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ABSTRACT 

Access to data from the SAS· System Is constantly being 
expanded and enhanced: Transparent access to remote data Is 
now ava/lable when the local and remote machines have different 
erchltectures. And another new feature opens access to SAS data 
to applications that utilize the OOBC API. such as Microsoft Word. 

These new features are built on a modular system architecture 
that often provides more than one way to accomplish a given 
distributed data access task. To choose the best method. It Is 
advantageous to understand the proosssing performed by the 
components of Multiple Engine Architecture. Future 
enhancements for remote and open data access are also 
dependent on this architecture. 

this paper Introduces the new features but concentratas on the 
architecture and Ifs Implementation. If you simply want to know 
how to use the features, read the IntroducUon and selected 
references at the end of this paper. If your Interest extends to 
optimizations and proossslng details. you should find the body of 
this paper Informative. 

Readers are also encouraged to also read the paper by Cheryl 
Gamer, 'The SASII System: A Complete CllentlServer Solution' 
(see the list of references at the end of this paper). That paper 
compares and contrasts remote library services tc other 
cllentlserver features of the SAS System. For many SAS 
appllcaUons, these other features may provide enhanced 
performance. 

INTRODUCTION 

The new features and their functionality are overviewed In this 
'INTRODUCTION". A better understanding of the features will be 
gained as the architecture of the system and Its components Is 
explored In the next part of the paper, 'OOBC and Multiple engine 
Architecture BasIcs'. Techniques for optimizing distributed data 
access are primarily covered In 'Accesslng Distributed Data from 
Multiple Sources". 

Remote Library Services 

Remote Library Services allows a SAS program to access a SAS 
data librery on another machine as If the data IIbrery were on the 
local machine. The program accesses the data library through a 
SAS server on the remote machine. 

To access a remote library, the SAS program simply executes the 
LlBNAME statement It would use on the remote machine with an 
additional option which specifies the name of the server on the 
remote machine: 

LIBNAME xyz 'physlcal-llbrary-neme' SERVER=S8rver-"eme; 
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SAS files In the remote library can now be manipulated by SAS 
programs on the local machine. 

Remote library access has been available through the 
SAS/SHAREII product for many years, but server access was 
restricted to SAS programs running on the same machine 
architecture. For example, a SAS program on one MVS machine 
could access a SAS data library through a server on another MVS 
machine. Since 6.07, the SAS program or server could execute 
on MVS while the other executed on CMS because both MVS and 
CMS execute on the same IBMII 370 machine architecture. 

In the fall of 1993, exparlmental code was released which allowed 
access between a SAS program executing on one machine 
architecture and a server running on another architecture. For 
example, a Windows SAS program could access a library on a 
MVS server. this cross-machine architecture capability has been 
enhanced and Is now production. 

When accessing a data library through a server on a different 
machine archltacture, only SAS data sats may be read and 
written. SAS catalogs and utility files can not be read and 
converted to another machine architecture by remote library 
services. Note that SAS views, Inctudlng SASIACCESSII views of 
DBMS tables, are a type of SAS data set, so DBMS tables on 
remote machines can also be accessed through a server on a 
different machine architecture. this will be more apparent as we 
discuss the architecture later. 

Open Access to SAS Data 

SAS Institute has been Interested In the open standards work for 
database access and are members of the Sal Access Group 
(SAG). Several years ago, Microsoft modified and enhanced an 
early draft of of the SAG-CLI and Incorporeted It In their Windows 
Open Systems ArchHecture (WOSA) as the Open Database 
Connectivity (OOBC) Interlace. this Is the first commerCIally 
available Implementation with significant markat penatrallon and 
Independent Software Vendor (ISV) support. (We'll see later that 
the OOBC ImplemerrlaUon In WIndows Is very similar to the SAS 
Multiple engine ArchHecture.) Many Windows applications and 
application teols such es Microsoft Word, Visual BasIc, and the 
SAS System Itself can utilize ODBC to access data In other 
DBMS systems. 

An OOBC driver to access SAS data from OOBC applications was 
released In the summer of 94. this driver communicates with a 
SAS server to access SAS data. The server may execute on the 
same machine, a remote machine with the same machine 
architecture, or a remote machine with a different machine 
architecture. So, a Microsoft Word document (or other OOBC 
application) running on Windows 3.1 or Wmdows NT will be able 
to access SAS data on MVS (or on any machine In the network 
Including mainframes. minis, and workstatlons.) 

Some users have desired the ability to access SAS data from 



other programming lenguages and tools. A library of routines Is 
currently In development for passing que~es to a BAS server from 
a C program. This runtime library Is being Implemented for the 
major Unix platlonns and ports to other client hosts are curranUy 
being InvesUgated. The library will allow non-8AS client programs 
written In C to access BAS data through a SAS server anywhere 
on the network. Similar Interfaces for other programming 
lenguages are also under consideraUon. 

Expanded Use of SQL Passthru 

In order to fully Implement the features above, we have expanded 
the use of Sal Passthru. O~glnally, SOL Passthru was designed 
to allow the SOL processor In the SAS system to accept SOL 
statements with the syntax of other DBMS systems and send 
those statements directly to the DBMS for eX8CuUon. For 
example, PROC SQl can send Sal stataments directly to a 
0B2111 server for execuUon. 

With remote library services, the Sal processor can send an SOL 
statement through a remote SAS server to a DBMS system on the 
remote machine. 

The SAG-CLi and OOBC standards for open access to data ere 
based on the SOL language. The SAS SOL processor has been 
enhanced to accept SAS SOL stataments through the same 
Interface that It uses to pass DBMS SOL statements to a DBMS. 
Other modules have been added to accept the OOBC API, 
convert It to appropriate SAS SOL stataments, and send It to the 
SAS SOL processor for execution through this passtllru API. That 
architecture will be explored further below. 

ODBC and Multiple Engine Architecture Basics 

It Is Interesting to compare and contrast the OOBC and Multiple 
Engine Architectures. This section overviews the erchltectures 
and highlights their similarities and differences. 

Architecture Layers 

Figure 1 Illustrates the basic components of ooec and MEA. 

An OOBC application calls OOBC functions In the driver manager 
to submit SQL statements and receive results. The driver 
manager loads and transfers calls to the appropriate driver. The 
driver processes the ooec function calls and translates them Into 
the necassary function calls or actions to access a data source. 
The data source Is the data that the application wants to access 
along with any operating system, database server, and 
communlcaUons software used to access the data. 

SAS applications are composed among other things of 
procedures, DATA staps, and SCl code. These application 
components In tum access SAS data sets by calling routines In 
the engine supervisor. Depending on the type of SAS data 
source, the engine supervisor loads and calls an appropriate 
engine to access the data source. In figure 0 a tape data source 
and disk data source are depleted. Many other data source types 
are possible as we will see. 
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Multiple Engine Architecture Dose Architecture 

ODBC 

Figure 1 

Application Programming Interfaces (API) 

The AppilcaUon Programming Interfaces really define the data 
model and methods to access data available to appllcaUon 
programs from OOSC drivers or SAS engines. A full description of 
the API's Is beyond the scope of this paper. 

Because different data sources are capable of providing different 
functlcnallty, not all drivers and engines provide the complete 
functionality of the API's. In both architectures, a pari of the API 
are Infonnatlonai Interfaces which the application can use to query 
the driver and engines about their contonnance or support for 
other API functions. 

ODBCAPI 

As stated In the Introduction, the OOBC Interface betWeen the 
application and the OOBC manager and driver Is based on the 
SQl language. This Includes routines to: 

• connect to a DBMS, 

• obtain descrlpUons of the tables and columns available, 

• execute Sal statements, 

• retrieve results, 

• disconnect from a DBMS. 

The Interface between the OOBC manager and the driver Is 
almost the complete OOBC API. The p~mary purpose of the 
manager Is to load the approp~ate driver for a data source. It 
does provide some InltlaDzation services and valldales 
parameters and sequencing fOr application OOBC calls. 

SASAPI 

The API between the application components and the engine 
supervisor for SAS data set access Includes both navigational and 
SOL set based Interfaces. 

The navigational Interface Includes routines to: 

• open a SAS data set, 

• obtain descrtptions of the variables (columns) and Indexes H 
any, 

• read, update, or add records (rows or observations), 



• fetch or replace variable values In the record buffer, 

• restrict access to records qualified by a where clause, 

• position data set or Index to a particular record or key value, 

• close the SAS data set 

The navigational Interface between the engine supervisor and the 
engine Is a subset of SAS data set functionality. Common 
services In the engine supervisor removes the requirement to 
duplicate all functionality In each engine. In particular, routines to 
fetch and replace variable values In record buffers are common 
services and not passed to each engine. Instead, the engine 
trensfers records between the engine supervisor and the data 
souroa. 

SOme functions may be executed by common services In the 
engine supervisor or by the engine. The engine and engine 
supervisor shake hands and give the processing to the engine If H 
can optimize the processing. For example, restricting access to 
records qualified by a where clause may be performed by the 
engine. Common services In the engine supervisor are used If the 
engine does not support WHERE clause processing. 

The Sal set Interfaces are similar to dynamic SOL and the ODec 
API and Is referred to as the SOL passlhru API since the 
application Is really communicating dlrectiy with the engine. 
Passthru Interfaces are provided to: 

• connect to a DBMS, 

• prepare, describe, and open SOL SELECT statements, 

• execute other SOL statements, 

• retrieve results, 

• disconnect from a DBMS. 

Driver and Engine Classifications 

H's convenient to classify drivers and engines Into several groups 
that share similar attributes. Figure 2 shows basic driver and 
engine types: 

• single-tier and muHlple-tier drivers, 

• native, view, and ramote engines. 

Engine Types Driver "JYpes 

I-~_I 
I I 
I 

I "'DIII II ... 
I ...... -L _____ J 

Figure 2 
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Single-tier Drivers and Native Engines 

Single-tier drivers and native engines are simler In that they each 
directly access the data files associated with the data souroas. 
They each contain tha logic to process the API requests through 
operating system functions to acoass the appropriate data files, 
extracting the correct data, and delivering the requested results. 
While the operating system may use file server technology to 
store the files on a different machine, we assume the files are 
stored on the machine where the engine executes and do not 
consider that a form of remote access In this paper. 

Single-tier drivers process Sal requests which are frequently 
restricted to single table access. They generally map to simple yet 
popular PC lile formats such as OIF, WKS, DBF. 

Native engines process navigational requests for data that Is 
stored In a SAS system defined format. The most Important native 
engine In any release Is the BASE (or current version) engine. It 
Implements all the full functionality of the current release SAS 
data set model In the most optimal manner for disk access. 
Compatibility engines support back release formats of the BASE 
engine. Sequential engines store SAS data sets on sequential 
acoass media such as tape. The treneport engine stores SAS 
data sets In a format that can be read by another machine type. 
only the BASE engine Is guaranteed to directly support all the 
functionality of the current SAS data set model. 

Multiple-tier Drlvera and other SAS Engines 

MulHple-tier drivers are similar to the remote engine and 
SASIACCESS engines In that they send requests to another 
process called a server for processing. The server process may 
execule on the same machine as the application or on a different 
machine. 

The muHiple-tier driver simply converts the ODBC functions to the 
appropriate API functions calls for the data 50Ur0a. The data 
souroa Is then responsible for communicating the requesl to a 
database server and retuming the results. 

SAS Engine and SAS Driver ProceSSing 

This section discusses the actual processing of SAS engines and 
the SASIODBC Driver. While II Is nol necessary to know this 
material In order to use the engines or driver, It Is useful when 
discussing the optimizations for accessing data from multiple 
sources. 

VIew EngIne Procenlng 

Views are a type of SAS data set which are materialized from 
other data sources basad on descriptions of the other data or 
processing instructions which are stored in a VIEW file. A VIEW 
file Is processed by a particular view engine to materialize the 
SAS data set it represents. 



Common processing of view engines Is depicted In figure 3. 
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Figure 3 

The application requests that the engine supervisor open a SAS 
data set with a particular name In a libraJ)' that Is accessed by a 
native engine. 

The engine supervisor determines that the name references a file 
of type VIEW instead of type DATA. It calls the native engine to 
open the view file and read the view header record. The header 
record contains the name of the engine that processes this view. 
The supervisor loads and calls the view engine to complete 
opening the SAS data set. The view engine reads data 
descriptions or Instructions from the view file and closes It. It 
opens other deta souroes to complete the open processing. 

All subsequent access to the open SAS data set Is passed to the 
view engine. It accesses data from the other data sources and 
materializes SAS data racords for the engine supervisor. 

In the ramalnlng discussions of view engines, access to the VIEW 
file Is Ignored except where It plays a particular role In remote 
access. 

In this paper, the term logic engine Is Introduced to rater to view 
engines that programmatically access date in other sources 
according to stored program logic In a VIEW file. Figura 4 depicts 
and describes the two logic engines in the SAS Systsm today. 

Logic Engines 

SCL1IIIwervno 

1IIIw - _SCLCJBY 
Engk10 - SCL _ wIIh qIna AI'! 
_.Ib8.jon, __ _ 

fn:rn one cr IID8 SIB dill ... 
DATA SlIp _ Engk10 

1IIIw-_DATA __ 

Engk10 - DATA __ wIIh qIna AI'! 

_ 11ft DATA l1li> logic -.0 lind 1IIIIIIog 
_ .... _SAS __ 

Figure 4 
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The Sal view engine processes stored Sal queries to select, 
filter, Join, and summarize data from one or mora othar SAS data 
sets. The DATA step view engine processes stored DATA step 
programs which read and write data from either extemal files or 
SAS data sets. In both cases, the engine processor Is a 
programmable component of the SAS system that Is normally 
executed as an application and accesses SAS data sets through 
the engine supervisor. Figura 4 depicts that these processors still 
access other SAS data sets through calls back to the engine 
supervisor. 

It Is worlh noting that the SOL processor will Itself determine If 
some of the raferenced SAS data sets are SOL VIEW files. In this 
case, the SOL processor iteratively raads In all raferanced Sal 
VIEW files. It then transforms the combined SOL SELECT 
statement into an optimized access strategy. In YBrslon 6, It does 
not ratransform and optimize the SELECT statement If an 
additional WHERE clause Is specified after this Initial Optimization 
when the view Is opened. These additional WHERE clauses ara 
traated as filters of records that ara retumed by the original 
access strategy. In some cases this Is optimal but In others a 
retrsnsformation would significantiy optimize a join strategy. You 
can force the WHERE clause to be used by defining a new view 
which applies the WHERE clause to the original view. 

The DATA step view engine does not optimize aocess according 
to WHERE clauses specified for a view. The engine supervisor 
always filters the racords that ara raturned from the DATA step 
view. 

SAS/ACCESS engines are used 10 access deta in other formats. 
In most cases, the deta is formatted by a DBMS and the engine 
uses the DBMS 10 access the data as depicted In figure 5. 

SAS/ACCESS Enginas 

Vi6w describes data In oIher 

fCnnaIII (usuaIy DBMS's) 

£a9!a ~ EngIne API l-
ID DBMS _ caIJB : 

DBMS fIn:IIons ccrr'fIIIIllcale I 

wIIh DBMS Servar ID 
IICCOIS the __ 

Sarno ACCESS qInea read 

L====::!:=:!.J -I and write .,...,. foImaI8 I 
I I 
I I I __________ .J 

Figure 5 

The view file Itself contains descriptions of the data that Is In the 
DBMS table. The engine converls requests to access records 
from the engine supervisor to the appropriate DBMS system 
function calls. The DBMS function calls usually communicate the 
raquest WIth a DBMS server 10 access the database. Record deta 
(rows) ara ratumed through the DBMS functions to the engine, 
engine supervisor, and application program. 



Remote Engine Pr_lng 

The remote engine Is used to access SAS files through a SAS 
server for one of two reasons: 

• to share update access to the SAS file with other SAS 
programs reading or updating the same file, 

• to access a SAS file on a remote machine where the sarver Is 
executing. 

As depicted In figure 6, the remote engine communicates the 
engine function request to a mllTOr task for the user In the server. 
The mirror task caUs the real engine to access the data. 

Remote Engine < - > Server 

R.E. _ ErVna API 
to MImlr __ In _ 

M.T. ""* .... ongIne 

Ccmm Op1IIIRaIICii~ 
WhnRIlerIn_ 

~ 

4----- SASISHAAE_ 

Figure 6 

Accessing a SAS file through a server Is always slower than 
directly aCCessing the file because of the extra oode to 
communicate the request and pass it to the engine In the server. 
The response time cost of this communication increases when the 
server Is executing on a different machine than the application 
program anti varies amongst different communications protocols 
and netwolit topologies. OptimiZing the communications costs is 
essential in remote data access appUcations. 

The remote engine does optimize access Ume by reducing the 
number of communications between the remote engine and the 
server. Not ail engine calls resuit in calls to the server. If the callis 
requesting descriptive information retrieved when the SAS file is 
opened, no new communications are required. In addition, the 
server returns Information about each record with the relrleval 
cal. It returns multiple records in one cal for sequential Input 
access (anti for random input access if the TOBSNO= option was 
specHiec\). Subsequent requests for Information or records which 
the remote engine aiready has in !fs control blocks or buffers, do 
not result in communications to the server. 

The application program or user can also reduce the number of 
communications by UtIlizing WHERE procasslng. The remote 
engine always tells the engine supervisor that It can optimize 
WHERE processing and passes the WHERE ctauses to the 
server. The server then shakes hands with the real engine to 
determine if the engine or the server will qualify records with the 
WHERE clause. In either case, only records that qualify are ever 
sent back across the communicatiOns link to the ramote engine. 

As stated In the Introduction, the remote engine and server were 
required to execute on the same machine architecture until 
experimental code was released in the fail of 1993. That 
restriction has now been lifted for SAS data set access. The 
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remote engine and server now transfer Information on each others 
architecture when communications are eatebllshed. If the 
architectures differ, machine oode Is generated to translate the 
data streams with the following priorities: 

1. the remote engine assumes responsibility (translates directly 
to and from the server representation) If It can, 

2. the server assumes responsibility (translates directly to and 
from the remote engine representation) If It can, 

3. they share responsibility (each side translates to and from a 
transport fonnat). 

Only those pieces of data which need to be translated are 
translated. Sy generating machine code, the fastest translation 
path length Is produced. 

SAS ODBC Driver Processing 

OOSC application accass to SAS data Is depicted In figure 7. Ifs 
easy to see that the SAS OOSC driver Is a multiple-tier driver. The 
data source components of the SAS Implementation consist of a 
SAS server accessed through a Remote Engine Emulator and 
Communications Access Method Emulators. 

ODBC /JcJcess to SAS Data 

FIgure 7 

The SAS OOSC driver converts the OOSC API to the pessthru 
API and cells the remote engine emulator. The remote engine 
emulator formulates the correct communications messages and 
calls the appropriate communications access method emulator to 
send the request to the SAS server and receive the response. In 
the SAS server, the communications and requests look almost 
Identical to requests from a SAS application using the pessthru 
API. The request is passed to the Passthru API of the Sal 
processor In the SOL engine. It then processes the SOL query or 
statement as It wouIcI from any other source. The results are 
returned from the server through the emulators to the driver. 



Accessing Distributed Data from Multiple Sources 

Multiple Engine Architecture and the many engines In the SAS 
system make It possible to access data from multiple sources In 
many different ways. We must first understand ways to merge or 
join data from multiple sources In e non-dlstrlbuted environment 
before we can fully discuss the distributed case. 

JolnlnglMerglng Data In a Single SAS session 

Two cases of Interest are Joining SAS data with DBMS data and 
Joining DBMS data with DBMS date. 

Joining SAS DIIfB wfth DBMS DIIfB 

A logic engine can be used to join or merge date from multiple 
SAS data sets. Some of the SAS data sets may themselves be 
SAS/ACCESS views of DBMS data. Figure S Illustrates a logic 
anglne accessing data from e naUVe engine SAS data file and a 
SASlACCESS view of a DBMS table. 

Joining SAS daIa and DBMS daIa 

l..j.....:===!::=:!:::;!J -I 
I 
I 
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rIlICftIIlrCmdlll. ... 

~-­aqlno_ 

1 _________ _ 

FigureS 

An Sal view simply references the SAS data file and the 
SAs/ACCESS view as the SAS date sets In the FROM clause of 
the SELECT statement (and specifies the proper Joining 
conditions In the WHERE clause). 

A DATA step view might eHher: 

• reference the SAS date file and the SAS/ACCESS view In a 
MERGE statement with a BY statement to speclfy the merging 
criteria, or 

• programmatically access data from asch source through 
muHlple SET statements. 

It Is worth nOting that the DATA step procassor In MERGE 
processing wHh a BY statement will send WHERE statements to 
the SASlACCESS engine and DBMS server to select rows that 
match particular BY group values read from the SAS date file. 
This may be more optimal than reading all rows from the table 
when there ara few BY groups In the SAS date file, lots of rows In 
the DBMS table, and the DBMS table has an Index on the BY 
variables. It may be less optimal. In other cases. 

The Sal processor will use indexes to optimize join processing, 
but the SASlACCESS engines in version 6 can not surface full 
Index processing like the BASE engine. This means that the sal 
processor cannot Oplimize access with knowledge of DBMS 
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indexes in version 6. 

Joining DBMS Oats with DBMS Data 

logic engines are an effective solution for Joining or merging data 
from two or more SASlACCESS views of database tables when: 

• the database tables are In different servers, or 

• the server can not duplicate the program logic in the view. 

As depicted in figure 9, two separate and Independent opens of 
DBMS tables results from a logic view accessing two 
SAs/ACCESS views. 

JOining DBMS daIa and DBMS daIa 
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Figure 9 

The SQL view angine and DATA step view englnas behave In the 
serne manner as when joining SAS data files with SASlACCESS 
views which was described above. 

If the view logic Is an Sal join of database tables which can be 
processed by the DBMS server, then it is usually far more efficient 
to allow the DBMS to process the join than to bring all the data 
back to a logic engine In the SAS system to process the join. This 
Is ccnslstent with a general optimization rule for remote data 
access that says: 'Move data selection and manipulation logic as 
close to the date sources as possible." 

There are two possible ways to get the DBMS server to process 
an sal loin. One way Is to define a view In the DBMS itself that 
loins the base tables. In thls case, a single SAs/ACCESS view 
that describes the view of the joined DBMS tablee can be 
accessed without an Intervening logic engine In the SAS session. 
However, there Is overhead to defining a view In a DBMS which 
you may not want to Incur for a one Umajoln strategy. You may 
also find you are not allowed to define DBMS views In the server. 
For lhasa casas, you should use the passlhru facility of SAS sal 
depicted In figure 10. 
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Figure 10 

TIle SQl processor sends statements In the DBMS's dialect of 
the SQl language directly to the DBMS server through the 
passthru APlin the SASlACCESS engine. 

To establish a connection dlrecUy with the DBMS, you Issue a 
connect statement to the SOL processor specifying the 
SASlACCESS engine name and explicH DBMS options In 
parentheses. For example: 

CONNECT TO DB2 (SSID_DB2T)/ 

Once you have a connection, you can pass DBMS syntaxed 
SELECT statements to the DBMS by enclosing them In O's and 
preceding them with SELECT' FROM CONNECTION TO dbms. 
For example: 

SBLIICT • PRDX commCTIOl!I TO DB2 
(SBLBCT ~,COLCOUNT 

PROM SYSIBK.SYSTABLBS 
WBIIRB CREATOR- 'KrAll'rBID' ) , 

Or you can execute other statements. For example: 

BXBCllTB (ClUIATB TABLB POO 
(BAR CIIJIlI (3) , 

OOOKI!J\B !IUKBR:tC» 
BY DB:!/ 

You terminate a comecUon with the disconnect statement. For 
example: 

l)ISCOHlllBCT PROM DB2/ 

SQL passthru statements can be used either directly from PROC 
SQL or stored In SQL views tor execution by the SQL view engine 
when the vtew Is accessed as a SAS date set by other SAS 
appllcetions. 

JolnlnglMerglng Data that Is Remote 

The general optimization rule for remote data access that says: 
"Move date selection and manipulation logic as close to the data 
sources as possible.· Is the underlying theme of this section. 

t.ocaJ Data with Remota Data 

Joining local SAS date with remote date can be acoompllshed In 
the same manner as joining SAS data with DBMS data dllSClibed 
above. TIlat Is, you can use a DATA step or SQL vtew engine In 
the local SAS session to reference both local SAS data sets and 
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remote SAS data sets as lUustrated In figure 11. 

Joining Local Data with Remote Data 

SAS Formatted 
Data Ubrary 

Figure 11 
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In the section on logic engine processing, It was noted that both 
the SQL view engine and the DATA step view engine would trest 
a WHERE clause applied to a view as a filter of the records 
retumed. It was pointed out that the SQL view engine would use 
the WHERE criteria In an optimized access strategy If a new view 
was defined that applied this WHERE clause to the original view. 
This technique may be even more Important when one of the SAS 
data sets Is accessed remotely as In figure 11. It will cause the 
WHERE clause criteria to be pushed across to the server so that 
only appropriate records are sent back to the SQL engine In the 
local session. 

All Remota Data 

When all the data to be joined Is In a remote selVer environment, 
It Is often most efficient to join the data In the selVer environment. 
The remote engine I selVer architecture and MEA makes It 
possible to execute view engines In the selVer environment. 
Figure 12 Illustrates execution of a logic engine In the server 
environment. 

Joining Remote Data in a SAS SeIVer 

Figure 12 
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Using logic engines In the server environment may Increase 
selVer CPU consumption but will usually decrease 
communications between the remote engine and selVer. This 
decrease Is especially significant when the view processor 
produces a small set of data records from large data sets. 



View engines are nonnally executed In the server environment If 
the view deftnltlon Is stored In a library accessed through the 
server. You must be careful when utilizing the technique of 
defining a new view with a WH ERE clause applied to an existing 
SQl view In a server library. The new view must also be defined 
In the server library In order for the WHERE clause to be Included 
In the optimized access strategy. 

If you do not want the view engine to execute In the server 
session, add the option RMTVIEW=NO to the LlBNAME 
statement that accesses the library with the VIEW file throujjl the 
server. RMTVIEW=NO tells the engine supervisor to read the 
VIEW file header Into the local session and Invoke the specified 
view engine there. It also allows the SQl processor to Iteratively 
read remote view definitions, thus preventing the SQl view 
engine from being executed In the server. If the server Is a 
different machine architecture, the VIEW file can not be accessed 
by the local engine supervisor and the server will execute the view 
engine regardless of the RMTVIEW= option setting. 

Accessing Remote DBMSs 

SAS applications may be able to access remote DBMS data In 
two ways. If the DBMS system facilities support remote data 
access, then (fs possible that a SAs/ACCESS view accessing the 
DBMS local funcllons can access a remote DBMS server. 
Altematlvely, the SAS application can use the ramote engine and 
server architecture to execute a SASlACCESS engine In a remote 
server to accass a DBMS on the server machine. 

DBMS Facilities fOr Remote DatIl A_ 

Ifs beyond the scope of this paper to describe all the capabilities 
of each DBMS system for remote data access. There are however 
two basic models; direct client to remote server communications, 
or client to local server to remote server communications. 

The fonner model Is similar to that used by the BAS remote 
engine to server. CRent applications dlrectiy establish 
communications links to the remote server without any intervening 
local database server. Most DBMS systems Implement this model 
and require specific client software for networked access through 
proprietary communications message formats and protOCOls to 
their DBMS server. The OOBC and MEA architectures allow for 
this by converting the APls to the DBMS APls In the drivers and 
engines, allowing the DBMS functions to handle communications. 

The Intervening server model Is Illustrated In figure 13. 
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The application program uses DBMS functions to access a 'local' 
server. The local server determines that the database to access Is 
on a remote server machine and routes the access request to the 
remote machine. Note 1haIthe definition of local versus remote 
server may differ by environment In a LAN environment, the tenn 
local server may Include any server on the local LAN with the 
same basic machine architecture as the client application. The 
remote server Is generally a server either on a different machine 
architecture or accassed across a WAN. 

An example of this model Is Implemented by IBM's relational 
database systems. A client application on OS/2- typically 
accesses a local DB2I2'" server which may route the request to a 
remote DB2 or SQLIDS" server. 

Remote Data A_ 'ThI'ough s SAS server 

A BAS application can access a DBMS through a SAS server by 
deftnlng the SAS/ACCESS view In a server IIbrery. This Is 
Illustrated In figure 14. 

Remote Engine < - > Server < - > DBMS 
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This combination works when the application and both servers are 
on a local machine but Is not a recommended solution for that 
environment. In that environment, the SASlACCESS engine In the 
BAS application session can dlreclly access the DBMS server and 
will result In less communications. To dlrectiy access the DBMS 
server from the BAS application session, either put the 
SAS/ACCESS VIEW file In a library not accassed through the 
server or add the option RMTVIEW=NO to the llBNAME 
statement that accesses the library through the server. 

The combination Is useful when the two servers are on a remote 
machine and: 

• the DBMS facilities don't provide a way to access the remote 
DBMS server so a local SASlACCESS engine can not be used, 
or 

• you don't license the necessary software (SAS/ACCESS and/or 
DBMS network access software) on the application machine, or 

• you want to Join or merge the DBMS data with other data on 
the remote machine as depicted In figure 15. 
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Figure 15 

By moving the logic processing to the same machine where the 
data sources reside, network communications with the application 
session are reduced. 

Just as H is useful In a slngle machine environment to pass Join 
processing to the DBMS If it can do H (see DBMS data with DBMS 
data above), it is best to do so in a remote server environment. 
Figure 16 Illustrates using the SOL processor in the local session 
to send DBMS syntaxed statements through the remote engine, 
server, and SAs/ACCESS engine in the server to the DBMS for 
execution. 

Remote SaL Passthru 
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To make this connection, the passthru CONNECT statement 
specifies the REMOTE engine and in parentheses the name of 
the server, the nama of the DBMS (SAs/ACCESS engine) and 
DBMS arguments. For example: 

CO!INBC!l' !l'O JIBIIIOTl!I 
( SlIRVIIRooSASSl!I1I.Vl!I 
IIBIIS_DB2 

AS DB2!l', 

Once a connection Is established, the same SQL PASSTHRU 
statements described eariler can be used to send statements for 
execution In the remote DBMS system. 
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It Is worth noting that a multi-user server appears to the DBMS as 
a slngle user application and DBMS authorization Is based on the 
access rights of the server in the DBMS. You can still provide 
security for the DBMS In this environment by limiting access to the 
server wHh server access password andlor utilizing passwords on 
SAs/ACCESS views In the server. 

In a multi-user server the DBMS's do not treat each user as a 
separete transaction environment that can be Independently 
commltled or rolled back. For this reason, update access to 
DBMS's through a muHI-user server Is prohlbHed. 

We have Introduced a new single-user server with remote library 
services. The slngle-user server runs in a remote 
SASICONNEC-r- session and only serves data access requests 
from the local SASICONNECT session. Since the remote SAS 
session runs with the aUthorization of the userid that created it, 
the DBMS aUthorization controls for that userid are effective. in 
addition, update access Is allowed through the single-user server 
since the one local SAS session Is executing the application. 

CONCLUSION 

MEA Is Extremely Flexible 

The modular structure of Multiple Engine Architecture allows you 
to accomplish tasks In many ways by various combinatfons of the 
engines. Figure 17 combines most of the previous SAS figures 
Into one. i hope you can reference this diagram and paper to 
effectively combine the facilities available today in the SAS 
System. 

Multiple Engine Architecture - All the Pieces 
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Figure 17 

SAS Server and MEA extends capabilities of OOBC 
Applications 

While the primary motivation of the SAS/OOBC Driver 
implementation is to allow OPEN access of SAS fonnatted and 
managed data from other non-sAS applications as some of our 
users have requested, Irs important to remember that Multiple 
Engine Architecture In a server environment allows you to Join and 
merge data from many sources and In many ways. Figure 18 
Illustrates all the additional capabilities from an OOBC application 
environment. 
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From lhe SQl logic engine you can: 

• access SAS data files lI'1rough lhe native engine, 

• access external files lI'1rough DATA step processor with a 
DATA step view, 

• access DBMS data through SAs/ACCESS views, 

• access DBMS data through SA$ SOL views containing SQl 
passthru statements for lhe DBMS, and 

• Join and merge data from these sources through SOL 
statements or DATA step programming logic. 

The architecture will also allow an ODBC application to send SQl 
statements lI'1rough the server and a SASlACCESS passthru 
Interface to a DBMS wHhout using the SOL processor In the 
server execution as depicted by the Dne from lhe user task directly 
to the SAs/ACCESS passthru API. However, the SASIODBC 
Driver does not provide lhe same level of ODBC conformance 
when by passing the SAS SOL processor. We've found many 
ODBC application packages need level 1 confonnance. 
Therefore, we have not expended resources testing this 
capability. You may find It adequate for writing custom ODBC 
applications for known databases and tables. If you are Interested 
In !lyIng this, contact Technical SUpport at SAS Institute. 

Future Plans 

We plan to support more standard API's for open data access to 
SAS data as they are adopted by the software community and 
requested by our customers. We will also consider providing a 
proprietary SAS API callable from C programs In environments 
where no standard API Is emerging. If you have an Interest In a 
particular standard and operating system - please convey your 
Interast to both the author and the SAS Marketing dMslon at SAS 
Instnute. 

We also Intend to study ways to Improve our processing and so 
that we can make more Intelligent processing decisions for you. 
For example: 

1. We want to be able to retransfonn and optimize SOL access 
strategies when a new WHERE clause Is given. However, we 
don't want to do that If we've already accessed aU the data 
and have a relatively small result set that could be filtered with 
the new WHERE clause. Different decisions are appropriate 
for different cases and may produce different result sets In a 
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concurrent access environment. 

2. We are considering adding another key type to the SAS data 
modal In version 7 that could be used for equality matching 
only. SOme SAS/ACCESS engines will then Identify DBMS 
Indexes as these restricted use keys. The SOL processor will 
than use them and the engine will convert this restricted key 
Interface to the appropriate WHERE clause. Again, there are 
cases where this Is more efficient and others where It Is less 
efficient. Some of the criteria will depend on the DBMS. 

Ultimately, we need to give the programmer the ability to force 
one decision or another even If we Improve our ability to optimize 
the default behavior. 
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