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ABSTRACT 

Access ID dala from the SAS- Syslam Is conslantly being 
expanded and enhanced. In lila last year, features ha~ been 
released that allow transparent access ID remote dala on 
machines with different machine architectures (caRed ramote 
Hbrary services). A new feature In development will OPEN access 
ID SAS Data for non-SAS appHcations (such as Microsoft Word) 
which ubllza the ODBC APlin a Wmdows environment 

These new features ara built on a modIlar system architecture 
that often provides more than one way ID accompHsh a given 
distributed dala access laslc. To choose the best method, It Is 
advantegeous III understand the processing performed by the 
components of Multipla Engine Architecture. Future 
enhancemants for remote and open dala access are also 
d9pendent on thla architecture. 

ThIs paper Introduces the new features but concentrates on the 
architecture and Ifs Implamenlation. "you simply want ID know 
how III use the features, read the introduction and selected 
references at the end of this paper. If your Interest extends ID 
opllmlzations and processing dale/Is, you should find the body of 
this paper Inlormallva. 

Readers are also encouraged ID also read the paper by Cheryl 
Garner and Stephania Reinard, "The SASa System: A Complete 
CfientfSarvar Solution". That paper compares and contrasts 
remote Hbrary services III other cftenlfsarver features of the SAS 
System. For many SAS applications, these other features may 
provide enhanced performance. 

INTRODUCTION· What's new? 

The new features and their functionaDly Is overvlawad In this 
'INTRODUCTION". A better understanding of the features wID be 
gained as the architecture of the system and lis components Is 
explored In the next part of the paper, 'ODBC and MuHlple Engine 
Architecture Basics'. Techniques lor optimizing clstrlbuted dala 
access are primarily covered In 'Accessing Distributed Dala from 
Multiple Sources". 

Remote Library Services 

Remota Ubrary Services allows a SAS program III access a SAS 
dala library on another machine as If the dala Dbrary were on the 
local machine. The program accesses the dala "brary through a 
SAS sarvar on the remote machine. 

To access a remote nbrary,lhe SAS program simply executes the 
LlBNAME slatementlt would use on the remote machine with an 
additional option which specifies the name of the sarver on the 
remote machIne: 

LlBNAME xy% 'physlcal·nbrary·name' SERVER=server_name; 
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SAS fllas In Iha remota Ubrary can now be manipulated by SAS 
programs on the local machine. 

Remota Rbrary access has been available through the 
SASISHAREa prockJct lor many years, but server access was 
resb1cted ID SAS programs runnIng on the same machine 
archttacture. For example, a SAS program on one MVS machine 
could access a SAS dala Ibrary through a server on another MVS 
machine. Since 6.07, the SAS program or server could executa 
on MVS while the other executed on CMS because both MVS and 
eMS execute on the sarna IBM- 370 machine archltectura. 

In the fan of 1993, experimental coda was released which allowed 
access betwaan a SAS program executing on one machine 
architecture and a server running on another architecture. For 
exemple, a Windows SAS progrem could access a library on a 
MVS server. This cross·machlne architecture capabllly has been 
enhanced and Is now production wIIh the Srd maintenance 
release of 6.08 and the first maintenance release of 6.09. 

When accessing a dala Ubrary through a server on a different 
machine architecture, only SAS data sets may be read and 
written. SAS catalogs and utilily files can not be read and 
converted ID another machine architecture by remota Dbrary 
services. Note that SAS views, Including SAS/ACCESS- views 01 
DBMS tabtas, are a type 01 SAS data sat, so DBMS lables on 
remote machines can also be accessed through a server on a 
ditterent machine architecture. This win be more apparent as we 
dscuss lila architecture later. 

Open Access to SAS Data 

Some users have desired the abHlIy to access SAS dala from 
oIhar programming languages and tools for a number of years. 
Developing a proprietary Interface for each of these languages 
and IDols has not baen high priority at the Institute because of the 
volume of Interfaces and relatively small markel addressed by 
each individual Interface. 

SAS Institute has been Interested In the open standards work lor 
database access and are members of the SOL Access Group 
(SAG). We beneve that open standards lor dala access are the 
only cost effective way (for the Institute and Hs customersllll 
allow other programming languages and vendor products III 
Interoperate with SAS dala. The SAG Call Lavellntertaca 
(SAG·CU) specification and Ifs derivatives are the most 
promising standards for our use althls time. 

Several years ago, Microsoft moofted and enhanced an early 
draft of of the SAG·CU and Incorporated II In thalr Windows Open 
Systems Architecture (WOSA) as the Open Dalabase 
Connectivity (ODBC) Interface. This Is the first commercially 
available, standard implemenlatlon with significant market 
penetration and Independent Software Vendor (ISV) support. 
(We'D see later that the ODBC implemenlation In Wmdows Is very 
similar III the SAS Multiple Engine Architecture.) Many Windows 
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applications and application tools such as Microsoft Word, VIsual 
Basic, and tha SAS Syslaln It.8aIt can uIIIIze OOBe ID acc:ese da1a 
In other DBMS.systems. 

An oose ~r 10 access SAS data from ODse applications Is 
available with release 6.10 of SAS for Windows. This ~r 
communicates with a SAS server ID accese SAS data. The 88MII' 
may execute on the sarna machine, a remote machine with the 
same machine archItacture, or a remote machine with a different 
machine archlteclUnl. So, a Microsoft WOld document (or other 
oose application) running on Windows 3.1 or Windows NT wID 
be able to accese SAS data on MVS (or on any machine In the 
nelwolk including mainframes, minis, and workstations.) 

Expanded Use of SQL Passlhru 

In order to fully Implemant the features above, we have expanded 
the use of Sal Passthru. Originally, SOL Passlhru was designed 
to allow the Sal procassor In the SAS system to accept Sal 
statements with the syntax of other DBMS systems and send 
those statements dlractly ID the DSMS for execution. For 
example, PRoe Sal can send Sal statements directly to a 
0828 server tor execution. 

With remote ftbrary services, it Is desirable tor the Sal processor 
to be able to send a Sal statement through a remote gloS server 
10 a DBMS systam on tha remote machine. That teature Is 
avaIIabte with the with the 3rd maintenance releasa 016.08 and 
tha first maintenance release of 6.09. 

Tha SAG·eU and oose standards for open access to data are 
besed on the Sal language. The SAS Sal processor has been 
enhanced to accept SAS SOL statements through the same 
interface that it uses to pass OSMS Sal statements to a DBMS. 
Other modules have been added ID accept the oose API, 
ccnvert it to appropriate SAS Sal statements, and send it to the 
SAS Sal processor for execution through this passlhru API. That 
architecture wID be explored further below. 

OOBe and Multiple Engine Architecture Basics 

II Is Interesting to compare and centrasl the oose and Mul6p1e 
Engine Architectures. This sec1lon overviews the architectures 
and highlights their similarities and differences. 

Architecture Layers 

Rgure 1 nlustrates the basic components 01 ODSe and MEA. 

An ODse appncation cans oose functions In the driver manager 
to submit Sal statements and receive results. The driver 
manager loads and transfers cans to the appropriate driver. The 
drlvar processes the oose function caUs and translates tham inlD 
tha nocessary function calls or acHons ID accase a data source. 
Tha data source Is tha data that the appllcallon wants ID accase 
along with any operating system, database 88M11', and 
communlcallons softWare used to accase the data. 

SAS applications are composed among other things 01 
proceduras, DATA steps, and SCl coda. These application 
components In tum access SAS data sets by calling routines In 
the engine supervisor. Depending on the typa of SIoS dala 
source. tha engine supervisor loads and calls an approprlata 
engine to access the data source. In figura 0 a tapa data source 
and disk data sourca ara depicted. Many other data source typas 
are possible as wa will SBEI. 
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FIgure 1 

Application Programming Inter1aces (API) 

The AppUcallon Programming Interfaces reaRy defina tha data 
model and mathods to accese data available to application 
programs from oose ~rs or SIoS engines. A full description of 
the API's Is beyond the soope of this paper. 

Because different data sources ara capable of providing different 
functionaHty, not all drivers and engines prO'lfda tha ccmplete 
functionaHty of the APr.. In both archltecluras, a part 01 the API 
are Informational interfaces which the appllcatfon can use to query 
the ~r and engines about their conformance or support for 
other API functions. 

ODBCAPI 

As stated In the Introduction, the oose Interface between the 
application and tha oose manager and driver Is based on the 
Sal language. This Includes routines ID: 

• connect ID a OSMS, 

8 obtain descrip\lons 01 the tables and columns avaIlabIa, 

8 execute Sal statements, 

• ratrleva results, 

8 dsccnnecl from a ~BMS. 

The Interface between tha oose manager and the driver Is 
almost the complete oose API. The primary purpose of tha 
manager Is ID load the appropriate driver for a data source. It 
does provide some initialization services and vaHdates 
paramaters and sequencing tor application OOSC cans. 

SASAPI 

The API between the application componants and tha engine 
supervisor for SAS data sal access Includes both navlgatfonal and 
SOL sal based interfaces. 

The navigational Interface Includes routlnas to: 

8 open a SIoS data set, 

• obtain descriptions oltha variables (columns) and Indexes II 
any, 

8 read, update, or add records (rows or observations), 
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• feld! or replace VIIIIatlIe values In lIIe record buffer, 

• restrict access 10 records qualified by a where clause, 

• position data sat or Index 10 a particular record or key value, 

• closelhe SAS data set 

lbe navlgallonaIlnterface between lIIe engine supervisor and lIIe 
engine Is a subset of SAS data lIet funcllonallty. Common 
services In lIIe engine supervisor removes the requirement 10 
dupUcate all functionality In each engine. In particular, routines to 
felch and replace variable values In record buffers are ccnmon 
services and not passed 10 each engine. Insfead, Ihe engine 
transfers records between lIIe engine supervisor and lIIe data 
source. 

Some funcHons may be executed by common services In lIIe 
engine supervisor or by lIIe engine. lbe engine and engine 
supervisor shake hands and give lIIe processing 10 the engine If It 
can optimize lIIe processing. For example, restricting access 10 
records qualified by a whera clause may be performed by tha 
engine. Common services In tha anglne supervisor are used If Ihe 
englna does not support WHERE clsuse processing. 

lbe sal set Interfaces are similar to dynamic SOL and the OOBO 
API and Is referred 10 as lIIe SOL passlllru API since the 
appncation Is reaDy communicating dlrec\ly with the engine. 
Passlhru Interfaces are provided 10: 

• connect 10 a DBMS, 

• prepare, describe, and open sal SELECT statements, 

• execute other SOL statements, 

• retrieve results, 

• clsconnect from a DBMS. 

Driver and Engine Classifications 

Ifs convenient 10 clssslfy drivers and engines Inlo several groups 
lIIat share similar attributes. FIgure 2 shows basic driver and 
engine types: 

• single-tier and multiple-tier drivers, 

• nalive, view, and remote engines. 

EngIne Types 

~~IEI-I iii r,r- 1L..!i::....l1 

... _ I, ... '--___ -'\ 

1- -I _____ J 

FIgure 2 
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Slngle-fler Drlw,. and Nattv. EngInee 

Single-tier drivers and native engines are similar In that they each 
clrectiy access ilia data Illes assoclaled with the data sources. 
lbey each contain lIIelogic 10 process the API requests through 
operating system functions to access lIIe appropriate data files, 
extracting the oomact data, and deUvering the requesled results. 
WhUe lIIe operating system may use file senret' technology to 
sIore Ihe Illes on a cfifferent machine, we assume the Illes are 
stored on lIIe machine where Ihe engine executes and do not 
consider that a form of remota 8OO8SS In lilts paper. 

Single-tier drivers process SOL requests which are frequenlly 
restricted 10 single table access. lbey generaUy map lID simple yet 
popular PO llie formats such as OIF, WKS, OBF. 

Native engines process navigational requests for data that Is 
stored In a SAS system dellned format. lbe most Important native 
engine In any release Is lIIe BASE (or current version) engine. It 
Implements 81ll11e fun funcllonaUty of the current release SAS 
data set model In the most optimal manner for dsk access. 
Compatibility engines support back release formats of lIIe BASE 
engine. Sequenllal engines store SAS data sets on sequential 
access meds such as tapa. lba transport engine storas SAS 
data sets In a formatlllat can be read by anolller machine type. 
Only lIIe BASE engine Is guaranf&ed to dlrec\ly support alllIIe 
functionality of Ihe current SAS data set model. 

lfult1p/e-tl_ DrIvers and oth., SAS Englnee 

Multiple-tier drivers are similar to Ihe remote engine and 
SASIACCESS engines In lhatlhey send requests lID another 
process caned a server for processing. The server process may 
execute on lIIe seme machine as lIIe application or on a different 
machine. 

lbe multiple-tier driver simply converts the OOBO functions to lIIe 
appropriate API functions caUs for lIIe data source. The data 
source Is then responsible for communicating lIIe request to a 
database server and returning lIIe results. 

SAS Engine and SAS Driver Processing 

this section discusses lIIe actual processing of SAS englnas and 
lIIe SASIODBO Driver. WhBe It is not necessary to know IIIls 
material In order lID use lIle engines or driver, It Is useM when 
discussing lIle optimizations for accessing data from multiple 
sources. 

VIew Engine PrtH»sslng 

VieWS are a type of SAS data set which are materfaUzed from 
other data sources based on descriptions ofllle othar data or 
processing instructions which are stored In s VIEW file. A VIEW 
file is processed by a particular view engine lID materialize lIIe 
SAS data set It represents. 
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Common processing 01 view engines Is depicted In figure 3. 

View 
fie 

VteNI Processing 

---"-1brIIy __ dDUlj;AIti .... __ 

evne~ --.... ---. _ ........ - evne. 
-&1ghr. 

~=::t ____ ..... 1j;AIti .... ~ 

'-l---~;::L~~ - chr doIa....-. ,,_ SASdoIa_ 

Rgur.3 

The application requests that the engine supervisor open a SAS 
date set with a particular name In a library that Is accessed by a 
native engine. 

The engine supervisor determines that the name references a life 
01 type VIEW Instead of type DATA. II cans th. nativ. engine to 
open the view file and read the view header record. The header 
record contains the name oIth. engine that processes this view. 
The supervisor loads and caDs th. view engine to complete 
opening the SAS data set The view engine reads data 
descriptions or Instructions from the view ftle and closes It. It 
opens other data sources to complete the open processing. 

Aft subsequent access 10 the open SAS data set Is passed 10 the 
view engine. It accesses data from the other data sources and 
materialize. SAS data records for the engine supervisor. 

In the remaining dscussions of view engines, eccess 10 the VIEW 
fife Is Ignored IIXcept wher. It plays a particular role In remote 
access. 

In this paper, the term logic engine Is Introduced 10 rekir 10 view 
engines that programmallcally access data In other sources 
according 10 slOred program logic In a VIEW lite. FIgure 4 depicts 
and describes the two logic engines In the SAS System today. 

I..oglo Engines 

SCIL -fnaIno _-_SClL_ 
fnaIno - SCIL·_ .... qIno II'! --- ..... ---......... _w __ 

INI\ IIIIp _ fnaIno 
_ - _ar.nr. __ 

fnaIno - OOA __ .... qIno API 
_ ." ar.nr. _ logic -.. _ -. 

_ .. _&18 __ 

Rgura4 
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The SOL view engine processes stered SOL queries 10 select, 
1liier, Join, and summarize data from one or more other SAS data 
sets. The DATA step view engine processes stored DATA step 
progams which read and write data from either IIXIemal files or 
SAS data sets. In both cases, the engine processor Is a 
programmable component of the SAS system that Is normally 
lIXecuted as an applicallon and accesses SAS data sets through 
the engine supervisor. Figure 4 depicts that thasa processors sllll 
access other SAS data sets through caDs back to the engine 
supervisor. 

It Is worth noting that th. Sal processor wlIIltse1f determine If 
some of the referenced SAS date sets are Sal VIEW files. In this 
case, the Sal processor iteratively reads In an referenced Sal 
VIEW files. II then transforms the combined Sal SELECT 
statement Into an optimized access strategy. In version 6, It does 
not ratransform and optIn1lze the SELECT statement If an 
additional WHERE clause Is specified after this initial optimization 
when the view Is op_d. These additional WHERE clauses are 
treated as filters of records that are returned by the original 
access strategy. In some cases this Is optimal but In others a 
retransforrnallon would slgnlflcanlly optimize a Join strategy. You 
can force the WHERE clause to be used by defining a new view 
whlc:h applies the WHERE clause to the original view. 

The DATA step view engine does not optimize access according 
10 WHERE clauses specified for a view. The engine supervisor 
always fillers the records that are refurned from the DATA step 
view. 

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

SASlACCESS Engines 

__ datahchr 

IDnnaIII (\IouaI\I' DBMS'I) 
evne _ Engne AFI 1-

10 DBMS lIndIan colis : 
DBMS fIn:IIons _I 

..... DBMS SeNer 10 : 

......... - I 
Some ACCESS ongIra _I 

L.E=:J~~ -I .... - cIhar IDnnaIII : 
I I 
I I I __________ J 

RgureS 

The view 11141 Itself contains descriptions of the data that Is In the 
DBMS table. The engine converts requests to access records 
from the engine supervisor 10 the appropriate DBMS system 
"mellon calls. The DBMS function cds usually communicate the 
request with a DBMS !l8l"l9r 10 access the database. Record data 
(rows) are retumed through the DBMS functions to the engine, 
engine supervisor, and appncalion program. 
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R_te Engine Processing 

1he remote engine Is used to access SAS illeS through a SAS 
server tor one of two reasons: 

• to share update access to the SAS lie with other SAS 
programs reaclng or updatklg the same fite, 

• to access a SAS IIIe on a remote machine where the server Is 
executing. 

As depicted In figure 6, the remote engine communicates the 
en~e function request to a mirror task tor the user In the server. 
The mirror task calls the real en\#ne to access the data. 

Remole Engine < - > Serwr 

SAS Sarvar R.E. _ E/91O API 

........ 1IIIcIn_ 

I Mot CIllo l81li engine 
I 
I 
I CanmOpi. .. 
I 

__ In_ 

I 
MCII!Ii1I I 

J 

SI\SISHAAE _ 

SA! F"vi'ikdted ............ -
Data I.br8Iy 

FIgure 8 

Accessing a SAS file through a server Is always slower than 
directly accessing the file because of the extra code to 
communicate the request and pass It to the engine In the server. 
The response lime cost of this communication Increases when the 
server Is executing on a different machine than the appBcation 
program and verlas amongst different communtcations protocols 
and network topologies. Optimizing the communications costs Is 
essential In remote data access applcatlons. 

The remote engine does optimize access lime by reducing the 
number of communications between the remote engine and the 
server. Not all engine calls result In cals to the server. If the callis 
requesting descriptive In!ormation retrieved when the SAS lie Is 
opened, no new communications are required. In addition, the 
server returns Information about each record with the rlltrlevaJ 
call. It retums multiple records In one call for sequential Input 
access (and for random Input access If the TOBSNo.. c!ptIon was 
specified). Subsequent requests for In!ormatlon or records which 
the remote engine already has In It's control blocks or buffers, do 
not result In communications to the server. 

The appHcation program or user can also reduce the number of 
communications by utiRzlng WHERE processing. The remote 
engine always tells the engine supervisor that It can optimize 
WHERE processing and passes the WHERE clauses 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 nnk to the remote engine. 

As stated In the Inlroducllon, the remote engine and servar were 
required to execute on the same machine architecture unlll 
experimental code was released In the faD of 1993. That 
restriction has now been Oiled for SAS data set access. The 
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remote en9ne and server now transfer In!ormatlon on each others 
architecture when communications are estsbUshed. If the 
archItacIuree elffer, machine code Is generated to translate the 
data streams with the folowlng priorities: 

1. the remota engine assumes responslbDIty (translates elrectly 
to end from the server representation) If It can, 

2. the server assumes responslbDlty (lranslates directly to and 
from the remote engine representation) If It can. 

3. they share responslblHy (each slds translates to and from a 
transport format). 

Onfy those pieces of data which need to be translated are 
translated. By generating machine code, the fastast translation 
path length Is produced. 

$AS oose DrIver I'ror:esslng 

OOBe appDcation access to SAS data Is depicted In ftgure 7. Ifs 
easy to S88 that the SAS oose driver Is a multiple-tier driver. The 
data source components of tha 8AS Implementation consist of a 
8AS server accessed through a Remote EnglNl Emuletor and 
Communications Acoess Method Emulators. 

ODBC kcess 10 SAS Dala 

FIgura 7 

The SAS oose driver converts the ODSe API to the passthru 
API and calls 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 appUcation using the passthru 
API. The request Is passed to the Passthru API of the SOL 
processor In the SOL engine. It then processes the sal query or 
statement as It would from any other source. The results are 
returned from the server through the emulators to the driver. 
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Accessing Distributed Data from Multiple Sources 

Muilip/e Engine Architecture and !he many engines In !he SAS 
system make It POIlllIble ID accallll data from muiliple SOUl'C8S In 
many dflerenl ways. We must lirst understand ways to Q18I'ge or 
join data from multiple sources In a non-rlstrlbutad env\ronrMnt 
before we can fuDy dscuss !he clstrlbutad case. 

JolnlngIMerglng Data In 8 Single SAS session 

Two cases of Interest are Joining SAS data willi DBMS data and 
joining DBMS data willi DBMS data. 

Joining $AS Data willi DBMS Data 

A logic engfne can be used to join or merge data tom multiple 
SAS data sets. Some of lIIe SAS data sets may lIIemselves be 
SAS/ACCESS views of DBMS daa FJ!IIITe 8 nlustrates a logic 
engine accessing data tom a native engine SAS data ftle and a 
SAS/ACCESS view of a DBMS table. 

JoIN1g BAS data and DBMS data 

_--III _ond_ ---------- I­
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 

---------~ 

FIgure 8 

An Sal view simply references lIIe SAS data ftle and !he 
SAS/ACCESS view as lIIe SAS data sets In lIIe FROM ctause of 
!he SELECT statement (and specifies lIIe proper joining 
conditions In lIIe WHERE clause). 

A DATA step view mI~ eI!her: 

• reference !he SAS data file and lIIe SAS/ACCESS view In a 
MERGE statement willi a BY statement to specify lIIe merging 
criteria, or 

• programmaticaDy access data tom each source IIIrough 
multiple SET statements. 

It Is worlh noting lIIat lIIe DATA step processor In MERGE 
processing with a BY statement wID send WHERE statements ID 
!he SAS/ACCESS engine and DBMS server to select rows !hat 
match particular BY group values read tom lIIe SAS data fil8. 
This may be more optimallllan raading all rows from !he.tabIe 
whan lIIers are lew BY groups In lIIe SAS data file, lots of rows In 
lIIe DBMS table, and ilia DBMS table hes an Index on !he BY 
Variables. It may be lass optimal In other cases. 

The Sal processor will use Indexes to optimize join processing, 
but lIIe SAS/ACCESS engines In version 6 can not surface fun 
Index processing nke ilia BASE engine. This means lIIat ilia SOL 
processor cannot optimlza access willi knowledge of DBMS 
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Indexes In version 6-

Joining DBMS Data willi DBMS Data 

~ engines are an effec\lye sofution for joining or marglng data 
torn two or more SAS/ACCESS views of database tables when: 

• lIIe database tables are In clfferent servers, or 

• lIIe server can not duplicate IIIe program logic In lIIe 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 data and DBMS data 
u. IJIgIo &GIno _ _ .. _­
_.., not _ i>gfc.1_ 

Do NOr _ lEo IICI. "*'"... II 
.., be ..- .... DI!MII :: 

~ II 
---"DIIM8,' II IIIe IICI. _ II 

II 

~~~K:=-II :1 
I II 

I I II II 1 _________ 11 
__________ ..1 

FIgure 9 

The Sal view engine and DATA step view engines behavs In lIIe 
same manner as whan Joining SAS data files willi SAS/ACCESS 
views which was described above. 

II lIIe view logic Is an Sal join of database tables which can be 
processed by lIIe DBMS sarver, !hen It Is usuaRy fer more efficient 
to allow lIIe DBMS to process lIIe join !han to bring alllIIe data 
back to a logic engine In !he SAS system to process lIIe join. This 
Is consistent with a general optimization rule for remote data 
access lIIat says: 'Move data saleclion and manipulation logic as 
close to !he data sources as possible.' 

There are two possible ways to get lIIe DBMS server to prooess 
an Sal join. One way Is to define a view In lIIe DBMS Itself lIIat 
joins lIIe bese tables. In IIIls case, a single SAS/ACCESS view 
lIIat describes lIIe view of lIIe joined DBMS tables can be 
accessed without an Intarvenlng logic engine In ilia SAS session. 
Howaver, lllere Is overhead to defining a view In a DBMS which 
you may not want to Incur lor a one time join strategy. You may 
also lind you are not allowed to define DBMS views In lIIe server. 
For lIIese cases, you should use lIIe passlllru facility of SAS SOL 
depicted In figure 10. 
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sal PassIhru 
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The Sal processor sends statements In the DBMS's clalect 01 
the Sal language cireclly to the DBMS server through the 
passthru APlin tha SAS/ACCESS engine. 

To estabUsh a connection directly with the DBMS, you Issue a 
connect statement to the Sal processor to specifying the 
SASIACCESS engine name and explicit DBMS options In 
parentheses. For example: 

CONIIBC'l' TO DB2 (SSID"DB2!')' 

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

SIILBC'l' • nOM COI!IIIBC'I:IOM TO :DB2 
(SIILJICT !IAMB, COLCOUNT 

FROM SYSIBH.SYS'l'ABLBS 
1IBlDUI ClIBA'l'ORoo'XYAOTBID')' 

Or you can execute other statements. For example: 

IIXJICU'l'B (ClIBA'I:B '1'ABLB FOO 
(BIUl CBAR(3), 

OOOIIBAII WMBRIC» 
BY :DB2, 

You terminate a connection with the dsconnect statement For 
example: 

DISCOMMBC'l' 1'l\OM DB2, 

Sal passthru statements can be used either dreclly from PROC 
Sal or stored In Sal views for execution by the Sal view engine 
when the view Is accessed as a SAS data set by other SAS 
applications. 

Jolnlng/Merglng Data that Is Remote 

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

Local Data with Remotll Datil 

Joining local SAS data with remote data can be accompnshed In 
the same manner as joining SAS data with DBMS data described 
above. That Is, you can use a DATA step or Sal view engine In 
the local SAS session to reference both local $AS data sets and 
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remota SAS data sets as Hluslrated In llgure 11. 

JcinIng \..ccaI Data with Remote Data 

FIgure 11 

IofIIo ErnaN: ---­_ ... --"""'---...--tor __ 

In the section on logic engine processing, n was noted that both 
the Sal view engine and the DATA step vtew engine would !reat 
a WHERE clause applied to a view as a filter of the records 
returned. It was pointed out that the SOL view engine would use 
the WHERE criteria In an optimized eccess slrategy " a new vtew 
was defined that applied \his WHERE clause to the original vtew. 
This technique may be even more Important when one of the SAS 
data sets Is eccessed remotely as In figure 11. It wm cause the 
WHERE clause criteria to be pushed across to the server so that 
only appropriate records are sent back to the Sal engine In the 
local session. 

AN Remole DaIa 

When all the data to be joined Is In a remote server environment, 
n Is oIten most elliclent to join the data In the server environment. 
The remote engine I server architecture and MEA makes n 
possible to execute vtew engines In the server environment. 
FlglI"e 12 Dluslratas execution of a logic engine In the server 
envlronmant. 

Joining Remote Data In a SAS Server 

FIgure 12 

1.ciGIc~­"'--
·~ ...... CPU ._--

Using logic engines In the server environment may inerease 
server CPU consumption but wiD usually deerease 
communications between the remote engine and server. Thill 
deerease ill especially slgnlooant when the view processor 
produces a small sat 01 data records from large data sets. 
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VIew engines ere nonnally executed In the seMlr environrnllllt If 
the view definlllon Is stored In a Ibr8/)' accessed through the 
seMIr. You must be careful when utilizing the I8d1nIque or 
definIng a new view with a WHERE clause applied to an exlsllng 
SOL view In a S8MIr Rbr8I)'. The new view must also be defined 
In the SeMlr Ibr8I)' In order for the WHERE clause to be Included 
In the optimized eccess strategy. 

If you do no! want the view engine 10 execute In the server 
session, add the opUon RMTVIEW=NO 10 the UBNAME 
statement that accesses the Ibr8I)' with the VIEW tile through the 
a_r. RMTVIEW=NO teIIe the engine supervisor 10 read the 
VIEW file header Inlo the local sessIon and Invoke the specified 
view engine there. If also allows the SOL processor to fteratively 
read remote view delinl1lons, thus preventing the SOL view 
engine from being executed In the server • ., the S8MIr Is a 
different machine archItecture, the VIEW file can not be eccessed 
by the local engine supervisor and the server win execute the view 
engine regardless or the RMTVIEw.. opllon seiling. 

Accessing Remote DBMSs 

SAS applications may be able 10 access remote DBMS 'data In 
two ways. If the DBMS system facllilies support remote data 
access, then Ifs possible that a SAS/ACCESS view eccesslng the 
DBMS local functlons can access a remote DBMS SeMlr. 
Anematlvely, the SAS appleadon can use the remote engine and 
seMIr archItecture 10 execute a SAS/ACCESS engine In a remote 
s_r to eccess a DBMS on the server machine. 

DBMS Faclfltl_ for Remole Data A~_ 

It's beyond the soope or this paper to describe all the capabllides 
of each DBMS system for remote data eccess. There are how_ 
two basic models; direct client to remota server communications, 
or cUen! to local server to remote server communlcallons. 

The former model Is sImIlar 10 that used by the SAS remota 
engine to S8M1r. CDen! applleallons dlrecl!y estabftsh 
communlcallons Hnks to the remote server without eny intervening 
local database S8M1r. Most DBMS systems Implement this model 
end require specific cHent software for networked access through 
proprietary communlcallons message formats end protocols to 
their DBMS S8M1r. The ODBC end MEA erchltactures aDow for 
thIs by converling the APls to the DBMS APls In the ctlvers and 
engines, allowing the DBMS functions to handle communications. 

The Intarvenlng server model Is Ulustrated In figure 13. 

Remote DBMS ~ ttvough Loc8I Server 

FIgure 13 
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The application program uses DBMS functions 10 access a -,ocar 
SeMlr. The local SeMlr determines that the database to access Is 
on a remote server rnechlne and routes the access request to the 
remote machine. Note that the delinl1lon or local versus remote 
server mey dtfer by environment. In a LAN environment, the tarm 
local server may Inl;iud!l eny server on the local LAN with the 
same basic machine archItecture as the cUent applloallon. The 
remote server Is generaDy a s_r either on a different machine 
architecture or accessed across a WAN. 

An example or thIs model Is Implemented by IBM's relational 
database systems. A client appncallon on 0SJ2- typically 
accessas a local DB212- SeMlr whIch may route the request to a 
remote DB2 or SOlIDS" S8M1r. 

Remote 08,. Accea Jhrough a BAS server 

A SAS application can eccess a DBMS through a SAS server by 
definIng the SASlACCess view In a server Ibr8/)'. this Is 
Hlustrated In figure 14. 
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FIgure 14 

this eomblnallon works when the applloallon and both SeMlr. are 
on a local machine but Is not a recommended solution for that 
environment. In that environment, the SASlACCess engine In the 
SAS appDcalion session can drecl!y access the DBMS server and 
wUI resuH In less communications. To drecdy access the DBMS 
SeMlr from the SAS appAoallon session, either put the 
SAS/ACCESS VIEW file In a fibr8/)' not eccessed through the 
_r or add the option RMTVIEW=NO to the UBNAME 
statement that accesses the Dbr8/)' through the seMlr. 

The combination Is useful when the two _rs are on a remole 
machIne end: 

• the DBMS facllides don't provide a way to access the remote 
DBMS server so a local SAS/ACCess engine een not be used, 
or 

• you don't Deense the neeessary software (SAS/ACCESS andfor 
DBMS network access software) on the appllcaUon machine, or 

• you went to joIn or merge the DBMS data with other data on 
the remote machIne as deplcted In Jlgure 15. 
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figure 16 

UBII"""'''BI RIoc:<Mry 
lag 

By moving the logic processing to the S8/l1EI machine where the 
data sources reside, network communications with the application 
session are reduced. 

Just as It Is useful In a single machine environment to pass join 
processing to the DBMS If It can do It (sea DBMS data with DBMS 
data abova), It Is best to do so In a remota slllVElr environment. 
FIgure 16 Uluslrates using the SOL processor In the local sasslon 
to sand DBMS syntaxed statements through the ramote englna, 
sarver, and SASlACCESS englna In the sarver to the DBMS lor 
axacullon. 

Remote saL Passthru 

I" 
I 
I 
I 
I 
I 

~~J 

figure 16 

To make this connection, tho passthru CONNECT statement 
specifies the REMOTE anglne and In parentheses the name of 
the server, the nama of tho DBMS (SAS/ACCESS engine) and 
DBMS arguments. For example: 

CONNBCT !rO Rl!MO'1'lI 
( SBRVl!R=SASSBllVB 
DBIfS-lIB2 
DBlfSAROz (SSIlIzllB2!r11 

AS lIB2T, 

Once a connection Is estabnshed, the same SOL PASSTHRU 
statements descn"bed earlier can be used to send statements lor 
axecution In the remote DBMS system. 
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It Is worth nollng that a multi-user server appears to the DBMS as 
a single user appncation and DBMS authorization .Is based on the 
access rights of the sarver In the DBMS. You can stiR provide 
security lor the DBMS In this environment by RmItfng access to the 
sarver with server access password and'or utIlzlng passwords on 
SAS/ACCESS views In the server. 

In a mula-user server the DBMS's do not Ireat each user as a 
separate lransacUon environment that can be Indepandentty 
committed or rolled back. For this reason. update access to 
DBMS's through a multl-usar servor Is prohibited. 

We haw Introducad a new single-User server with remota nbrary 
services. The slngle-usar sarver MIl In a remota 
SASICONNECTe session and only llIIVEIS data access requests 
from the local SASICONNECT session. Since the remota SAS 
session runs with the authorlzallon of the usarld that created It, 
the DBMS authorlzatton controls lor that userld are effective. In 
addition, update access Is allowed through the single-user server 
slnea the one local SAS session Is axecuting the application. 

CONCLUSION 

MEA Is Extremely Flexible 

The modular structure of Multiple Engine Archltecfure allows you 
to accomplish tasks In many ways by various comblnaticns of the 
anglnes. Agure 17 combines most of the previous SAS figures 
Into one. I hopa you can reference this diagram and paper to 
effectively combine the facilities available today In the SAS 
System. 

Multiple Engine ArchItecture - All the Pieces 

r 
I 
I 
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W-t~~~1 
$AS FOIii IIIIIad 'I DBMS 

, Data I..bary ,!)ala' IS RIoc:<Mry L __________ J lag 

FIgure 17 

SAS Server and MEA extends capabilitIes of ODBC 
ApplicatIons 

WhDe the primary motivation of the SASIODBC Driver 
implementation Is to allow OPEN access of SAS formatted and 
maneged data from other non-SAS appncations as some of our 
users have requested, It's Important to remember that Mu'tlpIe 
Engine Archltec\ure In a server envlronmenl allows you \0 join and 
merge data from many sources and In many ways. Flgtlfe 18 
Iluslrates all the additional capabHitias from an ODBC appncation 
environment 
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ODBC and MEA - AI the PIeces 

I 
I 

I DaIa lJJrary I DIIIIDUIIII L ___________ I 

FIgura 18 

From the SOL IogIo engine you can: 

- access SAS data files through the nallva angina, 

- access extemal files through DATA slap processor with a 
DATA stapvlew, 

- access DBMS data through SAS/ACCESS views, 

- access DBMS data through SAS SOL views containing SOL 
passthru stalamsnls for the DBMS, and 

• join and merge data from these sources through SOL 
statements or DATA slap programming logic. 

The architecture wID also allow an ODBC application to sand SOL 
statamenls through tho sllfV8r and a SAS/ACCESS passthru 
Interface to a DBMS without using tho SOL processor il the 
selVer execution as dIIplctad by tho nne from the user task lIraclly 
to the SAS/ACCESS passlhru API. However, the SASIODBC 
Driven does not provldll the _ lllVei of ODec conformance 
when by passing the SAS SOL processor. We've fOUnd many 
ODBC appUcation packages need lavel 1 conlormsnce. 
Therefore, we have not expended rosources lasting this 
capability. You may find II adequate for writing custom ODBC 
appUcations for known databases and tables. If you are Intereslad 
illrylng this, contact Technical Support at SAS Institute. 

Future Plans 

Wo plan 10 support moro standard APrs for open data access to 
SAS data as thay are adopted by the software community and 
requested by our customers. We wID also consider provklng a 
proprietary SAS API callable from C pro,,"ams In environments 
where no standard API Is emerging. If you have an Interest In a 
particular standard and operaHng system - please convey your 
Inlerast to both the author and the SAS Marketing d1IIsfon at SAS 
Institute. 

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

1. We want to bII able to retrans!om\ and optimize SOL acoass 
strategies when a new WHERE clause Is given. However, we 
don't want to do that If we've already accessed all the data 
and have a ralallvety small result set that could be filtered with 
tho naw WHERE clause. Different dllclslons are ap~rlate 
for different casas and may produce different rosult salsln a 
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concurrent access anvironlnent. 

2. We are consldllrlng adclng another kay type to the SAS data 
modIIlln version 7 that could bII usad for equality malchlng 
only. Some SAS/ACCESS anginas wRIlhan ldanbly DBMS 
Indllxas as these restrlctad usa keys. The SOL processor will 
\han usa tham and the an~e will convert this rostrlcted key 
Interface to the appropriate WHERE clause. AgaIn, there are 
casas where this Is more afIicIant and others where Ills lass 
afIIcIant. Some of the criteria wIIi:lapand on the DBMS. 

Ultimately, we need to give the programmer the abIDIy \0 forca 
one dIIcIs/on or another even If we mprove our abIIly to optimize 
the dllfaull behavior. 
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