
Host Systems 

Remote and Open Access to Enterprise Data: 
Enhanced Distributed Data Access Through 

Multiple Engine Architecture 

Jack Wallace, SAS Institute Inc., Cary, NC 
Michael D. Jones, SAS Institute Inc., Cary, NC 

ABSTRACT 

Access to data from the SASe System Is constan1Iy being 
expanded end enhanced: Transparent access to remote data Is 
now available when the local end remote machines have different 
architectures. And another new feature opens access to SAS data 
to eppHcatlons that utilize the ODBC API, such as Microsoft WOrd. 

These new features ere built on a modular system architecture 
that often provides more than one way to accompHsh a given 
distributed data access task. To choose tha best method. It Is 
advantageous to understand the processing performed by the 
components of Multiple engine An:hltecture. Future 
enhancements for remote end open data access are also 
dependent on this architecture. 

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

Reeders ere also encouraged to also reed the peper by Cheryl 
Gamer. "The sp,se System: A Complete CllentlServer Solution· 
(see the list of references at the end of Ihls peper). That peper 
comperes and contrasts remote Ilbraly services to other 
cllentlserver features of the SAS System. For many SAS 
applications, these other features may provide enhanced 
performance. 

INTRODUCTION 

The new features and their functionality are ovarvlewed In this 
'INTRODUCTION". A batter understanding of the features wDl be 
gained as the architecture of the system and Its components Is 
explored In the next part of the paper, 'OOBC and Multiple Engine 
An:hllectura Basics". Techniques for optimizing dls1rlbuted data 
access ere primarily covered In 'Accessing Distributed Data from 
Multiple Sources". 

Remote Ubrary Services 

Remote Ubrary ServIces allows a SAS program to access a BAS 
data library on another machine as If the data library were on the 
local machine. The program accesses the data Ilbrery through a 
BAS server on the remote machine. 

To access a remote library. the BAS program slmpty executes the 
UBNAME statement It would use on the remote machine with an 
addlUonai option which specifies the nama of the server on the 
remote machine: 

UBNAME xyz 'physical-library-nama' SERVER=sarver..name; 
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SAS files In the remote library can now be manipulated by BAS 
programs on the local machine. 

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

In the fsU of 1993. experimental code was released which aDowed 
access between a SAS program executing on one machine 
archllecture and a server running on another arehllecture. For 
example. a WindoWs SAS program could access a library on a 
MVS server. This cross-machine architecture capabUlty has been 
enhanced and Is now production. 

When aocessIng a data library through a server on a different 
machine architecture. only BAS data sats may be read and 
wrIIIen. BAS catalogs and utility mes can not be reed and 
converted to another machine arohltecture by rernoIe Ilbraly 
services. Note that SAS views. Including SASlACCESS- vtews of 
DBMS tables. ere a type of BAS data set, so DBMS tables on 
remote machines can also be accessed through a server on a 
different machine architecture. This wiD be more apparenl as we 
discuss the arohItecture later. 

Open Access to SAS Data 

SOme users have desired the ability to access SAS data from 
other programming languages and tools for a number of years. 
Developing a proprietary Interface for each of these languages 
and tools has not been high priority al the InsUtute beceuse of the 
volume of Interfaces and relatively small market addressed by 
each lndIvtduallntelface. 

SAS Institute has been Interesled In the open standards work for 
database access and are members of the SOL AcceSs Group 
(SAG). We balleve that open standards for data access are the 
Only cost effective way (for the Institute and Its customers) to 
allow other programming languages and vendor products to 
Interoperate with SAS data. The SAG call Level Interface 
(SAG-CL~ specification and Ifs derivatives are the most 
promising standards for our usa at this time. 

Several years ago. Microsoft modified and enhanced an early 
draft of of the SAG-cL1 and Incorporated It In their Windows Open 
Systems Archllecture (WOSA) as the Open Database 
connectivity (OOBC) Interface. This Is the first comrilerclally 
available. standard Implementation WIth slgnlllcant market 
penetration and Independent Software Vendor <ISVJ support. 
(We'll see later thet the ooec Implementation In Windows Is very 
similar to the SAS MulUple Engine Architecture.) Many Windows 
applications and appHcatlon tools such as Microsoft Word. VIsual 



BasIc, and the SAS System Itself can utUlze OOBC 10 access data 
In other DBMS systems. 

An OOBC driver 10 access SAS data from OOBC appIIca1Ions Is 
currenUy In development with a planned release In the summer 01 
94. This driver communicates with a SAS server to access SAS 
data. The server may execute on the sama machine, a remote 
machine with the sama machine archltec\Ure, or a remote 
machine with a diHerant machine archItecIure. So, a Microsoft 
Word document (or other OOBC appilcaUon) running on Windows 
3.1 or Windows NT will be able 10 access SAS data on MVS (or 
on any machine In the network Including mainframes, minis. and 
workstaUOns.) 

Expanded Use of SQl Passthru 

In order to fully Implement the lea!Ures above, we have expanded 
the use 01 sal Passthru. OrIglnaly, SQl Passthru was designed 
10 allow the sal processor In the SAS system 10 accept sal 
statements with the syntax of o1her DBMS systems and send 
thOse statements directly 10 the DBMS lor execution. For 
example, PROC sal can send Sal statements dlrecUy 10 a 
092- server lor execution. 

WIth remote Ubrary servicas, the SOL processor can send an SOL 
statement through a remote SAS server 10 a DBMS system on the 
remote machine. 

The SAG-Cli and OOBC standards lor open access 10 data are 
based on the sal language. The SAS sal processor has been 
enhanced 10 accept SAS sal statements throUgh the same 
Interlace that It uses to pass DBMS sal statements 10 a DBMS. 
Other modules heve bean added 10 accept the OOBC API, 
convert It 10 appropriate SAS sal statements, and send It 10 the 
SAS sal processor lor execution through this passthru API. That 
architecture will be explored further below. 

ceBe and Multiple Engine Architecture Basics 

It Is lnteresUng 10 compare and contrast the OOBC and MulHpIe 
Engine Architectures. This sacUon overviews the archltec\Ures 
and highlights their slmllalltles and differences. 

Architecture layers 

Rgure 1 InustrBtes the baste components 01 OOBC and MEA. 

An OOBC appllcaUon calls OOBC functions In the driver manager 
10 submit SQl statements and receive results. The driver 
manager loads and transfers calls 10 the appropriate driver. The 
driver processes the OOBC function calls and translates them Into 
the nacassary funcllon cds or acUOns to access a data source. 
The data source Is the data that the appIlcaUOn wants 10 access 
along with any operating system, database server, and 
communicaUDns softWare used 10 access the date. 

SAS appRcauons are composed among other things 01 
procedures, DATA steps, and SCl code. These appRcaUOn 
components In !Um access SAS data sets by caRing routines In 
the engine supervisor. Depending on the type 01 SAS data 
source, the engine supetVlsor loads and cans an appropriate 
engine 10 access the date source. In figure 0 a tape data source 
and disk data source are depicted. Many other date source 1ypes 
are possible as we will see. 
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Multiple Engine Architecture cose Architecture 

Figure 1 

Application Programming Interfaces (API) 

The AppllcaUOn Progremmlng Interfaces really define the data 
I11O$1Bf and methods 10 access data available to appUcatlon 
programs from OOBC drivers or SAS engines. A full descripUon 01 
the API's Is beyond the scope 01 this paper. 

Because different data sources are capable 01 providing different 
functionality, not an drivers and engines provide the complete 
func1IonaIty 01 the API's. In both architectures, a part 01 the API 
are Informational Interlaces which the appIIcaUOn can use 10 query 
the driver and engines about their conformance or support lor 
other API functions. 

ODBCAPI 

As stated In the introduction, the OOBC Intenace between the 
appRcaUOn and the OOBC manager and driver Is based on the 
SOL language. This InCludes routines 10: 

• connect 10 a DBMS, 

• obtain descripUons 01 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 primary purpose 01 the 
manager Is 10 load the appropriate driver lor a data source. It 
does plOVkle some Inltlanza1lon services and vaUdates 
parameters and sequencing lor application OOBC calls. 

SASAPI 

The API between the applcatlon components and the engine 
supervisor lor SAS data set access Includes both navlgaUOnal and 
sal set based Interlaces. 

The navlgatlonallnlerlace Includes routines 10: 

• open a SAS data set. 

• obtain descripUons 01 the variables (columns) and Indexes If 
any, 

• read, update, or add records (rows or observaUons), 
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• 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 reCOld or key value. 

• close the SAS data sal 

The navlgattonallnterface between the engine supeJVisor and the 
engine Is a subset of SAS data set functionality. Common 
services In IhB engine supervisor removes the requirement to 
duplicate all funcIIonaIIty In eacII engine. In parttcular. IOU\Ines to 
fetch and replace variable values In record buffers are common 
servlces and not passed to eacII engine. Instead. 1he engine 
transfers records between the engine supervisor and the data 
source. 

Some functions may be executed by common services In the 
engine supervlsor or by 1he engine. The englne and englne 
supelVlsor shake hands and give the processlng to the englne If It 
can opUmlze 1he processing. For example. restricting access to 
records qualified by a where clause mey be perfonned by 1he 
engine. Common services In the englne supervlsor are used If the 
engine does not support WHERE clause processing. 

The SOL set Interfaces are similar to dynamic SOL and 1he OOBC 
API aOld Is referred to as the SQl passlhru API since the 
appIlcaUon Is really communlca1lng dlrecIiy wHh the engine. 
Passihru Interfaces are provided to: 

• connecI to a DBMS. 

• prepare. describe. and open SOL SELECT statements, 

• execute oIher SQL statements. 

• retrieve resuI1s. 

• disconnect from a DBMS. 

Driver and engine ClassHicatlons 

Irs convenient to classify drivers and englnes Into several groups 
that share similar aIblbules. Figure 2 shows basic driver and 
englne types: 

• single-tier and mulllple-tier drivers. 

• native. view. and remote englnas. 

Engine Types 

--.. ---ow - rF====~='il 

----'=-, 'ii !-~gli~~~l 
1""- 1_ 
I _____ J 

Figure 2 
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Slngle-tfer DrIvers end Native Englnetl 

Single-tier drivers and native engines are similar In that they each 
directly access the data files associated wHh the deta sources. 
They eacII contain the logic to process the API requests through 
operating system functions to access the approprlale data Illes. 
extracIIng the correct data. and delivering the requested results. 
While the operating system may USB me server technology to 
store the flies on a different machlne. we assume the files are 
stored on 1he machlne where the engine executes and do not 
consider IhBt a form of remote access In this peper. 

Single-tier drivers process SQl requests which are frequenliy 
rastrlctad to single table access. They generally map to simple yet 
popular PC file formats such as OIF. WKS. OBF. 

Native engines process navlgattonel requests for data that Is 
stored In a SAS system defined formal The most Important native 
anglne In any release Is the BASE (or current verslcn) engine. It 
Implements alI1he full functionality of 1he current release SAS 
data set modal In 1he most optimal manner for disk access. 
CompaUblBty engines support back release formats of the BASE 
engine. SequenUai englnes store SAS data sets on sequential 
aCcess media such as tape. The transpOrt engine stores SAS 
data sets In a format that can be read by another machine type. 
Only the BASE engine Is guaranteed to dlrecliy support all the 
funclionallty of the current SAS data set model 

MultlpltMler Drivers tmd other BAS Englnee 

Mulllple-tier drivers are similar to the remote engine and 
SASlACCESS engines In that they send requests to another 
process called a server for processing. The server process may 
execute on the sarne machine as the appllcaUon or on a different 
machine. 

The mulllple-tler driver simply converts the OOBC functions to the 
appropriate API fUncUons calls for the data source. The data 
source Is then responsible for communicating the request to a 
databese server and returning the results. 

SAS engine and SAS Driver Processing . 

This section discusses the actual processlng of SAS engines and 
the SASIOOBC DrIver. WhDe It Is not nBCBSSBJY 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 Processing 

Views are a type of SAS data set which are materialized from 
other data sources based on descriptions of the other data or 
processing tnstructIons 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. 

VirNi Processlrg 

View FiIoe _ In .- IInIy 

canIain daIa cIo8criIMfCo. CI InsIrucIIona. 

EngIne SupoMscr. 
__ View .... 
__ f8CCIRI. 

loads .... calls _ t:ngIna. 

View EngN: 

---'--t--___ 0IIIda CllCIescI18CIfc1plJol1lona. CI InatJucUon8, 

LI-_--.:~=~~~ - - daIa IIOtIQII, 
~SASdaIa_ 

Figure 3 

The applk:a1lon requests that the engine supervisOr open a SAS 
data set with a particular name In a nbrIiIY that Is accessed by a 

native engine. 

The engine supel'lllsor detennlnes that the name references a file 

of type VIEW Instead of type DATA. It calls the native engine to 
open the view 1I1e and read the view header record. The header 

record contains the name of the engine that processes this view. 

The supel'lllsor loads and cds the view engine to complete 

opening the SAS data seL The view engine reads data 

descriptions or InstrucIlons from the view file and closes It. It 

opens other data sources to complete the open processing. 

All subsequent access to the open SAS data set Is pessed to the 

view engine. It accesses data from the other dete sources and 

materializes SAS data records for the engine supeMsor. 

In the remaining dlscusslons of view engines, access to the VIEW 

flle Is Ignored except where It plays a p8/UoUlar role In remofe 

access. 

In this paper, the ferm logic engine Is Introduced to refer to view 

engines that progremmatlcBlly acoess data In other sources 

according to stored program logic In a VIEW file. Figure 4 depicts 

and describes the two logic engines In the SAS System today. 

I.ogic Engines 

SOl .".. I!rGInO 
--_SQl.~ 

EngIne - SOl_willi..,. API -'-,,*,",---Ioom ...... ..-__ .... 

OVA SIIIp _ EngIne 

_-_OVA __ 

EngIne _ OVA __ willi engine API 

_ "" OVA "'" IogIo ~ ond WIlIng ___ SAS __ 

Figure 4 
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The SQL view engine processes stored SOL queries to select, 

filter, join, and summarize data from one or more other SAS data 

sets. The DATA step view engine processes stored DATA step 

programs which read and write data from either external flies 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. Figure 4 depicts that these processors sUII 

access other SAS data sets through calls back to the engine 

supel'lllsor. 

It Is worth noting that the SOL processor win ltseU determine If 

some of the ruferenced SAS data sets are SOL View files. In this 

case, the saL processor IiBratlvely reeds In an ruferenced saL 

VIEW files. It then transforms the combined saL SELECT 

statement Into an optimized aecess strategy. In version 6, II does 

not retransform and optimize the SELECT statement If an 

adcIltionai WHERE ctause Is specified after this Initial optimization 

when the view Is opened. These addHIonai WHERE clauses are 

treated as fUtBrs of records that are returned by the original 

access strategy. In some cases this IS optimal but In others a 

retransformatlon would significantly optimize a loin 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 slap view engine does not optimize access according 

to WHERE clauses specified for a view. The engine supervisor 

always fllters the records that are retumed from the DATA slap 

view. 

SASlACCESS engines are used to access data In other fOrmats. 

In most cases, the data Is tormatted by a DBMS and the engine 

uses the DBMS to access the data as depicted In figure 5. 

SASlACCESS Engines 

VIeW doscrIbas daIa In OIlIer 

/amI8I8 (UIIIIIIY DBMS'a) 

EngIne ...- EngIne"" 1-

11) DBMS MdIan CIIIIa \ 

CBP.IS IuI'Ic:IIcno ~I 

willi DBMS $eMIr 10 \ 
_ tI'e daIabasa I 

SollIe ACCESS qInas I8Id I 

lJ=~~~t -I ancI_ - - I 
I I 

I \ 
I ______ ----~ 

FigureS 

The view file Itself contains descriptiOns of the data thet Is In the 

DBMS table. The engine converts requests to access records 

from the engine supervisor to the appropriate DBMS system 

funcUon calls. The DBMS function calls usually communlca1e the 

request with a DBMS server to access the database. Record data 

(rows) are retumed through the DBMS functions to the engine, 

engine supervisor, and application program. 
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Remote Engine ProctI8s/ng 

The remote engine Is used to access SAS files through a SAS 
S81Ver for one of two reasons: 

e to share Update access to the SAS file wI1h o1her SAS 
programs reading or updating the same file, 

e to access a SAS lIle on a remote machine where 1he server Is 
executing. 

p.s depicted In figure 6, the remote engine communlca1es the 
engine function request to a mirror task for the user In the server. 
The mirror task calls the real engine to access 1he data. 

Remote Engine < - > Server 

I 
I 
I 
I 
I 
I 
I 

-' 

RoE. _ EngIne API 

III_Teak In_ 
M. t call f8II engine 

Ccmn OpIIo.lIZMIooe; 
_flier In_ 
MOSing 

'-1------' SAS/SHAIE_ 

--- nUIIpIe .-

Figure 6 

AccessIng a SAS lie 1hrough a server Is alwayS slower \han 
directly accessing the file because of the exira code to 
communicate \he request and pass II to the engine In the server. 
The response time cost of \his communlcellon II1CI"B8SM when the 
server Is execu1Ing on a different machine \han the app/lca1lon 
program and valles amongst different communications protocols 
and network ~ OptImizing the communications costs Is 
essential In remote data access applications. 

The remote engine does optimize access time by reducing the 
number of communications between \he remote engine and the 
server. Not an engine calls resuilin calls to the server. If \he callis 
requesting descdpIIve InIormatIon retrieved when \he SAS file Is 
opened, no new communIcationS are required. In addition, 1he 
server returns Information about each racon:I wI1h \he retrieval 
call. II returns multiple records In one call for sequential Input 
access (and for random Input access If the TOBSNO= option was 
specified). Subsequenl reques1s for Information or records which 
Ihe remote engine already 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 utiUzlng WHERE procassIng. The remote 
anglne always tells \he engine supervisor that It can optimize 
WHERE processing and passes lIle WHERE clauses to lIle 
server. The server then shakes hands wI1h the real engine to 
determine If lIle engine or lIle server will quality records wI1h lIle 
WHERE clause. In either case, only records that quality are ever 
sent back across \he communications link to the remote engine. 

p.s stated In the Introduction, the remote engine and server were 
required to execute on the same machine architecture until 
experimental code was released In lIle fall of 1993. That 
restriction has now been lifted for SAS data set access. The 

SESUG '95 Proceedings 
306 

remote engine and server now transfer Information on each olllers 
architecture when communications· are established. If the 
architectures differ, machine code Is generated to translate the 
data streams wI1h the following prIor1tles: 

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

2. the server assumes responsibUIty (translates directly to and 
from Ihe remote engine representation) If II can, 

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

Only Ihose pieces of data which need to be translated are 
1ransIated. By generating machine code, the fastest translation 
path length Is produced. 

BAS oose Drlver I'roceesJng 

ODec appDcaUOn access to SAS data Is depicted In figure 7. !fs 
easy to seelllat the SAS ODBC driver Is a multlple-tler driver. The 
data source components of the SAS Implementellon consist of a 
SAS server accessed through a Remote engine Emulator and 
Communications Access Melhod Emulators. 

OOBC Access to SAS Data 

-~-~ 
---;J~ , 

--' 

figure 7 

The SAS ODec driver converts lIle ODec API to the passthru 
API and calls the remote engine emulalor. The remote engine 
emulator fonnulatas the correct communications messages and 
calls the appropriate communications access method emulator to 
send \he request to lIle SAS server and receive 1he response. In 
lIle SAS server, the communications and requests k!Ok almost 
identical to requests from a SAS application using the passthru 
API. The request Is passed to the Passthru API of the SOL 
processor In lIle SOL engine. It then processes the SOL query or 
statement as It would from any o1her source. The Rlsults are 
returned from lIle server through the emulators to the driver. 



Accessing Distributed Data from Multiple Sources 

Multlple engine ArchIteCtUre and the many engines In the SA8 
system make It possible 10 access data from mulllple sources In 
many different ways. We must first understand ways 10 merge or 
join data from mulUple sources In a non-dlstrlbutad environment 
before we can fully discuss the distributed case. 

Jolnlng/Merglng Data In a Single SAS session 

Two cases of Interest are joining SAS data with DBMS data and 
joining DBMS data with DBMS data. 

Joining BAS Data with DBMS Data 

A logic engine can be used 10 Join or merge data from multiple 
SA8 data sets. SOme of the SAS data sets may themselves be 
SAS/ACCESS views of DBMS data. FIgure 8111uslrates a logic 
engine accessing data from a native engine SAS data file and a 
SAs/ACCESS view of a DBMS table. 

Joining SAS data and DBMS data 

Laglca-cno 
__ .:1'1 .... _ ... -____ 1-

a-__ I 
"' __ I 

I 
I 
I 
I 
I 

LI....!:::::::=!:~=:£t -I I 
I I 
I I I __________ J 

Figure 8 

An SOl. view simply references the SAS data file and the 
SASlACCESS view as the SAS data sets In the FROM ctause of 
the SELECT statement (and specifies the proper Joining 
condlUons In the WHERE; clause). 

A DATA step view might either: 

• reference the SAS data file and the SASlACCESS view In a 
MERGE statement with a BY statement 10 specify the merging 
criteria, or 

• progremrnatlcelly access data from each source through 
mulUpie SET statements. 

It Is worth noting thai the DATA step processor In MERGE 
processing with a BY statement will send WHERE statements 10 
the SASlACCESS eng~e and DBMS server 10 select rows thai 
match particular BY group values read from the SAS data file. 
This may be more optimal than reading aU rows from the table 
when there are few BY groupe In the SAS data 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 SOL processor will usa Indexes 10 optimize \oIn processing, 
but the SASlACCESS englnas In version 6 can no! surface full 
Index processing like the BASE engine. This means thai the SOL 
processor cannot optimize access with knowledge of DBMS 
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Indexes In version 6. 

Joining DBMS DIlts with DBMS Data 

logic engines are an effecllve 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 dupUcate 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 
SASlACCESS views. 

JOining DBMS data and DBMS data 

_rn __ 
_ eM "" dupIICIIO .. I": DBMS 

00 NOT ... lor SOl (oInI'" :: Server 
ClllbI_bIIo.. II 

- II IlIIIno _ In _ II Dora_ 

II 
II 

L~~~;j::: Ii -I II 
I I II 
I I II 

I
I L _________ II 
__________ J 

Figure 9 

The SQI.. view englna and DATA step view anglnes behave In the 
sarne manner as when joining SAS data files with SASlACCESS 
views which was described aboVe. 

If the view logic Is an SOL join of database tables which can be 
processed by the DBMS server, then It Is usually far more efficient 
10 aUow the DBMS 10 process the Join then 10 bring all the data 
back 10 a logic engine In the SAS system 10 process the join. This 
Is consistent with a general optimization rule for remote data 
access thai says: 'Move data selacllon and menlpulation logic as 
close 10 the data sources as possible.· 

There are two possible ways 10 get the DBMS server 10 process 
an SQl join. One way Is to defile a view In the DBMS itself that 
Joins the base tables. In this case, a single SASlACCESS view 
thai describes the view of the joined DBMS tables can be 
accessed without an Intervening logic angina In the SAS session. 
However, there Is overhead 10 da1lnlng a view In a DBMS which 
you may no! want to ~r for a ona 1Ime Join strategy. You may 
also ftnd you are not aUowed 10 define DBMS views In the server. 
For these cases, you should use the passlhru facility of SAS SOL 
depicted In figure 10. 
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SQLPassthru 
sa. __ _ 

_IoDBMS_ 

I'elllllNAI'I_ 

ct,MnIC SOL 

--+ DBMS 
Server 

SEL£Cr_ 

"'-"<I 
c..tIOd --0IIW __ ..uad 

--1 
I 
I l ________ _ 

Figure 10 

DoIa_ 

The SOL processor sends statements In the DBMS's cIIaIect of 
the SOL language directly 10 the DBMS server through the 
passlhru APlin the SASlACCESS engine. 

To establish a comectlon directly with the DBMS, you Issue a 
connect statement 10 the SOl. processor specifying tie 
SASlACCess engine name and explicit DBMS options In 
parentheses. For example: 

COJDIIC'l' 'lIO J)B2 (SS;m.J)B2'l'), 

Once you haVe a connection, you can pass DBMS syn1axed 
SELECT statements 10 tie DBMS by enclosing them In O's and 
preceding them with SELECT' FROM CONNECTION TO dbms. 
For example: 

SBLBC'l' • nox COHIIIBCT%OIf '1'0 DN 
(1IBLIIC'l' KaJIB, COLCOUlI'l' 

I'lIOX STSIBK. SYS'l'ABLIIS 
WBIIRlI CBJIA'lIOBoo 'KrAll'l'Bm' ) , 

Or you can execute o1her statements. For example: 

BDCU'l'II (CRlIA'l'B 'l'ABLII FOO 
(BAR CDR(3). 
GOOKIN! WlIII1UC)) 

BY DB2/ 

You terminate a comectlon with tie disconnect statement. For 
example: 

D:tSCONll1BC'l' nox J)B2, 

SOL passthru statements can be used either directly from PROC 
SOL or stored in SOL views for execution by tie SOL view englna 
when the view Is accessed as a SAS date set by other SAS 
appllcatlons. 

Jolnlng/Merglng Data that Is Remote 

The general optimization rule for remote date access that says: 
'Move data selection and manlpulallon logic as close 10 the data 
sources as possible." Is the underlying theme of this section. 

Local DBta with Remote Data 

Joining local SAS data with remote date can be accomplished In 
the same manner as joining SAS date with DBMS date described 
above. That Is, you can usa a DATA step or SOL view engine In 
the local SAS session to reference both Jocel SAS data sets and 
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remote SAS data seta as IUuslretad In figure 11. 

Joining Local Data with Remote Data 
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Figure 11 
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In the section on logic englna processing. It was noted that both 
the SOL view engine and the DATA step view engine would treat 
a WHERE clause applied 10 a view as a filter of tie records 
returned. It was pointed out that the SOL view engine would use 
the WHERE criteria In an optImlzad access strategy If a new view 
was defined that applied this WHERE clause 10 the original view. 
This technique may be even more Important when one of the SAS 
date sets Is accassed remotely as In figure 11. It wm ceusa the 
WHERE clause criteria 10 be pushed across 10 the server so that 
only appropriate I'8COI'ds are sent back 10 the SOL engine In the 
local session. 

All Renune DIIttI 

When a111ha data to be Joined Is In a remote server environment, 
It Is often most efficient 10 join the data In the server environmanL 
The remote engine I server architecture and MEA makes It 
possible 10 execute view englnas In the server environment. 
Figure 121Dustrates execution of a logic engine In the sarver 
envIronmenL 

Joining Remote Data in a SAS Server 
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Figure 12 
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Using logic anglnes In the server environment may Increase 
sarver CPU consumptlon but will usually decrease 
communications between the remote engine and server. This 
decrease Is especially significant when the view processor 
produces a smaD set of data records from large data sets. 



View engines are normally executed In the server environment If 
the view definition Is stored In a library accassad through the 
sarver. You must be carefUl \!/han uIIIIzIng the technique of 
defining a new view with a WHERE clause applied to an eXistIng 
SQL view In a server Ilbrery. The new view must also be defined 
In the sarver Ibrary In order for the WHERE clausa to be Included 
In the optimized access strategy. 

If you do not want the view engine to axecuta In the sarver 
session, add the option RMTVIEW=NO to the UBNAME 
statementlhat accesses the library with the VIEW file through the 
sarver. RMTVIEW=NO tells the engine supervisor to read the 
VIEW me header Into the local sasslon and Invoke the specified 
view engine there. It also allows the SQL processor to iteratively 
read remote view definlllOllB, thus preventing the SQL view 
engine from being executed In the sarver. If the sarver Is a 
different machine architecture, the VIEW file can not be accassad 
by the local engine supervisor and the server will execute the view 
engine regardless of the RMTVIEW= option sattlng. 

Accessing Remote DBMSs 

BAS applications may be able to access remote DBMS data In 
two ways. If the DBMS system facilities support remote data 
access, then Its possible that e SASlACCESS view accessing the 
DBMS local functions can access a remote DBMS sarver. 
AIlernstlvely, the SAS application can usa the remote engine and 
server architecture to execute a SASlACCESS angina In a remote 
server to access a DBMS on the sarver machine. 

DBMS Facilities ftH Remote DIlts ~ 

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

The former modalis slmlar to that used by the SAS remote 
engine to sarver. CHent applications dlracIIy establish 
communications links to the remota sarver without any Intervening 
local database sarver. Most DBMS systems Implement this model 
and require specific client software for networ1ced access through 
proprlalary communlca1lons message formals and protocols to 
their DBMS server. The ODec end MEA arohltactures 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 modalis Illustrated In flgure 13. 

Remate DBMS Access through L.ocaI Server 
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Figure 13 
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The appllca1lon program uses DBMS funcUons to access a 'local' 
server. The local server determines that the database to access Is 
on a remote server machine and routes tha access request to the 
remota machine. Note that the definition of local versus remote 
server may differ by environment In a LAN environment, the term 
local sarver may Include any sarver on the local LAN with tha 
same basic machine architecture es the client appIlcatton. The 
remota sarver Is generally a server either on a different machine 
architecture or accessed across a WAA. 

An example of this modalis Implemented by IBM's relational 
database systems. A client application on O~ tvPlcally 
accesses a local 08212- sarver which may route the request to a 
remote DB2 or SQUDS'" server. 

Remote Deta A(J(JIIIIII Through a SAS Hn'eI' 

A SAS application can access a DBMS through a SAS sarver by 
defining the SAS/ACCESS view In a sarver library. ThIs Is 
Illustrated In figure 14. 

Figure 14 

This combination wor1cs when the appIIcaIIon and both servers are 
on a tocaI machine but Is not a recommended soluUon for that 
environment In that environment, the SASlACCESS engine In the 
SAS application session can directly access 1I1e DBMS server and 
wDl result In less communications. To dlreclly access the DBMS 
sarver 1rom the BAS application session, either put the 
SASlACCESS VIEW llie In a library not accessed through the 
sarver or add the option RMTVIEW=NO to the LlBNAME 
statement that accElSl!es the library through the sarver. 

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

• the DBMS facilities don't provide a way to access the remote 
DBMS sarver so a local SASfACCESS anglne can not be used, 
or 

• you don't license the necessary software (SAS/ACCESS and/or 
DBMS networ1c access software) on the application machine, or 

• you want to join or merge the DBMS data with other data on 
1I1e remote machine as depicted In figure 15. 
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Joining Remote Data and Remote DBMS Data 

FIgure 15 

By moving the logic processing to the same machine where the 
deta sources reside. network communlca1lons with the eppIJce1Ion 
session are reduced. 

Just as It Is useful In a single macIlIne environment to pass loin 
processing to the DBMS If It can do It (see DBMS deta with DBMS 
deta above). It Is best to do so In a remote server environment 
Figure 16 lIIustretes using the SOL processor In the local session 
to send DBMS syntaxed statements through the remote engine, 
server, and SASfACCESS engine In the server to the DBMS for 
execution. 

FIgure 16 

To make this connecUon. the pessthru CONNECT statement 
specHles the REMOTE engine and in parentheses the name of 
the server, the name of the DBMS (SASfACCESS engine) and 
DBMS arguments. For example: 

C010IBCT 'fO UHO'1'B 
(SBltYBa-SUSDVB 
DBIIS-1m2 
DBIISAltG- (SSm_DB2T)) 

AS 1m2'!/ 

Once a oonnecUon Is established, the same SOL PASSTHRU 
statemenls described earlier can be used to send statements for 
execution In the remote DBMS system. 
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It Is worlh noting that a multl-user server appears to the DBMS as 
a single user application and DBMS authorization Is based on the 
access rights of the server In the DBMS. You can sllil provide 
security for the DBMS In this environment by IIml1lng access to the 
server with server access password and/or utilizing passwords on 
SASfACCESS views In the server. 

In a muHklser server the DBMS's do not treat each user as a 
separete transacIIon environment that can be Independently 
committed or rolled back. For this ~n, update access to 
DBMS's through a multklser server Is prohlblted. 

We have Introduced a new single-user server with remote library 
services. The slngle-user server runs In a remote 
SASfCONNECTe session and only serves data access requests 
from the local SASfCONNECT session. Sinoe the remote SAS 
session runs with the authorization of the userld that created It, 
the DBMS authorization controls for that userld are effecIIve. In 
addition, update access Is allowed through the single-user server 
since the one local SAS session Is executing the appIlcaUon. 

CONCLUSION 

MEA Is Extremely Flexible 

The modular structure of Multiple engine Architecture allows you 
to ecoompllsh tasks In many ways by various combinations of the 
engines. Figure 17 combines most of the previous SAS ligures 
Into one. I hope you can reference this diagram and paper to 
effecIlveIy 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 ODBC 
Applications 

WhDe the primary mollvatlon of the SASIODBC Driver 
Implementation Is to allow OPEN access of SAS formatted and 
managed data from other non-SAS appIlcalions as some of our 
users have requested, Irs Important to remember that Multiple 
engine Architecture In a server environment allows you to loin and 
merge deta from many sources and In many ways. FIgure 18 
Illustrates all the additional capabilities from an ODBC eppllcallon 
environment 
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FIgure 18 

From the SOL logic engine you can: 

• access SAS data files through the native engine, 

• access extemal Illes through DATA step processor with a 
DATA step view, 

• access DBMS data through SASlACCESS views, 

• access DBMS data through SAS sal views containing SOL 
passIhru statements for the DBMS, and 

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

The architecture wUl also allow an ODBC application to send SOL 
statements through the server and a SASlACCESS passthru 
Interface to a DBMS without using the SOL processor In the 
server execution as depicted by the line from the user task directly 
to the SASlACCESS passthru API. However, the SASIODBC 
Driver does not provide the seme level of ODBC confonnance 
when by passing the SAS sal processor. Wfive found many 
ODBC application packages need level 1 conformance. 
Therefore, we have not expended resources testing this 
capabUity. You may find It adequate for WIlting custom ODBC 
appUcallons for known databases and tables. If you are Interested 
In trying this, contac:t 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 catlable from C programs In environments 
where no standard API Is emerging. If you have an Interest In a 
parUcular standard and operating system • please convey your 
Interest to both the author and the SAS Marketing division at SAS 
Institute. 

We also Intend to study ways to Improve our processing and eo 
that we can make more Intenlgent processing decIsIonS for you. 
For example: 

1. We want to be able to retransfonn and optimize SOL access 
strateglas 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 rela1lvety 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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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 SQl processor will 
then use them and the engine wUl convert this restricted key 
Interface to the appropriate WHERE clause. Again, there are 
cases where this IS more efflclant and others where It Is less 
efficient SOme of the criteria will depend on the DBMS. 

UlUmately. we need to give the programmer the ability to foroe 
one decision or another even If we Improve our ability to opUmlze 
the default behavior. 
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