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A SYSTEM FOR BIOMEDICAL DATA MANAGEMENT (DATASYS)

H. Katzan, Jr.

I. INTRODUCTION

The purpose of DATASYS is to provide the research scientist with
a hierarchically organized set of easy-to-use programs for use with data
management problems. More specifically, DATASYS is designed to facili-
tate the following types of operations:

(i) storing, updating, and manipulating data;
(ii) selecting, modifying, and sorting data for analysis;

(1ii) summarizing data for verification or reports;

(iv) retrieving and collating lists of descriptive data;

(v) automating routine calculations; and

(vi) plotting data.
In addition, the system contains provisions for storing and executing,
at will, frequently used statistical analysis programs.

Traditionally, data management problems are associated with
manual procedures, duplication, multiple passes on the computer, and
long lead times. Accordingly, the specific objectives in the design of
DATASYS were to:

(i) minimize duplication;
(i1) decrease lead time;
(iii) minimize multiple passes on the computer;

(iv) minimize manual data handling; thereby
(v) lower costs.

IT. SYSTEM ORGANIZATTION

DATASYS is organized as a collection of programming modules under
supervisory control of a control program which routes work through the

system. Schematically, the system can be pictured as follows:



DATASYS

BIOUTTIL BIODP BIOPLOT BIOCALC BIORPG BIOLIB

The DATASYS modules can be used in three ways:

(i) as subsystems under the DATASYS supervisor;
(ii) as stand-alone programs; and
(iii) as FORTRAN subroutines.

As subsystems under DATASYS, the modules can be used in succession
during a single pass on the computer. As stand-alone programs, the
modules can be used separately without going through the DATASYS
supervisor. As Fortran subroutines, the modules are accessible to the

programmer by using the CALL statement.

ITT. SYSTEM DESCRIPTION
The following paragraphs present a brief introduction to the
DATASYS modules. Each module has its own general scope of applicability.

Specific functions, such as the SELECT Command under BIODP, will not be

considered.

BIOUTIL is a general-purpose easy-to-use utility
program which enables the user to create, copy,
list, punch, convert, update, and otherwise manipu-
late large data files without having to use a
detailed programming language. The user describes
the work he wants performed with one or more simple
control statements. The control statements are
ingested by an interpretive program and the desired
machine operations are performed by efficient sub-
routines. Sequence numbers may be included in the
data itself or may be external to the data and
maintained by the BIOUTIL system. The user may
specify the size of his data records and the columns
in which his sequence numbers are punched.
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BIODP allows the user to execute standard data
processing operations, such as sorting, collating,
selecting, and the moving, listing, and retrieving
of data by simply filling out a preprinted form,
having the control information punched into card(s),
and feeding these specifications into the program.
Processing is performed by subroutines. These opera-
tions, which are ordinarily performed by EAM machines
or special-purpose programs, can be combined and
executed automatically so as to satisfy the data
handling needs of an entire experiment.

BIOPLOT enables the user to plot graphs of discrete
data without having to involve himself with the

details of the electronic plotting equipment. Multiple
curves may be generated on each graph. As with BIOUTIL,
the user describes the work he wants performed with
control statements and the plot tapes are generated by
subroutines. Simple control statements may be used to
specify titles, type (i.e., LOG, SEMILOG, etc.) symbols
(for designating data points), source of data (i.e.,
bulk storage of system input data), and plotting mode
(i.e., connected or disconnected points).

BIOCALC is a computer program designed to relieve
the scientist or technician of performing tedious
calculations either by hand or with a desk calcu-
lator. Generally, the system contains provisions
for reading in columns of data, performing calcu-
lations on them in column-wise fashion, and printing
the data and results in a tabular format. More
specifically, the program contains facilities for
specifying variable names, constants, and column
heading; for generating data internally; and for
executing a wide variety of arithmetic operations
and mathematical functions.

BIORPG allows the user to generate reports directly
from data files. Headings, footings, spacings, and
the lines per page may be designated by control
statements. BIORPG may be used with BIODP to present
specific data in almost any prescribed format.

The BIOLIB facility of DATASYS allows the user to
store frequently used programs on magnetic disk.
This feature uses the capabilities of Operating
System/360 to minimize card handling and to
maximize system efficiency.



DATASYS, except for the BIOCALC module, is file oriented in that
program data, other than "immediate" records, are maintained on aux-
iliary storage devices. This facilitates storage and provides a
convenient way of storing the results of SELECT, MOVE, or RETRIEVE
operations as well as others. In other words, the results of a SELECT
operation on a data file is a new data file, just as the result of a
COPY operation on a file is another file. Some operations, such as
COLLATE and RETRIEVE, have more than data file as input and may require

more than one file as output.

Iv. GSYSTEM OPERATION
A1l modules are stored as load modules in a partitioned dataset

on magnetic disk. Under DATASYS, the user writes control statements as

follows:

$EXECUTE BIOUTTL
[input data for BIOUTIL]

$EXECUTE BIODP
[ input data for BIODP]

$EXECUTE BIORPG
[ input data for BIORPG]

$STOP

DATASYS interprets the '$EXECUTE' command and issues an Operating
System/360 LINK macro to the requested module. Program control is

returned to DATASYS so that modules can be executed successively.



As stand-alone programs, the programmer uses the following
Operating System/360 Job Control Language statements to execute a
module as a Jjob step:

//BETA  JOB ...

//JOBLIB DD DSNAME=DATASYS, UNIT=2311 X
VOLUME=SER=BIOPAK, DISP=(OLD, KEEP)

//STEPL  EXEC PGM=BIOUTIL

[additional Operating System/360 control cards for BIOUTIL]

[input data for BIOUTIL]

/*
L //

Using the 'stand-alone' approach, the programmer is relieved of the
need of submitting a program deck for each run on the computer and of
maintaining a card file of programs. Frequently used programs may be
placed on IBM System/560 magnetic disk as part of the DATASYS library
(BIOLIB).

Under some circumstances, it is advantageous to be able to use
data management programs with scientific Fortran programs. For this
reasons DATASYS modules are available to the Fortran programmer by

i using the CALL statement and an appropriate subroutine as follows:
CALL FORLINK(NAME)

where NAME i1s an argument with a length attribute of eight. This
capability, intended for professional programmers, requires detailed
coordination of Operating System/560 control information and DATASYS
input data.

In all cases, the input and output of program data is coordinated

to allow the maximum in system efficiency.



V. GENERAL SCOPE OF APPLICABILITY

DATASYS facilitates the storage and verification of experi-
mental data. With the BIOUTIL module, data can be loaded onto an
auxiliary storage device such as a magnetic tape or disk. As was
mentioned previously, sequence numbers, if desired, “can be a part of
the data or be external to the data and maintained by the BIOUTIL
system itself. Next, the data can be listed, evaluated, and updated
to insure validity. In addition, the whole data file, or parts of it,
can be listed, copied, or punched into cards — providing a versatile
substitute for procedures that are usually performed manually. In an
application where the data is not experimental, BIOUTIL is currently
being used to maintain a dictionary for a pathology storage and
retrieval system. Dictionary cards contain a medical term plus one or
more pathology codes. Sequence numbers are external to the cards and
are maintained by BIOUTIL which is used to insert and delete entries
when necessary.

Data analysis very often involves the selection of appropriate.
data, the collating of two sets of related data, or the sorting of
files in preparation for a special purpose statistical program. The
BIODP module allows these functions to be performed conveniently during
a single pass on the computer as well as providing facilities for moving
fields within data records and for retrieving experimental data that
correspond to generated lists of identifying information. In another
recent example, the SELECT, COLLATE, and SORT operations of BIODP were
used to develop the mutually exclusive subsets of eight disease states

for approximately 1500 experimental animals. For each animal, one card



was punched for each disease and all of the cards were loaded onto
disk. BIODP operations were executed repetitively until the desired
classes were generated; they were subsequently used as input to sta-
tistical analysis programs.

By using the MOVE and SELECT command of the BIODP module along
with BIORPG, selective data can be presented in almost any prescribed
format. TFields which are not needed may be omitted. TImportant entries
can be placed in a desired position on the printed page and appropriate
titles and headings may be generated. Very often, the simple tabulating
of experimental data requires a special computer program, which is
unnecessary with DATASYS.

BIOPLOT allows data to be plotted on an electro-mechanical
plotting device with a minimum of effort. This is convenient for
"taking a look'" at the data, which is a standard technique in
preparation, perhaps, for a regression analysis. Moreover, with
BIOPLOT, pictorial reports can be generated almost immediately from
either cards or auxiliary data files.

It should be emphasized that a specialized data file generated
by the SELECT, SORT, or COLLATE commands of BIODP can be used as an
input file to any or all of the following modules:

(i) a statistical analysis program from BIOLIB;
(ii) BIOPLOT for graphic display of data;

(iii) BIORPG for reports containing experimental raw data;

) BIODP for further delineation of data in preparation
for analysis; or

) BIOUTIL for file maintenance.

In fact, the output of one module can be used as input to any

other thereby providing a facility unavailable in most data handling

systems .



Many calculations fall somewhere between the desk calculator
level and the big computer category. Simple "data description”
techniques may very well fall into this class. BIOCALC provides the
necessary capability with a minimum of personal investment. It is
most useful when long columns of numbers are involved, such as sub-
tracting background noise from experimental data — or just for getting
a feel for one's data. The module, which is in the same class as

OMNITAB at the NBS, would be useful from a remote console.

VI. CONCLUSIONS

The system has been in operation since September, 1966, with
very satisfactory results. The most significant aspect of the situ-
ation has been that fewer programmers could produce more results.
Duplication has been almost eliminated and lead time has been helped
congiderably.

DATASYS has also aided in the assigmment of computer personnel.
Those with a flare for applications and systems design and little
interest in detalled coding can still use the computer effectively
thereby producing an intermediate link in the chain between programmers
and research scientists. Furthermore, inexperienced programmers can
now be placed into a productive status with a minimum of training.
Experience with DATASYS provides an excellent background for later
education in machine coding.

DATASYS was designed to be used by the occasional user or by
the nonprogramming scientist. Little information is available on this
type of activity but it remains as a potential source of savings in

both time and money.
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VII.

DATASYS PUBLICATIONS

The DATASYS system is described in the following publications

released as ORNL-TM-1693:
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