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INTRODUCTION

Applications of all kinds have four basic elements. First thera's the
naed 1 access data. Then there’s a need to manage data — to get
the data in the right format for further investigation. There's also a
need to analyze data, applying logic in an effort fo translate raw data
into useful information. And finally, there’s a need to present the
information obtained from analysis.

The access 1o the data and the processing involved in managing
and analyzing the data ¢an bae distributed across platforms in a
variety of ways. The following sactions describe the types of
services pravided by the SAS® Systam to enable optimal
distribution of these activities. Thesa services include computs
services, data transfer services, and a new experimental capability
offered by the SAS Systern - remote library servicas. Guidetines for
choosing the right service or combination of services are also given
along with further usage details.

SERVICES FOR IMPLEMENTING DISTRIBUTED
APPLICATIONS

The SAS System provides two sets of services to enable the
development of distributed applications. The firstis compute
services; thesa sarvices give you access to all ofthe computing
resources on your network. The second is remote data services:
these services give you access to all of your data regardiess of
where they are stored. Most often, the best implementation of a
distributed application incorporates a combination of computa and
remote data servieas.

Computs sarvices enable utilization of remote computing
resources, including hardware, software, and data, to most
efficiently execute an application and to maximize the use of all
computing resources. The SAS System enables you to move any
or ali portions of an application’s processing to a remota maching
to take advantage of remote hardware resources, 1o utilize software
availabie in the remota enviranment, to interface with existing
lsgacy systems, and to executs against the remote copy of the data,
The resuits of the remote processing ars then returned to the local
machine. This is useful when the remote machine has hardware
and/or software resources avallable to more efficionty perform the
task at hand. It can also be preferable if the amount of data to be
processed is too iarge to be maved to the lacal machine or if it is
updated too fraquantly for a local static copy to be usaful.

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 data. it may be to
data stored in SAS data sets, external data bases, SAS catalogs,
or external files. This capability can be further divided into datz
transfar sevvicas and remote library services, Data transfer services
provide a method for moving a copy of the data from one machine
to another machine where a physical copy is cngated. Subsequant
local procassing takes place againstthelocal copy of the data
without generating further natwork traffic until you decide to update
the copy of the data with ancther transfer. Remote library services
provide access to remote data librarias and move the data through
the network as tha local execution requests it. A copy of the data
notwiitten to the local file system and tha data must pass through
the network an any subsequent use by the local procassing.

Thesa services are by no means mutually exclusive. The degree
to which each is applied and the most banaficial combination of
services is compistely determined by the needs and goals of sach
individual application. Each set of services has a fairly defined sst

of benefits and drawbacks. By matching these characteristics to the
characteristics of your data and your application needs, you ¢can
datermine how to best combine these services in order to wrile the
most efficient distributed application.

IMPLEMENTATION CONSIDERATIONS

COMPUTE SERVICES

The computa servicss availabla in the SAS System can give you
6asy acoass to many of the remota resources on your netwark from
a singls local SAS session. This results in maximum utilization of
all of the computing resources within your organization, The
following paragraphs describe several common scenarios that
illustrate the possible banefits of utifizing compute services to solve
part or all of the requirements of a distributed appécation.

One or more remote machines on your natwork may have vector
procassors or other larger, faster hardware resources that would
mase efficiently accomplish the CPU intensive portions of your
application. Compute services allow you to move any or all
segments of an application to a remote machine for execution. The
results of the ramote 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 remote machine may hava peripherals attached that
would otherwise ba inaccessible to you on a standalone local
system. A PC in another part of your organization may have aplotter
or printer attached that you need to use. By simply directing your
local SAS session to move the graphics processing to the remots
PC and pointing o its output device, your can get a hard copy of
your graph from the remote plotier.

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

Using compute services may introduca soma negative side effects
that conflict with the goals of your distributed application. The
following paragraphs address these side effacts and offer
altematives to eliminate or minimize them.

Compute services, by definition, require ramote CPU cycles.

Because the ing takes place on the remote machine, it does
require CPU cycles from that machine. This could be a drawback
if the goal is 1o offioad work from the remots system. The remote

CPU impact could be minimized by utilizing data transfer services
1o 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. Refor ta the section balow, “Combining

Compute Services and Data Transfer Services”, for more
informaion.

Also, compute services create network traffic in order to return the
results of the processing back to the local machine. If the processing
needs to ba repeated frequently, the bast solution would ba to utilize
data transfer services 1o simply transfer the necessary data to the
Iscal system and maintain the procassing in the local environment.

Another side effect is that remete production data systems will still
be impacted as the data is subsetted or pre-procassed. This can
be minimized by caretul inplamentation of yourapplication to
eliminate or reduce multiple passes of the data.
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REMOTE DATA SERVICES

There are many applications, or parts of applications, that require
procassing to ba done In the local SAS session but the data required
by that processing resida on a remote file system. In this case, it
is nacessary to move tha data to the local processer for execution.
Thers are two types of services available with the SAS Systam that
<an remove the boundaries of your organization’s heterogeneous
data sources and enable remote data access: data transfer services
and remote library services.

Data Transfer Services

For many applications, data transfer sarvices affer the maximum
benefit. The following paragraphs describe scenarios that lend
themselves toward a data transfer soiution,

A ajor benefit of data wanster SeVicas is © offioad work from a

remote system to one or more local machines and boost response
time for production systems running in the remote environment.
Once the data has baen downloaded to the Jocal machine, all
subssquent data access and processing is done by the local
procassor. By moving a copy or subset of the original data to the
local machine, production applications can berunonthselocal
machine without further remote CPU consumption or impact on
remote production data systems.

Moving a copy of the data 1o your local syster adds robustness to
your dacision 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
axactly tha data you need on the local system,

Data transfer servicas not only facilitate moving data from a larger
source to arequesting iocal workstation, but alse support the
viewpoint of a centralized control point, such as a mainframe,
initiaing communication to a network of workstations. This enables
centralized distribution of data and/or applications. Automated jobs
can be setup to allow for distribution of data and/or applications
during non-peak hours 1o multiple machinas that have need of the
data and/or appiications for the next day's work. Likewise, jobs can
bae setup to quary anetwork of workstations for the purpose of
gathering data and pulling it into a centralized repasitory.

Yetanather reason to utilize data transfer servicas is for backup
purposes. Data and/or applications can be copied from ons systern
to another system with mora memory resourcas ta provide a backup
in case of loss on the local system,

Also, by maving a copy or subset of the data to the local system,
applications can be developed and tested without further
dependencs or impact on remote system response time.

Dapending on the goals of your application, data fransfer services
may have sidae effects that conflict with your needs. The following
paragraphs address these side effects and offer aiternatives 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 thatitis not feasible to keep a local copy of the data
current enough 1o be useful. Also, security rastrictions at your site
may prohibit the possibility of multiple copies of the data. In this
case, consider compute services if he amount of data involved is
large. Ifthe amount of data is small to medium, remote library
services allow the processing to take place on the local system and
the data 1o come from a remota source as the execution requests
it.

If the volume of the data that would nead to be moved is oo large,

then data transter services alene are not sufficient to meet your
needs. The increased network traffic as well as the time it wauld
take to transfer the data may be unacceptabls for your application.
This scenario neads the functionality of compute services to either
move all of the processing to the remote systom to executs 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 Transter Sarvices”, for more
informaion.

Data transfer services are less transparent. Transferring the data
is an explicitstap thatmustbe done prior to initiating any local
processing. If the volume of data to be accessed is not large and
your application requires more transparent access, remote fibrary
services should be used.

'Remote Library Services

A new capability available in experimental status with the SAS
System, remote library services, means that the SAS System now
provides a comprehensive set of tools for implementing any
distributedi application with the greatest flexibility and efficlency.
This eapability is mada up of a ramote engins that executss in the
local or cliant session and a server that executes in the romote or
sefver session, The SAS procaduras and DATA steps that execute
in the local session pass requests to access remots SAS files 1o the
remota engine. The remote engine then communicates the
requests for data to the server. The server then administers the
raquasts to SAS files on behalf of the local/cliont SAS sassion,.

There are some scenarios far which neither compute servicas or
data transfer servicas offar the ideal solution. The fellowing
paragraphs describa some of these scenarios and how remote
library services can fit the needs of your application.

Remotelibrary services snableyou to access remote dataina
multi- user environmant through the use of the multi-user server.
This gives a big boost to productivity by aliowing multiple users 1o
simultaneously accass and update the same data source while
guaranteeing the integrity of the data.

Now it is possible to perform updates to data in external data bases.
Remote library services enable a single user accossing data stored
in an extarnal data base to perform updates 1o that data through
the use of the single user server. This parmits updates of remots
data base data as a resuit of local processing.

Ifyou need to maintain a single copy of the data on the remats
machine and keop tha processing on the local systam, then you
need remote library services. This is the superior choice if the
amount of data needed by the tocal processing is small, the remote
data is very frequently updated, or your data center rules prohibit
multiple copies of data.

Remote library services also provide more transparent data access.
This eliminatas an explicit step of coding an upload or download of
the data betore processing it and permits the graphical user
interface of an application o reside on the local system while the
data remains in the remote environment (far example, a local
FSEDIT of a remota data set). it also allows applications % be buik
that provide 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
mult-user or single user data access, whether your application will
be making multiple passes of the data, and the resulting affacts on
your network load. Analyzing these criteria will help you determine
when to utilize remote library services and when to utilize data
transfer or compute services. The followi ng paragraphs illustrate
soma situations where remots fibrary servicas may not be the ideal
way 10 access your data.
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Accessing data through remote library services is not efficient for
large amounts of data. The data must stil move from the remote
machine to the local machine, however, it Is not written to the local
disk. If the local processing ls against large amounts of data, it is
usually betler to use compite services © move the processing to
the remote system rather than transfer any of the data.

Similarly, remota library access is not efficlent for multiple passes
cf the data. if the procadures being run make multiple passes of the
data or the entire pracedure must be run more than once against
the data, it would ba batter to transfer a copy of the data t the local
machine. Then you wauld incur the network traffic cost once rather
than paying the cost on each pass of the data.

Also, response time may be degraded by accassing remote data
that is baing simultaneously updated by other users, if this impact
cannot ba tolerated, you may need to transfer a copy of the data
1o the lacal system and remove the live data from your application.

COMBINING COMPUTE SERVICES AND DATA TRANSFER
SERVICES

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

Your application will benefit from combining these services if you
need information from data that is stored on a remote system and
youdo notwantto move a copy of the 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. Regardiess of the
mativation for reducing the amount of data that is transferred,
incorporating compute services will achieve your goal. Compute
sefvices enable you ta format and pre-process data into a subsettad
or summarized form on the remote system prior to transferring the
subsequent smaller amount of data to the local platform. This
batances theuse of CPU cycles batween the local and remote
systems and minimizes the amount of data contributing to network
traffic,

THE PRODUCTS THAT PROVIDE THE SERVICES

There are two products within the SAS System that provida the
servicas dascribed in this paper: SAS/CONNECT® Softwara and
SAS/SHARE® Software. The following sections daescribe which
product provides which service(s) along with a brief description on
how each service is pravided.

SAS/CONNECT Software

SAS/CONNECT Software is defined as our primary cooperative
procassing product for multiple CPU environments. it aliows 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 aceessing romote
data from locat 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 services.

Compute services are provided through the use of the RSUBMIT
facility. The RSUBMIT facility causes SAS program statements to
ba sent from a local SAS session to a SAS session on a remote
system for execution. All results of that execution ara then returned
to the local SAS session for display and management, The
RSUBMIT facility is implemented in several ways. Thea RSUBMIT
cammand provides an interactive means for maving processing to
a remote session. The RSUBMIT statement allows you to altarnate

between local and remote pieces of execution within a single SAS
job submission. Theve is also a SUBMIT REMOTE implomentation
within SCL 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
procaessing for dynamic data subsatting,

Remote library services are the newest feature of SAS/CONNECT
Softwars. This experimental feature includes a remoto engine and
a single user SAS/CONNECT server. The remote engine provided
with SAS/CONNECT Software is used to communicate with a
SAS/CONNECT server or a SAS/SHARE server. A libpame
statement is executed in the local session to define a remote library.
Then, whenever that library is used in tha local execution, the
remois data is transmitted to the local execution for procsssing. The
data is nat written to disk, so you do not have a iocal copy of the
data. However, it must be brought to the local session in order to
be processed, so it does result in network tratfic. This capabiity is
ideal for low valume, transaction type processing,

The SAS/CONNECT Server

In order to use a SAS/CONNECT server, you must be signed on
to the platfarm where the remote data reside. {Nota: If you have a
SAS/SHARE server running on the remote machine, you do not
needto signon in order to access alibrary through the remote
SAS/SHARE server. In fact, you would not want te ineur the
overhead of signing on if you only need to accass the SAS/SHARE
server in the remote environment.) You then speacily 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:

SIGNCN <rsessid>;

LIENAME <libref> SASE9 <‘SAS-data-library’>
SERVER=<rsessid> <engine/host-optionsg>;

The SAS/CONNECT server is currently available through the
experimental cross-host version of the remote engine. Therstore,
SASEQ must be specified as the engine name on the LIBNAME
stalament. When this version of the remots engine goes production,
the production name of REMOTE will be used. (Thea REMOTE
engine is implicit when a SERVER= option is specified on the
libname statement.)

Tha SAS/CONNECT server is initialized in the spacified remote
8AS session upon execution of a libname statement with a valid
remote session id as the valua of the server= option. Each time a
libname is submitted, the server= valus is first checked to see if it
matches any currently signed on remote session ids. If there are
no remota sessions that match the value of the servars option, it
Is assumed to be a libname to a SAS/SHARE server. Therefore,
SAS/CONNECT and SAS/SHARE servers must have unigue
names because the use of the SAS/CONNECT server will always
ovarride the use of the SAS/SHARE server if the names aro the
sama.

In the foliowing example, a SIGNON Is exsecuted to a remote UNIX
noda named REMNODE. Then, a iibhama statement pointing to a
directory on REMNODE is submittad with the remote session id of
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REMNODE specifiad for the servers valus, This results in the
initiation of a SAS/CONNECT server on REMNODE and the libref
A baing defined to this server running on REMNQDE.

options comamid=tcp;
filename rlink ’tepunix.scr’;
signon remnode;

libname a sase® ‘/usr/local/prod’
server=remnode;

proc datasets lib=a; run;

quit;

- “ThetibretAcanrthembeused in subsequent ol SX8e0U6R 6

access data in the remote library without first moving a physical
copy of the data to the local secsion. Nota that the data must still
move through the network to the local session in order to be
processed. However, itis not written to disk to produce a local copy
of the data.

The accass method specifiad 1o establish the SAS/CONNECT
conversation through signon is also used for communicating with
the SAS/CONNECT server. Use of the SAS/CONNECT zerver is
enabled by the following peer-io-pear access methods:

® APPC (MVS and OS/2)
» TCP (all platiorms) :

Enablement for the SAS/CONNECT server by ather paer-to-posr
access methods is under development. Support for the
terminal-based access methods such as ASYNC, HLLAPI, and
TELNET is not planned.

SAS/SHARE Software

SAS/SHARE Software is defined as a set of advanced data bass
features necessary for multiuser concurrent data update
applications utilizing SAS storage formats. In the future, we intend
to add database foatures-such as audit trail 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 saction “Where 1o Find More Information”.

The SAS/SHARE product includes the ramote engine and a
muiti-user SAS/SHARE server. Tegether, the remote engine and
SAS/SHARE server provide the remote library services for libraries
being accessed by multiple users. A libname statoment is executed
in the iocal session to define a remote library. Then, whenever that
library is used in the local execution, the remota data is transmitted
to the local execution for processing. The distinguishing
characteristic is that the SAS/SHARE server allows the remote
library and data to be accessed and updated by multiple users and
manages those users to ensure the intagrity of the data.

The SAS/SHARE 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 libname
statement that specifies the remote server name for the server=
option as in the following example:

cptiocns comamid=tcp;
likname remlib sase? ‘sasdemo.edu.screens’

server=sgerverl;

Use of the SAS/SHARE sarver across machine architectures is
anabled by tha following peer-to-peer access methods:

® APPC (MVS and 08/2)
¢ TCP {all platiorms}

Enablementfor the SAS/SHARE server by other peer-to-peer
access methods is under development.

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

There are weil-defined differences between the functionality of
SAS/CONNECT Software and SAS/SHARE Software. Mapping
these characteristics with the requirements of an application shouid
enable you to detarmine which product you nead to getthe job done.
In many cases, you might find that you want b combine functionality
fromboth produets, . .. B,

The mast obvious distinguishing characteristic of SAS/SHARE
Software is that itis the only pisca of the SAS System that provides
muttiuser update access to SAS data libraries or SAS files. On the
other hand, SAS/CONNECT Softwara is the only piacs of the SAS
System that gives you compute servicas, data transfer servicas,
and single user remote library services.

The foliowing enumerated list defines which product is required on
a machina based on the role of that machine.

1. If a machine neads to provide multi-user accass to SAS data
sither for concurrent update acoess or to serve data 1o 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 Softwars, then younaed SAS/SHARE Software
on this machine.

3. ifyou need remote data access from a machine and you do not
fit the first category, then you nead SAS/CONNECT Software
on this machine because it inciudes the remote engine required
to access a remote SAS/SHARE server as well as the
capabiliies in items 3 and 4.

4. Ifyou wanta machine ta be used as a compute server by remote
clients, execute remote SAS sessicns and/or provide a secure
enviranment to 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 nead SAS/CONNECT Software on this
machine,

RESTRICTIONS OF REMOTE LIBRARY SERVICES

Thare are some restrictions on how and what remote library
services can provide. Most of these restrictions exist when the
local/user session and remote/server session are funning on
machines thathave 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 services, accass 1o data in
remote SAS data libraries is limited to SAS data sets when the local
system and the remote system have different data reprezentations.
Therefore, if your local application requiras ramota SAS catalogs or
utility files, you must use compute servicas or data transfer services
to implement your application. We hope to enable remate library
access for SAS catalogs in a future version of the system.

The pesr-to-peer access methods are the only access methods with
the ability to support remaote library services. The APPC access
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method on MVS and OS/2 as well as tha TCPAP access method
on all platiorms have bean modified to suppart remote library
services. If you must use an access method or platform that does
not yet provide this support, you should use compute services or
data transfer services w0 implement your application. Development
efforts are in progress 1o add other peer-lo-peer access methods
to this list,

if you want your lacal $AS session to access both a SAS/SHARE
server and a SAS/CONNECT server, choose a name for your
remoto SAS/CONNECT session that is differant from the name of
the SAS/SHARE server you intend to access. As described above
in “The SAS/CONMECT Server” section, the sarver= value
spacified on the libname statement is first matched against any
active SAS/CONNECT conversations. if a match is found, the
SAS/CONNECT server will be used. Therelore, if the SAS/SHARE
server and the SAS/CONNECT server names were the same, the
SAS/SHARE server would never ba used.

Character variables are assumed to ¢ontain printable character
data and numeric variables are assumed to contain numeric data
in float decimal format. Storing binary data in character variables
or any other unusual use of variables must be avoided when
accessing data sets across machine architectures. Character
convarsion ig performed on character variables and numaric
convarsion iz parformed on numeric variables. Any unusual data will
praduce unpredictable results from the translation process.

Especially with numeric variables, translation from one
reprasentation to another may alter the value of the variable. A
commaon type of alteration is loss of precision. This occurs when the
source representation has more bits of mantissa than the target
representation. No warning is produced due to loss of precision
during translation. Another type of value distortion is loss of
magnitude. This occurs whenthe source representationhasa
greatar exponent range than the target representation and a value
with a magnitudae lying in the excess range of the source
representation is converted. A warning is producad when this type
of altaration occurs.

SAS data sets, typically on |BM mainframe machines, that may be
accessedceross-architecture shouldnotinclude two-byte numeric
variablas. Due to their underlying fioating point representation
scheme, most hosts that SAS supports have a minimum numeric
variable length of three. A data set containing a length two variable
cannot be accessed with remote fibrary servicas from such a host,
You should use compute servicas or data transfer services in order
o access a data set with two-byle 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 Autas, is a franchised business. The
Headquarters for the franchisor, Star Autes, inc., are in Chicago,
IL. Star Autos, Inc. provides vehicle purchasing, marketing, and
computer services to franchisees throughout the country. The
franchisee owns and malintains cars and local offices, purchasing
the franchise name and servicas from Star Autoes, Inc. Both the
Headquarters and each ofthe franchise otfices have dataand
distributed applications that must be implemented and integrated in
order to meet their business goals.

Data and Application Requirements of Headquarters Office

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

The reservation data base contains reservations for all of the

franchise offices. Itis simultanacusly updatad by muitiple travel
agents as they add new reservations. it can also be asynchronously
accessed by each of the franchise offices for transaction type
requests for a specific reservation as well as for adding a new
reservation being made at the franchise counter. The Headquarters'
reservation data base is also utilized by the franchise offices for
adhoc report generation based on total reservations and also rental
type.

The carporate reporting system generates praduction reports in
order 1o compare the performance of the franchise offices. These
reports give information on predicted revenue based on the number
of raservations, total reservations, and on rentat types that are
currently reserved. The reports output by this system are stored in
extemnal text files.

The distribution systamimplements an automated method for
sending pertinent reservations as well as selacted reports to sach
franchise office on on a nightly basis when system load is light and
rates are lower. The reservations for each franchise location are
copied 1o the local office each night so that gach office will have a
current copy of its reservations at the beginning of the next day’s
business, Each franchise maintains a data set that specifies a set
of reports that the franchise is interested in receiving. Part of the
distribution system is to query this data set and distribute only the
requestad reports to each individual franchise.

Data and Application Requirements of Franchise Offices

Several functions have been distributed to the local franchise offices
in order to sase he system load on the mainirame at Headquartars
and to improve respanse time for the customer by locating the data
at the point where it is used - at each franchise office counter. The
systems that arein place attheindividualfranchisesinclude a
contracts system as well as a reporting system.

The contracts system includes a reservation data base and a
contract data base that exist on the workstation at the franchise
counter. When a customer needs to check out a car, the local
reservaion data base is queried for the customer's reservation. If
it Is found in the local data base, the information is complated and
the record is stored in the contract data base. If the reservation is
not found in the local data base, a query is made to the
Headquarters’ master reservation data base and, iffound, the
information is entered and the record is stored in the contract data
base. if no reservation exists, a blank entry sereen is prasanted, the
information is completed, and the record is stored in the contract
data base. In addition, if the customer wishes 1o return the rental
car in a clty other than the origin of rantal, the contracts system
ransfers the completed contract to the destination ¢ity so that the
information is available when the customer retums the car to the
final destination.

The reporting system includes methods for accessing production
reports that are produced on a regular basis by the Headquarters
office as well as a method for generating adhac reports which
require company-wide data maintained on the Headquarters’
mainframe. Each franchise maintains a control data set that
contains, among other things, the specific production reports that
are important to that office. The reporting system first checis for the
existance of a requested production report. If the previous night's
run was successful, the report will ba on tha local system, and it will
be displayed. If the report is not found, processing will be invoked
on the mainirame to generate the report, the report will be moved
to the lacal workstation, and then displayed. The adhac portion of
the reporting system produces graphic output to compare the
performance of this franchise to that of the other franchisas within
the company with respect to reservations as well as rantal types.
The graphs must be displayed locally but must be run against the
master reservation data base because it is the only source of
information on all of the franchise offices.
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Analysis of the Distributed Application implementation

Tha applications just described were implemented in a two phase
procass. In the first phase, the implementation was done using
Version 6 production features of the SAS System, specifically
compiita services and data transter services. The second phase
mada use of the experimentai ramate library services whers
appropriate. The foilowing sections focus on several small piaces
of the distributed application and discuss how they were
implamanted with the Version 6 production features and why each
piece was or was not converted to make use of remote library
sarvies in the second phase of the implementation.

& The Best Solution - Remote Library Services

First, we'll take a look at the contract system running at the local
franchise office. Specitically, we'll look at the situation of a

Das O

process of querying the Headquarters’ mastar resarvatin d
base and finding tha reservation there.
The following fragment is SCL program statoments that were coded

in the first phase of the implementation in order 1o extract a single
reservation from the master reservation data base,

submit continue;
rsubmit &rsessid;
/* define remote shared library to */
/* remote SAS gession LY
options comamid=xms;
libname master *sasgscgg.sugilS.library*

server=prdésrv;
/* transfer only requested reservation */
/* to local temp ds */

proc download data=master.reserv
out=£finlcall status=no;
where resnum=’&reSnum’; run;
endrsubmit;
proc append base=s18.reserv data=finlcall;
run;
endsubmit;

/* open local reservation data base */
wherecls = *resnum=" || *'"*
dsid = open(*sl8.reserv®);
call set(degid):

where (dsid, wherecls);
fetchobs(dsid, 1);

|| resnum ||

rew,
H

Ic
Ic

Data transfer services are used in this implementation viathe PROGC
DOWNLOAD statement. The download procedurae, in this case,
makas use of a where statement to copy only the requestad
Teservation 1o the local workstation where it is then appended to the
local reservation data base. The record is copied ta the local system
because it needs to be displayed in 2 local data entry window and
then saved into the local contract data base. WHERE processing
is used to minimize the amount of data being transferred through
the network and to provide the optimal response time to the
customer waiting at the counter. Compute services could not
address the needs of this part of the application becauss the remote
data needs io be displayed and edited by the tocal GUI therefara
the processing must remain on tha iocal system.

Now, let's re-axamine this implementation with respact to remote
library services. The following SCL fragment represents the second
implementation of this piece of the application which takes
advantage of remote library services,

/* define remote shared library to local */

/* SAS session */

libname master sase9 "sascgg.sugils.library*
server=mve.c02xhesrv;

/* open remote Headquarters data base and */
/* search for resnum \¥4
rdsid = open(‘'master.reserv®, ‘u‘):

/* build and apply where clause to speed */
/* up retrieval */
wherecls = *recnum=" |{ *‘* || rescnum || s1e;

rec = wherel(rdsid, wherecls):
call set{rdeid);
rc = fetchobs(rdsid, 1);:

In this implementation, a libname statement is issued in the focal
SAS session to define the remote library containing the
Headquarters' reservation data base. Note that the remote library
Is being accassed through a SAS/SHARE server. The resefvation
is then moved 1o the local session (but not written to disk) when the
SCL FETCHOBS function is executed. Nate the WHERE and
FETCHOBS function calis after the opan of the master reservation
data basa. The use of these functions Is very important becausa it
positions the remote file on the desired record. If a LOCATEC
function were used in place of the WHERE and FETCHOBS
functions, each reservation would have to be transferred to the local
session and compared againstthe specified reservation number
during the execution of the LOCATEC function, untif a match is
found. This would result in very poor performance and a misuse of
remots library services. This is a goad example of why it is important
to remember that the data must still move threugh the network with
remota kbrary services and that the capability should only be used
on small to medium amounts of data, It is preferable to use remota
library services in this case rathar than data transfer services
because we are moving a small amount of data and it can be locally
edited and saved into the local contract data base as needed.

+ The Bsst Solution - Data Transfer Services

The next part of the application o ba examined is the distribution
of selactad reservations from the master reservation data base to
sach of the local franchise offices, The implementation involves the
mainframe initiating a conversation with each ot the franchise
workstations and moving selected reservations to each workstation.

The following program enables distribution of reservations o any
number of franchise offices. This is accamplished by reading a
control data set that provides the netwark location of each of the
franchises and then uploading only those reservations with an origin
value that matches the franchise location.

/f ____________ 1‘/
/* Name: DISTRSV.PROGRAM */
r* ¥/
/* This program distributes the */
/* reservations data set to the */
/* franchise offices. */
/t __________________________________ !‘/
length rc 8;

INIT:

submit continue;

/* set up distribution macro */

fmacro distrib;
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/* set up loop based on number of v/
/* franchige offices */
$if %Seval{&n) > 0 %then %do;
8do i = 1 %to Sevallen);

%global nextfran;

tlet nextfran = &&franai;

%global nextrem;

tlet nextrem = &&remii;

%let 1 = %evali&i+l);

options remote=&nextrem;
signon;

rsubmit;

libname mres "d:\counter*;

libname backup "d:\counter\backup*:;
endrsubmit;

/* uplead all reservaticns for a *7
/* particular location v/
$let rstepl = %str(

rsubmit;

proc upload data=hqg.reserv
out=update statug=no;
where origin=%')&nextfranistr(%*;
run;
endrsubmit;
); &rstepl;

rsubmit;
/* sort uploaded ds for merge ¥/
proc sort data=update;
by resnum:
Tun;

/* backup existing data set */
proc datasets:
copy in=mres outsbackup;
select reserv;
run;

/Y merge new & existing data sets */
data mres.reserv;
set mres.reserv update;
by resnum;
run;
endrsubmit;
signoft;
%end: /* do until */
fend;

2mend;

/* execute macro to distribute */
/* reservations data set */
fdistrib;

endsubmit ;

.status_ = 'H’;

return;

MAIN:
recurn;
TERM:
recurn;

Inthefirstphase oftheimplementation, moving acopy of each
offica’s reservations to that office is clearly a batter 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 ransferring single reservations
many times througheut the day. The goals of reducing the
mainframe workload and improving customer response time as well
as the need to manipulate the reservation data in a locat GUI, and
the probability of Ettle or no change to a reservation once ithas been
entared 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 expecied to fraquently query and update
reservation data throughout the day, When you multiply this by the
number of franchise officas, the network overhead, if remote Ebrary
services are used, bacomes too great to enable acceptable
response ime for the customear waiting to check out a car. Also, if
the connection to the mainframe were temporarily lost, the franchise
counter operations would be cripled, Claarly, it is stil desirabie to
employ data transfer services to create local copias of the
reservations designated for each office.

* The Best Solution - Compute Services

The naxt area to ba considered is the adhoc reporting part of the
local franchise reporting system. The adhoc reports require graphic
output to highlight the performance of a specific office with respect
1o the rast of the franchise offices.

This segmant of SCL code moves all of the processing, the PROC
SOAT and PROC SUMMARY preprocessing as well as the actual
graph genaration, 1o the remote mainframe for execution by the
faster hardware and against the remots data. The graphic output
is then displayed on the local workstation,

submit continue;
reubmit &rzessid;
proc sort datazmaster.reserv
out=tmp; by origin;
ruan;
proc summary datastmp vardef=n
noprint; by origin;
output ocutz=tmp2;
run;

title ‘Total Reservations’;
patternl value=solid color=zgreen;

goptions dev=grlink ftitle=centx
ftext=simplex htitle=3;
proc gchart data=tmp2;
block origin /sumvar=_freq
noheading; label origin="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
computing power necessary to process tha large amountof data
neaded to produce the graphs. However, we want tha graphs to be
disptayed on the local workstation and possibly saved for later
reference. Compute services are the logical choice over data
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transfer sarvices because the amount of data needed to generate
the graphs is too large to be transferred and you do notneod or want
a copy of the entire reservation data base on the local system.

Even for phase two of the implementation, when we consider the
usefulness of remate 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 cholce, Therefore, computa services
give the maximum benafit to this segment of the application,

® The Best Solution - Data Transfer Services Combined with
Remote Library Services

The final portion of the application that will be discussedis the
distribution of production reports from Headquarters o each of the
franchise officas based on the information contained in the control
- gata setmalntainad by sach of the franchise affices. The
implementation invoives the mainframe initiating a conversation
with each of the franchise workstations and transferring a set of
reports to the franchise based on selection criteria.

The following program enables distribution of reports to any number
of franchise officas. This is accomptichaed by reading a
Headquarters’ data setthat provides the networklocation ofa
franchige, querying that office’s control data set, generating a text
file with the stataments necessary to franster the raquestsd raports,
and then rapeating this process for each franchise in the
Headquarters’ data set.

S *y
/* oy
/* Name: DISTRPT.PROGRAM */
7% *y
/* This program distributes reports =/
/* to the franchise coffices. */
/* */
/* __________________________________ * s

length rc B;
INIT:

submit continue;
/* set up distribution macro */
$macro distrib;

/* set up loop based on number of */
/* franchise offices */
$if %eval{&n) > 0 %then %do:
%do i = 1 %$to %eval{gn):
$global nextfran;
%let nextfran = &L&frangi;
$global nextrem;
%$let nextrem = &&rem&i:
$let 1 = %Seval (&i+l);:

options remote=&nextrem;
signon;

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

rsubmit;
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 *rsubmic;*;

/* transfer desired reports named by */
/* name variable in preport data set */
if (copy = °"¥Y*) then do;
put *proc uplcad
infile='sascgyg-sugils. "name*’";
rut "outfile=frptlibk(*name®)
statuss=no;run;*;
end;
- if -finishtihen - -
put ‘endrsubmit;";
un;

/* download file to %include at HQ */
proc download infile=xferjob
outfile=xferrpt status=nc;
Tun;
endrsubmit;

/* upload desired reports t/
finclude xferrpt;

signoff;

%end; /* do until */
fend;

Smend;

/¥ invoke macre to digtribute reports */
%distrib;
endsubmit;

—_Status_ = ‘H’":

recturn;

MAIN:
return;
TERM:
return;

This program uses a combination of compute services and data
fransfer services. The DATA step to determing the reports that are
being requested and to generate the PROC UPLOAD statsments
to transfer the reports is executed on the franchise system. This
execution belongs on the franchise systam because that is where
the control data set used for report salection is maintained by each
franchise and there is no desire to move these data sets to the
mainframea system. The statements to transferthe reports are
wiitten to a text file which is then downioaded to the mainframae,
invoked, and the appropriate raports are then distributed to the
franchise office.

While the above implementation accomplishes the desired task,
remota library services offers a simpler, more sfficient solution.
Consider tha control data set on the loca! franchise workstation. Tha
amount of infarmation needed by Headquarters from this data sat
is small - the vajue of one variable for no more than 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 processing - creating a file with the statemsnts for
actually moving the reporis to the franchise - is much better
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appropriated to the mainframe to avoid having to transfar this file
back ta the mainframe for exacution. For all ofthese reasons,
remots library services are utilized in the second implementation of
this segment of the application.

/*= me——f
/* Name: DISTRPT.PROGRAM */
f* *y
/* This program distributes reports */
/* to the franchise offices. - */
/* 'l/
/* _____ __'A‘,

length rc 8;
INIT:

submit continue; .
f* get up distribution macro */
fmacro distrib;

/* set up loop based on number of */
/* franchise offices */
$if Reval(&n} > 0 %then %do:
%do i = 1 %to %eval{&n);

$giobal nextfran:

$let nextfran = &&franski;

2global nextrem:

flet nextrem = &&rem&i;

$let i = %eval(&i+l};

options remote=&nextrem;
signen;

x *alloc fi(xferrpt)
da(’sascgg.sugil8.xferrpt’) shre;

rsubmit;

filename frptlib "d:\counter\reports\prod*;
endrsubmic;
/* use experimental SAS/CONNECT server */
libname rpt sage9 °d:\counter\reports*

server=gnextrem;

data _null_;

set rpt.preport end=finigh;

file xferrpt;

if _n_ =1 then

put "rsubmic;*;

/* transfer desired reports named by */
/* name variable in preport data set */
if (copy = *¥Y") then do;
put “proc¢ upload
infile='gsascgy.sugil8. "name*’'";
put *outfile=frptlib(*name")
status=no;run;*;
end;
if finish then
put ‘*endrsubmic;e*;
Tun;
/* upload desgired reports */
$include xferrpt;

signoff;
$end; /* do until */

%end;
tmend;

/* invoke macro to distribute reports */
$distrib;
endsubmit;

_Btatus_ = ‘H’;

return;

MAIN:
return;
TERM:
return;

CONCLUSION

Distributed applications come in a varisty of forms but they all have
the need to access data, manage data, analyze data, and present
the information obtained from the analysis. The successful
implementation ofa distributed application requires breaking the
application down into specific segments, defining whera the initial
data sources reside and what information needs to be available to
the user intarface. Once these issues are understood,aducated
decisions must be made about where the data should reside and
where the procassing should taks place for each segment of the
application. The guidelines detailed in this paper will enable you to
make educated dedisions about implementing your application,

The SAS System provides a complate sat of taols for providing you
with the flexibility to implement the segments of your application to
bestmest your goals. Corhpute services, data transfer servicas,
and now remote library services let you maximize resource usage,
response time, and enduser productivity.

Remember that whether you use remote library services or data
transfer services, the data must still move over the network. Be
careful to program your application to optimize the balance between
tha costof moving data viaremote library services, the costof
moving data via data transfer services, the cost of computing on the
remote host, and the cost of computing on the local host

WHERE TO FIND MORE INFORMATION

For more information about SAS/CONNECT Software and
SAS/SHARE Software:

® SAS/CONNECT Softwara: Usage and Referencs, Version 6,
First Edition

® SAS Technical Report P224, SAS/CONNECT Software:
Changes and Enhancements, Release 6.08

® SAS/SHARE Softwara: Usage and Referancs, Version 6, First
Edition

® Procsedings of the SAS Usar's Group international Seventeenth
Annual Conference, “Maximizing Computer Resources with
Cooperative Processing and Distributed Data Access,” pages
641-650

® Proceedings of the SAS User's Group Intemational Seventsenth
Annual Conference, “Database Features Extend the Scope of
SAS/SHARE Software” pages 335-340

® Froceedings of the SAS User's Group Intarnational Eightaanth
Annuval Conference, “Tuning Tips for Applications That Use
$SAS/SHARE Software”
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