem&i; 
%let i = %eval{&i+ll; 

options rernote=&nexerem; 
signon; 

rsubmit; 
libname mres •d:\counter•t 

*I 
*I 

libnama backup •d:\counter\backup'; 
endrsubmi t; 

I* upload all reservations for a */ 
/* particular location */ 
\let rstepl = %str{ 
rsubmit; 

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

where origin=%'l&nextfran%strl%'; 
run; 

endrsubmit; 
) ; &rstepl; 

rsubmit; 
;• sort uploaded ds for merge */ 
proc sort data=update; 

by resnum; 
run; 

;• backup existing data set •; 
proc datasets; 

copy in=mres out=backup; 
selact reserv; 

run; 

;• merge new & existing data sets •J 
data mres.reserv; 

set mres.reserv update; 
by resnum; 

run; 
endrsubmi t; 
signoff; 
%end; /* do until */ 
%end; 

%mend; 

!* execute macro to distribute 
;• reservations data set 
%distrib; 
endsubmit; 

_status_ 

return; 

MAIN: 
return; 
TERM: 
return; 

I H'; 

*I 
*I 

In the first phaseofthe 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 data 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 lime as well 
as the need to manipulate the reservation data in a local GUI, and 
the probablDty of ltde or no change to a reservation once It has been 
entered all support creating a full copy of each office's reservations 
on the local workstation. 

When considering remote library services for this part of the 
application you need to consider the goals of offloading work from 
the mainframe and how often and how much data access is 
involved. Each franchise is expected to frequently query and update 
reservation dati throughout the day. When you multiply this by the 
number of franchise offices, the network overhead, if remote Dbrary 
services are used, becomes too great to enable acceptable 
response lime for the customer wailing to check out a car. Also, if 
the connection to the mainframe were temporarily lost, the franChise 
couniBr operations would be cripled. Clearly, It Is s111 desirable to 
employ data transfer services to create local copies of the 
reservations designated for each office. 

• The Best Solution - Compute Services 

The next area to be considered is the adhoc reporting part of the 
local franchise reporting system. The adhoc repons require graphic 
output to highlight the performance of a specific office with respect 
to the rest of the franchise offices. 

This segment of SCL code moves all of the prooesslng, the PROC 
SORT and PROC SUMMARY preprocessing as well as 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 workslation. 

submit continue; 
rsubmit &rsessid; 

proc sort data:master.reserv 
out:tmp; by origin; 

run; 
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 lsumvar=_freq_ 
noheading; label or1gin='00'x; 

run; quit; 
endrsubmit; 
endsubmit; 

The initial implementation of this portion of the application fully 
exploits compute services. The only data base containing 
information on all of the franchise offices resides on the 
Headquarters' mainframe. The mainframe can also provide the 
compuling 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 
reference. Compute services are the logical choice over data 
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transfer services because lhe amount of data naadad to generate 
the graphs Is too large to be transferred and you do not need or want 
a copy of the entire reservation data base on the local system, 

Evan for phase two of the implementation, when we consider the 
usefulness of remota library services for this portion of the 
application, compute services still have a clear advantage. The 
large amount of data Involved Is an obvious Indication that remote 
library services Is not the right choloa. Therefore, compute services 
give the maximum benefit to this segment of the application. 

• The Best Solution- Data Transfer Services Combined with 
Remote Ubrary Services 

The final portion of the application that will be discussed is the 
distribution of production reports from Headquarters to each of the 
trarichise offices basad on the information contained in the control 
ttataHtlllamtalnaCJfly eacn of tnerraiicnrse offices. ft.& 
Implementation involves the mainframe initiating a conversation 
with each of the franchise workstations and transferring a set of 
reports to the franchise basad on selection criteria 

The following program enables distribution of reports to any number 
of franchise offices. This is accomplished by reading a 
Headquarters' dataset that provides the network location of a 
franchise, querying that office's control data set. generating a text 
file with the statements necessary to transfer the requested reports, 
and then repeating this process for each franchise In the 
Headquarters' data sal 

1*----------------------------------*1 
I* *I 
I* Name: DISTRPT. PROGRAM *I 
I* *I 
I* This program distributes reports *I 
I* to the franchise offices. *I 
I* *I 
1*----------------------------------*1 
length rc 9; 

INIT: 

submit continue; 
I* set up distribution macro •; 
%macro distrib; 

I* set up loop based on number of 
I* franchise offices 
%if %eval(&n) > 0 %then %do; 

%do i = 1 %to %eval(&n); 
%global nextfran; 
%let nextfran = &&fran&i; 
%global nextrem; 
%let nextrem = &&rem&i; 
%let i = %eval(&i+ll; 

options remote:&nextrem; 
signon; 

x 'alloc fi(xferrpt) 
da('sascgg.sugilS.xferrpt') shr•; 

rsubmit; 

*I 
*I 

filename xferjob •xferjob.sas•; 
libname rpt •d:\counter\reports•; 
filename frptlib 'd:\counter\reports\prod'; 

data _null_; 
set rpt-preport end=finish; 
file xferjob; 

if ....n_ = 1 then 
put •rsubmit; •; 

I* transfer desired reports named by •; 
/* name variable in preport data set • 1 
if (copy = 'Y'I then do; 

put •proc upload 
infile='sascgg.sugilB.•name'''; 

put •outfile:frptlib( •name•) 
status:no; run; •; 

end; 
-iff~-~ 

put •endrsubmit; •; 
run; 

I* download file to %include at HQ */ 
proc download infile:xferjob 

outfile:xferrpt status=no; 
run; 

endrsubmi t; 

I* upload desired reports *I 
%include xferrpt; 

signoff; 
%end; I* do until */ 
\end; 
%mend; 

I* invoke macro to distribute reports *I 
%distrib; 
endsubmit; 

_status_ = 'H'; 

return; 

MAIN: 
return; 
TERM: 
return; 

This program uses a combination of compute services and data 
transfer services. The DATA step to determine the reports that are 
being requested and to generate the PROC UPLOAD statements 
to transfer the reports is executed on the franchise system. This 
execution belongs on the franchise system because that Is where 
the control data set used tor report selection Is maintained by each 
franchise and there is no desire to move these data sets to the 
mainframe system. The statements to transfer the reports are 
written to a text file which Is than downloaded to the mainframe, 
Invoked, and the appropriate reports are then distnbutad to the 
franchise office. 

While the above implementation accomplishes the desired task, 
remote library services otters a simpler, mora efficient solution. 
Consider lhe con1ro1 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 tor no mora lhan a dozen records. 
The Headquarters does not need a physical copy of the data set, 
only some information to be used in subsequent processing. Also, 
the subsequent prooassing - creating a file with the statemen1S tor 
actually moving the reports to the franchise- is much better 
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appropriated to the mainframe to avoid having to transfer this file 
back to the mainframe for execution. For all of these reasons, 
remote 6brary services are utilized in the second implementation of 
.this segment of the application. 

17----------------------------------*1 
I* Name: DISTRPT.PROGRAM *I 
I* *I 
1• This program distributes reports */ 
!* to the franchise offices. · *I 
I* *I 
t•----------------------------------*1 
length rc 8: 

INIT: 

submit. cont.inue; 
t• set. up distribution macro */ 
%macro distrib; 

1• set up loop based on number of *I 
/* franchise offices *I 
%if %eval(&nl > 0 tthen %do; 

%do i = l %to teval(&nl: 
%global nextfran; 
%let nextfran = &&fran&i; 
%global nextrem; 
%let nextrem = &&rem&i; 
%let i = teval(&i+ll; 

opt.ions remote=&next.rem; 
slgnon; 

x •alloc fi(xferrpt) 
da('sascgg.sugilS.xferrpt') shr'; 

rsubmit; 
filename frptlib 'd:\count.er\reports\prod'; 

endrsubmit; 
/ 7 use eXPeriment.al SASICONNECT server •t 
libname rpt. sase9 'd:\counter\reports• 

server=&nextrem; 
data _null_; 

set rpt..preport end=finish; 
file xferrpt: 
if _n_ = 1 then 

put •rsubmit; •; 

t• transfer desired reports named by *I 
t• name variable in preport data set */ 
if (copy = 'Y') then do; 

put •proc upload 
infile='sascgg.sugilS.•name•'•; 

put •outfile=frptlib( •name• I 
st.atus=no; run; • ; 

end; 
if finish then 

put •endrsubmit;•; 
run: 
/* upload desired reports 7 / 

%include xferrpt.; 

signoff; 
%end: I* do unt.il .• I 
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\end; 
\mend; 

t• invoke macro to distribute reports */ 
%d1strib: 
endsubmit; 

_status_ = 'H'; 

return; 

MAIN: 
return; 
TERM: 
return; 

CONCLUSION 

Distributed applications come In a variety of forms but they all have 
the need to eccess data, manage data, analyze data, and present 
the Information obtained from the analysis. The successful 
implementation of a distributed appUcatlon requires breaking the 
app6catlon down into specific segments, defining where the initial 
data sources reside and what information needs to be available to 
the user interface. Once these issues are understood,educated 
decisions must be made about where the data should reside and 
where the processing should take place for each segment of the 
app6catlon. The guideUnes delailed in this paper will enable you to 
make educated decisions about implementing your application. 

lha SAS System provides a complete set of tools for providing you 
With the flexibility to lmplemant tha segmants of your application to 
bast meet your goals. Compute sarvices, data transfer services, 
and now remote library services let you maximize resource usage, 
response time, and enduser productivity. 

Ramember that whethar you use remote library services or data 
transfer services, the data must still move over the network. Ba 
careful to program your appUcalion to optimize the balance between 
the cost of moving data via remote library services, the cost of 
moving data via data transfar services, the cost of computing on the 
remote host, and the cost of computing on the local host 
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