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Utility subroutines for data manipulations
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This article describes a series of utility subroutines
that, together, define a general data matrix manipula­
tion system for microcomputer applications. The data
structure defined by these utilities has been modeled
after that used by SAS (Helwig & Council, 1979) and by
SPSS (Nie, Hull, Jenkins, Steinbrenner, & Bent, 1975),
two popular data analysis systems for large computers.
The popularity of SAS and SPSS is due, in part, to their
use of a standard data structure to unite a diverse
collection of otherwise distinct data analysis programs.
Following this pattern, for more than a year, we have
been using the data structure defined by the subroutines
described in this article as a standard to unify 32 statis­
tical analysis programs into a coherent system (Buhyoff,
Rauscher, Hull, & Killeen, 1980).

This set of subroutines is referred to as a "seed"
program because it is used as the foundation upon which
all other programs are built. A seed program enhances
software development productivity because these
commonly needed subroutines remain the same from
program to program. In addition, the seed program
isolates unavoidable system dependencies in a handful
of small routines that can be written for a particular
operating environment (Kernighan & Plauger, 1976).
This practice enhances software portability. The con­
cepts of a standardized data me structure and a set of
system-dependent input/output utilities may be profit­
ably tailored to any computer system and language.

The seed subroutines are written in BASIC for the
TRS-80 Model I disk-based microcomputer.

Two seed programs are presented, one for sequential
disk data files and the other for random files. Sequential
access refers to reading data from a disk me or writing
data to a disk file "from start to finish," without being
able to directly access a particular record in the file
(Radio Shack, 1979). The use of sequential access
requires that all data be stored in the computer memory
at the same time. Consequently, sequential access is
limited by the memory size of the computer.

Random access allows the user to directly read or
write any record to a file without having to begin
reading at the start of the file. Random-access techniques
are more difficult to implement than sequential access

techniques: Few examples of the use of random-access
techniques are available in the microcomputer literature.
Random-access files may be used to circumvent the
limited rapid-access memory of most microcomputers
by shuttling data back and forth between disk storage
and memory storage. Although larger sets of data may
be manipulated using the random-access techniques,
execution speed is substantially reduced because of the
frequent need to read data from and write data to a disk.

Standard Data File Structure. The data are built
into a matrix, Aij, where i = number of observations
and j =number of variables. Each data set has three
automatically defined data meso If ''TEST'' is the name
of an example data set, the data files ''TESTM,''
"TESTN," and ''TESTL'' are automatically created or
updated every time ''TEST'' is saved to disk. File
''TESTM'' contains the matrix Aij. File ''TESTN''
contains the ij, row/column indexes, and me ''TESTL''
contains the names of the variables (i.e., columns of
Aij). Data file matrix manipulations are greatly simpli­
fied by using this three-file organization.

Sequential Data Seed Program. The subroutines that
make up the sequential access seed program perform the
following functions: (1) format and control user input,
(2) read data from disk, (3) write data to disk, (4) enter
data manually from a keyboard, (5) display data on a
video screen, and (6) print data on a line printer.

The most basic requirement for any interactive
program is a subroutine that accepts input commands
from the user, usually via the keyboard. The formatted
input control subroutine in the sequential access seed
program allows the programmer to restrict input to either
numeric or alphanumeric digits and to set the maximum
number of digits. The backspace key is used to erase
mistaken keyboard entries. The user must press the
(ENTER) key to generate a line feed for multidigit
input. The line feed is automatic when only a single
digit of input is required.

The data matrix "read" subroutine requests the name
of the desired data set from the user, loads the row and
column dimensions into variables Rand C, respectively,
loads the variable (column) names into N$(C), and loads
the data matrix into variable A(R,C). Every data set read
from disk is loaded into Matrix A(R,C), and every data
set written to disk comes from Matrix A(R,C). This
convention makes the input/output operations of any
program based on these seed routines easy to understand.

When the sequential data disk ''write'' subroutine is
used, the user is prompted to enter the data set name
and the disk drive number on which the data are to be
saved. The data set must be in memory as Matrix A(R,C),
with R and C containing the dimensions of Matrix A and
N$(C) containing the names of the variables (columns)
of Matrix A. If no names are found in N$(C), the vari­
ables are named consecutively "1," "2," to ''C.''
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Data sets may also be entered manually via the key­
board. The dimensions of the data matrix are requested
and entered into Rand C, followed by the name for
each variable. The value of each element is then requested
from the user in row-by-column order. The data are
loaded into Matrix A(R,C) and may be saved to disk
using the disk "write" subroutine.

The video display of Matrix A(R,C) is a window that
shows a block of data (13 rows by 4 columns) at one
time. This routine is tailored to the 16 row by 64 column
display capacity of the Radio Shack TRS-80 Model I
computer video display terminal. By pressing the up,
down, left, or right arrows on the keyboard, the user
has complete control over which portion of the data
matrix is on display. Pressing the period (".") key
activates a subroutine that allows changing the names of
the variables of the data set. Pressing the "CLEAR"
key returns the user to the calling program.

The line-printer subroutine is similar to the video
display routine. A check is made to ensure that a data
matrix is defined in A(R,C) and that the printer is
connected to the system and is operational. All rows of
the first four columns of the matrix are printed first,
followed by all rows of the second four columns, and so
forth.

Random-Access Seed Program. The random-access
seed program is composed of subroutines that perform
the following functions: (1) format and control user
input, (2) read/write a data record to disk, (3) enter
data manually from a keyboard, (4) display data on
a video screen, (5) print data on a line printer, and
(6) make a copy of a data set.

The formatted input control module in the random­
access seed program is exactly the same as the one in
the sequential seed program described above.

The random-access read/write subroutine performs
the same functions as the read and write subroutines in
the sequential access seed program. A file buffer, located
in the direct-access memory of the computer, is used to
temporarily store the numbers of interest for any given
operation. The most popular disk operating systems for
the TRS-80 microcomputer define random-access opera­
tions so that data are passed to and from the disk in
256-byte units called records (Radio Shack, 1979). Each
single-precision number utilizes 4 bytes, so a maximum
of 64 such numbers can be passed by each random-access
operation for temporary storage in the Matrix Z1(1S,12).
This matrix, analogous in function to the Matrix A(R,C)
in the sequential seed program, is the temporary holding
matrix for that portion of the total data set currently
being processed by a control program. The variable

12 identifies the column of Z1 that holds the current
record of 64 single-precision numbers of interest. IS is
used to point to the particular number, of 64, that is
called for by the control program.

Data may be entered manually from the keyboard,
as in the sequential case. The user is asked to specify
the file name of the data matrix and its dimensions. The
subroutine then requests the user to input the data,
fills the buffer, and saves the filled buffer onto the disk
specified.

The video display routine is similar to its sequential
counterpart in most respects. Because random data sets
may be very large, the user must specify the matrix
row/column coordinates of the data window he wishes
to see. The arrows on the keyboard function in the
same way as in the sequential version to move the
view window one page at a time in any direction. Pressing
the letter "C" allows the user to skip to another row/
column window. Pressing the ''CLEAR'' key returns
the user to the central menu.

Printing the data matrix follows the same pattern as
described for the sequential case. Finally, it is frequently
necessary to preserve one version of a data set while
changing another version. The copy subroutine allows
duplication of a data set under another name.

Availability. A detailed programmer's guide that
includes source code listings for all subroutines and a
discussion of the logic and variables used in the seed
subroutines is available upon request. Requests for
the programmer's guide and a machine-readable copy
should be addressed to Harald M. Rauscher, Northern
Hardwoods Laboratory, 1030 Wright St., Marquette,
Michigan 49855. Machine-readable copies will only be
made if the request is accompanied by a 5.25-in. soft­
sectored disk.
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