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INTRODUCTION

Applications of alf kinds have four basic elements. First thero's the
nead to access data. Then thera's a nesd to manage data — to
get the data In the right format for further investigation. There’s
also a need 1o analyze data, applying foglc in an effort to translate
raw dala into usstul Information. And finally, there’s a nead to
present the information aoblained from analysis.

The access to the data and the processing involved in managing
and analyzing the data can be distibuted across platiorms ina
variety of ways. The following sections dascribe the types of
servicas provided by the SAS System to enable optimal
distribution of these activities. Thesa sarvices include compute
sarvicas, data transfer services, and a new capablllty offered by
the SAS System - remote library services, Guldelines for choosing
the right service or combination of services are also given along
with further usage detalls.

SERVICES FOR IMPLEMENTING DISTRIBUTED
APPLICATIONS

The SAS System provides two sels of services to enable the
"developmant of distributed applications. The first Is compute
sarvices; these sarvices give you access 1o afl of the computing
resources on your network, The saecond Is remote data services:
these services give you access to all of your data regardiess of
where they are stored. Most often, the best implamentation of a
distributed application incorporates a combination of compute and
romote data setvices.

Computa services enable ufliization of remote computing
rasourcas, Including hardware, software, and data, o most
efficlently execute an application and 1o 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 machina
to take advantage of remota hardware resources, to utllize
software avallable In the remote environment, to Interface with
existing legacy systems, and o exscute against the ramote copy
of the data. The results of the remote processing are then
retumed to the local machine. This Is useful when the remota
machine has hardwara and/or software rasources avallable to
more efficlently parform the task at hand. it can also be preferable
if tha amount of data 1o be precessed Is too large to be moved to
the local machine or if it Is updated too fraquantly for a locat static
copy to be ussful.

Remote dala services anable access {0 data stored in a remote
environment. This access may be as a single user of the data or
as mullipla users simultanecusly accessing thae data. It may be to
data stored in SAS data sets, external databases, SAS catalogs,
or extemnal files. This capablflity can be further divided Into data
Iransfer services and remote library services (RLS). Data transfer
services provide a method for moving a copy of the data from one
maching to another machine whare a physical copy Is created.
Subsequent local processing takes placa against the local copy of
the data whhout generating further natworlk traffic untll you decide
to update the copy of the data with another transfer. RLS provids
access o remote data libraries and move the data through the
network as the local execution raquests it. A copy of the dala is
not written 1o 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 appiled and the most beneficlal combination of

services Is completely determined by the naeds and goals of each
Individual appfication. Each set of services has a falrly defined set
of benefits and drawbacks. By matching these characteristics to
the characteristics of your dala and your application needs, you
<an determine how to best combine these services In order 1o
write the most Bfficlent distributed application.

IMPLEMENTATION CONSIDERATIONS

COMPUTE SERVICES

The compute services avallable in the SAS System can give you
easy access ta many of the remole resources on your natwork
from a single local SAS sesslon. This results In maximum
utization: of all of the computing resources within your
organization. Figure 1 lffustrates the concept of compute services.

Figure ¥ Compute Senvices

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

2, The processing takes place on tha remots machine.

3. The log, list, and graphical cutput from the remote execution
are retumed ta the local machine.

Comptte Services - Advantages

One or mora remote machines on your network may have vactor
processors or other farger, faster hardware resources that would
more efficlently accomplish the CPU Intensive portions of your
application. Cornpute servicas allow you to move any or all
segments of an application 10 a remote machine for exacution.
The resulis of tha remote execution are retumed to the local SAS
sesslon 1o 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 Inaccessible 1o you on a stand-alona locat
system. A PC In anothar part of your organization may have a
plofter or printer attached that you need 1o use. By simply
diracting your local SAS sesslon to move the graphics processing
to the remote PC and polnting 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
cantralized copy of the data needed by your appfication. By
moving the procassing o the remote system where the data
reslde, there is no nead 1o transfer or create additional copies of
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the data. This can address security needs as well as enable
access to data sourcas that are too large or dynamic to be
transferred.

Compute Services - Side Effects

Compute services, by definition, require remote CPU cycles.
Because the processing takas place on the remete maching, it
doas require CPU cycles from that machine. This couid be a
drawback If the goal Is fo offload work from the remote system,
The remate CPU Impact could be minimized by uiiizing data
transfer services to transier a copy of the data to the local
machine and malntalning the processing on the local CPU. impact
coufd also be minimized by combining compute services and data
transfer services. Refer to the section below, *Combining
Compute Services and Data Transfor Services,” for more
information,

Compute sorvicas also create network traffic In order to return the
results of the precessing back to the local machine. if the
processing neads o be repsated frequently, the best solution
would be fo utiize data transfer services to iransfer the necessary
daia to the local sysiem and maintaln the procassing In the local
anvironment.

Another side effact of compute services Is that remote production
data systems will still be iImpacied as the data is subsetted or
pre-processed. This can bs minimized by careful implementation
of your application to elfiminate or reduce multiple passes of the
data.

REMOTE DATA SERVICES

There are many applications, or parts of applications, that require
processing 1o be done In the local SAS session, but the data
raquired by that processing reside on a remote file system. In this
case, !t Is necessary to move the data to the local processor for
execution. There are two types of setvices avallable with the SAS
System that can remove the boundaries of your organization's
heterogensous data sources and enable remata data access:
data transfer sarvices and RLS,

Data Transfer Services

For many applications, data transfer services offar the maximum
benefit. Figure 2 Hiustrates tha concept of data transfer services.

Flgure 2 Data Transfer Services

1. The local sesslon sends a transter requast to the remote
session.

2. The request may be either to copy the data from the local
sesslon 1o the remote session or to copy the data from the
remote session to tha local session.

3. The copy of the data Is then avallable for processing on the
target system without further network traffic.

Data Transfer Services - Advantages

A major banefit of data transfer sarvicas Is to offioad work from a
remote systom to one or mera locaf machines and boost response
time for production systems running In the remote environment.
Once the data have been downloaded to the local machine, all
subsequant data access and processing s done by the local
processor. By moving a copy or subset of the original data to the
local machine, applications can ba run on the iocal machine
without further remots CPU consumption o impact on remote
data systems, '

Moving a copy of the data to your local system adds robustness to
your decision support environmant, In the case of a network
fallure 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 [ocal machine. This reduces network traffic and
gives you only the data you need on the local system. '

Data transfer services not only facliitate moving data from a larger
soures 10 a requesting local workstation, but also support the
model ot a centrallzed 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
epplications during non-peak hours to multiple machines that
have need of the data and/or appilcations for the next day’s work.
Likewisa, jobs can be set up to query a network of workstations
for the purposa of gathering data and storing them In a centraized
repository.

Yet ancther reason to ulllize data transfer services Is for backup
purpeses. Data and/or applications can be copled from one
system to another system with more memary resources to provide
a backup In case of Joss on the local system.

In addition, by moving a copy or subsst of the data to the kcal
systern, applications can be developed and tastad without further
dependenca or impact on remote sysiem response ime.

Data Transfer Services - Side Effects

Transferring a copy of the daia to another file system creates
multiple copies of the data. Tha remote data may be updated so
fraquently that itis not feasible to keep a local copy of the data
current enough to be useful. Also, sacurity restrictions at your site
may prohibit multiple coples of the data. In this case, consider
compute sarvices If the amount of data involved is large. # the
amount of data is smalf 1o medium, RLS allow the processing to
fake place on the local system and the data to come from a
remote source as the execution requests it.

If the volume of the date that would need to be moved Is too Jarge,
then data transfer services alone are not sufficlent fo meet your
needs. The Increased network traffic as well as tha fims it would:
taka to transter the dala may be unacceptabte for your

application, This scenario needs the functionallty of computa
sarvicas o efther move all of the processing to the remote system
fo execute against the remote 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 infarmation.

Dala transfer services are less transparent. Transferring the data
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is an explicit step that must be done prior 1o Initlating any local
processing. If the velume of data to be accessad Is not large and
your application requires more fransparent access. FILs area
better solution,

Remote Library Services

With the addition of RLS, the SAS Sysiem now provides a
comprehensiva set of {ools for Implamenting a distributed
application with the greatast flexibiity and efficlency. RLS provide
access to remote data as if they were in a local Hibrary. Figure 3
Mustrates the concapt of RLS.

Flgure 3 Remole Libraty Services

1. The processing takes place in the focal session, which Is
unaware that It Is accessing remote data versus local data.

2. The local session passes record requests to the remote
sesslon.

3. Records are returned from the remote session to the
procassing program of the local sessior.

4. This cycle continues until the processing Is complets.
Remote Library Services - Advantages

RLS enable you fo access remote data in a muli-user
environment through the use of a multi-user server, This glves a
big boost to productivity by atlowing multipte users to
simuitaneously access and updats the same data source while
guaranteeing the integrity of the daia.

Now itis also possible to perform updates to data In extamal
databases. RLS enable a single user accessing data stored In an
external database {0 perforrn updates to that data through the use
of the single-user server. This permits updates of remote
database data as a result of local procassing.

If you need to maintain a single copy of the data on the remote
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 rufes prohiblt multlple
coples of data.

RLS also provide more transparent data access. This eliminates
an sxplictt stap of coding an upload or download of the data
before processing. It also parmits the GUI of an application to
reside on the local sysiem while the data remain In the remote
environmant {for example, a local FSEDIT of a remote dala sef),
And, it allows applications to be bulit that provida seamingly
identical access to Yocal and remote data without requiring any

knowledge on the part of the enduser as to whera the data reside,

Remaote Library Services - Side Effects

Accessing data through RLS Is not efficient for large amounts of
data. The data must still move from the remote machine to the
local machine, but the data are not written o the local disk. i the
local processing Is agalnst large amounts of data, # Is usually
better to use compute services fo move the procassing to the
remote system rather than transfer all of the dats,

Similarly, RLS"are not sfficlent for muttiple passes of the data, 1f
the procedures being run make muliiple passes of the data or the
entire procedure must be run more than once agalnst the data, it
wouid be better to transfer a copy of the data 1% the local machine.
Then you would incur the network traffic cost once rather than
paying the cost on each pass of the data.

Response ime may be degraded by accassing remote data that
are being simultanacusly updated by other users. If this Impact
cannot be folerated, you may nead {o transfer a copy of the data
to the local system and remova the live data from your
application.

Careful thought must be given to the following: the amount of data
that will be accessed by your appiication, whather you need
multi-usor or singfe-user data access, whether your appilcation
will be making muttipla passas of the data, and the resutting effect
on your network load. Analyzing these critsria will help you
determine when to utilize RLS and when to utilize data transfer or
compute samvices.

COMBINING COMPUTE SERVICES AND DATA TRANSFER
SERVICES

Several of the scanarios described above suggested a
combination of compute ssrvices and data fransfer senvices as
the optimal cholce for portions of a distributed application, The
combination of these services provides tramendous flaxibility and
afficiency to any distributed application.

Your appilication will benefit from combining these services If you
nead Informafion from data that are storad on a remote system
and you do not want 1o move a copy of the data to the local
systam. Reasons for not moving a copy of tha data could Include
the following: the amount of data is too farge, the data are
frequently updated, or you want to avold data duplication,
Regardiess of the motivation for reducing the amount of data that
Is transterred, incorporating compute services will achleve your
goal. Compute services enable you to format and preprocess data
into & subsstted or summarized form on the remote system prior
to transfening the subsequent smaller amount of data to the local
platform. This balancas tha use of CPU cycles between the local
and remote systems and minimizes the amount of data
contributing fo network traffic.

REMOTE LIBRARY SERVICES iN DETAIL

RLS is made up of a ramote engine that execules In the locat or
cllent sesslon and a sarver that executes In the remocte or server
session. This allows SAS procedures and data sleps that execute
in the local session to access SAS data sets In a remote data
library just Ifke they would in a local library. Figures 4 and 5 show
he difference between the Implameniation of a LIBNAME
staternent that accesses a local SAS data library and a LIBMAME
statement that accesses a remote SAS data library.
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Figure 4 LIBNAME Staternont for Local Data Library

1. A LIBNAME siatement Is submitted to the tocal SAS session
speciiying a llbref and a local SAS data library.

2. Data requests are passed 1o the default (or specified) VO
‘engine,

3. The VO eng!na obtains the results of the data requests from a
focal SAS data library

Now compare this 1o a LIBNAME siatemant that accesses a
remote SAS data Hbrary.

bname remib ' server=0¢

LOCAL AEMOTE
SAS SESSION SAS SESSION
1 tnmnunt:l sener g a

' eaver=oo; | 3 o
AR G =\

SAS Cata Ubay
Figure 5 LIBNAME Statsment far Remote Data Library

1. A LIBNAME statement Is submitted to the local SAS session
specilying a libref, a ramote SAS data library, and a SERVER=
option.

2. The SERVER= opfion tells SAS {0 pass data requests to the
remote englne,

3. The remoie engine sends data requests 1o the server. The
server is identified by the valus of the SERVER= optlon on the
LIBNAME statoment. The server Is probably running in a SAS
sesslon on & remote machine, but this Is not a requirement,

4. The server then administers the requests to SAS fites on
behalf of the local/client SAS session. These requesis are
sefviced by the default (or specified) /O englne,

5. The 1/O engine obiains the results of the data raquests from
the remota SAS data library and the results ara returned
through the ramote engine.

The SAS System provides two types of servers: a single-user
sarver and a multi-user server,

The Single-User Server

The single-user server exacutes In a ramote SAS/CONNECT
sassion. This sarver Is controlied by and dedicated 1o the local
user of a SAS/CONNECT convarsation and provides that user
with transparent access o remote SAS data libraries. Because
this type of sarver Is dedicated to a single user, it can be used to
update data stored In extemal DBMS's.

In order to use a single-user server, you must ba signed on o the
platiorm wheze the remote data reside. You then locally submit a
LIBNAME statement to spacify a remote SAS data libraty, giving
the remate sesslon id as the value of the SERVER= option, as
shown In the following example:

SIGNON <rsessid>;’

LIBNAME <libref> <REMOTE> <'SAS-data-library’s
S8ERVER=<rsessid> <engine/host-optionss;

(Nota: H yous have a muitl-user server running on the remote
machine, you do not need to sign on In ordar to access a fibrary
through this server, in fact, you would not want to incur the
overhaad of signing on if you only need 1o access the multi-user
server in the remote environment.)

The single-user server Is Iniialized In the specitfied ramote SAS
session upen execution of a LIBNAME statement with a valld
remote session id as the value of the SERVER= optlon. The
access method specified {o establish the SAS/CONNECT
conversation through SIGNON Is also used for communicating
with the single-user server.

In the following example, a SIGNON Is execuied to a remote
UNIX node named remnode. Then, a LIBNAME statement
pointing to a directory on remnods Is submitted with the remote
sesston id of remnode specified as the SERVER= value. This
results in the initiation of a single-user server on remnode and the
fibref “a” being defined 1o this server running on remnods.

options comamid=tcp;
filename rlink °‘tcpunix.scr’;
signon remncde;

libname a ’/usr/local/prod’ server=remnode;
proc datagsets lib=a;
quit;

The Hbref “a” can then be used In subsequent local execution to
access data In the remots library without first moving a physical
copy of the data to the local session. Nots that the data must st
move through the network to the local sesslon in order fo be
processed. Howsver, the data are not written to disk to producs a
local copy of the data.

The Multi-User Server

A muttl-user server Is Initiated by a server administrator and left
running to service data requests from multiple usars. This type of
server provides concurrent update access to remote SAS data
librarias and manages that access to ensure the Integrity of the
data.
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In order to access a remote library through a multl-user server,
you submit a LIBNAME statement that spacifies the remote
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 data that
needs to move through the network o local processing Is to use
WHERE statement processing on the local proceduras and/or
data steps. Whether you are accessing a single-user server or a
multi-user server, the WHERE statement Is passed to tha server's
execution and evaluated on the remote side so that onfy those
data meeting the selection criterla are movad across the network
to the local session. If the data that you are accessing are stored
In an extemal database, the WHERE statement Is passed to the
database and evaluated If possible. If the data base cannot
complets tha evaluation, the server completes the evaluation
before returning any of the data fo the remote engine In the local
session.

Accessaing Externat DBMS Data

RLS via the single-user server provide update access to data
stored in extemal databases, The SAS/ACCESS® angines as well
as the SQL engine all recognize the single-user server as one
user and therefore enable update mods for external database
sources. Howaver, thess same engines prohibit update access to
extemal databases when using RLS with a mutt-user setver.
Updating Is prohibited becausa it would be impossible for elther a
mutil-user server or a data base product to detect conflicting
requests from multiple users and therefors Impessibls to
guarantee data infegrity and sacurity or to provide audit trails.

Using SAS Data Views

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

When the fibrary that contains the view Is accessed through a
sarver, tha view Is Interpreted In the servers session by default.
This means that the engine Is loaded and called by the server fo
read and transform the underlying data and & minimum of data is
moved through the network. The local processing Is unaware that
a view Is Invoived.

If the locat and remote machine architsctures are the same, you
can cause tha view to be Interpreted In the local session. This Is
done by specifying RMTVIEW=NO on the LIBNAME statemant
used ic define the remote library. if the architectures are not the
same, views can only be interprated in the remote sesslon.

Interpreting & view s data can produce significant processing
demands. When a view is interpreted locally, that frequently
means that a lot of data has to flow to the local session. This
remevas processing demands from the server session and may
be desirable in srder to Increase server rasponse time. In the
casa of a single-user server, the server Is dadicated to you so
tuning server rasponse time is not an Issue. In the cass of a

multl-user saerver, however, you oﬂen must balance network load
with server response.

Security Considerations

Whan using ALS to access a single-usar server you do not face
any additionat secuty exposure. You must sign on to establish a
connection to the remots environment before Issulng 8 LIBNAME
to define a o library. Bacause the SIGNON command
raquires a userld and password to galn access to the remote
environment and establish the connection, you afe provided the
same level of sacurity that you would have by locatly logging on to
the same system. You also have the abllity to rastrict access to
members of SAS data fibrarles, Including SAS data files, SQL
Views, SAS/ACCESS views, and data step views, by assigning
passwords 1o them. You can assign passwords to all member
types excapt catalogs. Once the password Is assigned for a
certain level of protection, you must specify the password to
perform any oparation that level of protection prevents. You can
speclly three levels of protection: read, writs, and alter. Also,
RACF or any other securlty features inherent In the target system
stli apply to RLS. Therefore, whether you are accessing a remote
database, rsmote SAS data sats, or ramote views, you have the
sama level of securily with a single-user server that you would
with local access to these data sourcas.

When using RLS to access a mutti-user server that Is running on
any operating system other thart MVS or CMS, you are more
vuinerable accessing your data because you do not go through
any login process to vellidate yoursslf to the remote system.
However, thera are methods for restricting access not only to a
server but also to the data that are avallabla to a server.

You have the abllity to run secured multl-user servers on both
MVS and CMS becausa both the APPC and TCPAP access
methods have the capabliity to run secured on these cperating
systems. Multl-user servers In these environments run secured by
default. This requires any user trying to access the server through
& LIBNAME statoment to specify & valid userid/password
combination for the remote system. If the specified
userid/password is vaild for the remote MVS or CMS system, yeu
are effectively “logged In® and can now access the server.

if your multi-user server Is running on an oparating system other
than MVS or CMS, there are severa! security measures that can
be Implemented. (The following measures can also be used with
sarvers on MVS and CMS to provide security in addition to the
sacurad access methods.) You can imi access to a server by
specifying a user access password (UAPW) during server
Initialization. This requires the user o specify the password on the
LIBNAME statoment used to establish communication 1o the
sarver. You ¢an also limit the data that are avallable to the sarver
with the NOALLOC optlon during server inltialization. The
NOALLOC option pravents users from defining libraries to the
server and resiricls users to accessing only those libraries defined
by the setver adminisirator. Finalfy, of the data available to the
sarver, you can limit the type of access 1o that data by speclfying
passwords for the individual files, as described above.

Tuning Guldelines

The first rula of thumb Is 1o run your application with all of the
default setlings and determine ¥f there are performance problems,
This witl also provide a baseline for comparison if you determine
thal you need o tune the environment.

it Is possible to tune the number of absarvations that are
transmittad in each exchange with a server: this is called
multi-observaticn buffering (MOBbing). By default, the server
does MOBbing when a file has been opened with an access
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pattemn and mode of output or sequential input. The following
paragraphs use the term "open mode” to indicate the way that a
particutar file Is opened: input, oulput, or update. The term
‘accass pattemn” Ie used fo Indicata the way that a particular file is
being accessed: sequential, random, BY-group rewind, or
two-pass sequential.

The TOBSNO= data set option specifies tha number of
observations o be transmitted In each muttl-observation
exchange with a SAS server. However, the abiiity and/or desira
for the server to do MOBDbing Is dependent on the open mode and
access pattern for tha file being requested,

if the open mode s anything other than UPDATE and TOBSNO (s
sal, then the specified number of observations will be fransmittad
in each exchange with the server. it should ba pointed out that
the server Is & multl-user server and the access pattem is
non-sequentlal, for example with FSBROWSE, H Is not advised to
use MOBbing because the data source may have baen updated
by the time you scroll to the subsequent ocbsarvations from the
butfer. Also, things like FSBROWSE are generally driven by
human interaction and do not suffer the performance exposurss
that a programmatically driven procedure would sutler. Howsver,
i your server Is a single-user server, all data eccess witl be fimited
to one user and probably more sequential so it may be more
beneficlal to use the TOBSNO option.

H this option Is not specified, lis value Is calcutated based on the
obsarvation length and the size of the server's transmission
buffers. A server's default transmission buffer size Is 32K. If the
server Is a multi-user server, the transmission buffar slze Is set
with the TBUFSIZE= option on the PROC SERVER statement. Be
sure fo remember that modifying the TBUFSIZE= option will affect
afl usars of the server. If the server Is a single-user server, the
detfault buffer size is used and cannot be aftered. Once the value
has baen calcutated the lesser of the foliowing thrae numbers will
be used to detarmine how many obsarvations 10 send In one
exchange with the server: 100 observations, 2/3 of the data set, or
the calculated value.

it a file fs opened in UPDATE moda, only one observation will be
retumed per exchange with the sarver. This Is because there may
be multiple paople updating the data source (if the serveris a
multl-user server) and since only cne observation can be locked
at a time, there would ba no way to guaranies data integrity if an
observation wers sent unlocked in a MOB 1o more than one user.
So with sornething like FSEDIT, thera Is no way 1o torce
MOCBbing. This also applles to a single-user server.

The TOBSNO= option Is valld only for data sets opened for Input
or output and accessed through a server via the REMOTE engine.
1 this eption is spectfied for a data set opened for update or
accassed via another englne, it s ignored. PROC COPY and the
DATA step SET statement {without POINT= or KEY=) typically
use sequential access. PROC FSEDIT and PROC FSBROWSE
typically usa non-sequential access.

Restrictions of Remote Library Services

Thete are some restrictions on what RLS can provide and how
these services are provided. Most of thess restrictions exist when
the local/user sassion and remote/server session ara nrinning on
machines that have differing inlemal representations of data, and
the remofe library access crosses machine architectures. The
following paragraphs dstall the current limits and glive alternate
solutions when possible.

The peer-te-peer access methods are the only accass methods
with the ability to support RLS. They Include:

® APPC

¢ DECnet
* NETBIOS
* TCP

RLS suppert for the terminal-basad access methods such as
ASYNC, HLLAPI, and TELNET Is not planned. If you must use an
access mathod that is not supportad, you should use compute
services or data transfer services to implement your application,

Currently, with respact to RLS, access to data In remots SAS data
fibraries Is limied 1o SAS data sets whan the local system and the
remote system have different data representations. These data
sats include views that are Interpreted in the server sassion,
Therafore, i your local application requires remote SAS catalogs
or utility files, you must use compute services or data transter
services to Implement your application. We hope to enable remote

* library access for SAS catalogs In a futura version of the system.

Character variables ara assumed 1o contaln printable character
data and numeric variables are assumed to cantaln numeric data
in fioating point format. Storing binary data In character variables
or any cther unusual use of varlables must ba avolded when
accessing data sats across machine architactures. Character
conversion is performed on character variablas and numeric
conversion Is performed on numeric varlables, Any unusual data
wiil produce unprediciable resuits from the transiation process.

Especlally with numeric varfablas, translation frorm one
reprasentation o another may alter the valus of the varable, A
common fype of alteration Is loss of precision. This occurs when
the source representation has more biis of mantissa than the
1arget representation. No waming s produced due o loss of
precision during translation. Another type of value distortion Is
foss of magnitude. This occurs when the source rapresantation
has a greater exponent range than the target reprasentation, and
a value with a magnitude lying in the excess range of the source
representation Is converted. A waming Is produced when this type
of aiteration cccurs.

SAS data sets, typlcally on IBM malnframe machines, that may be
accessed cross-architecture should not include two-byte numeric
variables. Due fo thelr underlying fioating point representation
schems, mast hosts that SAS supporis have a minimum numaric
variable length of three. A data set contalning a length two
variable.cannot be accessed with RLS from such a host. You
should use compute services or data transfer services In ordar to
access & data set with two-byle numeric variables.

1f you want your lccal SAS session 1o access both a multh-user
server and a single-user server, choose a name for your remole
SAS/CONNECT session that Is different from the name of the
mult-user server you Intend 10 access. Each time a LIBNAME s
submitted, the SERVER= value Is first checked 1o see If it
matchas any cumrently signed on remote sesslon ids. If thara are
nc ramote sesslons that match the value of the SERVER= option,
itis assumed to be a LIBNAME 10 a multl-user server. Therslore,
single-user and mulfi-user servers must have unique names, if the
names are the same, the single-user server will atways override
the use of a mufti-user sarver,

A CASE STUDY - STAR AUTOS DEMO

A prototype has besn developed of the systems that would be
needed to conduct business in a car rentat agency. The
hypothetical car rentat agency, Star Autos, Is a franchised
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business. The Headquarters for the franchiscr, Star Autos, Inc.,
are n Chicago, I, Star Autos, In¢. provides vehicle purchasing,
marketing, and compuier services to franchisees throughout the
country. The franchises owns and meintains cars and local
offices, purchasing the franchise name and semrvices irom Star
Autos, inc. Both the Headquarters and each of the franchise
offices have data and distibuted applications that must ba
Implemented and integrated In order to mest their business goals,

Data and Application Requirements of Haadquarters Office

Among the application systams provided by the Headquariers are
a central reservation database, a corporate reporting systam, and
a distribution system fer distributing reservations and reports to
each of the franchise offices on a nightly basls.

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

The corporate reporting system generates production reports In
order to compare the performancs of the franchiss offices. These
reperts give information on predicted revenue based on the
number of reservations, total raservations, and on rental types
that are currently reserved. The reporis generated by this system
are stored in external text files.

The disirbution system implements an automated mathoed for
sending partinent raservations as well as selacted 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
copled to the local office each night so that each office will have a
cuent copy of its reservations at the baginning of the next day's
business. Each franchige maintains a data set that specifies a set
of reports that the franchise Is Intarasted In recelving. Part of the
distribution system s 1o query this data sat and distribute only the
requested reports {o each individual franchise,

Data and Application Requirements of Franchise Offices

Several functions have bean distributed to the loca! franchise
offices In order to easa the system load on the mainframe at
Headquarters and to Improve response ime for the customer by
locating the data at the point whare it Is used - at gach franchise
offica counter. The systsms that are in place at the Individual
franchises Include a contracts system as well as a reposting
systam.

The conlracts system Includes a reservation database and a
contract databasa that exist on the workstation at the franchise
counter. When a customer needs o check out a car, the loca!
resorvation database Is querled for the customer's reservation. If it
is found In the locat database, tha Information Is completed and
tha record Is stored in the contract database. if the reservation is
not found In the local data bass, a query is made to the
Headquarters’ master reservation database and, if found, the
Information Is entsred and the record Is stored in the contract
database. ¥ no reservation exists, a blank entry screen is
presented, the information is complsted, and the record Is stored
In the contract database. In addiion, if the customer wishes to
retum the rental car in a clty other than the origin of rental, the
coniracts system transfers the completed contract to the °
destination city so that the Information Is avaliable when the
customer returns the car to the final destination.

The reporting system includes methods for accessing production
reparis that are produced on & reguar basls 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 et that -
contains, among ather things, the specific production reports that
ars Imporiant to that office. The reporting system first chacks for
the existence of a requaested production raport, If the pravious
night's run wag successful, the report will be on the local system,
and it wilt be displayed. if the report Is not found, processing will
be invokad on the mainframe to generete the report, the report will
be maved 1o the local workstation, and then displayed. The ad
hoc portlon of the reporting system produces graphic cutput to
compare the performance of this franchise to that of the other
franchises within the company with respect to reservations as well
as rantal types. The graphs must be displayed focally but must be
fun against the master reservation database because it Is the only
source of information on afl of the franchise offices.

Analysls of the Distributed Application implementation

The applications |ust deseribed were implemanted in a two-phase
process, in the first phass, the Implementation was done using
compute services and data transfer services, The second phase
made use of RLS where appropriate. The following sections focus
on saveral small pleces of the distributed application and discuss
how they were Implamantad with compute services and/or data
transfer services, and why each plece was or was not converted
to make use of RLS In the second phasse of tha Implementation,

* The Best Solution - Remote Library Services

First, we'll 1ake a look at the contract system running at the local
franchise office. Specifically, we'll look at the sltuation of a
reservation not found in the local reservation databass and the
process of querying the Headquarters’ master reservation
databace and finding the resarvation there.

Tha following fragment contains SCL program statements that
waore coded In the first phase of the implementation In order to
extract a single reservation from the master reservation database.

submit continue;
reubmit &rzessid;
/* define remote shared library to */
/* remote SAS session */
options comamid=xms:
libname master "sascgg.sugil8.library*
‘ server=mvs.c02xhsrv;
/* transfer only reguested reservation */
/* to local temp ds */
proc download data-master.reserv
ocut=£finlcall status=no;
where resnum=’kresnum’; run:
endrsubmit;
proc append base=sl8.reserv data=finlcall;
run; )
endsubmit;

/* open local reservation database */
wherecls = *"respum=* 1| *** || resnum !| *‘'";:
dsid = open("sl8,reserv*);

call set(dsid):

where(dsid, wherecls);

fetchobs(dsid, 1);

xc
rc
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Data transfer services &re used In this Implamentation via the
PROC DOWNLOAD statement. The DOWNLOAD procedure, In
this case, makes use of a WHERE statement to copy only the
requasted reservation fo the local workstation whers 1t Is then
appendad fo the local reservation data base. The record Is copled
to the local system bacauss it needs 1o ba displayed In a local
data entry window and then saved into the local eontract
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 walting at the counter.
Compute services could not address the needs of ihis part of the
application bacause the remote data needs 1o be displayed and
edited by the focal GUL. Therefore, the procassing must remaln on
the local system,

Now, let's re-examine this implementation with respect to RLS.
‘The following SCL fragment represents the second
Implamentation of this place of the application, which takes
advantage of ALS.

/* define remote shared library to local */

/* SAS session *;

libname master "sascag.sugils8.library"
server=mvs,cl2xhsrv;

/* build and apply where clause to speed */

/* up retrieval */
wherecls = *resnum=" 11 *'* || resnum 1| *'";
/* open remote Headquarters database */

dsid = open("master.reserv®, ‘u’};
call set(dsid};

where(dsid, whereclsj;
fetchobs (dsid, 1}:

e
re

In this implementation, & LIBNAME statement Is Issued in the
local SAS session to define the remote Horary containing the
Headquarters’ reservation databasse. Note that the remota hraty
is being accessed through a SAS/SHARE server. The raservation
Is then moved to the local session (but not written to disk) when
tha SCL FETCHOBS funclion is executed. Nota the WHERE and
FETCHOBS function calls after the OPEN of the master
reservation database.

The use of these functions Is very important becauss it posttions
the remots fite on the desired record. If 28 LOCATEC fuiction were
used In place of the WHERE and FETCHOBS functions, each
freservation would have to be transferred to the local sassion and
compared against the specified reservation number during the
exacution of tha LOCATEC function, uniil a maich was found.
This would result in very poor performance and a misuse of FLS.
This Hustrates why 1t Is important to remember that the data must
stil move through the network with RLS and that the capablilty
should enly be used on small to medium amounts of data. Itls
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 focally edited and saved Into the local contract database
as nesded.

® The Best Solution - Data Transfer Savices

The next part of the application to be axaminad is the distribution
of selacted reservations from the master reservation database to
each of the locat franchise offices. The Implementation Involves
the mainframe Initiating a conversation with each of the franchise
workstations and moving selected resarvations fo each
workstation.

The following program enables distribution of reservations to a
franchise office by using a WHERE statement fo salect the
desired resorvations. The actual application was Implementsd
using the macro faclity and a control data set fo provide remote
session Ids for each franchige, The macro mada it vary easy fo .
distribute reservations fo any number of franchisas as well as to
add or delete franchises as needed. This example ropresents one
iteration of the macro.

I ¥ st rer e ——— */
/* Neame: DISTRSV.PROGRAM */
I* *f
/* Thig program distributes the */
/* reservations data set to the */
/* tranchise offices. */
,t __________________________________ I‘/
INIT

submit continue;
signon atlanta;

raubmit;
libname mres *"d:\counter®;
libname backup *d:\counter\backup*:

/* upload all reservations for a */
/* particular location */
rsubmit:

proc upload data=hqg,reserv

out=update status=no;

where origin="Atlanta";
run;

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

by resnum:
run;

/* backup existing data et */

Proc copy in=mres out=backup:
select reserv;

run;

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

, update mres.reserv update:

" by resnum;

run;
endrsubmit;
signoff;
endsubmit;

In the first phasa of the Implementation, moving a copy of each
office’s reservations 1o that office Is clearly a betier cholce 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 workfoad and improving customer rasponse time, the
need 1o manipuiate the resetvation data In a local GUY, and the
probability of fite or no change to a reservation once It has bsen
entared all support creating a full copy of each office’s
reservations on the local workstation,

When considaring RLS for this part of the application you need to
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consider the goals of offloading work from the malnframe, and
how often and how much data access Is involved. Each franchise
Is expacted to frequently query and update resarvation data
throughout the day. When you multiply this by the number of
franchize offices, the network overhead of ALS causes an
unacceplable response time for the customer walting to check out
& car. Also, if the connection to the mainframe were temporarily
lost, the franchlse counter operations would ba crippled. Clearty, it
s stif desirable to employ data transfer services {o create focal
coples of the reservations designated for sach office.

® The Best Solution - Comptrte Services

Tha next area to be considered is the ad hoc reporting part of the
local franchise reporting system. The ad hoc reports require
graphlc output 1o highlight the performance of a specific office with
respect to the rast of the franchise offices.

This sample segmant 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
outpint Is then displayed on the local warkstation,

submit continue;
rsubmit &rsessid;
proc sort data=master.reserv
cut=tmp; by origin;
run;
proc summary data=tmp vardef-n
noprint; by origin:
output ocut=tmp2;
run;

title ‘Total Reservations’:
patternt value=solid color=zgreen:

goptions dev=grlink ftitle=centx
ftext=simplex htitle=3;:
proc gchart data=tmp2;:
bleck origin /sumvar=_freq
ncheading; label origin=‘00‘'x;
run; cuit;
endrsubmit;
endsubmit;

The Initial Implamentation of thls portion of the application fully
explofts compute sarvices. The only database containing
Information on all of the franchise offices resides on the
Headquarters’ mainframe. The matnframe can also provide the
computing power necessary o process the large amount of data
needed to produce the graphs. However, we want tha graphs 1o
be displayed on the tocal workstation and possibly saved for later
reference. Compute services are the logical choice over data
transfer services becausa the amount of data needed 1o generate
the graphs Is too targe to be transfaerred and you do not need or
want a copy of the entire resarvation database on the local
sysiem.

Even for phasa two of the implementation, when wa consider the
usefuiness of RLS for this portion of the application, compute
services stlil have a clear advantage. The large amount of data
involved Is an obvious indication that RLS are not tha right cholce.
Thersfore, compute services give the maximum benefit to this
segment of tha application,

= The Best Solution - Data Transfer Servicas Combinad with
Remote Library Services

The final portion of the appiication that will ba discussed is the
distribution of production raports from Headquarters to each of the
franchise officas based on the information containad in the control
data set maintalned by each of the franchise offices. The
implomentation Involves the mainframe Initfating a conversation
with each of thg franchise workstations and transferring a set of
roports to the franchise based on selection criteria.

The following program distributes reporis to a franchise office.
This Is accomplished by reading a Headquarters' data set that
provides the network location of a franchise, querying that office’s
conirol data set, and generating a text file wih the statements
necessary to transfer the requested reports. The actual
application was Implemented using the macro facility and
control data set to provide remote session Ids for each franchiss.
The macro made &t very easy fo distibute reporis fo any number
of franchises as well as to add or delete franchises as neaded.
This example represents one teration of the macro.

/t __________________________________ i/
/* */
/* Name: DISTRPT.PROGRAM */
A */
/* This program runs on the HQ */
/* machine and distributes reports */
/* to the franchise cffices. */
’* v/
.l’!' .................................. */
INIT:

submit continue;
signon atlanta:

¥ "alloc fi(xferrpt)
da{’sascgg.sugil8.xferrpt’) shr*;

rsubmit;
filename xferjob "xferjob.sas*;
libname rpt "d:coumterreports®;
filename frptlid *d:counterreportsprod":

data _null_;
set rpt.preport end=finish;
‘file xferjob;

if n_ =1 then
put “rsubmit;";

/* only transfer desired reports */
if {copy = "Y"} then do:
put "proc upload
infile='sascgg.sugil8. "name"'";
put "outfile=franch(* name *}
status=no;run;"*;
end;
if finish then
put *endrsubmit;*;
run;
/* dovmload file to %include at HQ */
proc download infile=xferjob
outfile=xferrpt status=no;

TUr;
endrgubmit;
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/* upload desired réports */
tinclude xferrpt;

signoff;
endsubmit;

This program uses a combination of compute services and data
transter services. The DATA step to determine the reports that are
bairrg requested and to genarate the PROC UPLOAD statements
to transfer the reports Is executed on the franchise system. This
execution belongs on the franchise systam. That Is where the
control data set used for report selsction Is maintained by each
franchise, and thara Is no need fo move thase data sets to the
mainframe system. The statements 1o transfer the reports are
written to a text file which Is then downloaded to the mainframe,
Invokad, and the appropriate reports ara then distdbuted to the
franchise office.

While the above Implementation accomplishas the desired task,
ALS offer a simpler, more efficient solution. Consider tha control
data set on the focal franchise workstation. The amount of
Information needed by Headquarters from this data set I smali -
the value of one variable for no mors than a dozen recornds.
Headquarters does not nead a physical copy of the data set, but
onhly some information 1o ba used in subsequent processing. Also,
the subsequent processing - creating a fita with the statements for
actually moving the reports to the franchise - Is much better
appropriated to the mainirame 1o avold having 1o transfer this file
back to the mainframe for execution. For all of thess reasons,
RLS are utifized In the second Implementation of this segment of
the application, shown below.

/l‘ __________________________________ l'/
/* Name: DISTRPT.PROGRAM )
,t */
/* This program distributes reports */
/* to the franchise offices by */
/* making use of RLS. */
/t __________________________________ !/
INIT:

submit continue;
signon atlanta;

% "alloc fi(xferrpt}
da(‘sascgg.sugils8.xferrpt’) shre*;

rsubmit;

filename frptlib "d:counterreportsprod*:
endrsubmit;
libname rpt "d:counterreporta”

server=atlanta;

data _null_;

set rpt.preport end=finish:

file xferrpt;

if _n_ =1 then

put "rsubmit;*;

/* only transfer desired reports */
if (copy = "Y*} then do:

put "proc upload
infile=‘sascgg.sugilB, "name*r*;
put "outfile=frptlib(*name*)
status=no;run;*;
end;
if finish then
put "endrsubmit;:®;
un! »

/* upload desired reports */
$inciude xferrpt;

signoff;
endsubmit;

THE PRODUCTS THAT PROVIDE THE SERVICES

There ara two producis within the SAS Systam that provide the
services described In this paper: SAS/CONNECT® software and
SAS/SHARE® software. The following sections describe which
product provides which service(s) along with & brief description on
how each semvice Is provided.

BAS/CONNECT Software

SAB/CONNECT software Is defined as our primary cooperative
pracessing product for muliipls CPLU environments. It allows the
SAS application developer to optimize computer rasources by
choosing the appropriate CFU on which to execite the various
components of an application. This may mean accessing remote
data from local processing or moving the procassing to the remote
machine where the hardware or data resources reside.
SASICONNECT sottwars provides compute services, data
transfer services, and RLS.

Compute services are provided through the use of the RSUBMIT
facliity. The RSUBMIT facllity causes SAS program statements to
ba sent from a local SAS sessfon o a SAS session on a remote
systam for execution. All rasuits of that execution are then
retumed to the local SAS sesslon for displey and management.
Tha RSUBMIT fadlilty Is implemented In sevaral ways. The
RSUBMIT command provides an Inferactiva means for moving
processing to a remote session. The RSUBMIT statement allows
you {0 afterniate between local and remote pleces of execution
within a'single SAS job submission. There Is also a SUBMIT
REMOTE implamentation within SCL o allow the applications
programmear fo embed remote functicnality within an application.

Data {ransfer services are provided by the UPLOAD and
DOWNLOAD procedures. These procedures can be used to
transfer SAS cata sets, catalogs, graphics catalogs, entire data
libraries, as well as external files between local and remots
systems. These procedures also support WHERE statement
processing for dynamic data subsetting.

The newast feature of SAS/CONNECT software, RLS, Is provided
through the use of a LIBNAME statement that specifies 2 valld
remote session id as the SERVER= valua. This functionality
enables you to define a libref in a local SAS session that points 1o
data residing on a remote platiorm and to access this data
transparently from your local SAS execution.

SAS/SHARE Software

SAS/SHARE software Is defined as a set of advanced databasa
features necessary for multi-user concurrent data update
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applications utlfizing SAS storage formats, In the future, we Intend
to add database foatures such as audi tralf and intagrated
irtegrity constraints o this software. For mors information about
these featuras, refer to the paper ‘Database Features Exiend the
Scope of SAS/SHARE Softwara® listad In the soction "Where to
Find More Information.”

Historically, the SAS/SHARE cllent and server have run on either
the same machine or on two inachines of ke architactura. Now,
with RLS, SAS/SHARE software provides concurrant update
access (o SAS data files when the user session and server are
running on machines that have different internal representations
of data.

Do | Need SAS/CONNECT Software or SAS/SHARE Software?

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

The most obvicus distinguishing characteristic of SAS/SHARE
software is that it Is the only plece of the SAS System that
provides multl-user update access to SAS data libraries or SAS
filas. On the other hand, SAS/CONNECT software is the only
plece of the SAS System that glves you compute sorvices, data
transter services, and single-user ALS.

The following two basic guidelines define which product Is
required on a machine basad on the role of that machins.

1. If & machine needs to provide multl-user access to SAS data
either for concurrent update access or to sarve data to multiple
remote users from one SAS sasslon, then you need
SAS/SHARE software on this machins.

2. Otherwise, you nead SAS/CONNECT software on this
machine because It includes the remote engine required 1o
accass a remota myltl-user server as well as compute
services, data transfer services, and single-yser RLS.

CONCLUSION

Distributed applications come In a varlety of forms, but they all
have the need to access data, manage data, analyze data, and
presant the Information obtalnad from the analysis, The
successtul implementation of a distributed application requires
breaking the appiication down Into specific segments, defining
where the initlal data sources reside, and Identifying what
Information needs fo be avaliable to the usar Intarface. Once
thesae Issues are undarstood, educated declsions must be made
about whare the data should reside and whers the procassing
should take piace for each segment of the application. Tha
guldslines detalled In this paper will enable you to make educated
declsions about implementing your application,

The SAS Systam offers a complete set of lools that provida you
with the flexibliity to implement the segments of your application to
best mest your goals. Compute servicas, dala transfer services,
and now, ALS, let you maximize resource usage, rasponse time,
and endusar productivity.

Remember that whether you use RLS or dala transfer services,
the data must stilf move over the network. Bo careful 1o program
your application o balance the costs of moving data via RLS,
moving data via data transfer services, compuiing on the remote
host, and computing on the local host.

WHERE TO FIND MORE INFORMATION

For more Information about SAS/CONNECT software and
SAS/SHARE software:

® SAS/CONNECT Software: Usage and Refarence, Version B,
First Edition

® SAS Technica! Report P255, SAS/CONNECT Softwars:
Changes and Enhancemants, Release 6.09

® Preliminary Document, SASCONNECT Softwars: Remole
Library Services

® SAS/SHARE Software: Usage and Refarence, Version €, First
Edition

*® Praliminary Document, SAS/SHARE Sofware:
Cross-Architecture Access

® SAS/SHARE software host documentation

® Procsedings of the SAS User's Group Internationa!
Sevenisenth Annual Conference, *‘Maximizing Computer
Resources with Cooparative Processing and Distributed Data
Access,” pages 641-650

® Proceadings of the SAS User's Group International
Seventesnth Annual Conference, "Database Featuras Extend
the Scope of SAS/SHARE Software® pages 335-340

® Proceedings of the SAS Ussr's Group International Elghtesnth
Annuat Conference, *Tuning Tips for Applications That Usa
SAS/SHARE Software”

8AS, SAS/ACCESS, SAS/CONNECT, and SAS/SHARE are
registered trademarks or trademarks of SAS Instituta, Inc. in the
USA and other countrlies. ® indicates USA registration,

Other brand and product names are registared trademarks or
trademarks of thelr respective companies.
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