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ABSTRACT 

Commercial Database Managemenl Systems 
(DBMSs, provide applicallons with fasl access 10 
large quanlllies of data. In addlUon. many have 
olher capabllliles such as dala Inlegrlty services. 
dala sharing. appllcallon-creatlon lools, and report 
wrillng. Version 8 of Ihe SAS® Syslem also 
conlalns a number 01 similar lealures. 

This paper examines Ihe dalabase lealures of Ihe 
VersIon 6 SAS Syslem and compares Ihem 10 Ihe 
services ollered by several popular DBMSs. The 
conclusion Is Ihal the SAS Syslem can provide a 
cosl-ellecllve alternaUve 10 a commercial DBMS lor 
Ihe slorage of dala. 

INTRODUCTION 

Database Management Syslems have been 
available for more Ihan lwo decades and are 
frequenUy used as a repository for dala.' The 
applicallons Ihat use thIs data are often nol part or 
the DBMS and are either purchased from another 
vendor or developed by the user. 

The SAS System Is wIdely used as an appllcaUon 
for data analysis. The dala may come from a 
varlely 01 repositories, Including a number of' 
DBMSs. 

A definlUon of a DBMS Is orrered to use as Ihe 
basIs for answering Ihe quesllon posed In Ihe 
paper's IIIle. An Inventory of fealures found In 
current OBMSs Is provIded and Ihls Inventory Is 
compared 10 the DBMS fealures found In the SAS 
Syslem. 

With this background, an answer 10 the question of 
whether or not the SAS SyslelJl Is a DBMS Is given. 
More retevant, however, than Ihe name you call 
your dala reposllory are Ihe felltures you really 
require Irom iI. 

An argument Is made Ihat the data management 
racllilles In the Version 6 SAS System have 
matured suIRcienlly so Ihat It Is a viable candldala 
lor your data repository. 

FInally some 01 the DBMS leatures plannei! lor 
fulure releases of the SAS Syslem are Identlned. 
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WHAT IS A DATABASE MANAGEMENT 
SYSTEM? 

A DBMS Is a software package that provides a 
repository for computerized data. The DBMS Is 
responsible for slorlng the user's data In the 
reposllory and making II available upon demand. 
Users of Iha dala are shielded from the details and 
pecullarilies or the compuler software and 
hardware by Ihe DBMS. That Is, a DBMS 
separates the appllcallon from Ihe data. This 
separalion Is a key point and will be discussed In 
more delall. 

A database Is the lerm used In this paper for a 
logical collection of data managed by a DBMS. 
The terms record, row, and observation are 
synonyms as are column, field, and varlabte. 

Data Separation 

The objective Is to s~parate Ihe application from 
Ihe dala so Ihat the application can focus on the 
external or logical aspects of Ihe data such as 
analysis and presenlatlon. The DBMS rocuses on 
managing the Inlernal or physical aspects 01 the 
dala such as Ihe Iype and quantity of slorage 
devices' and Ihe bookkeeping necessary 10 support 
thl! dala model. 

As an example lIn a ralallonal data modell, the 
appllcallon sees Ihe data as rows and columns. 
The DBMS translates lis Internal storage structures 
Inlo these rows and columns. 

The rundamental responslblllly of Ihe DBMS, once 
Ihe dala are In the dalabase, Is to deliver the dala 
back 10 an application. Query, selecllon, and 
update racllitles are manifestations of this 
responsibility. 

Another benent of dala separation Is dala sharing. 
Once a dalabase Is crealed, lis data can be 
accessed by mulliple applications. 

Data Model 

The data model defines Ihe relallonshlps Ihat exist 
among the various dala Items In the database. 
Some examples of relationships are: 

• field owned by a record 
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• child record owned by parent record 

• physical order of records. 

The Dalabase Management Syslem Is responsible 
for supporllng Ihe relationships speclned by the 
data model. Prior to DBMSs, Ihls was the 
application's responsibility. 

• Earlier DBMSs made the relationships stallc 
when Ihe datahase was created. The 
specific relaUonshlp was the main focus of 
Ihese DBMSs as evidenced by the data 
model they supported. Examples ara 
hierarchies and networks. 

• Newer DBMSs allow some of Ihe 
relationships to be specified dynamically. 
Their focus Is also on the relationships, but 
In a general, nexlble sense Instead of a 
specifiC, rigid sense. A DBMS thai supports 
Ihe relational data model Is an example. 

Beyond the Basics 

Advancemenls In computer lechnology (e.g., more 
power, lower cost, placed additional burdens on 
DBMSs (e.g .. , user-friendly Interfaces, Improved 
performance). This broughl demand for additional 
fealures from the DBMS. .' , 

,I 

As keepers 01 Ihe data, DBMSs were required to 
solve these problems. Automatic query 
optimization, Integrity conslralnls, high speed 
transactions, and polnl-and-cllck Interlaces are a 
partial list of solullons provided by the DBMS 
vendors; 

A"hough mosl DBMSs loday have a variety of dala 
presentation and analysis services, such fealures 
are nol relevanl to Ihls discussion. Our focus here 
Is on Ihe storage and management 01 dala. 

,., 
FEATURES FOUND IN CURRENT DBMSs . 

In Ihls section, leatures found In present-day 
DBMSs are IdenliAed. There may not be Industry­
wide agreement on the categories or deRnmons 
used here. This secllon Is Inlended to serve as a 
general overview 01 Ihe facilities available, not 8 
comprehensive survey. 

The featureS are divided Inlo two general 
categories, basic and advanced. The basic 
features renecl Ihe core functionality of a DBMS: 
dala separation and dala relationships. The more 
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adVanced leatures are built upon Ihe basic ones 
and tenect additions required by users 10 keep up 
wllh advancements In computer lechnology. There 
Is no slgnlRcance 10 the order of presenlatlon. 

Examples 01 components In Release 6.08 or the 
SAS Syslem are Included wllh Ihe descrlpllon of 
each DBMS feature. The examples used here are 
nol Intended to be an exhausllve tlsi of such 
components of lhe SAS System. 

BasIc 

file management , 
To creale, popUlate, delele, and backup 
dalabases. 

Examples of me managemenl services In 
Ihe SAS System are Ihe DATA slep and Ihe 
COPY, CIMPORT, CPORT, and SQl procedures. 

dala Invenlory services 
To list and display Inrormallon aboutlhe 
exlsllng databases. 

The OATASETS and CONTENTS procedures 
provide dala Invenlory services In Ihe 
SAS Syslem_ 

query processing 
To retrieve Ihe slored data. Including dala 
nlterfng, thai Is, selection and projection. 

The OAT A slep, SCL, Ihe WHERE clause, and 
the PRINT, SQL, REPORT, and FSBROWSE 
procedures provide query processing In the 
SAS Syslem. 

updale processing 
To change exlsllng dala In a dalabase and 
add new dala. 

The DATA slep, SCL, the SQL, APPEND, and 
FSEDIT procedures can be used lor update 

" processing In Ihe SAS Syslem. 

relational dala model 
To provide support lor Ihe data modellhat 
Is mosl popular lor new applications. 
(However, this Is not a requirement for a 
syslem to be a DBMS., 

SAS data sels are composed 01 rows 
(observallons, and columns (variables" and 
thus are relational tables. The SQl 
procedure Implements Ihe de faciO Induslry 

Database Design and Access 235 



standard data manipulation language for the 
relational model. 

liIe-level security 
To granl or deny e user's access to en 
enllre data me. 

All hosl-Ievel me security lealures are 
honored by the SAS Syslem. In addition. 
data set passwords to control read, write. 
and ulltlty access can be denned. 

provide dala In sorted order 
To physically store Ihe dala In sorted 
order. or to sort dala temporarily before 
Ihey are relurned to the application. 

The SORT procedure and BY processing can 
be used 10 relurn dala to the application 
In sorted order. 

Advanced 

row-level security 
To granl or deny a user's access to a 
Single row. 

The SQl procedure can be used to denne 
views with a WHERE clause to rest riel a 
user's access to certain rows. 

portability 01 appllcallons 
To facilitate the movemenl of applications 
and dala to dlllerent plalforms. 

The MultlVendor Architecture'" of the 
SAS Syslem Is designed to provIde 
portability of applications across 
heterogeneous platforms. 

aulomanc query optimlzallon 

. I 

To allow the DBMS to delermlne the mosl . , ; 
elnclent method of obtaining Ihe requested 
data. This may Include the use of auxiliary 
dAla slructures such as Indexes and hash 
lables. . .. \-

Applications can creale Indexes for SAS 
dala sels Ihal will aulomallcally be 
conSidered for WHERE clause opllmlzatlon. 
The SQl procedure will also use appropriate 
Indexes for loin optimization. 

multiple users access to dala 
To permit multiple users to query and update 
Ihe same database concurrently. The DBMS, 
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not the appllcallon, Is responsible lor 
. preventing data corruption by coordinating 

access 10 lhe dala. 

The SAS/SHARE(§) sonware produclls designed 
to permit multiple users 10 read and updale 
Ihe same data set concurrenlly. The dala 
sharing Is transparent to the application. 

row-level locking 
To allow data sharing by row. This means 
mulllple users can query and updale a 
given database concurrenlly as long as they 
do not requesl the same row. File-level 
locking. by conlrasl. permits only one user 
access 10 Ihe me al a lime. 

The SAS Syslem supports row-level locking of 
a Single row In a dala sel within SAS/SHARE 
sonware and ror multiple opens of Ihe same 
data set In a standalone environment. 

Inlegraled dala dlcUonary 
To provide a database of Informallon. 
maintained and used by the DBMS. containing 
dala (mel a data) about alt the dalabases 
managed by Ihe DBMS. 

Currently Ihe SAS System does nol have an 
Inlegraled dala dlcUonary. SAS/EIS(§) 
software supports a non-Integraled metabase. 

non-Inlegrated Integrity constraints 
To support dala validation checks performed 
by the application. 

The SAS aPPlications programmer can use 
Informalsand write validation code In the 
DATA slep. Sel. and Ihe AF and FSP 
procedures •. 

Inlegraled Inlegrlly constralnls 
To support data valida lion checks In a 
multiple user/appll(!atlon environment. 
These checks are perrormed aulomatlcally by 
the DBMS for alt applications. Non-Inlegraled 
data validation techniques can be applied 10 
this environment. 

Currently the SAS System does not support 
Integrated Integrlly constraints 

audlltratt 
To maintain II lime-stamped log of whal user 
made a given updale. Including lhe new dala 
values. 
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No Integrated audillrall currently exlsls for 
Ihe SAS Syslem. For a given appllcallon, Ihe 
DATA step and SCl9upport user-written 
schemes for collecllng such dala. 

rollforward 
To permit the recovery of a lost or damaged 
data set by the application of updates from 
an audit trail 10 an archived copy of Ihe 
dalabase. 

The SAS Syslem currently does nol support a 
rollrorward mechanism. For a given appllcallon, 
the DATA slep and SCl support user-written 
schemes for colledlng such data. 

transactions wllh rollback 
To logically bind multiple updales Inlo a 
Single alomlc updale. That Is, ellher all 
the updates are successfully applied 10 Ihe 
database or none ollhem are applied. 
Rollback Inlilales Ihe removal of pending , " 
updales In Ihe alomlc unit. 

Currently Ihere Is no support for transactions 
In Ihe SAS Syslem 

high volume transactions 
To provide very fast response lime 10 a large 
number of requesls, also known as On-Line 
Transacllon ProcessIng (Ol TPI. Here 
performance Is of key Importance, The 
envlronmenl Is usually hIghly Inleracllve 
wllh many users. An example Is an airline 
reservallon syslem. 

The SAS System has been tailored for fast 
sequential processing, and therefore Is nol 
well-sulled 10 Ihls type of appllcalion. . 

distributed dala/dlslrlbuted processing , ' 
To support an envlronmenl wllh eppllcallons 
and dala on separate ptalforms. A given .. ' 
dalabase will resIde enllrely on a sIngle 
platrorm. 

SAS/CONNEcr® sonware allows an appllcallon 
to access dala from a dlfferenl plalform, and 
II permits Ihe appllcallon 10 execute on 
anolher platrorm. SAS/ACCESS® sonware ,: 
supports access to dala on other plalforms 
In some envIronments. ,',' " 
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dlslribuled dalabases 
To slore parts of Ihe same database on 
dllferenl platforms. 

There Is no support In the SAS Syslem for 
dlslribullon of a single dala set across 
different plalforms. 

IS THE SAS SYSTEM A DBMS? 

" you use Ihe historical dennlllon or a DBMS as a 
data reposllory that provides separation of dala 
and applications, Ihen the SAS System Is clearly a 
DBMS. 

II you choose a more contemporary dennltlon of a 
DBMS. Ihen Ihe SAS Syslem falls somewhal short 
of being a DBMS, ,I has a number or fealures 
found In many commerCial OBMSs. bul II does nol 
have all of them. 

However. this question ,Is really academIc. A beller 
question Is "Whal speclne requirements do you 
have for your data repository?" "you have an 
Ol TP environment, the SAS System will probably 
nol satisfy your performance requirements. An 
Information Dalabase environment that depends 
upon lots of rapid sequential access 10 Ihe 
dalabases. Is likely 10' nnd the SAS System's 
performance very good. 

WHERE SHOULD YOU STORE YOUR 
DATA? 

DBMS vendors posillon their producl as a data 
repository. The applications that use Ihe data are 
usually nol provided by the DBMS vendor. The 
SAS System Is positioned as a data analysis and 
Information delivery system. That Is, the SAS 
System Is Ihe application thaI uses the data. 

The SAS System has facilities 10 access dala In 
many dlfferenl formals and repositories as has 
been menlloned earlier. Given thaI you wan I to 
process/analyze your dala wllh Ihe SAS Syslem, 
then Ihe question here Is nol access to the data bul 
where the dala are 10 be permanently stored. 

There are Ihree basIc choices for the dala 
repository: Ral/unslructured mes, a commercial 
DBMS, or the SAS System, And there are SAS 
applications and non-SAS applications, Wllh Ihese 
variable!!, let's denne six Simple models: 

Database Design and Access 237 



primary data 
model appllcallon repository 

1 non·SAS nalllle 
2 SAS nal nle 
3 non·SAS DBMS 
4 SAS DBMS 
5 non·SAS SAS Syslem 
6 SAS SAS Syslem 

The firsl lwo models are qulle reasonable and 
common uses of nal Illes as data repositories. The 
SAS System. via the ,DATA slep, has powerful 
facilities for accessing a wide variety of nat me 
formals. " 

Models 3 and 4 are Ihe traditional ones wllh a 
DBMS as Ihe data repository and non·DBMS 
appllcallons as consumers of the dala. 

In a model 5 environment. the DATA step can 
provide the dala to appllcallons In a wide varlely of 
nal me formals when Ihe original data cannol be 
read by the appllcallons.· The DATA step can 
produce muUlple dllferenl nal Illes, one for each of 
Ihe differenl appllcallons. While stored In SAS data 
sels. the dala can be edited (10 repair Invalid . 
values) and subseled prior to delivery 10 Ihe 
appllcallons. ' 

The main premise 01 Ihls paper Is Ihal model 6 Is a 
viable model and should be carefully considered 
when deciding upon a dala reposllory for SAS 
appllcallons. The choice belween model 4 and 
model 6 shOUld be based IIpon Ihe fealures you 
require from your data repository. 

Version 6 01 Ihe SAS Syslem lacks some fealures 
lound In commercial DBMSs as has been 
described previously. If you do not have any of 
Ihese requlremenls for your data reposllory, then 
you should seriously consider using the SAS 
Syslem. 

The benellls of using the SAS System for Ihe 
slorage of your dala Include: 

• fasler access 10 the dala for SAS 
appllcallons. The SAS Syslem Is opllmlzed 
10 deliver dala 10 lis own procedures. 

• more cosl·ellecllve solullon. You don't have 
Ihe added expense 01 a DBMS. 

• a reducllon In lhe number of vendors 
Involved. Using Ihe SAS System for bolh 
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. I data analysis and data storage will eliminate 
Ihe need fot malnlenance and system 
upgrades to another product (the DBMS), 
and It will provide a single source for 
problem resolullon. Cotnpallbility Issues 
bel ween different versions of the appllcallon 
sonware and the DBMS software will nol 
exist. 

• product consistency across many plalforms. 
The MulllVendor Archlteclure (MVA)TM of Ihe 
SAS Syslem provides a porlable appllcallons 
environment Independent or the hosl 
compuler system. . There Is only one 
language to learn. SAS appllcallons 
developed on one plalform will run on other 
platforms. Data can be Shared across 
dl"erenl plalforms. Your dala and 
appllcallons are not lied 10 a parllcular 
compuler system. 

• Ihe ease of transferring data to non·SAS 
appllcatlons. In many cases, the nexlbllily or 
the SAS System ror this purpose exceeds 
that of a Iradltlonat DBMS.· While most 
DBMSs do have an exporl feature. the tenglh 
and dala types of the exporled data are onen 
"xed. The DATA step allows you to oulput 
nat files exaclly 'as you wanl them, or as Ihe 
next appllcallon needs Ihem. In facl, Ihe SAS 
System data management capabllllles are 
often used J"sl to massage data between 
appllcallons. 

FUTURE DIRECTIONS FOR 
FEATURES OF THE SAS SYSTEM 

DBMS 

The fealures listed below are under consideration 
for some future release or the SAS System. No 
del ailS ate given as Ihe research and development 
Is In progress and numerous Issues remain 10 be 
resolved. 

• audllirall, wllh optional rollforward 

• Integrated Integrity constraints, Including 
referential Integ~lty 

• Integraled data dictionary 

• rollback, mUllipte record locking, and 
transactions 

• Improved distributed data access (libname 
on dllTerent host) 
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The goal of Ihese eUot1s Is 10 expand Ihe DBMS 
services Ihe SAS Syslem oilers you, nollo displace 
currenl DBMS products In Ihe markelplace. There 
Is considerAble use' of Ihe DBMS fealures that have 
already been Implemented Bnd slrong Inleresl In 
Ihose Ihal are on Ihe drawing board. 

CONCLUSION 

" may be difficult to agree on Ihe exacl Heflnltlon of 
a DBMS and whelher or nol Ihe SAS System 
sallsnes Ihal definition, However, " should be 
clear thai Ihe SAS Syslem does support many 
features found In currenl DBMS producls, and Ir, 
some cases provides more functionality. In future 
releases, additional DBMS funclionalily will be 
added 1o Ihe SAS Syslem. 

" 
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When you are making a decision aboul whal 
repository 10 use for your dala, Ihe SAS System Is 
a serious candldale. II's Ihe functlonalily Ihat 
comeS with Ihe produd, nol Ihe producl's 
classlRcallon, Ihal's Important. 
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