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Introduction

RS/1 and SAS software are two of the most widely distributed
multi-functional packages in use today for developing information
systams. The goal in this publication is 10 provide some
information about RS/1 and SAS software in an attampt o show
soma of the similarities and diflerences between RS/1 and SAS.
Unfortunately, a detailed analysis of how RS/1 and SAS sofiware
can meet information systems needs would take many pages
and would be way beyond the scope of the present work. While
this type of anaiysis and comparison would be beneficial, we
have decided to focus our attention on an limited evaluation of
both RS/1 and SAS software detailing some of the strengths and
waaknesses of both packages. In addition, we present an
appiication deveioped in an IBM VM/CMS environment using
both RS/1 and SAS soitware. We hope that this will give the
reader a greater understanding of the capabilities of both
products and how those products might be best suited to meet
infermation systems needs.

RS/1 Software - General

RS/1 software is advertized as a complete data management,
statistical, dacision support, and data analysis tool specifically
dovised far scientific, enginoering, and manufacturing use. itis
designed to streamline complicated data investigation and
stalistical jobs so that the user can profit from detailed data
analysis. RS/1 has a full range of integrated functions which
include: data management, curve fiting, modelling, statistical
analysis, graphics, and report ganeration. Also, it has a buiit-in
programming language, HPL, that allows users to tailor the
software 10 meet application neads. APL is analogous to SAS
code.

RS/1 software is a fairly robust tool for gathering and
manipulating data. The basic structure for storing data in RS/t
is the two-dimensional table. RS/1 is primariiy an interactive
system; however, ona can create procedures, using RPL, to
perform repetitive operations o that the user does not have to
type the same commands repeatedly. The exacution modes of
RS/1 can be interactive mode, non-interactive mode, and batch
{or background) mode. RS/1 also runs on a variety of dilierent
platforms which inciude iBM PCs, VAX, IBM mainframes, as well
as UNIX based systems,

One of the most useful features of RS/ fies in its management
of collected data, curve fitting, modelling, statistical analysis,
graphics, and report generation procedures. The number of
statistical procedures is fairly limited but the existing ones are
somewhat versatie, allowing the user to generate many different
- types of analyses by calling the desired procedure with the
appropriate parameters. The output from all RS/ procedures is
storad in the same two dimensional tables as the data. This
allows customization in reporting of the results. Theze
procedures also aliow users 1o interactively access data to the

table cell level. In effect all cutput from any RS/1 procedure is
oasily accessible. Also, with the usa of Group Home file
structure, the user can provide simulianeous update access to
saveral concurrent users.

The functionaiity and operation of RS/1 can be customized using
the RPL language. The programs can be run in many of the -
execution modes of RS/1. Altamatively, novices can use
RS/Explors interactive sofiware to analyze and digplay data even
when they have no knowledge of the RPL language. In addition,
pregrammers can develop full screen menu applications using
AS/1 Waich Table Function to develop user-friendly intarfaces.

RS/1 software allows the user to display a large variety of 2-D or
3-D graphics on a monitor or obtain plots on a limited number of
plottars. A very powerful feature of RS/1 is ils interactive
graphics editing facilites. RS/1 also has the ability to adit
graphs in real-time, i.e., the user makes a change, presses
enter, and the graph is regeneratad instantly on the graphics
davice,

RS/Explore® software is a system that aliows for graphical data
investigation and statistical inquiry. It fumishes an extensive
menu system that enables sciantists to ook at and analyze data
relationships % gain insight into the underlying process. It
prevides a level of expert advice, functionality, and easa of use
so that the novice and the professional statistician can take
advantage of the statistical analysis. It lets the user analyze a
large number of relationships and automatically review them
graphically to gain an understanding of complex data
relationships.

RS/Discover® software is a problem-solving toot that enables
scientists, engineers, and manufacturers to optimize their
process by taking advantage of experimental design techniques.
It renders a complets, manu-based environment for seting up
and subsequenty analyzing experiments. The user is guided
through the process with menus, prompts, and advice, It
includes powerful graphics to display the relationships between
factors and responses. Experts using this package can develop
goals, plan experiments, and identify factors, constraints, and
responsas. These can be used to procuce new and belter
products and processes.

Alzo available in the RS/1 lina of products is quality control
software, RS/QCA™, an expert-system tool kit, RS/DECISION™,
time series analysis software, BBN/Probg™, and clinical trial
analysis software, BBN/CLINTRIAL®,

Strengths of RSN

RS/1 is a full functioned multipurpose software package that
provides a good tool for the analyst for davelopment of
infarmation systams.
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The use of tables ta store output from procedures aliows access
to all calculated parameters. Another strength of RS/ lies inits
graphics editor which allows users to change and annotaie the
graph interactively.

RS/Explore gives the user expert advice as to the type of
statistical test to be run for cortain types of analyses. For
axample, in @ completely randomized design scenaric an
analysis of the main effects might be requested. RS/1 would
automatically choose a nonparametric test if the normality
assumption or homogeneity of variance assumption is violated.
RS/Discover gives the user expert advice about how 0 design
axperiments. RS/Decision keeps all of the functicnality of RS/1
while adding expert system rules 10 a knowledge base that
assists laboratory parsonnel during experiment setup and
analysis.

RSA also produces an analysis log that can indlude graphics
output This log is essentially a report on the statistical analysis
and includes appropriaie interpretations basad on the analysis
and is written in siandard english.

With the advent of version 4.3, RS/1 functionality is increased by
moving to the x-windows environment, RS/1 has an identical
and equally powerlul product over a family of hardware/software
platiorms, such as, UNIX operating systems, YMW/CMS, YMS,
IBM mainframe computers, VAX computers, and PCs.

Weakneases of RS/

The RS/ table editor is not a full screen editor. Data is
addressed by moving the cursor cell by cell or with a jump
command.

While RS/1 can produce the standard graphics such as pie
charts, histograms, x-y plots, and lext charts, other graphics are
teft out Most notably RS/1 excludes cartographic plotting and
3-D graphs. Also, the number of supported devicas is rather
fimitad compared to SAS for example. In addition, the graphics
are not camera-ready quality.

Another flaw is the lack of a full complement of statistical
procedures. RS/1 doet not provide procedures to support
categorical analysis, discriminant analysis, cluster analysis, and
survival analysis to name a few.

Although billed as having a "user friandly” intarface interactive
use is anything but easy. One must remember relatively
complicated syntax to do anything but the most basic functions.

The organization of data in tables may be convenient in many
instances, however, it makas the development of comprehensive
databases cumbersome since one has to manage muitiple
tabies, keeping track of the individual lable names.

it is also the authors experience that it generally takes a longer
amount of ime 1o develop and debug applications using RS/1.

Also it has been the author's experienca that vendor suppart for
RS/, particularly in the VM/CMS environment, has been poor.
There is a lack of locally available training classes and support
groups.

SAS Software - General

Readers of this paper probably need no inroduction to the
operation and capabiiities of SAS Software in meeting
information systems neods. Howevar, to provide a point of
comparison with RS1 a number of features will be mantionad
and described in some detail. :

The basis of all SAS processing is a SAS data set which may
actually exist or be a view defined under the multiple engine
architecture of version 8. A SAS job consists of one or more
sequences of data sieps (creation of appropriate datasots) and
PROCS stops. The exacution modes of SAS jobs can be
display manager mode, interactive line mode, non-interactive
moda, and batch {or background) mode. SAS alsorunsona
variety of differant platiorms which include IBM PCs, SUN
workstations, VAX, IBM mainframes, as well as many others.

One of the most useful features of SAS software applications
lies in its collection of statistical and "other procedures. These
procedures provide a wide variety of automatic calculations
which produce reasenable looking repors. The statistical
procedures are fairly versatile, allowing a person to generate
many different fypes of analyses by manipulation of procedure
options.

Another very powerful faature of SAS sofiwara is its full screen
data editing facilities, particularly, FSEDIT and FSVIEW. Thess
procedures allow users to interactively access their data. With
the use of SAS/SHARE® software (version 6.07) , one can
provide simuitaneous update access to several concurrent users.

Users can write programs using the SAS language. The
programs can be submined in any of the execution modes of
SAS. Altematively, novice users can utilize SAS/ASSIST®
interactive software to analyze and display data with no
knowledge of the SAS language. |n addition, programmers can
develop iull screen menu applications using a variety of tols
which include SAS/AF® or PMENU to develop user-friiendly
interfaces.

SAS/GRAPH?® software allows the usar to display a large variety
of 2-D or 3-D graphics on a monitor or abtain piots on a great
number of printers, slide cameras or plotters. SAS/GRAPH also
has the ability to store graphs in catalogs for later display.

in addition, to the above, there are many other products that
provide many useful functions to users. Some of these are
SAS/CONNECT™, SAS/CPE®, SAS/DMI®, SAS/ETS®, SASAMLS,
SAS/OR®, and SAS/QC*. Also, near 1o completion is SAS/PH-
Clinicai™, pharmaceutical/ciinical trial software.

Obviously, SAS software provides many different foatures that
can be of snormous value in meating information systems
neads.

Strengths of SAS Software

The greatest strength of SAS is its multitude of tools available in
a single, integrated package. In particular, there are several
notable features of SAS that can be considered its most
important assets.
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When people think of SAS sofiware, they think primarily of
statistical software and SAS software does contain one of, if not
the best collaction of muiti-functional statistical software in a
single package. This collaction includes a general linear
modelling (GLM) procedure, non-inear modeiling (NLIN)
procedura, iinear regression {REG) procedure, categarical data
modeling (CATMOD) procedure, cluster analysis procedures
(CLUSTER, FASTCLUS), and discriminant analysis procecdure
(DISCRIM).

Anather great strength of SAS software lies in its interactive
products, namely, SAS/FSP® and SAS/AF. PROC FSEDIT is
the feature product of SAS/FSP software and remains the best
and easigst-to-use full screen data editor in existence today.
SAS/AF is anather very powerful product which allows the rapid
davelopment of structured menus which provide users with the
power of SAS with litle or no knowledge of SAS programming.
Screen Control Language allows complete manipulations of
screan displays in both FSEDIT and SAS/AF and provides great
floxibility to application davelopers.

With the advent of version 6.06, SAS now provides a virually
identical and equally powerful product over the family of
hardware/software platforms that SAS now supports. Also with
the arrival of SAS/CONNECT users are able > access data
acroes these different platiorms in a virtwally transparent fashion,
Another new feature of version & SAS software is the ASSIST
facility that guides navice users through a series of menu
intaractiong allowing for the constuction of powerful programs.
SAS/GRAPH can be used to produce camera-ready graphics
output.

Wesknesses of SAS Software

While the statistical procedures available in SAS software
provide quite a powerful toolkit, effective and accurate usage of
these procedures require some degree of statistical knowledge.
There i virtually no “guidance”® on the proper usage of any
slatistical procedure as it relates to a particular set of data.
While this is generaily not a problem for statigticians, it does
create a problem for the casual user and may resuit in totally
erronecus analyses. Also, it is, at best, difficult to access
particular values generated as part of the statistical report if
those values are not inciuded in an QUTPUT dataset.

Graphics softwara is an essential component of any complete
sofware package and SAS/GRAPH is certainly an important and
powerful SAS product. However, compared to other graphics
packages, for example TEL-A-GRAF, SAS/GRAPH does not rate
veory high, While SAS/GRAPH can produce all the standard
graphics such as pie charts, histograms, x-y plots, and text
charss, the default graphics are generally not of camera-ready
quality. In addition, it takas more than a minimal amount of
“tweaking" to bring the graphics up to a high lavel of quality.
Also, since SAS/GRAPH is basically batch-oriented, it may take
soveral ime consuming interactions (o get the titles, footnotes
and legend lined up acceptably.

Application Section
Intreduction

For purposes of comparison, a small information system project

. was selected from the pharmaceutical research arena, and is

describad as follows. It was desired to use compartmental
modeliing techniques o examine the kinetics of lipoprotsins and
the companants of lipoproteins such as apoA-. Data was 1o be
input from the terminal and fit to an opan orclosed 1,20r 3
compartment model based on the follawing equation.

y=As@ *'*+Beg 2 %sCre "%

Furthermore, this system should allow the graphical comparison
of the three models to the same set of data with a statistical test

comparing their similarity.
The RS/t Solution

RS/1 software was used %o develop a simple interactive
interface. This development occured in lha mid 80's and is
presented here unchanged,

The user invokes the application in a VM/CMS environment by
entaring the nama of a REXX exec (see figure 1) which then
invokes RS/ and specifies the group home (example) and the
virtual address (193). The user is then presonted with a “#*
prompt which signifies that the user is in the RS/1 environment.
The user antors CALL #FITTING to initiate the application
sofiware. Figures 2 and 3 present displays that the user must
raspond to. it should be emphasized that these are not true full
screen menus but are essentially Jine prompts.

/* Rexx Exec */

"EXEC RS3TEST (GROUP=EXAMPLE VADDR=1933
RWMODE=R"

EXIT

Figure 1

Choose one

l. Fit Multiple Compartment Open Madel
2. Fit 2 Compartment Closed Model

Figura 2

nter dose:
nter title of the graph:

nter file name (use !directory for
xisting filenames):

Figure 3

Figure 4 illustrates the data entry method wheraby the user
enters data one cel at a time in a "spread shest® manner.

The data entry step allows the user 10 creato a new tabie or
medify an existing one. The user can select from the directory a
list of previously creatad tables. Using RS/1's waich tabie
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Enter the y and time values
Time ¥y
¢.1e7 375000
1.0 861000
3.0 816000
6 715000
12 618000
24 475000
36 368000
43 283000
72 195000
98 146000
1290 104000
144 85400
168 67700
192 53900
216 427040
240 35500

Figure 4

function, the user can custom design a full screen entry window.
One advantage of using the Walch Table Function is that emror
chacking on the data can be performad via RPL program
statements.

The data analysis step grants the option to accomplish a multi-
comparimental nenlinear estimation model {see Figure 5). The
user can provida initial estimates or let the RPL procedure use
an iterative algorithm to calculate the initial parameters using the
experimental data and a numerical integration techniqua. The
initial values {see Figure 6) are passed on to the procedure
Table Fit Function which provides analysis and printed and
graphic output (see Figures 7 and 8). Sinca all the resuits are
stored in 2x2 tables, it is a simple process 10 make graphs.

Enter a number to pick type of model (2): 3

Do you want to supply initial values?(No)

Figure §

ESTIMATED STARTING VALUES
A = 5.48e+5

a = 4.2e-1

B = 5,42e+5

h = 3.5e-1

C = 2.8e+H

c = 1.,5e~-1

Figuzre 6

ANQVA
ARA 33

or s i 4
GR 1.74+412 6.00 6.3e+1l 3300 1.le-22
3L 9.5a+0 13.0 7.3e+7

A FOR 1 COMPARTMENT MODEL
1T CONVERGEDT TRUR

LS 3 ve 2 WITH DF 2,13, p=- 0.000004

Figure 7
Paramstar Table
Name Final Std T 4
Value Err

A 1.6e+% 2,004 7.4 0.0001
a .12 7.2e-1 3.0 0.1

B 5.4e+8 4.6a+d 11.§ o.000}
b 3.9e-3 4.1e-3 %.8 @©.0001
[+ 3.3e+S 5.0e+4 6.5 0.0001
[ 3.40-3 9.%e-4 2.6 0.0001
AUC = 4, 89+7

Figure 8

Figure 9

When this application was written, the number of graphics output
dovices were limited. Therefore, they could be directed to an
IBM 3179G terminal, ZETA plotter, or a special TEL-A-GRAF file
which gives the user flexibility (see Figure 0).

The SAS Solution

A parson can very easily dasign an integrated information
system (IS} to meet the systems noods as detailed above.

. Version 6 SAS/AF software provides an excellent framework

which can be used 1o facilitate fast, friendly, and flexible
intaraction with the user while allowing full access 1o
components of the system.

Initiation of the information system in this exampia is by a REXX
exec that invokes a SAS program via the AUTQEXEC option
{see Figures 10 and 11). The SAS program starts a SAVAF
sofiware application that provides full-screen, interactive menus
to facilitate user interaction. Figure 12 illustrates what the usar
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would see in the inital menu. The user must select the type of
compartmental model desirad, either OPEN or CLOSED. Using
the SEL GROUP option in the ATTR screen of SAS/AF software
allows one to “turm on" only one type. Should the user forget the
accaptable doses, a *?" in the dose filed abtaing a static list of
dosas from the DOSES.LIST file (Figure 13). If one desired a
dynamic list of doses (that is, a list of doses that changes

. depending on entered data) one can build a SAS dataset
containing a list of unique doses and then use the DATALISTC
SCL function 1o open a SELECT window. This flexibility aliows
the user to minimize the amount of typing by "pointing and
clicking® and this also tends to minimize entry efTors.

Figure 10

* EXAMPLE SAS AUTOEXEC PROGRAN;
LIBNAME RS1 'N°;

DM 'AF C=R81.SUGLMAINI PROGRAM’ AF;
DM 'BYE';

Figure 11

Please Select the Type
of Compartmantal Nodel Desired

OPEN

Plaase Selact the Doss of Drug involved
(Enter a "7~ to get & Hist of doses)

Figure 12

_ Fleasa Salect the Type
of Compartmsntal Modal Desirsd

OPEN

Pleass 8sleot Lhe Dowe of Drug invoived
(Enter & "** to gel & list of deses)
Select Data
Command

E 2 )]

Malke one saloctlon.
1g
30 mg/kg

Figure 13

Afher defining the type of compartmental modelling to be done a
BLOCK-style menu is displayed 10 the user (see figure 14) which

* allows the selection of any item. This style menu is one of

several styles of menus that version & SAS/AF softwarg provides
and is produced automatically by the SCL BLOCK function. One
has a choice of 31 different color and shadowing combinations
for the block menus. Help files are easily induded in menus and
are truly a blessing to users of any system. One can develop
the IS so that help is available at many levels including the field
entry level. Figure 14 indicates the functions accessible from this
menu. The usar has the opportunity to plot or analyze previously
entered data or change/enter new data. This allows the user to
bypass unneeded steps, thus saving time,

Help Info Eeter XY Pulre

Analyze Data

Figure 14
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Analyuis Metu
Please Enter the initial Value
BT s b e
Halp Info . mubiple regression techniquas.

1 Compartment | |2 Campartasent] | 8 Compartment §

Model: SA = A *Exp (- alpha * time )
[nitial Valus

Return

Plaos Curser en your salsctisn and preas “sater” A=
Alpham

Figure 15

The Data Entry step aliows the user to create a new dataset or Press FF3 lo continue
modify an existing one. The user can salect from a list of '
previously created datasets in the mannar that the dose was
selected (see above), thus minimizing keying errors. In this
example, PROC FSVIEW is used in EDIT mode which allows the
user to view, edit, and/or change data for muitiple observations
on the same screan. Altematively, one could use the FSEDIT
procedure to editchange one obeervation/screen in a custom
designed full screen entry window. One of the advantages of
using FSEDIT is that ona can perform interactive emor checks on
the data via FSEDIT options or SCL program statements.

Figure 16

The Analyze Data step provides the option to perform a 1, 2, or
3 compartment nonlinear analysis (Figure 15). The user can
supply initial estimates or let the program use multiple regression
1o determine starting values (Figure 16). The starting values are
fed intc a PROC NLIN step which can provide analysis and
output equivalent to that of RS/1. One can aiso compare the
modeis and develop F-tests to determine the best medel. The
prediction results for the different models can be stored and Plense Belost Ouput Desired
accessed via the PLOT step. The output from the statistical
analyses are analogous to the RS/1-produced output. 3L rea
LASER

Cammand wwe)

In the PLOT step (Figure 17) one can select from a variety of
output devices. One can define a SELECT group for PC or
3179G so that only 1 of the other is selected. The user can also
select LASER to produce laser graphics. All selections are

Please Enter the Nama of the dataset:

automatically highlighted. The name of the dataset can be Which Models are to be plotteds o
automatically filled in by using the most recently entered dataset Title:

or can be sslected by filling in a *?* in the entry field. The user

might desire 1o plot one or more mudels on the same gragh. S~ hxka lahad:

This is provided in an interactive fashion via the "7° entry. In this

casa, more than one salection is allowed by setting an option in Y—Axis labels

the ATTR entry of the SAS/AF program. In this exampie, a tile

can be entered which can be displayed along with the graph as

in Figure 18. (n addition, one could design a SAS/AF program Preas FFS to

screen to include any number of options or headings, thereby,
anhancing graph appearance. This points out a significant
advantage over the one-question-at-a-time mathod of goveming
uger interaction: one can select options as one desires in a full " Figure 17
scraen environmant without paying a penalty in time while

navigating additional screens of answering guestions.
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Figure 18

Comparison & Conclusion

in tarms of functionality bath RS/1 and SAS can be used to get
the job done. Both packages have a reasonable collection of
toots that allow for the development of fully functional information
systams,

RS/1 advantages inciude existence of a statistical axpeit-like

. gystem for some analyses, axperimental design and analysis

software, easy access to all statistical analysis parameters, an
ability to interactively edit graphs, and easier to use graphics
programs.

SAS advantages include having the mast complete set of
siatistical procadures, existence of the multiple engine
architecture, ability to produce camera-ready picts, maore
powerful graphics functions, support of more graphics devices,
more aasily usabie by noavice users, existence of an excellent full
screen data entry and menuing system, support of more vendor
databases, and the ability to run on more hardware platforms.

It is the authors opinion that without a doubt SAS offers the bast
comprehensive coliaction of tools in a single package. This
translates inta being able to develop better looking and more
powerful information systems in a shorter period of ime. The
adage "SAS saves time" does in fact appear to be true with
raspect to RS/1.

In addition it is the author's opinion that SAS is much more
strongly supportod across the many platforms it supports than is
RAS/1. There are more training classes available from SAS at
more sites across the country than are available on RS/1.

While there is no straightforward data connection batween RS/1
and SAS one can envision passing “flat” files from ane to the
other to make maximum use of the features of both packagas if

oné 6 fortunate enough to have both on sita,

It was probably no surprise that SAS, for exampie, is coming out
with SAS/LAB a product that is similar to the RS/EXPLORE
package, and that a SAS graphics editor is near 1o release.
Competition between sofiware vendors quite often results in
better software that more closely maiches users' neods.

SAS, SAS/GRAPH, SAS/AF, SAS/FSP, SAS/CONNECT,
SAS/CPE, SAS/DMI, SAS/ETS, SAS/IML, SAS/OR, and SASKQC
are trademarks of SAS institute Inc., Cary, NC, USA,
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