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Since we are likely to want the discount rate at position 08 to be 
a value greater than zero and less than 100, we can expand the net 
present value formula (019) so that ERROR will appear if the dis­
count rate is outside the correct range: 

>019 @IF(@AND(DS< 100,DS>O),@NPV(D8/100,A14.E14),@ERROR) 

This function says: If the discount rate (at DB) is less than 100 and 
greater than zero, calculate the net present value; otherwise, display 
ERROR at position D19. Try it out by entering a number at 08 that is 
outside the correct range, say 105. Type! to force the recalculation. 
You will see the ERROR message at 019. 

This kind of input error checking is another element of good 
program design-in VisiCalc, or any other programming tool. 
Your spreadsheets will be more reliable if you can assure accuracy 
of input parameter values. 

VisiCalc also has an @ISERROR function, similar to the @ISNA 
function; you can use it whenever it is important to check for an 
error condition before proceeding with a calculation. Like @ISNA, 
it returns a true or a false value-true if its value reference argu­
ment contains the value ERROR, otherwise, false. 

EXAMINING "SCENARIOS" 

You now have in front of you a short, but complete, spreadsheet 
that you can use to compare the value of different five-year invest­
ment projects. The net present value is the specific tool that you will 
use for the comparison. 

Let us say that you have three investment possibilities to choose 
from, and each begins in 1983. All of them require the same amount 
of initial investment capital, so you can eliminate that value as a 
factor in the comparison. 

• From project #1 you can expect an income of $36,500 the 
first year; for each of the four following years, the amount 
of return is expected to decrease by 10 % . 

• Project #2 will return $16,000 the first year and a 32 % in­
crease in return each of the following years. 

• Project #3 will return $30,000 for each of the five years of 
the investment. 

You know that the total income from each of the investments is 
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approximately $150,000, but you would like to compare the net 
present value of the three projects. You are using a discount rate 
of 12% for the present value calculation. 

Figures 5.9, 5.10, and 5.11 show the three investments worked 

=================================== 
INVESTMENT SCENARIO I 1 

=================================== 
FIRST YEAR OF PROJECT 
INCa-!E DURING 1983 
YEARLY J CHANGE 
DISCOUNT RATE (J) 

1983 
36.50 

-10 
12 

=================================== 
1983 1984 1985 1986 1987 

36.50 32.85 29.57 26.61 23.95 

=================================== 
TOTAL EARNINGS 
NET PRESENT VALUE 

149.47 
110.32 

L----------------Figure 5.9: Investment Scenario #1 

=================================== 
INVESTMENT SCENARIO I 2 

=================================== 
FIRST YEAR OF PROJECT 
INCOME DURING 1983 
YEARLY J CHANGE 
DISCOUNT RATE (J) 

1983 
16.00 

32 
12 

=================================== 
1983 1984 1985 1986 1987 

16 . 00 21.12 27.88 36.80 48.58 

=================================== 
TOTAL EARNINGS 
NET PRESF.NT VALUE 

150.37 
101.92 

~--------------Figure 5.10: Investment Scenario #2 
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INVESTMENT SCENARIO I 3 
=================================== 
FIRST YEAR OF PROJECT 
INCCME DURING 1983 

i YEARLY J CHAMOE 
DISCOUNT RATE (j) 

§ 

1983 
30.00 

0 
12 

10 ============================::s:::a 
11 
12 , 1983 1984 1985 1986 1987 

14 30.00 30. 00 30.00 30.00 30.00 
15 
16 =================================·= ,., 
18 TOTAL EARNINGS 150.00 

108.14 19 NET PRESENT VALUE 
20 

Figure 5.11: Investment Scenario 113----------------.I 

out on the investment spreadsheet. (Notice that the title of the 
spreadsheet has been revised slightly to identify the different 
scenarios.) In each case only two new parameter values had to be 
entered-the first year's income and the yearly percent change­
and then a recalculation was forced. You should create these 
three scenario spreadsheets, and save each one on disk. We will 
be using them again in Chapter 6. 

Figure 5.12 shows a summary of the three investments. With a 

INVESTMENT SCENARIOS 
============ ========== ============== 

11 12 13 
-- == 

36,50 16.00 30.00 
-10 32 0 

12 12 12 

==================================== 
149 .47 150.37 150.00 
110 .32 101.92 108.14 

==================================== 
Figure 5.12: Summary of the Investment Scenarios--------~ 
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net present value of $110,320, investment #1 appears to be the 
most valuable of the three projects, even though the actual total 
income is slightly less than from the other two investments. 

SUMMARY 

If you design the structure of your spreadsheets carefully, you 
can create tools that will prove to be of continuing value, rather 
than just one-time use. The main principle to keep in mind is that 
specific data tends to change from scenario to scenario, but for­
mulas generally remain the same. The parameter table is a structure 
that is ideally suited to generalized spreadsheets. 

The VisiCalc program itself provides several features that are 
important in this context. The @NA function is useful during the 
development of a spreadsheet. It allows you to concentrate on 
writing formulas without worrying about data. The /GRM com­
mand puts recalculation into a manual mode, so that you can 
change as many parameter values as you want without having to 
wait for irrelevant recalculations after each change. In this mode 
you specify the correct moment for recalculation by typing the ! 
character. 

Understanding exactly how the VisiCalc program recalculates 
spreadsheets is essential to assuring accuracy and reliability, 
especially when the network of value references becomes com­
plicated in a spreadsheet. VisiCalc can recalculate either by columns 
or by rows, but it is your responsibility to plan your spreadsheet 
around one or the other order mode. The /GO command changes 
the order mode. A letter (C or R) in the upper-right corner of the 
VisiCalc screen shows you which mode you are in at any given 
moment. 

A final element of good spreadsheet design is data input error 
checking for the values of a parameter table. The @ERROR function 
can be used to display an error message right on the spreadsheet 
in the event of an input error. 



CHAPTER 
SIX 
DIF FILES, 
PART I: 
AN 
INTRODUCTION 



THE USES OF 
DIF FILES 

This chapter, and the two that 
follow, describe the use of data 
files with the VisiCalc program. 
In these chapters we also look in 
detail at three BASIC programs. 
If you are new to BASIC pro­
gramming, now is the time for 
you to read Appendix B, "A Brief 
Look at BASIC." 

A data file is an ordered se­
quence of permanent informa­
tion, stored on some external 
medium, typically a disk or cas­
sette tape. Ideally, such a file is 
arranged so that it can be conve­
niently read and understood by 
programs that require access to 
its data. In terms of data access, 
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there are two categories of data files: sequential data files, which 
must be read (or written) in a very specific order-starting from 
the beginning, and moving forward, data item by data item; and 
random access files, which allow the data to be read or revised in 
any order. We will be talking about sequential files in these last 
three chapters. 

We might compare the two kinds of files to a mystery novel and 
a dictionary, respectively-one you read from beginning to end 
without ever breaking the sequential order, and the other you 
refer to in random order, depending on your needs for the infor­
mation it provides. 

The purpose of a data file is to provide an independent medium 
for storing information. Independent from what? From two things: 
First, independent from the events that occur on your computer 
itself, and second, independent from the programs that create 
and use the information stored in the file. Since a data file is 
stored on an external memory medium, the data is safe even 
when you turn your computer off. If you use a program to create a 
data file today, you can return to that file tomorrow with con­
fidence that the information will still be there. A data file may be 
used by different programs that perform distinct tasks. Data files 
may even be read by different kinds of programs, so that programs 
written in different languages can exchange information with 
one another. For this kind of exchange to take place successfully, 
however, the data file must be arranged in a carefully defined 
format. Each program that uses the file must "know" the format. 

The Data Interchange Format, DIF, is one such format. It is 
designed for storing VisiCalc data and for sharing that data with 
other programs. The VisiCalc program can both read and create 
files in the DIF format. This format is also designed to be con­
veniently read (or written) by BASIC programs. 

DIF files contain two different kinds of information. First, 
there is the actual data that the file has been created to store. 
Second, every DIF file is self-documenting. That is, the file contains 
information about itself. For example, one section of the DIF file 
tells you how many data items the file contains, and how they are 
arranged. In addition, DIF files have a system for telling you the 
type-numeric or nonnumeric-of each data item. All this infor­
mation is arranged in a simple, reliable, and perfectly predictable 
format. 
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It is important to keep in mind the difference between a DIF file 
and a VisiCalc spreadsheet file. A spreadsheet file contains all the 
information that you enter into the VisiCalc program to create a 
given spreadsheet. This information includes formats, formulas, 
and global commands, in addition to the labels and values them­
selves. In other words, a spreadsheet file contains everything the 
VisiCalc program needs to know in order to duplicate completely 
a spreadsheet that you have created. You have probably been 
creating many spreadsheet files as you have progressed through 
this book. They are created using the /SS command. We have 
been labeling them with the suffix ". VC" to make it clear what 
kind of files they are. 

These VisiCalc spreadsheet files are private to the VisiCalc pro­
gram; that is, they are not designed to be used by other kinds of 
programs. A DIF file, on the other hand, contains only the infor­
mation that you are likely to want to pass from VisiCalc to, say, a 
BASIC program. You would certainly not be interested in using 
VisiCalc formulas or commands in BASIC. None of these VisiCalc 
elements would be intelligible in the BASIC language. However, 
you might well be interested in transferring data-labels and 
values from a VisiCalc spreadsheet-to a BASIC program. Say, 
for example, you are writing a BASIC program designed to process 
data in a way that is inconvenient-or impossible-in VisiCalc, 
but the source of this data, and then the ultimate destination, is a 
VisiCalc spreadsheet. (We will see such programs in the chapters 
ahead.) Your means of transporting the data from the VisiCalc 
spreadsheet to your BASIC program, and then back again, is a 
DIF file. 

So, a DIF file contains the data from a VisiCalc spreadsheet, but 
not the formulas or commands used to create and format the data. 
DIF files, as you will soon see for yourself, are created by the IS# 
command. 

In these last three chapters we will be concentrating on the use 
of DIF files for transferring spreadsheet data between VisiCalc 
and BASIC. There is, however, a second important use of DIF 
files; it is for moving rows and columns of data (again, not formulas 
or formats) from one spreadsheet to another, within the VisiCalc 
program. This second use does not require that you know 
anything about the DIF format itself. VisiCalc takes care of all the 
details of the data transfer automatically. 
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The last spreadsheet shown in Chapter 5-the summary of the 
three investment scenarios (Figure 5.12}-was created using DIF 
files to transfer data from the scenario spreadsheets (Figures 5.9, 
5.10, and 5.11}. Before we begin talking about the structure of DIF 
files and their use in BASIC programs, let's examine this simpler­
but still very valuable-use of DIF. 

TRANSFERRING DATA 
BETWEEN SPREADSHEETS 

If you saved the three investment scenarios on disk, then you 
can follow along through the steps required for creating the sum­
mary spreadsheet. You'll recall that the parameter values (date, 
yearly income, percent change, and discount rate) and the calcu­
lated totals (total earnings, and net present value) all appeared in 
column D of these three spreadsheets. This was good planning; as 
a result we can create a summary spreadsheet simply by transfer­
ring a single column from each of the investment spreadsheets. 

We'll begin with investment scenario #1 (Figure 5.9). Use the 
/SL command to load the spreadsheet onto your VisiCalc screen 
from your disk. Move the cursor to position 05. This position 
contains the date of the first year of the investment; it is also the top 
of the column of values that you want to transfer. Now type the 
DIF file storage command: IS#. On the prompt line you will see: 

DATA: SAVE LOAD 

You respond to this command by typing S or L, depending on 
whether you want to save data as a DIF file or load data from a DIF 
file. In this example, type an S, for save. The next prompt is: 

DATA SAVE: FILE FOR SAVING 

At this point you have to type a file name for the DIF file that you 
are about to create. Use the name: 

INVl.DIF 

for "investment scenario #1." Notice the suffix ".DIF". This is 
important. You may end up saving many different files on one 
disk, and eventually it will be hard to tell them all apart unless you 
give them names that clearly identify their contents and their file 
types. Just as we used ".VC" to identify a VisiCalc spreadsheet 
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file, now we'll use" .OIF" consistently to identify OIF files. (Some 
versions of VisiCalc automatically supply this suffix when you 
use the IS# command. Otherwise, if you have a version that does 
not supply it, you'll have to type the suffix in yourself.) 

Once you have entered the file name, your disk drive will be 
active for a moment, and then you'll see yet another prompt on 
the screen: 

DATA SAVE: LOWER RIGHT 

A OIF file will store any rectangular portion of your spread­
sheet-from the contents of a single position, up to many rows or 
columns of data. When you use the IS# command, you define the 
rectangle of data as follows: the upper-left corner of the rectangle 
is defined as the position of the cursor at the time you type IS# (05 
in this case). You indicate the lower-right corner of the rectangle 
when VisiCalc prompts you for it. As usual, you can either type 
the address of the position, or you can move the cursor to the posi­
tion, and then press return. 

In this example, since our "rectangle" consists of a single column 
of data, the lower-right corner of the rectangle is position 019. 
Enter this address. You'll then see one last prompt that you must 
answer before the OIF file will be created: 

DATA SAVE: R, C OR RETURN 

This prompt is asking you whether you want to save your data by 
rows or by columns. (R or return saves by rows; C saves by columns.) 
When you are simply saving OIF files to transfer data to another 
spreadsheet, your choice between row and column storage is not 
very important, as long as you remember which way you did store 
the data. (The choice will be more important later, when we 
prepare OIF files for BASIC programs.) For now, type a C to save 
the data as a column. When you do so, your disk drive will 
activate, storing the file. 

You should follow this same sequence of instructions for each 
of the remaining two investment scenarios. Call the second OIF file: 

INV2.DIF 

and the third: 
INV3.DIF 

To make the job easier, here is a summary of the commands you 
must give to store the files correctly. First clear the screen and 
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load the VisiCalc investment file. Then enter the following 
sequence of instructions: 

> DS {move the cursor to DS} 

/ S# {invoke the DIF storage command} 

S {to save a DIF file} 

INV2.DIF( return) {enter the name of the file} 

D19~ {lower-right corner of rectangle} 

C {to save by columns} 

When you have saved all three DIF files in this way, you are 
ready to create the summary spreadsheet. Clear the screen. With 
the cursor at position A1, type the following commands: 

/ S# {invoke the DIF storage command} 

L {to load a DIF file} 

INVl .DIF( return) {enter the file name} 

C {to load by columns} 

Since you saved the DIF files by columns, you must also load 
them by columns if you want them to appear in the same direction 
on the summary spreadsheet. Now use the same commands to 
load INV2.DIF into column B and INV3.DIF into column C. The 
resulting spreadsheet is shown in Figure 6.1 . 

In its initial form, this spreadsheet looks unusual; you may 
barely recognize it as the basis for the investment summary 
spreadsheet. Of course, you know by now that it will only take a 
few short steps to transform the spreadsheet. You'll begin by 
deleting the rows of irrelevant data, using /DR. For example, the 

8 
1983 1983 1983 
36 .5 16 30 
-10 32 0 

12 12 12 

= = 
1986 1986 1986 

==== ---- ==== 
26.6085 36. 79949 30 

= :: 

Figure 6.1: Loading DIF Files into a Spreadsheet----------' 
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investment return of 1986, which appeared in column D of each 
of the original scenario spreadsheets, is not needed for the summary 
spreadsheet. After you have deleted the unwanted rows, you'll 
quickly reformat the data (/GF$, and then /FI for each of the dates 
and percentages). Finally, you'll insert rows and columns for a title: 
labels for the columns and rows: and lines across the spreadsheet 
to improve the presentation. These steps will result in the spread­
sheet you saw at the end of Chapter 5. 

But before you do any of this, take a moment to study the 
spreadsheet in its raw form, just back from the DIF files. You can 
learn a lot about DIF files by examining the data that they return 
to your spreadsheet. 

First, move the cursor around the spreadsheet and watch the 
contents line at the top of the screen. At no point does the contents 
line display the formulas that were used to create the data. It only 
displays the data itself. This, of course, illustrates what we have 
already said about DIF files-they store data, not formulas. When 
you create a DIF file, the file merely stores the current contents of 
the rectangle you indicate on the spreadsheet. The formulas that 
created those contents are irrelevant to DIF. 

Next, notice the format of the numerical data. The values appear 
in the general format. All the calculated values are displayed on 
the contents line with several decimal places of accuracy. These 
values were in the dollar-and-cent format on the investment 
scenario spreadsheets. But DIF does not record this original 
format. A DIF file records all numeric data values in the general 
data format. 

Finally, look at what became of the lines in rows 6 and 12. You 
may recall that these lines were created with the repeating label 
command, /-. DIF cannot record the results of the repeating 
label command. Rather, it only stores the character (or characters) 
that you entered for repetition. In this case the character was the 
equal sign. 

Now, for practice, go ahead and transform the raw spreadsheet 
into a presentable summary spreadsheet. Delete lines 6 to 12, 
reformat the data, and insert the labels and lines. The whole job 
should take only a few minutes. 

One last point about transferring data between spreadsheets: If 
you wish to transform a row of data into a column, you can do so 
by using a DIF file. The method is simple. Save the data as a column 
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and then load it back as a row, or vice versa. Try it with the file 
INV1.DIF. Clear the screen and type the DIF storage command, 
IS#. Load the file, but in response to the prompt: 

DATA LOAD: R, C OR RETURN 

type R instead of C. You will see your data appear on the screen as 
a row. 

THE RAINFALL SPREADSHEET 

Throughout the remainder of this chapter, and in Chapters 7 and 
8, we will be dealing with a single DIF file. You'll recall that back in 
Chapter 1 we began with a table of unlabeled numbers, and then we 
imagined three possible applications for the numbers. We have 
followed up on the first two applications-resulting in the home 
grocery expense spreadsheet and the salesperson spreadsheet. Now 
we are ready to take up the third-the rainfall spreadsheet, which is 
shown in Figure 6.2. It shows the average monthly precipitation for 
ten U.S. cities. 

We will assume that you have the following data processing re­
quirements for this spreadsheet: 

1. The spreadsheet will eventually have to expand to include 
more cities; therefore, any tasks that you perform must be 
independent of the size of the table. 

2. You want to calculate some statistical values from the data. 
For starters, you need to compute the variance and the stan­
dard deviation for the monthly precipitation figures of each 
city. 

3. You require the capability to sort the spreadsheet data in 
either of two ways-alphabetically, by the names of the 
cities (column A), or numerically, by the total precipitation 
(column N, in descending order). 

We will see how we can satisfy all these requirements by follow­
ing three basic steps: storing the data in a DIF file; writing BASIC 
programs to read the file and perform the special processing tasks; 
and finally, in the case of the sorting operation, creating a new 
DIF file to return the data to VisiCalc. But before we begin any of 
this, we must examine the nature of the Data Interchange Format. 
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Specifically, we will look at a DIF file of the rainfall spreadsheet 
to find out exactly how DIF is organized. 

Create a copy of the rainfall spreadsheet for your own use. 
Begin by loading the raw data, from the file NUMBERS.VG, into 
your VisiCalc program. Use the /GFI command to format all the 
numbers on your spreadsheet as integers. Insert a column at the 
left (/IC) and five rows at the top (/IR. five times), and enter the title, 
the labels, and the lines as shown in Figure 6.2. 

Now you are ready to create the DIF file for this spreadsheet. 

~ :A 'G 
MONTHLY NORMAL PRECIPITATION 

2 (IN CENTIMETERS) 
9 ======================================================== 

:JI JAN FEB MAR APR HAT JUN 
!S --- --- --- --- --- ---
6 HONOLULU 11 6 8 4 3 1 
1 LOS ANGL 8 7 6 3 0 0 
8 SAN FRAN 11 8 6 4 1 0 
9 DENVER 2 2 3 5 7 5 
0 ST. LOUI S 5 5 8 10 10 11 

NEW ORLN 11 12 14 11 11 12 
CL EV EL ND 7 6 8 9 9 8 
MIAMI 6 5 5 9 15 23 
WASH DC 7 6 8 7 10 9 
NEW YORK 7 7 9 8 9 8 

======================================================== 
At JUL AUG SEP OCT NOV DEC TOTALS 
6 --- --- --- --- === ------
~ 2 2 2 4 8 9 59 
7 0 0 1 1 5 6 36 
8 0 0 1 3 6 10 50 
9 5 3 3 3 2 1 39 

9 7 7 7 6 5 91 
17 13 14 6 10 13 144 
4 8 7 7 7 6 85 

18 17 22 21 7 4 152 
10 12 8 7 7 8 99 
9 10 8 7 10 9 102 

'--------------Figure 6.2: The Rainfall Spreadsheet 
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Position the cursor at A6 (which contains the label "HONOLU­
LU") and enter the following sequence of commands: 

IS# {invoke the DIF storage command} 

S {to save a DIF file} 

RAIN.DIF~ {enter the file name} 

N15(return) {the lower-right position} 

R {to save the data by rows} 

Notice we are calling this file RAIN.DIF. 
For the purpose of examining a DIF file, we can write a simple 

BASIC program that will display the contents of such a file on the 
screen of your computer. In the next section of this chapter we 
will look at a display of RAIN.DIF. Then, in the following section 
we will study the BASIC program that created the display. 

THE STRUCTURE OF DIF FILES 

The display of the file RAIN .DIF appears in Figure 6.3. (Due to 
space constraints, the figure is arranged in arbitrary columns; but 
remember that the data represents one continuous file.) Take a 
brief look at it before we begin studying it in detail. You can easily 
spot all the data from the rainfall spreadsheet-first, the names of 
the cities, and then the rainfall values, taken from the columns of 
the original spreadsheet. But the rainfall values are interspersed 
with many other data items that do not make any immediate 
sense; these items are what we have described as the self­
documentation feature of DIF files. They describe the contents of 
the file itself, and are designed for the convenience of the pro­
gram that will read the file. As we study these items, a few of them 
may seem arbitrary and extraneous. This is partly because the DIF 
file format is designed to be flexible; some of the data items allow 
for eventual expanded uses of DIF. What you see in Figure 6.3 is 
the DIF format that the VisiCalc program can read and write. 
Other programs that also use DIF may have other requirements. 

The DIF file consists of many short lines of text. Some lines con­
tain two pieces of data(separated by commas), and others contain 
only one. We will see that many of the items in the file act as 
markers. Some markers divide up different sections of the file, 
and others serve as "flags" to indicate what kind of information is 



TABLE 
0, 1 

"" VECTOJIS 
o, 10 

"" TUPLES 
o, 14 
"" DATA 
o,o 
nn 

-1,0 
BOT 
1,0 
"HONOLULU" 
1,0 
"LOS ANGL" 
1,0 
"SAN FRAN" 
1,0 
"DENVER" 
1,0 
"ST.LOUIS" 
1,0 
"NEW ORLN" 
1,0 
"CLEVELND" 
1,0 
"MIAMI" 
1,0 
"WASH DC" 
1,0 
"NEW YORK" 
-1,0 
BOT 
0,11.18 
v 
0,7.62 
v 
0,11.18 
v 
0,1.52 
v 
0,4.83 
v 
0,11.43 
v 
o,6.6 
v 
0.5.59 
v 
o,6.6 
v 
0,6.86 
v 
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-1,0 
BOT 
0,6.35 
v 
0,1.11 
v 
0,7.62 
v 
0,1.78 
v 
0,5.33 
v 
o, 11.68 
v 
0,5.59 
v 
0,5.08 
v 
0,6.35 
v 
0,7.37 
v 
-1,0 
BOT 
0,8.13 
v 
0,5.59 
v 
0,6.35 
v 
0,3.05 
v 
0,7.62 
v 
o, 13.97 
v 
0,7.87 
v 
0,5.33 
v 
0,8.38 
v 
0,9.4 
v 
-1,0 
BOT 
0,3.56 
v 
0,3.3 
v 
o,4.o6 
v 
o,4.83 
v 
0,9.91 
v 

1.--------------Figure 8.3: RAIN.DIF (continues) 
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o, 10.67 
v 
o,8.89 
v 
0,9.3 
v 
0,7.37 
v 
0,8.38 
v 
-1,0 
BOT 
0,2.54 
v 
0,.25 
v 
0,1.02 
v 
o,6.86 
v 
0,9.91 
v 
o, 10.67 
v 
o,8.89 
v 
0,15.119 
v 
0,9.55 
v 
o,8.89 
v 
-1,0 
BOT 
o,.76 
v 
o,o 
v 
0,.25 
v 
o,11.83 
v 
0,11.18 
v 
0,11.94 
v 
o,8.38 
v 
0,22.86 
v 
0,8.89 
v 
0,7.62 

v 
-1,0 
BOT 
0,1.52 
v 
o,o 
v 
o,o 
v 
0,4.57 
v 
0,9.4 
v 
0,17.02 
v 
0,3.89 
v 
o, 17 .53 
v 
o, 10.41 
v 
0,9.11 
v 
-1,0 
BOT 
0,2.03 
v 
o,o 
v 
o,o 
v 
0,3.3 
v 
0,7.37 
v 
o, 13.46 
v 
0,1.81 
v 
0,17.24 
v 
0,12.09 
v 
0,10.16 
v 
-1,0 
BOT 
0,1.78 
v 
o, .51 
v 
0,.51 
v 

Figure 6.3: HAIN.DIF (continues)-------------__. 
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0,2.79 o,6.86 
v v 
0,7.37 0,7.37 
v v 
o, 14.22 0,9.65 
v v 

, ' 0,7.11 -1,0 
v BOT 

•I~ 0,22 .1 0,9.4 
v v 
0,7.87 0,5.59 
v v 
0,8.38 o, 10.16 
v v 
-1,0 0,1.02 
BOT v 
0,3.81 0,5.08 
v v 
0,.76 0,12.95 
v v 
0,2.511 0,6.1 
v v 
0,2.79 o,4.o6 
v v 
0,7.11 0,7.62 
v v 
o,s.811 o,8.89 
v v 
0,6.6 -1,0 
v BOT 
0,20.83 0,58.68 
v v 
o,6.86 0,35.81 
v v 
0,7.37 0,49.53 
v v 
-1,0 0,39.37 
BOT v 
0,7.62 0,91.116 
v v 
o,s.08 0,1113.76 
v v 
o,s.811 o,s11.9 
v v 
0,2.03 0,152.27 
v v 
o,6.35 0,99.36 
v v 
0,9.91 0,102.37 
v v 
0,7.11 -1,0 
v EOD 

'--------------------Figure 6.3: BAIN.DIF 
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coming up in the file. These markers are like the colored plastic 
dividers that you put in a looseleaf notebook. They allow you to 
see where one section ends and another begins, and they identify 
the contents of different sections. 

Let's begin looking at the file in detail. The file is actually divided 
into two main parts. The first part, called the header, contains 
information about the way the data is organized. The second part, 
called the data part, stores the data itself. 

The header of the file in Figure 6.3 consists of the first twelve 
lines of data: 

TABLE 
0, l 
,,,, 

VECTORS 
0, 10 

TUPLES 
0, 14 
,,,, 

DATA 
0, l 
,,,, 

There are four different items in this header, each item containing 
three lines of data. The first line of each item is a descriptive title; 
the second line contains two numbers; and the third line is a string 
value. (A string is simply a nonnumeric value-another word for 
what VisiCalc calls a label.) Notice that all four of the strings in 
this header item are empty strings, represented by a pair of quotation 
marks with nothing between them. 

We can look at this header section from two points of view. 
Remember that we will be writing one BASIC program that only 
needs to read a DIF file, and another that will have the task of 
writing a DIF file to return data to the VisiCalc program. From the 
point of view of a BASIC program that reads the file, there are 
exactly two relevant pieces of information in the header. (We will 
see in a moment which two items these are.) All the rest of the data 
can simply be read and forgotten. We will refer to this irrelevant 
data as "garbage." However, in order to read a DIF file successfully, 
the VisiCalc program requires this precise header format. What is 
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garbage to one program is essential data to another. When we 
prepare the BASIC program that writes a DIF file to send data 
back to VisiCalc, we have to be careful to duplicate the entire DIF 
file in all its detail. Thus, while it is important to be able to 
recognize and duplicate the header section of the DIF file, only a 
limited part of the information it contains is actually relevant to 
the processing tasks we will perform in BASIC. 

The two important pieces of information are contained in the 
header items titled VECTORS and TUPLES. These two items tell 
you exactly how many rows and columns of data have been taken 
from the VisiCalc spreadsheet to be stored in the DIF file. Don't be 
intimidated by the terms vectors and tuples; they are simply the 
DIF names for rows and columns. 

The specific correspondence of rows and columns to vectors 
and tuples depends on how you originally store the DIF file when 
you use the VisiCalc /Sii command. In the case of the rainfall 
spreadsheet, the file was stored by rows. The result is that the 
VECTORS header item tells how many rows there are, and the 
TUPLES item tells how many columns. The number appears as 
the second value of the second line of the header item. For example: 

VECTORS 
0, 10 
,,,, 

indicates that the file contains 10 vectors, and: 
TUPLES 
0, 14 
,,,, 

indicates 14 tuples. 
Understanding the correspondence between VisiCalc rows and 

columns and DIF vectors and tuples· can prove to be the most 
difficult part of reading the DIF file. The diagram in Figure 6.4 
may clarify the situation for you. 

The last header item is always the item titled DAT A; it has an 
unchanging format: 

DATA 
0,0 
,,,, 

This item is simply a marker for the end of the header section. In 



132 MASTERING VISICALC 

other words, it tells you that the data section is about to begin. It is 
a necessary item, because the header section is actually expand­
able. Other header items may appear between the TUPLES and 
DATA items for some DIF applications. 

The second part of the DIF file-the data section-organizes the 
data from your VisiCalc spreadsheet by what DIF calls tuples. 
Each tuple is a section of data in the DIF file. All the tuples in a 
given file contain the same number of data items; these items are 
the vectors. As we have seen, tuples can store either rows or 
columns from your VisiCalc spreadsheet, depending on how you 
originally save the data. Look again at Figure 6.4. You can see that 
saving a DIF file by rows means that each DIF tuple will consist of 
a column of VisiCalc information. (Conversely, saving a DIF file 
by columns means that a tuple will contain a row of information.) 
Now look at the DIF file in Figure 6.3. The file was saved by rows, 
so the tuples contain columns of information. You can easily pick 
out the first tuple-it stores the first column of the spreadsheet, 
the names of the cities. The number of data items in each tuple is 
equal to the specified number of vectors in the DIF file. 

The choice between storing a DIF file by rows or by columns 
from the IS# command, then, makes a significant difference in the 

If you save the DIF file by rows from the VisiCalc IS# command: 

VECTORS 
o,@...__this value shows the number of rows. 

TUPLES 
O,~...__this value shows the number of columns. 

If you save the DIF file by columns from the VisiCalc IS# command: 

VECTORS 
o,(j]) ....____ this value shows the number of columns. 

TUPLES 
o,@-+--- this value shows the number of rows. 
,,,, 

Fisure 6.4: Bows and Columns; Vectors and Tuples-------------
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way the file is organized. This difference will be reflected in 
the way you write your BASIC program to read a DIF file for a 
given application. 

The items of the data section are all presented in a two-line 
format. The first line contains two numbers (separated by a comma), 
and the second line consists of a string. The design of this format 
allows the data section to store different types of data and to 
specify clearly which type of data it is storing. There are actually 
three types of items in the data section of our DIF file: DIF 
markers, numeric data items, and string data items. The first 
number on the first line of each item is the type indicator; in our 
DIF file, this indicator is -1, 0, or 1. We will examine these three 
types one by one. Figure 6.5 gives an overview of the three types. 

A DIF marker item in the data section is designated by a type 
indicator of -1. There is a marker at the beginning of each tuple 
in the data section. Here is what this marker looks like: 

-1,0 
BOT 

DIF Marker Types (type indicator= -1) 

type indicator' l numeric value 

-1,0 

B~T 
string value 

Numeric Data (type indicator = 0) 
type indicatorl ~numeric value 

0, 11. 18 
v 
+ . 1 strmg va ue 

String Data (type indicator = 1) 

type indicatorl l numeric value 

1,0 

"HON~LULU" 

string value 

------Figure 6.5: The Three Item Types of the Data Section 
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The value -1 indicates that this is a marker item. The letters BOT 
stand for "beginning of tuple." If you look down the DIF file in 
Figure 6.3, you will find that each tuple (i.e., each column of data 
from the VisiCalc spreadsheet) begins with one of these two-line 
markers. There is also a marker to designate the end of the file: 

-1,0 

EOD 

The letters EOD stand for "end of data." Both the BOT and the 
EOD markers prove useful in certain programming situations, as 
we will see later on. 

The other two types of items in the data section actually contain 
data-either labels or values-from the VisiCalc spreadsheet. The 
second type of item is the numeric data item. It is designated by a 
type indicator of 0. For example: 

0, 11.18 
v 

The 0 value would tell the program that reads the DIF file that 
this item contains a numeric value. The data value itself is found 
directly after the type indicator, on the same line-11.18, in this 
particular item. The· "V" in the second line stands for value. It 
simply indicates that the number 11.18 is in fact a valid numeric 
value. The DIF file can also store NA and ERROR values from the 
VisiCalc spreadsheet. These would appear as follows: 

0,0 

ERROR 

0,0 

NA 
The third and final type of item in the data section is the string 

data item. It contains an item indicator of 1. For example: 
1,0 

"HONOLULU" 

Notice that the string value itself, in the second line of the item, is 
contained within quotation marks. This punctuation is actually 
optional in the DIF format, but it is there for the benefit of certain 
versions of the BASIC language that require the quotation marks 
in order to read some strings. 

At this point you may be asking yourself what the rationale is 
for this two-line, three-type system of data item representation. 
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Very simply, it is designed to give clear guidelines to any program 
that is reading the DIF file. Just like the label on a can of soup, 
which tells you what kind of soup you can expect to find inside, 
the type indicator tells the reading program what type of data it 
will find stored in the data item. This is a significant issue. Program­
ming languages like BASIC handle the storage of strings and 
numerical values in different ways. When you write input state­
ments in a BASIC program, you have to specify what type of data 
the program should expect to read-numerical or nonnumerical. 
You can design a BASIC program to test the value of the DIF data 
type indicator as a first step in the process of reading data from a 
DIF file. If the type indicator is 1, as in the following sequence: 

1,0 

"HELLO" 

then the program can treat the 0 as garbage, and store the string 
"HELLO" as the relevant part of this data item. On the other 
hand, if the type indicator is 0, as follows: 

0, 100 
v 

then the program knows that it is to read and store the numeric 
value, 100, and treat the "V" as garbage. 

In summary, we have seen that the DIF file supplies, in addi­
tion to the actual data it is storing, a lot of important information 
about itself: 

• The header section of the DIF file indicates how much 
data is stored in the file, and how the data is organized. 
This information is expressed in terms of VECTORS and 
TUPLES. The correspondence between vectors, tuples, 
rows, and columns depends on how the DIF file was saved. 

• The data section of the DIF file has markers that indicate 
the beginning of the tuples (BOT) and the end of the file 
(EOD). 

• Each data item has a systematic method of indicating 
what type of data it contains. 

All this information is designed to aid the program that is 
reading the DIF file. You may have realized by now that some of 
the information is actually redundant. For example, if you know 
how many tuples the file contains, and how many data values are 
in each tuple (i.e., the number of vectors), then you don't really 
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need the BOT markers. You can determine the beginning of each 
tuple by counting data items. 

However, this redundancy is a deliberate part of the DIF 
design. Different applications may make use of different DIF 
features. Each application will use the features that are most con­
venient for the task at hand. 

Our first BASIC program is a very simple one, but it will 
nonetheless illustrate how some of the DIF features facilitate file 
reading in BASIC. 

A BASIC PROGRAM FOR 
DISPLAYING DIF FILES 

The DIF file display program, shown in Figure 6.6, is the first of 
three BASIC programs we will examine in the final chapters of 
this book. Even if you have little or no experience with BASIC 
programming, you should be able to use these programs on your 
personal computer. In addition to the brief summary of BASIC in 
Appendix B, the Bibliography refers to several books on BASIC 
programming and on data file programming that will also be 
helpful. Certain parts of these programs-specifically, the file 
handling subroutines-will need to be revised for different versions 
of BASIC. Appendix A provides these subroutines for the 
BASICs of three popular personal computers. We will discuss 
how to use these subroutines in the next section of this chapter. 

When you run this first program, the following messages will 
appear on the screen: 

DISPLAY A DIF FILE 

NAME OF FILE? 0 

At this point the program waits for you to type the name of the 
DIF file that you want to examine. Make sure you have the correct 
data disk in your disk drive before you enter the file name. Once 
you specify a file name, the screen will clear and the DIF file will 
be listed, line by line, on the screen. 

Let's briefly examine the structure of this program. The first 13 
lines (i.e., lines 10 to 130) make up the "main program" section. 
This section merely reads the name of the file that you want to 
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display, and then calls the subroutines that do the work of opening, 
reading, and closing the file. (A subroutine in BASIC is a group of 
isolated lines that are devoted to a certain task. You "call" a 
subroutine with the GOSUB statement. At the end of each 
subroutine, a RETURN statement sends control of the program 
back to the line following the original GOSUB statement.) 

Line 40 of the main program section clears the screen with the 
instruction: 

HOME 

The screen goes blank, and the cursor moves to the upper-left 
corner. Some versions of BASIC use the command: 

CLS 

10 REM ••• THIS PROGRAM DISPLAYS 
20 REM ••• A DIF FILE 
30 REM ••• ON YOUR ~CREEN. 
40 R>ME : REM "CLS" IN SOME BASICS. 
50 PRINT "DISPLAY A DIF FILE" 
60 PRINT "======= = === ====" 
70 PRINT : PRINT : PRINT 
80 INPUT "NAME OF FILE? "; F$ 
90 HOME 
100 GOSUB 1000 : REM OPEN FILE FOR READING 
110 GOSUB 200 : REM READ AND DISPLAY FILE 
120 GOSUB 1200 : REM CLOSE FILE 
130 END 
200 REM ••• READ AND DISPLAY FILE 
210 Q$ = CHR$(34) 1 REM QUOTATION MARK 
220 GOSUB 2000 : REM READ HEADER tTEM 
230 PRINT T$ 
240 PRINT V1;",";V2 
250 PRINT Q$; S$J Q$ 
260 IF T$ <> "DATA" GOTO 220 
270 GOSUB 2100 : REM READ DATA ITEM 
280 PRINT V1; 11 ,";V2 
290 IF V1 = 1 TJfEN PRINT Q$;S$;Q$ 
300 IF V1 <> 1 THEN PRINT S$ 
310 IF S$ <> "EOD" GOTO 270 
320 RETURN 
1000 RF>! ••• OPEN FILE FOR READING 

•••• see Appendix A •••• 
1200 RF>! ••• CLOSE FILE 

•••• see Appendix A •••• 
2000 RF>! ••• READ HEADER ITEM 

•••• see Appendix A •••• 
2100 REM ••• RF.AD DATA ITEM 

•••• see Appendix A •••• 

.__------Figure 8.8: First BASIC Program: Displaying a DIF File 
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rather than HOME, so you may have to revise this particular line. 
Lines 50 and 60 print the title of the program, and line 70 skips 
three lines by executing the PRINT instruction three times: 

70 PRINT: PRINT: PRINT 

Line 80 is the INPUT statement for the file name: 
80 INPUT "NAME OF FILE? ";F$ 

In some versions of BASIC, the INPUT statement automatically 
supplies a question mark after an input prompt. If your BASIC 
does this, then you should revise line 80 as follows: 

80 INPUT "NAME OF FILE" ;F$ 

Lines 100, 110, and 120 are the subroutine calls: 

100 GOSUB 1000 

110 GOSUB 200 

120 GOSUB 1200 

The subroutine at line 1000 opens a disk file for reading. The real 
workhorse subroutine of this program is at line 200; it actually 
reads the DIF file and displays it on the screen. The subroutine at 
line 1200 closes the file. We will discuss the file-handling sub­
routines in the next section of this chapter. 

The subroutine at line 200 calls two further subroutines on its 
own-one designed to read a header item, and another to read a 
data item. These subroutines (at lines 2000 and 2100, respectively) 
read the lines of the file and assign the values to certain variables. 
The subroutine at line 200 then uses these variables to display the 
data. Let's see exactly how this works. 

The header-reading subroutine (at line 2000) assigns the 
header-item title to the variable T$; the numerical values to the 
variables V1 and V2; and the string value to 8$. Lines 220 to 250, 
then, print a single header item on the screen: 

220 GOSUB 2000 

230 PRINTT$ 

240 PRINT Vl ;",";V2 

250 PRINT Q$;5$;Q$ 

The variable Q$ contains the quotation mark character, which is 
34 on the ASCII character code: 

210 Q$ = CHR$(34) 
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This variable is used to simulate the exact contents of the string 
items in the file. 

Line 260 repeatedly loops back to line 220 to display another 
header item, until the DAT A item-the final item of the header 
section-has been read and displayed: 

260 IF T$ < > "DATA" GOTO 220 

This is the first example of the use of a DIF file marker to guide the 
action of the program. 

Lines 270 to 310 print the data section of the program. The 
subroutine at line 2100 assigns the numerical values to V1 and V2, 
and the string value to 8$; line 280 prints the numerical values 
with a comma between them: 

270 G05UB 2100 

280 PRINT Vl ;",";V2 

If the string value is actually a label from the VisiCalc spread­
sheet, then it must be displayed with quotation marks around it. If 
it is a DIF marker (BOT, EOD, or V) then it should appear without 
quotes. Lines 290 and 300 make use of the type indicator, stored 
in variable V1, to decide how to display the string value: 

290 IF Vl = 1 THEN PRINT Q$;5$;Q$ 

300 IF Vl <> 1 THEN PRINT 5$ 

Finally, line 310 sends control of the program back up to line 270 
repeatedly until the EOD marker-the last item of the file-has 
been read: 

310 IF 5$ < > "EOD" GOTO 270 

When the whole file has been displayed, line 320 returns control 
back to the main program section: 

320 RETURN 

The main weakness of this program is that it never stops to let 
you view the DIF file data at your leisure. The data scrolls in and 
out of view rather quickly, which can be inconvenient if you need 
to examine one particular part of the data. There are several ways 
to remedy this, depending on your computer and your needs. 
Most obviously, you can print the file data on paper rather than 
just displaying it on the screen. Alternatively, you might be able to 
stop the action of the program temporarily by typing a special 
control character offered for that purpose by some computer 
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systems. Finally, if neither of these solutions is satisfactory, you 
may be able to add a subroutine to your program that will stop the 
action and wait for you to input a command to continue. This 
routine might look something like this: 

400 INPUT "PRESS< RETURN> TO CONTINUE. ";A$ 

410 RETURN 

You can call this routine at intervals during the display of the file. 
Note that this routine is only possible if your version of BASIC 
lets you input data from the keyboard while an external data file 
is open for reading. 

We will be using the four file-handling subroutines of this pro­
gram (at lines 1000, 1200, 2000, and 2100) again in the BASIC 
programs of Chapters 7 and 8. In addition, we'll need several 
other file-handling subroutines. All together, they will form a 
small "library" of reusable routines devoted to input and output 
of DIF file data. In the next section we will discuss the use of these 
routines. 

THE FILE-HANDLING SUBROUTINES 

All eight of the file-handling subroutines in this library are very 
short. Unfortunately, the BASIC instructions that open, close, read, 
and write external files vary significantly from one version of 
BASIC to another. The concepts of file handling are the same, 
but the syntax of the commands used to carry out the actions 
changes. 

For this reason, it always makes sense to isolate all the file­
handling instructions in easily identified, and easily revised 
routines of their own. That is exactly what we will do in the three 
BASIC programs of this book. Most of the remaining sections of 
the programs should work, with very little revision, on almost 
any BASIC. But the file routines must be tailored specifically to 
the computer you are working with. 

The eight file routines that you will need for these programs are 
identified and described in Figure 6.7. For the actual lines of 
BASIC code that you will type into your computer, you'll have to 
ref er to Appendix A, which supplies three different versions of 
these routines. If you are using one of the three computers men­
tioned, you should have no problem including the subroutines in 
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Line Number 
of Subroutine Description 

1000 Opens a file for reading data. File name must be assigned to F$ 
before you call this subroutine. 

1100 Opens a file for writing data. File name must be assigned to F$ 
before you call this subroutine. 

1200 Closes a file. 

2000 Reads a header item. Returns values as follows: 

2100 

3000 

3100 

3200 

T$ =title 
V1 = first numeric value 
V2 = second numeric value 
8$ = string value 

Reads a data item. Returns values as follows: 

V1 = type indicator 
V2 = numeric value 
8$ = string value 

Writes a header item. In advance of calling this routine, you 
must assign values as follows: 

T$ =title 
V1 = first value 
V2 = second value 
8$ = string value 

Writes a data item without quotes around the string. In advance 
of calling this routine, you must assign values as follows: 

V1 = type indicator 
V2 = numeric value 
8$ = string value 

Writes a data item with quotes around the string. In advance 
of calling this routine, you must assign values as follows: 

V1 =type indicator 
V2 = numeric value 
S$ = string value 

----------------Figure 6.7: The File-Handling Subroutines 
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with the rest of the program. If you are using another computer, 
you will have to do some research into how your version of 
BASIC performs file-handling functions. The chances are good 
that your BASIC will be similar to one of the three listed in 
Appendix A. 

Notice the difference between the routines that read data and 
the routines that write data. After calling the read-data routines, 
the data that has been read is available in the specified variables. 
Before you call the write-data routines, however, you must assign 
values to the specified variables. All variables are global in 
BASIC; that is to say, a value assigned to a variable in one routine 
is available to all routines of the program. 

SUMMARY 

DIF files can be created or read by the VisiCalc program. They 
are valuable for exchanging data both between different spread­
sheets and between BASIC programs and VisiCalc spreadsheets. 

The structure of DIF files is designed to make the inner 
organization of the data storage evident to the program that reads 
the file. For this reason, VisiCalc DIF files actually contain two 
kinds of information-self-documentation, and the spreadsheet 
data itself. All this information is divided into two sections in the 
DIF file-the header and the data section. The header tells how 
many data items the file contains, and, indirectly, the number of 
spreadsheet rows and columns it copied the items from. The data 
section has an elegant system for indicating what type of data is 
contained in each item. This is essential for efficient reading of 
the data by BASIC programs. 

We have seen a simple BASIC program that reads and displays, 
but does not store, the data from a DIF file. The tasks of storing 
and using DIF file data are somewhat more complicated, as we 
will see in the next chapter. 



CHAPTER 
SEVEN 
DIF FILES, 
PART II: 
READING A 
DIF FILE 
FROM BASIC 



WHEN NOT 
TO USE VISICALC 

One of the important topics of 
this chapter-and, in fact, a contin­
uing theme throughout this book- is 
efficient use of the various pro­
gramming tools available on your 
personal computer. In this chapter 
we will discuss some general guide­
lines for deciding how and when to 
use different tools. The specific 
example presented to illustrate 
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these guidelines is a BASIC program that reads the DIF file of 
rainfall data (which we examined in Chapter 6) and calculates 
some common statistical values from it. The purpose of the exam­
ple is simply to throw light on the discussion at hand. Even if the 
study of statistics does not happen to fall within the range of your 
interests or needs, you should still read this chapter and think 
carefully about the issues it raises. 

Some kinds of mathematical operations do not lend themselves 
ideally to the VisiCalc spreadsheet format. This is not to say that 
these operations are impossible to perform in VisiCalc, but rather 
that other computer programming tools may handle them more 
efficiently. In general, whenever a calculation involves finding 
many intermediate values on the way to an eventual resulting 
value, that calculation may be somewhat clumsy in VisiCalc. You 
may find yourself filling up a spreadsheet with many calculated 
values that you have no real interest in. Once the major calculation 
is complete, the intermediate values that led to the result become 
irrelevant-but there they are, taking up space on your spread­
sheet. What is worse is that these intermediate values will probably 
take you an unreasonable amount of time to compute using the 
VisiCalc program. Remember that VisiCalc is designed for efficient 
calculation and presentation of numerical and nonnumerical 
data. If you are creating lots of intermediate data that is of no real 
use to you, then you may be wasting time using VisiCalc for those 
particular calculations. 

You may be thinking, however, that the alternatives are also 
very time-consuming. If, in the interests of efficiency, you have to 
go through a number of complicated steps-including creating a 
DIF file and writing a BASIC program to read it-then you might 
prefer to stay with the VisiCalc program, even if the solution to 
your task proves to be a little clumsy. The answer to this objection 
is simple. If you only have to perform a task a single time, then of 
course you do it as quickly as possible, and you don't worry much 
about the elegance of your solution. But one-time-only tasks are 
rare in life, and even rarer in computer programming. The 
chances are good that the job you are faced with today will come 
up again tomorrow or next week or next month. The time you spend 
today developing the best solution for the job will be more than 
compensated when you have to perform the same job in the future. 

Furthermore, the difficulty of writing BASIC programs to deal 
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with DIF files decreases each time you write a new one. The key 
to this decreasing difficulty is the use of subroutines. We have 
already built a small library of short, very low-level subroutines 
that take care of the mechanics of opening, reading, and writing 
files. In this chapter we will expand that library with three higher­
level subroutines that we will be able to use again in the program 
of Chapter 8. 

In addition, as you become familiar with the world of BASIC 
programming, you will find many sources of subroutines for 
almost any programming task you can imagine. In the end, if you 
plan carefully, you will discover that writing a program in BASIC 
consists mostly of gathering up the needed subroutines-from 
your own library, or from other sources you have access to-and 
piecing them together to solve your specific problem. 

The rainfall spreadsheet is a typical example of a situation 
where you might wisely choose to team the VisiCalc program 
with a BASIC program of your own design to meet all your data 
processing needs. Let's review the steps we will follow to make 
this combination a viable one: 

• Use the VisiCalc program for inputting the raw data. We 
have already seen that VisiCalc is clearly ideal for this 
task. When you have entered all the data required for a 
given application onto your spreadsheet, you can take as 
much time as necessary to check it over and verify its ac­
curacy. If any value is incorrect, you can easily re-enter it 
without affecting the rest of the data. 

• When the input and verification step is complete, create a 
DIF file of the raw data. Using the VisiCalc /S# command, 
this step takes only a few seconds. 

• Read the DIF file from a BASIC program. (By the end of 
this chapter, you will be familiar with a complete set of 
subroutines for reading DIF file data and storing it in a 
BASIC array structure.) 

• Use a short and simple BASIC routine to perform the statis­
tical calculations and display the results on the screen. 

In summary, here are four questions you can ask yourself about 
any data processing job you are .considering for the VisiCalc 
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program: 

1. Does the task involve a large amount of raw data that must 
be input accurately and reliably? 

2. Do the subsequent calculations on this data require for­
mulas or intermediate values that would be difficult, 
clumsy, or inefficient to produce with VisiCalc? 

3. Is this a job you are likely to have to perform more than 
once? 

4. Can you easily write-or find-the appropriate BASIC 
subroutines to perform the problematic calculations? 

If you find yourself answering "yes" to these questions, then your 
task is probably an ideal candidate for the combined powers of the 
VisiCalc program and BASIC. 

STATISTICS FROM THE 
RAINFALL SPREADSHEET 

The statistical values that we will calculate for each city of the 
rainfall spreadsheet are the variance and the standard deviation. 
These are both measurements of dispersion from the mean. In 
other words, they describe how a series of data varies from the 
average value of the series. 

You can calculate the variance and the standard deviation as 
follows: 

1. Compute the mean (average) value of the series. 

2. Subtract each value from the mean value, and square the 
difference. 

3. Find the sum of all the difference-squared values from 
step 2. 

4. Divide the sum (from step 3) by the number of values 
minus 1; this value is the variance. 

5. Take the square root of the variance; this value is the 
standard deviation. 

If you were to perform these steps on a VisiCalc spreadsheet, the 
intermediate values from step 2 would create as large a table of 
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numbers as the original rainfall data. In BASIC, however, these 
intermediate values do not need to be stored; rather as each value 
is calculated, it can be added on to a running total. 

Figure 7 .1 shows the output from the BASIC program that we 
will be examining in this chapter. The program is easy to use. It 
begins by displaying a title at the top of the screen: 

ST AT I ST IC S FROM A D I F F I LE 

and then prompts you to enter the name of the DIF file that you 
want to work with: 

NAME OF FILE? 

At this point, make sure you have the correct data disk in your 
disk drive, and enter the file name RAIN.DIF. The disk drive will 
then activate, and the message: 

READING FILE. 

will appear on the screen. After a few seconds of reading and 
calculation, the program will display a three-column table on the 
screen. The first column will contain the names of the cities; the 

STATISTICS FROM A DIF FILE 
========== ==== = === ==== 

NAME OF FILE? RAIN.DIF 

READING FILE. 

CITY 

HONOLULU 
LOS ANGL 
SAN FRAN 
DENVER 
ST.LOUIS 
NEW ORLN 
CLEVELND 
MIAMI 
WASH DC 
NEW YORK 

VAR. 

12.25 
9.26 
16.42 
2.89 
4.35 
7.57 
2.12 
53.88 
2.9 
1.09 

ST.DEV. 
======= 
3.5 
3.04 
4.05 
1.7 
2.08 
2.75 
1.46 
7.34 
1. 7 
1.os 

"---------Figure 7.1: Output from the DIF Statistics Program 
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second, the variances; and the third, the standard deviations of 
the rainfall data. 

STORING A DIF FILE IN BASIC 

The listing of the DIF statistics program appears in Figure 7 .2. 
The three subroutines at lines 300, 400, and 500 are responsible 
for reading the DIF file and storing the spreadsheet data in two 
BASIC arrays. These three subroutines will appear again in the 
sort program of Chapter 8. We will look at them first, then we will 
study the statistics subroutine. 

An array is a data structure that stores tables of numerical or 
nonnumerical values. All the data in a given BASIC array must 
be of the same type, but we may define both numerical arrays 
and string arrays for use in a BASIC program. Clearly an array 
is an ideal structure for storing spreadsheet data from a DIF 
file. We will actually define two arrays in this program, a two­
dimensional array to store the rows and columns of numbers, and 
a one-dimensional string array to store the names of the cities. 

A BASIC array is defined in a DIM statement. Line 90 defines 
the two arrays used in this program: 

90 DIM Tl (T, V), Tl $(V) 

The name of the two-dimensional numerical array is T1; it is 
defined to store up to T columns and V rows of data. The string 
array, Tl$, will hold up to V string values. Since the variables T 
and V are used in the definition of arrays Tl and Tl$, we clearly 
must assign values to T and V before coming to the DIM state­
ment. Where do you suppose these two values will come from? Of 
course, from the header section of the DIF file. 

Take a look at the subroutine that begins at line 300 of the pro­
gram. This subroutine controls the reading of the header, and 
gleans from it the two relevant pieces of information-the 
number of rows and the number of columns contained in the 
spreadsheet data. You'll recall that the subroutine at line 2000 
reads one three-line header item: 

310 GOSUB 2000 

The title of the item is read into T$, and the value that we're inter­
ested in is read into V2. As each header item is read, the program 
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10 REM ttt STATISTICAL PACKAGE FOR DIF 
20 HOME : REM " "CLS" FOR SOME BASICS 
30 PRINT "STATISTICS FROM A DIF FILE" 
40 PRINT "========== ==== = === ====" 
50 PRINT : PRINT : PRINT 
60 INPUT "NAME OF FILE? "; F$ 
65 PRINT 
70 GOSUB 1000 : REM ** OPEN FILE 
80 GOSUB 300 : REM tt READ HEADER 
90 DIM T1{T,V), T1${V) 
95 PRINT : PRINT "READING FILE." : PRINT 
100 GOSUB 400 : REM tt READ STRINGS 
110 GOSUB 500 : REM tt READ NUMBERS 
115 GOSUB 1200 : REM It CLOSE FILE 
120 PRINT "CITY", "VAR.", "ST.DEV" 
130 PRINT "====", "====", "======" 
135 DEF FNR(X) = INT(100 1 X + .5)/100 
140 FOR I = 1 TO V 
145 PRINT T1$(I), 
150 GOSUB 3500 : REM tt STATISTICS SUBROUTINE 
160 NEXT I 
170 END 

300 REM ••• READ HEADER 
310 GOSUB 2000 
320 IF T$ = "VECTORS" THEN V = V2 
330 IF T$ = "TUPLES" THEN T = V2 -
340 1F T$ <> "DATA" THEN GOTO 310 
350 RETURN 

400 REM ••• ~EAD STRINGS 
410 GOSUB 2100 : REM tt GARBAGF. 
420 FOR I = 1 TO V 
430 GOSUB 2100 : REM 11 READ DATA ITEM 
440 T1$(I) = S$ 
450 NEXT I 
460 RETURN 

500 REM ttt ~EAD NUMBERS 
510 FOR I = 1 TO T 
520 GOSUB 2100 : REM •• BOT -- GARBAGE 
530 FOR J : 1 TO V 
540 GOSUB 2100 
550 Tl(I,J) = V2 
560 NEXT J . 
570 ~EXT I 
580 RETUqN 

1000 REM ttt OPEN FILE FOR READING 
••• SEE APPENDIX A ttt 

1200 REM ttt CLOSE FILE 
ttt SEE APPENDIX A *** 

2000 RE>4 ••• READ HEADER ITEM 
ttt SEE APPENDIX A ••• 

2100 REM tH READ DATA ITEM 
••• SEE APPENDIX A ••• 

......_-------Figure 7.2: The DIF Statistics Program (continues} 
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3500 REM ••• STATISTICS 
3510 T3 : 0 
3520 FOR J = 1 TO T - 1 
3530 T3 = T3 + T1(J,I) 
35140 NEXT J 
3550 M3 = T3/(T - 1) 
3560 V3 = 0 
3570 FOR J = 1 TO T - 1 
3580 V3 = V3 + (M3 - T1(J,I))A2 
3590 NEXT J 
3600 V3 = V3/(T - 2) 
3610 S3 = SQR(V3) 
3620 PRINT FNR(V3), FNR(S3) 
3630 RETURN 

Figure 7.2: The DIF Statistics Program-------------

checks T$ to see if it is either the VECTORS item or the TUPLES 
item. If the item is either one of these, then the appropriate 
variable (Tor V) is assigned a value from V2: 

320 IF T$ = "VECTORS" THEN V = V2 

330 IF T$ = "TUPLES" THEN T = V2 - 1 

Then the subroutine repeatedly loops back to read another 
header item, until the DAT A item is read: 

340 IF T$ < > "DATA" THEN GOTO 310 

From this subroutine alone, you begin to see that this program 
makes certain assumptions about the DIF file-and indirectly, 
about the VisiCalc spreadsheet-it is reading. The assumptions 
are as follows: 

1. The first column of the spreadsheet must be a column of 
labels. 

2. The last column of the spreadsheet must represent the 
sums (across the rows) of the rest of the spreadsheet data. 

3. The DIF file must be stored by rows (from the IS# command) 
so that each tuple represents a column of data. The first 
tuple, then, will contain string values, and the last will 
contain the row-totals. 

If you should, by mistake, direct the program to read a DIF file 
that does not meet these specifications, the results will be un­
predictable. In this sense, this program is designed for a specific 
kind of spreadsheet. However, the program is also flexible in one 
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essential aspect: the spreadsheet can contain an unlimited 
number of rows and columns. Thus, if the rainfall spreadsheet 
grows to include more cities, this program-and the sort program 
in Chapter 8-will both continue to function correctly. 

The subroutine at line 300 is called from the main program, just 
before the DIM statement: 

80GOSUB300 

90 DIM Tl (T, V), Tl $(V) 

Thanks to the VECTORS and TUPLES items in the header, then, 
the values V and T can be used to define the two arrays to the exact 
length necessary to store all the spreadsheet data. 

Once these two arrays have been defined, the program can 
begin assigning them values from the DIF file. The subroutine at 
line 400 reads the string values from the first tuple, and assigns 
them to the array T1$. The subroutine at line 500 reads the 
numeric values from the remaining tuples, and assigns them to 
the array T1. Both of these subroutines are called from the main 
program section, just after the DIM statement: 

100 GOSUB 400 

110 GOSUB 500 

The subroutine at line 400 begins by reading the BOT marker 
as garbage: 

410 GOSUB 2100 

What this means, exactly, is that the file item has been read, but 
the program will make no use of the values it contains. Next, 
within a FOR loop, each of the string values is read and stored in 
the array T1$. The values T (the number of tuples/columns) and V 
(the number of vectors/rows) continue to control the action of the 
program. For example, thanks to the value V, the subroutine at 
line 400 knows exactly how many string values to read. These 
string values are returned in the variable S$ from the subroutine 
at line 2100: 

420 FOR I = 1 TO V 
430 GOSUB 2100 

440 T1$(1) = 5$ 

450 NEXT I 

The subroutine at line 500 requires a pair of nested FOR loops 
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(i.e., a loop within a loop) to read the tuples of numeric data. The 
outer loop reads each tuple, one by one: 

510 FOR I = 1 TO T 

and the inner loop reads each value of a given tuple: 

530 FOR J = 1 TO V 

The value of T is actually one less than the total number of tuples 
in the DIF file. (Look back at line 330 to see that this is true.) This is 
because the first tuple contains strings, not numbers. 

The first item read in each tuple is garbage-the BOT marker: 

520 GOSUB 2100 

Subsequently, within the inner loop, the returned value of the 
numerical data-in the variable V2-is assigned to the array Tt: 

540 GOSUB 2100 

550 Tl (l,J) = V2 

Within the context of the kind of spreadsheet we have specified 
(i.e., containing a first column of strings, and a final column of 
totals; saved by rows as a DIF file), these three subroutines-at 
lines 300, 400, and 500-are flexible and reliable for reading the 
data and storing it in arrays. 

THE STATISTICS SUBROUTINE 

The subroutine that calculates the variance and the standard 
deviation from each city's rainfall data begins at line 3500. The 
main program section calls it once for each city-within a FOR loop: 

140 FOR I = l TO V 
145 PRINT T1$(1), 
150 GOSUB 3500 

160 NEXT I 

Notice that this loop begins by printing the name of the city; the 
statistics subroutine then prints the two statistical values. 

It only takes a dozen or so lines of BASIC code to calculate and 
print the variance and the standard deviation. For each city, the 
statistics subroutine takes one value from each tuple to carry out 
its calculations. (Each tuple, that is, except the last one, which 
contains the column of totals. This column of data is not used in 
the statistics program.) The first five executable lines of the 
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subroutine calculate the average value from a given city's rainfall 
data. This value is assigned to the variable M3: 

3510T3 = 0 

3520 FOR J = 1 TOT - 1 

3530 T3 = T3 +Tl (J,I) 

3540 NEXT J 

3550 M3 = T3/(T - 1) 

Then a second FOR loop sums up the squares of the differences 
between the mean and the monthly values: 

3560V3 = 0 

3570 FOR J = 1 TOT - 1 

3580 V3 = V3 + (M3 - Tl (J,1)}"2 

3590 NEXT J 

Notice that the intermediate values-(M3 - T1(J,I))"2-are not 
saved but simply added on to the running total accumulating in 
the variable V3. Finally, the variance (V3) and the standard devia­
tion (S3) are computed: 

3600 V3 = V3/(T - 2) 

3610 53 = SQR(V3) 

Before these values are printed, they are rounded off to the 
nearest hundredth by the user-defined function, FNR: 

3620 PRINT FNR(V3}, FNR(S3) 

This function is defined in the main program section, at line 135: 

135 DEF FNR(X) = INT(lOO * X + .5)/100 

You might recognize this as being very similar to the rounding 
function that we developed for a VisiCalc spreadsheet back in 
Chapter 3. VisiCalc and BASIC may appear to operate in very dif­
ferent ways, but they actually have many similar features. 

SUMMARY 
Sometimes you may encounter large data processing tasks in 

which the mathematical formulas are too complex to be handled 
conveniently by the VisiCalc program. In such cases it is sensible 
to consider using VisiCalc only for the data entry, and then 
transferring the data to a BASIC program via a DIF file. There are 
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several factors to consider when you are deciding whether or not 
it is worth the trouble to write a BASIC program for processing 
VisiCalc data. Two of these factors are: the number of times you 
expect to have to use the program; and the difficulty of writing (or 
finding) the necessary BASIC subroutines to build the program. 
In the end, personal preference may also play a large part in the 
decision. 

We have looked at a program that applies some statistical 
calculations to the values of a DIF file. The reusable subroutines 
of this program-which we will add to our "library" of DIF file 
subroutines-are the three that read the DIF file data and assign it 
to two BASIC arrays. These arrays correspond remarkably well 
to the structure of the VisiCalc spreadsheet. The three subroutines 
expect a spreadsheet with a first column of strings and a last column 
of totals. The resulting DIF file must be saved by rows. However, 
the subroutines do not specify a limit on the number of rows or 
columns of the spreadsheet. 

In Chapter 8 we will go one step further in BASIC programming 
for DIF files. We will learn to write a new DIF file to return data to 
the VisiCalc program. 



CHAPTER 
EIGHT 
DIF FILES, 
PART III: 
WRITING A 
DIF FILE 
FROM BASIC 



RETURNING 
DATA TO VISICALC 

Once you start using BASIC 
programs for special processing 
of VisiCalc spreadsheet data, 
you will inevitably arrive at a 

1 
point where you will want to 
return new or processed data 
back to the VisiCalc program. In 
most cases you will find that the 
presentation of tabular data is 
much more convenient with the 
VisiCalc program than with 
BASIC. Of course, you can easily 
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write a BASIC subroutine to present a small table of numbers, as 
we did in the statistics program of Chapter 7; however, once this 
table appears on the screen, it is completely static. To change the 
table in any way, you have to revise and re-run the BASIC pro­
gram that created the table. In the VisiCalc program, on the other 
hand, you can reformat data, add rows and columns, change param­
eter values, and make any number of other revisions instantly. 

So, for many applications it makes sense to add another step to 
the process of teaming up BASIC and VisiCalc-the capacity for 
returning DIF files to VisiCalc from a BASIC program. In this 
chapter we will look at an example of the completed process. The 
example, a sort program, may well prove to be a valuable tool that 
you'll use often for many different spreadsheet applications. Sorting 
is a task that is definitely not practical in VisiCalc, but quite simple 
in BASIC. 

The sorting process illustrated in this chapter requires that you 
follow a specific sequence of steps: 

1. Enter the raw data onto a VisiCalc spreadsheet. Include a 
column of labels on the left and a column of totals on the 
right of the spreadsheet. 

2. Save the data in a DIF file, using the IS# command. Save 
the file by rows. 

3. Run the BASIC sort program. (We will see how to do this 
in the next section of this chapter.) The sort program will 
create a new DIF file, containing the original data sorted 
either alphabetically or numerically. 

4. Return to VisiCalc, and load the sorted DIF file onto the 
spreadsheet. 

We will see that writing a DIF file from BASIC is scarcely 
harder than reading one. The same understanding of the DIF format 
is required, along with a new set of file-handling subroutines. 
Once these subroutines are written, however, they can be reused 
for many different applications. 

A SORTING PROGRAM FOR DIF FILES 

The complete dialogue produced by the sort program is shown 
in Figure 8.1. The listing of the program appears in Figure 8.2. 
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The program begins by displaying a title, and then prompts you to 
enter the name of the DIF file that you want to sort: 

SORT A DI F F I LE 

NAME OF FILE? 

At this point you must make sure that the correct data disk is in 
your disk drive; when you are ready, you can enter the name of 
the file that you want to sort. In the sample dialogue the file name 
used is RAIN.DIF. 

The sort program does not output any data to the screen. The 
real output from the program is a new DIF file, stored on your 
disk. However, the program displays several messages on the 
screen telling you what it is doing during run time. The first 
message is: 

READING FILE. 

When you see this message, you know that the program has found 
RAIN.DIF on the disk, and is reading it and storing its data in the 

SORT A DIF FILE 
==== = === ==== 

NAME OF FILE? RAIN.DIF 

READING FILE. 

A(LPHA OR N(UMERIC SORT? A 

SORTING FILE. 

WR !TING FI LE • 

••••••••••••••••••• 
FILE ARAIN.DIF SAVED. 

------Figure 8.1: Dialogue from the DIF File Sorting Program 
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10 RE)IJ ••• PROGRAM TO SORT A DIF FILE 
20 HOME : RE)IJ H "CLS" IN SOME BASICS 
30 PRINT "SORT A DIF FILE" 
40 PRINT "==== = === ====" 
50 PRINT : PRINT : PRINT 
60 INPUT "NAME OF FILE? "; F$ 
70 PRINT : PRINT 
80 GOSUB 1000 : REM •• OPEN FILE FOR READING 
90 GOSUB 300 : REM •• READ HEADER 
100 DIM T1(T,V), T1$(V) 
105 PRINT : PRINT "READING FILE." : PRINT 
110 GOSUB 400 : REM•• READ STRINGS 
120 GOSUB 500 : REM •• READ NUMBERS 
130 GOSUB 1200 : Rm-! ** CLOSE FILE 
140 INPUT "A(LPHA OR N(UMERIC SORT? "; A$ 
150 IF A$ <> "A" AND A$ <> "N" THEN 140 
160 F$ : A$ + F$ 
170 PRINT : PRINT "SORTING FILE." 
180 GOSUB 4000 : ~EM ** SORT FILE 
190 PRINT : PRINT "WRITING FILE." 
200 GOSUB 1100 : REM **OPEN FOR WRITING 
210 GOSUB 600 : REM •• CREATE NEW FILE 
220 GOSUB 1200 : Rm-! ** CLOSE FILE 
230 PRINT : PRINT "*******************" 
240 PRINT : PRINT "FILE "; F$; " SAVED." 
250 END 

300 Rm-! *** READ HEADER 
310 GOSUB 2000 
320 IF T$ = "VECTORS" THEN V = V2 
330 IF T$ : "TUPLES" THEN T = V2 -
340 IF T$ <> "DATA" THE~ 310 
350 RETURN 

400 Rm-! •H READ STRINGS 
410 GOSUB 2100 : Rm-! ** BOT --- GARBAGE 
420 FOR I = 1 TO V 
430 GOSUB 2100 : REM •• READ DATA IT&lo! 
440 T1$(I) = S$ 
450 NEXT I 
460 RETURN 

500 RE)IJ ••• READ NUMBERS 
510 FOR I : 1 TO T 
520 GOSUB 2100 : Rm-! •• BOT --- GARBAGE 
530 FOR J = 1 TO V 
540 GOSUB 2100 : Rm-! ** DATA tTEM 
550 T1(I,J) = V2 
560 NEXT J 
570 NEXT I 
580 RETURN 

600 REM *** WRITE NEW FILE 

Figure 8.2: The DIF File Sorting Program (continues'---------' 
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610 REM ••• HEADER SECTION 
620 V1 = 0 : S$ = "" 
630 T$ = "TABLE" : V2 = 1 : QOSUB 3000 
640 T$ = "VECTORS" : V2 = V : GOSUB 3000 
650 T$ = "TUPLES" : V2 = T + 1 : GOSUB 3000 
660 T$ = "DATA" : V2 : 0 : GOSUB 3000 
670 REM •H STRING TUPLE 
680 GOSUB 900 : Rot H BOT FLAG 
690 V1 = 1 : V2 = 0 
700 FOR I = 1 TO V 
710 S$ : T1$(I) : GOSUB 3200 
720 NEXT I 
730 REM ••• NUMERIC TUPLES 
740 FOR I = 1 TO T 
750 GOSUB 900 : Rot H BOT FLAG 
755 V1 = 0 : S$ = "V" 
760 FOR J = 1 TO V 
770 V2 : T1(I,J) : GOSUB 3100 
780 NEXT J 
790 NEXT I 
800 V1 : -1 : V2 = 0 : S$ = "EOD" 
810 GOSUB 3100 : Rot H EOD FLAG 
820 RETURN 

900 REM •H WRITE B>T FLAG 
910 V1 = -1 : V2 = 0 : S$ : "BOT" : GOSUB 3100 
920 RETURN 

1000 REM He OPEN FILE FOR READING 
••• see Appendix A ••• 

1100 REM H• OPEN FILE FOR WRITING 
••• see Appendix A ••• 

1200 Rot •H CLOSE FILE 
••• see Appendix A ••• 

2000 REM •H READ HEADER ITEM 
••• see Appendix A ••• 

2100 REM ••• READ DATA ITEM 
••• see Appendix A ••• 

3000 REM ••• WRITE HEADER ITEM 
••• see Appendix A ••• 

3100 REM ••• WRITE DATA ITEM WITHOUT QUOTES 
••• see Appendix A ••• 

3200 REM He WRITE DATA ITEM WITH QUOTES 
•H see Appendix A H• 

4000 REM ••• SORT THE FILE 
4010 REM ••• EITHER BY THE FIRST TUPLE 
4020 REH •H OR THE LAST. 

'--------Figure 8.2: The DIF File Sorting Program (continues} 
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4030 FOR I : 1 TO V - 1 
4040 FOR J : I + 1 TO V 
4050 IF A$ : "A" TH~ GOTO 4090 
4060 REH •• NUMERIC SWAP 
4070 IF T1(T,I) < T1(T,J) THEN GOSUB 4500 
4080 GOTO 4110 
4090 REH H ALPHA SWAP 
4100 IF T1$(I) > T1$(J) THEN GOSUB 4500 
4110 NEXT J 
4120 NEXT I 
4130 RETURN 
4500 REH ••• SWAP ROUTINE 
4510 H$ : T1$(I) 
4520 T1$(I) : T1$(J) 
4530 T1$(J) : H$ 
4540 FOR K : 1 TO T 
4550 H = T1(K,I) 
4560 T1(K,I) : T1(K,J) 
4570 T1(K,J) : H 
4580 NEXT K 
4590 RETURN 

Figure 8.Z: The DIF File Sorting Program----------~ 

active memory of the computer. The next message is actually 
another prompt: 

A(LPHA OR N(UMERIC SORT? 

In response to this prompt, you must type either an" A" or an "N" 
to indicate how you want the data to be sorted. The program will 
either sort the data alphabetically, by the first column of the 
labels, or numerically, by the last column of total values. We'll 
start by sorting the file alphabetically, as you can see in the 
sample dialogue. 

After you have answered this prompt, you will see the message: 
SORTING FILE. 

The sorting process will not take very long with only ten rows of 
data, but if you later expand the rainfall spreadsheet to include 
more cities, the sort will take longer. When the sort is complete, 
another message will appear: 

WRITING FILE. 

At the same time your disk drive will activate, as the program 
saves the new DIF file on disk. When the saving process is finished, 
one last message will be printed on the screen: 

******************* 
FI LE ARA IN. DI F SAVED. 
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This message tells you some important facts about the action of 
the sort program. The program does not destroy your original, 
unsorted DIF file, RAIN.DIF. Instead, it creates a new file for the 
sorted version of RAIN .DIF. The program has a system for devising 
an easily recognizable name for the new file it creates. If you ask 
for an alphabetic sort, the program adds an "A" to the beginning 
of the original file name. Conversely, if you request a numeric 
sort, the new file name will begin with an "N". Thus, the name of 
the alphabetically sorted rainfall DIF file is ARAIN.DIF. If you 
now rerun the program and sort the file numerically, the program 
will produce the new file NRAIN.DIF. 

Go ahead and type the program into your computer, store a 
copy of the program on disk, and run the program twice. First 
sort the DIF file alphabetically and then sort it numerically. When 
you have finished, look at your disk directory. All three of the 
following files should appear in the directory: 

RAIN.DIF 

ARAIN.DIF 

NRAIN.DIF 

Now let's return to the VisiCalc program to take a look at the 
new files we have created. We'll begin with ARAIN.DIF. Make 
sure you have the correct data disk in your disk drive, and type 
the following sequence of VisiCalc commands: 

IS# 

L 

ARAIN.01~ 
R 

/GFI 

{invoke the DIF storage command} 

{to load a DIF file} 

{enter the file name} 

{to load the file by rows} 
{global integer format} 

The results are shown in Figure 8.3. As you can see, the rows of 
data have, in fact, been sorted alphabetically by the names of the 
cities. Now clear the screen and inspect the numerically sorted file: 

/CY 

IS# 

L 

NRAIN.DIF(return ) 

R 
/GFI 

{clear the spreadsheet} 

{invoke the DIF storage command} 

{to load a DIF file} 

{enter the file name} 

{to load by rows} 
{global integer format} 
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Scroll the window to the right until column N is in view. You will 
see that the rows of data have been sorted by the totals that appear in 
this column. The entire spreadsheet is shown in Figure 8.4. 

CLEVELND 7 6 8 9 9 8 
DENVER 2 2 3 5 7 5 
HONOLULU 11 6 8 II 3 1 
LOS ANGL 8 7 6 3 0 0 
MIAMI 6 5 5 9 15 23 
NEW ORLN 11 12 111 11 11 12 
NEW YORK 7 7 9 8 9 8 
SAN FRAN 11 8 6 II 1 0 
ST.LOUIS 5 5 8 10 10 11 
WASH DC 7 6 8 7 10 9 

J 8 7 7 7 6 is 
5 3 3 3 2 1 39 
2 2 2 II 8 9 59 
0 0 1 1 5 6 36 

18 17 22 21 7 II 152 
17 13 111 6 10 13 11111 

9 10 8 7 10 9 102 
0 0 1 3 6 10 50 
9 7 7 7 6 5 91 

10 12 8 7 7 8 99 

Figure 8.3: The Rainfall Spreadsheet Sorted Alphabetically 

MI AMI 6 5 5 9 15 23 
NEW ORLN 11 12 111 11 11 12 
NEW YORK 7 7 9 8 9 8 
WASH DC 7 6 8 7 10 9 
ST .LOUIS 5 5 8 10 10 11 
CLEVELND 7 6 8 9 9 8 
HONOLULU 11 6 8 II 3 1 
SAN FRAN 11 8 6 II 1 0 
DENVER 2 2 3 5 7 5 
LOS ANGL 8 7 6 3 0 0 

1a 17 22 21 7 II 152 
17 13 111 6 10 13 11111 
9 10 8 7 10 9 102 

10 12 8 7 7 8 99 
9 7 7 7 6 5 91 
II 8 7 7 7 6 85 
2 2 2 II 8 9 59 
0 0 1 3 6 10 50 
5 3 3 3 2 1 39 
0 0 1 1 5 6 36 

Figure 8.4: The Rainfall Spreadsheet Sorted Numerically 
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So, we have seen that the entire sorting process, from the time 
you create the original DIF file from the VisiCalc spreadsheet, to 
the moment when you load the sorted DIF file back onto the screen, 
only takes a couple of minutes. The process is very simple, and the 
results are rather dramatic. What is even more important is that 
this process will work for any spreadsheet with any number of 
rows or columns, as long as it contains the two required columns 
of data-a first column of strings, and a final column of totals. 

In the remaining sections of this chapter, we will take a close 
look at the BASIC program that performs this sorting task. Since 
the program is somewhat longer than the other two we have seen, 
we'll begin with an overview of the structure of the program 
before we look at its various subroutines in detail. 

THE STRUCTURE OF THE PROGRAM 

The diagram shown in Figure 8.5 is a structure chart of the DIF 
file sorting program. The purpose of this structure chart is to 
show graphically how the program is organized. 

Each box in the structure chart represents one of the program's 
subroutines. The lines leading between the boxes represent subrou­
tine calls. For example, you can see that the subroutine entitled 
"read strings" calls the subroutine entitled "read data item." The 
broken lines on the structure chart divide the subroutines into the 
three main tasks of the program-reading and storing the DIF 
data; sorting the data; and writing the new DIF file. The structure 
chart, then, is a tool that will help you see how the various sub­
routines work together. You should refer to it often as we discuss 
organization of the program. 

The structure chart also gives a clear picture of the way the 
"main program" section controls the action of the program. 
Lines 10 to 250 make up the main program. The first half of this 
section (lines 10 to 130) is very similar to the main program of the 
statistics program in Chapter 7. This part of the main program 
does five things: it prints a title; it prompts you to enter the name 
of a DIF file; it opens the file; it reads the data into the arrays T1 
and T1$; and, finally, it closes the file. The three subroutines that 
control the reading of the DIF file (at lines 300, 400, and 500) are 
identical to the subroutines used in the statistics program. 
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MAIN 
PROGRAM 

CLOSE 
FILE 

(1200) 

l - - - - - t-- - I- -, r - - I r - _j - - - - 1: -r I 
I I OPEN 

CREATE 
OPEN SORT FILE 
FILE READ READ READ FILE FOR NEW 

FOR HEADER STRINGS NUMERICAL I (4000) I WRITING FILE 

READING (300) (400) DATA (1100) (600) 

(1000) 
(500) I I 

I I I 

I SWAP I 
WRITE WRITE 

READ READ READ ROUTINE WRITE WRITE DATA DATA 
HEADER DATA DATA (4500) BOT HEADER ITEM ITEM 

ITEM ITEM ITEM I I FLAG ITEM WITH WITHOUT 
(2000) (2100) (2100) (900) (3000) QUOTES QUOTES 

I I (3200) (3100) 

I l 
L - - _J WRITE WRITE 

READ SORTTHEDATA DATA DATA 
DATA ITEM ITEM 
ITEM WITHOUT WITH 

(2100) QUOTES QUOTES 
(3100) (3200) 

L __ - _I L __ - - _J 
READ AND STORE THE DATA WRITE THE NEW DIF FILE 

Figure 8.5: Structure Chart of the DIF Sorting Program----------------
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From line 140 on, however, this sort program takes on a per­
sonality of its own. Line 140 contains the INPUT instruction that 
asks you what kind of sort you want: 

140 INPUT II A(LPHA OR N(UMERIC SORT? II; A$ 

One of two characters must be read into the variable A$-" A" or 
"N". The logic of the sort subroutine depends on this. If, during a 
run of the program, you accidentally input some other character, 
then the program needs some way of alerting you to the error and 
making you repeat the input. Line 150 takes responsibility for 
checking your input: 

150 IF A$<> "A" AND A$<> "N" THEN 140 

If the character you have entered for A$ is neither "A" nor "N", 
line 150 sends control of the program back to line 140 again. The 
result of these two lines is that the prompt will be repeated until 
you enter a valid answer. For example: 

A(LPHA OR N(UMERIC SORT? G 

A(LPHA OR N(UMERIC SORT? M 
A(LPHA OR N(UMERIC SORT? A 

Once the program knows which kind of sort you want, it is ready 
to go to work. First, it determines the file name for the new DIF 
file it will be creating. You'll recall that it adds an "A" or an "N" to 
the front of the original file name. This is accomplished in line 160: 

160 F$ = A$ + F$ 

This is an example of what is called concatenation-combining 
two strings to form a third string. Since A$ contains the sort 
code-"A" or "N"-the new F$ will contain the correct new file 
name. 

The next several lines call the appropriate subroutines, and 
produce messages on the screen to tell you what is happening in 
the program. Line 180 calls the sort routine: 

170 PRINT: PRINT "SORTING FILE." 
180 GOSUB 4000 

The new file is opened and written by the subroutine calls at lines 
200 and 210, respectively: 

190 PRINT: PRINT "WRITING FILE." 

200 GOSUB 1100 

210 GOSUB 600 
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And finally, after line 220 closes the file, lines 230 and 240 
announce that the new sorted file has been created: 

220 GOSUB 1200 

230 PRINT: PRINT 
11******************* 11 

240 PRINT: PRINT 11FILE 11
; F$;,, SAVED." 

The two subroutines that are new in this program are the sort 
subroutine (at line 4000) and the subroutine that creates (i.e., 
writes) the file (at line 600). We will examine these two routines 
with some care. 

THE SORT SUBROUTINE 

There are many different methods (or "algorithms," in com­
puter programming parlance) for sorting a list of data. The method 
used in this program is not the most efficient in terms of run time, 
but it is by far the simplest. It is called the bubble sort. The tech­
nique of the bubble sort is to compare every element of the list, from 
top to bottom, with every element below it. If any two elements 
are found to be out of order, then they are exchanged ("swapped"). 
By the time the process reaches the bottom of the list, the sort is 
complete; all the elements are in order. 

The comparisons are controlled by a pair of "nested" FOR 
loops in BASIC: 

4030 FOR I = 1 TO V - 1 

4040 FOR J = I + 1 TO V 

(compare elements, and swap if necessary) 

4110 NEXT J 

4120 NEXT I 

You can see that these FOR loops are designed to cover all V vectors 
of the data. Since our data is stored in arrays, the variables I and J 
(which are incremented by the FOR loops) become the indices into 
the arrays. 

What adds complexity to the sort subroutine is that it must be 
able to sort either numerically or alphabetically, depending on 
the value of the sort code variable, A$. For this reason, the instruc­
tions inside the two loops are divided into two logical parts. Line 
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4050 determines which set of instructions will be executed: 
4050 IF A$= 11A" THEN GOTO 4090 

The alphabetic sort requires comparisons of the string array, T1$. 
If two elements of this array are out of order, the entire rows that 
they represent must be swapped. To simplify this procedure, the 
swapping itself is performed by another subroutine altogether, at 
line 4500. Line 4100 calls this routine if its comparison shows that 
two elements of T1$ are out of order: 

4100 IF Tl$(1) > Tl$(J) THEN GOSUB 4500 

Likewise, the numeric sort must call the swap routine if two 
elements of the last column of data are out of order. This last column 
is accessed via the value of the variable T-the number of numeric 
tuples. (You'll recall that the subroutine at line 300 determines 
this value from the TUPLES item of the header.) The numeric sort 
comparisons are made in line 4070: 

4070 IF Tl (T,I) < Tl (T,J) THEN GOSUB 4500 

If a numeric sort is being performed, then the program must skip 
over the instructions that carry out the alphabetic sort. This is the 
reason for the GOTO instruction in line 4080: 

4080 GOTO 4110 

If you have trouble catching on right away to the logic of the 
bubble sort, try to think of the arrays Tt and T1$ as a single two 
dimensional table-like a spreadsheet table. Think of comparing 
elements down a column-either the string column or the total 
column-and making exchanges when necessary. But remember, 
when you exchange two elements, it's not sufficient just to make 
the swap within the column whose elements you are comparing. 
You must exchange the entire rows represented by those two 
elements. This is the job of the swap routine, at line 4500. 

The swap routine has two sections. The first section, at lines 
4510 to 4530, is for swapping the strings of the one-dimensional 
array T1$. There are three steps to the swap process. First, one of 
the two elements must be assigned temporarily to a "holding" 
variable, H$: 

4510 H$ = T1$(1) 
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Then the position of the first element can be assigned a new 
value-the value of the second element: 

4520 T1$(1) = T1$(J) 

And finally the value stored in H$ becomes the new second element: 

4530 Tl $(J) = H$ 

The second section of the swap routine is for the numeric swap. 
This swap is also performed in three steps. However, since two 
whole rows of elements must be exchanged, the swap is performed 
within a FOR loop: 

4540 FOR K = 1 TO T 

4550 H =Tl (K,I) 

4560 Tl (K,I) =Tl (K,J) 

4570 Tl (K,J) = H 

4580 NEXT K 

In terms of programming time, the bubble sort is very econ­
omical. Even with the added complexity of choosing between 
numeric and alphabetic sorts, the entire operation is performed 
in fewer than twenty lines of BASIC code. This is why the bubble 
sort is so popular. However, it also has its disadvantages. It 
becomes slower and slower as the size of the array increases. If 
you find that you are using the sort program for large VisiCalc 
spreadsheets, you might want to investigate other sorting algo­
rithms. To revise the sorting method, you only need to change the 
sort subroutine itself. The swap subroutine will remain the same. 

THE DIF FILE CREATION SUBROUTINE 

Once the array has been sorted, the subroutine at line 600 takes 
over to write the sorted data to a new DIF file. With one important 
exception, the writing is simply the reverse of the reading process. 
When we read the DIF file, we first called the reading subroutines, 
and then accessed the variables into which the DIF data had been 
read. Now, to write a DIF file, we will start by assigning values to 
the appropriate variables; then we will call the writing subrou­
tines, which write the values of those variables to the file. 

The exceptional difference between the two processes is this: 
In reading the DIF file we could treat any data that didn't interest 
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us as garbage. But to write a DIF file correctly we must systemat­
ically keep track of each element of the DIF format, and include 
those elements one by one in the file. 

You'll recall that our library of file-handling subroutines contains 
three routines for writing files. The subroutine at line 3000 writes 
a header item. The subroutines at lines 3100 and 3200 both write 
data items, the former without string quotes, and the latter with 
them. The variables that these subroutines use are the same ones 
used by the file reading subroutines-T$, for header titles; V1, 
and V2 for numeric data; and S$ for string data. So it is to these 
four variables that we will have to assign values before each call 
to a file-writing subroutine. 

The subroutine at line 600 is divided into three parts. The first 
part (lines 610 to 660) writes the header section. The second part 
(lines 670 to 720) and the third part (lines 730 to 790) write the data 
section, first the tuple of strings and then the numeric tuples. 
Let's look at these three parts one at a time. 

The values of V1 and S$ are constant for all the items of the 
header section. Line 620 assigns these values: 

620 Vl = 0 : 5$ = '"' 
Then the next four lines write each of the four items of the header 
section. Each line assigns new values to T$ and V2 and then calls 
the subroutine at 3000 to write the item. Notice that the values of V 
and T + 1 provide the number of vectors and tuples, respectively: 

640 T$ = "VECTORS" : V2 = V : GOSUB 3000 

650 T$ = "TUPLES" : V2 = T + 1 : GOSUB 3000 

Each of the tuples in the data section of the file must begin with 
a BOT flag. The subroutine at 900 is designed to write that flag. It 
assigns the appropriate values, and calls the subroutine at 3100 to 
write the item: 

910 Vl = -1 : V2 = 0: S$ ="BOT": GOSUB 3100 

The second part of the file creation subroutine writes the string 
tuple. It begins with a call to the BOT flag subroutine: 

680 GOSUB 900 

Then it assigns values to V1 and V2. Remember that the type iden­
tifier for string items is 1: 

690 Vl = l : V2 = 0 
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Finally, it uses a FOR loop to assign each value of the array Tl$ to 
8$ and then write the item: 

700 FOR I = 1 TO V 

710 5$ = Tl $(1) : GOSUB 3200 

720 NEXT I 

Notice that the subroutine at 3200 is used to write the string 
items. This subroutine puts quotes around the value of 8$. 

The third part of this subroutine writes the numeric tuples. It 
uses a pair of nested loops to do the job. The outer loop creates 
each tuple, starting with a BOT flag: 

7 40 FOR I = 1 TOT 

750 GOSUB 900 

The type identifier for numeric data is O; this value is assigned to 
Vl, and "V" is assigned to the string variable 8$: 

755 Vl = 0 : 5$ = "V" 

Then the inner loop assigns values from the array Tl to the 
variable V2, and writes each data item to the file: 

760 FOR J = 1 TO V 

770 V2 =Tl (1,J): GOSUB 3100 

780 NEXT J 

One detail remains before the file can be called complete. The last 
two lines of the subroutine write the EOD flag: 

800 Vl = - 1 : V2 = 0 : 5$ = "EOD" 

810 GOSUB 3100 

All in all, this subroutine shows that writing a DIF file is only a 
little harder than reading one. As with all programming tasks, the 
key is careful organization, and judicious use of subroutines. 

SUMMARY 

The ultimate goal in the VisiCaldBA8IC relationship is to go full 
circle with data processing-from VisiCalc, to BASIC, and then 
back to VisiCalc again. As we have seen in the sort program, the DIF 
file is an excellent medium for moving data around this circle 
efficiently and reliably. 
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INTRODUCTION 

The subroutines listed in this appendix are designed specifically 
for the file-handling requirements of the BASIC programs in 
Chapters 6, 7, and 8. For a general discription of the action of 
these routines, see Figure 6. 7 in Chapter 6. 

Sequential files may be opened either for input or for output. 
If you are writing to a file and you subsequently want to read 
from the same file, you must first close the file and then reopen it 
for reading. The programs in Chapter 6 and 7 simply read data 
files, so they only need one subroutine to open a file for reading. 
The program in Chapter 8, however, reads one file, closes it, and 
later opens a different file for writing. This program, then, re­
quires two different subroutines for opening files, one to open for 
reading, and another to open for writing. The BASIC instructions 
for the two operations are not the same. 

When a program is reading a sequential file, each data item of 
the file must be read, item by item, from the beginning of the file, 
even if the reading program has no need for certain items. As a 
result, the programs in Chapters 6, 7, and 8 read many items as 
"garbage"-i.e., items that are read and then discarded. 

APPLE® BASIC 

Figure A.1 shows the subroutines for Applesoft disk BASIC. In 
this version of BASIC, the control-D character is used to alert the 
operating system to the fact that a DOS command is going to be 
executed from within the BASIC program. The ASCII code for 
control-Dis 4; this is designated by CHR$(4) in the subroutines. 
Thus, the OPEN, CLOSE, READ, and WRITE commands are all 
executed by PRINT statements that begin with control-D. Two 
PRINT statements are required for opening a sequential file-one 
for the OPEN command, and one for the READ or WRITE com­
mand. For example: 

1010 0$ = CHR$(4) 

1020 PRINT 0$; "OPEN 11
; F$ 

1030 PRINT 0$; "READ"; F$ 

After the file is opened for reading, any subsequent INPUT 
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instructions read data from the file. Likewise, when a file is opened 
for writing, any PRINT instructions write data to the file. 

1000 REM ••• OPEN FILE FOR READING 
1010 D$ = CHR$(4) : RQot •• CONTROL-D 
1020 PRINT D$; "OPEN "; F$ 
1030 PRINT D$; "READ "; F$ 
1040 RETURN 

1100 RQot •H OPEN FILE FOR WRITING 
1110 D$ : CHR$(4) : REM•• CONTROL-D 
1120 PRINT D$; "OPEN "; F$ 
1130 PRINT D$; "WRITE "; F$ 
1140 RETURN 

1200 RQot ••• CLOSE FILE 
1210 PRINT D$; "CLOSE" 
1220 RETURN 

2000 REM •H READ HEADER ITEM 
2010 INPUT T$ 
2020 GOSUB 2100 
2030 RETURN 

2100 REM ••• READ DATA IT9't 
2110 INPUT V1, V2 
2120 INPUT S$ 
2130 RETURN 

3000 REM ••• WRITE HEADER ITEM 
3010 PRINT T$ 
3020 GOSUB 3200 
3030 RETURN 

3100 REM ••• WRITE DATA ITEM WITHOUT QUOTES 
3110 PRINT V1; t1, t1; V2 
3120 PRINT S$ 
3130 RETURN 

3200 REM *** WRITE DATA ITQot WITH QUOTES 
3210 PRINT Vl; ","; V2 
3220 PRINT CHR$(34); S$; CHR$(34) 
3230 RETURN 

Figure A.1: File-Handling Subroutines in AppJesofl BASIC-----

TRS-80™ BASIC 

Figure A.2 shows the same subroutines for TRS-80 BASIC. The 
OPEN command takes three parameters. The first, either "I" or 
"O", indicates whether the file is being opened for input or out­
put. The second, an integer from 1 to 15, assigns the file to a 
memory buffer, which stores data temporarily while it is on its 
way to or from the disk file. The third parameter is the file name. 
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So, the command: 

1010 OPEN "I", l, F$ 

opens file F$ for input (i.e., reading) and assigns it to buffer #1. 
The statement: 

1110 OPEN 110 11

1 , 2, F$ 

opens file F$ for output and assigns it to file buffer #2. 
The INPUT# and PRINT# statements are used for file input and 

output. They must include the buffer number of the file that is 
being read or written. For example: 

2010 INPUT#l, T$ 

reads a string value from the file assigned to buffer #1. 

1000 REM ••• OPEN FILE FOR READING 
1010 OPEN "I", 1, F$ 
1020 RETURN 

1100 REM ••• OPEN FILE FOR WRITING 
1110 OPEN "0", 2, F$ 
1120 RETURN 

1200 REM ••• CLOSE FILE 
1210 CLOSE 
1220 RETURN 

2000 REM ••• READ HEADER ITEM 
2010 INPUT01, T$ 
2020 GOSUB 2100 
2030 RETURN 

2100 REM ••• READ DATAITEM 
2110 INPUT01, V1, V2 
2120 INPUT01, S$ 
2130 RETURN 

3000 REM H• WRITE HEADER ITEM 
3010 PRINT02, T$ 
3020 GOSUB 3200 
3030 RETURN 

3100 REM ••• WRITE DATA ITEM WITHOUT QUOTES 
3110 PRINT02, V1; II'"; V2 
3120 PRINTD2, S$ 
3130 RETURN 

3200 REM 111 WRITE DATA ITEM WITH QUOTES 
3210 PRINT02 1 V1; ","; V2 
3220 PRINT02, CHR$(34): S$; CHR$(34) 
3230 RETURN 

....._ ______ yJBW'8 A.Z: File-Handling Subroutines for the T.RS-8 



180 MASTERING VISICALC 

IBM® PERSONAL COMPUTER BASIC 

The file subroutines for the IBM Personal Computer, shown in 
Figure A.3, are similar to those for the TRS-80. The IBM Personal 
Computer allows two different versions of the open statement. 
For example, the following two statements both perform the same 
task of opening the file F$ for input and assigning it to buffer #1: 

1010 OPEN F$ FOR INPUT AS #1 

1010 OPEN "I", #1, F$ 

The subroutines of Figure A.3 use the first of these two state­
ments, since its meaning is clearer than that of the second version. 

1000 RPM H• OPEN FILE FOR READING 
1010 OPEN F$ FOR INPUT AS 11 
1020 RETURN 

1100 RPM •H OPEN FILE FOR WRITING 
1110 OPEN F$ FOR OOTPUT AS 12 
1120 RETURN 

1200 RPM •H CLOSE FILE 
1210 CLOSE 
1220 RETURN 

2000 RPM •H READ HEADER ITPM 
2010 INPUT#1, T$ 
2020 GOSUB 2100 
2030 RETURN 

2100 RPM ••• READ DATA ITPM 
2110 INPUTl1, V1, V2 
2120 INPUT#1, S$ 
2130 RETURN 

3000 RPM •H WRITE HEADER ITPM 
3010 PRINT02, T$ 
3020 GOSUB 3200 
3030 RETURN 

3100 REM •H WRITE DATA ITEM WITHOUT QUOTES 
3110 PRINT 12, V1; ","; V2 
3120 PRINT 02, $$ 
3130 RETURN 

3200 REM •H WRITE DATA ITEM WITH QUOTES 
3210 PRINT02, V1; ","; V2 
3220 PRINTD2, CHR$(34); S$; CHR${34) 
3230 RETURN 

Figure A.3: File-Handling Subroutines for the IBM Personal Computer 
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INTRODUCTION 

The purpose of this appendix is to help you understand the 
three BASIC programs developed in this book. It is not a complete 
introduction to the BASIC language, but will at least get you 
started if you have had little or no experience with BASIC pro­
gramming. The ideal time to read this appendix is after you have 
completed the first five chapters of the book, and before you 
begin the last three. 

In this appendix, as we study the instructions of BASIC, we will 
often compare them to the features of the VisiCalc program. We 
will note many similarities between the two programming tools, 
as well as a few important differences. 

Important points of comparison between VisiCalc and BASIC 
will be summarized in boldface type in this appendix. 

There are two reasons for comparing the features of VisiCalc 
and BASIC: 

1. You will probably find that your new familiarity with the 
VisiCalc program will help you "visualize" some of the 
concepts of BASIC programming, thus making it easier 
for you to learn BASIC. 

2. In order to use both VisiCalc and BASIC most effectively, 
you must learn enough about their respective characteris­
tics to recognize the ideal time to use one or the other. 

This second reason is one of the themes developed in Chapters 6, 
7, and 8; but this appendix will fill you in on some of the technical 
details involved in the discussion. 

WHAT IS A BASIC PROGRAM? 

A BASIC program is a numbered sequence of instructions 
designed to make your computer accomplish a job. The instruc­
tions must all be written in the limited and specific vocabulary 
and syntax that compose the BASIC language. The lines of a pro­
gram are numbered in ascending order, although the numbering 
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system does not necessarily have to be in regular multiples. For 
example, the first lines of a program could be numbered: 

1 
2 
3 
4 

5 
or: 

10 
20 

30 
40 

50 
or even: 

10 
13 
20 
25 

37 

All that matters is that the numbers increase from the beginning 
to the end of the program. A program can be any length that suits 
the job it has to perform-from one line to several hundred lines. 

The instructions of a numbered BASIC program produce no 
immediate results when you first type them into your computer. 
This is one aspect of a BASIC program that is essentially different 
from a sequence of VisiCalc commands. In VisiCalc, you see 
immediate results almost each time you enter a command onto 
the spreadsheet. You may see new data, new calculations, or new 
formats-but something visual will happen on the screen. In 
BASIC, on the other hand, you must give the operating system of 
your computer a specific command when you want to run the prcr 
gram. Usually, the way you do this is simply by entering the word: 

RUN 

while your program resides in the active memory of your com­
puter. The computer then executes each of the commands of your 
BASIC program, one by one, in the order specified by the logic of 
the program itself. 
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One essential difference between BASIC and VisiCalc, then, 
is that VisiCalc commands are generally carried out as soon as 
you enter them, whereas the commands of a BASIC program are 
not executed until you run the whole program. 

A line in a BASIC program may actually contain more than one 
instruction. Different instructions on the same line are separated 
by a colon (:). For example, the following line contains three 
different instructions: 

630 T$ = "TABLE" : V2 = 1 : GOSUB 3000 

Some versions of BASIC use the backslash character (\) rather 
than the colon to separate different instructions on a line. 

A display of all the lines of a program is called a listing. A listing 
can appear either on the screen of your computer or on paper. 
Often you'll want to include a certain amount of documentation 
about a program within the listing itself. You may want to indicate 
where one section of a program ends and where another begins. 
Or you may want to describe exactly what a certain line does. The 
REM instruction (for remark) allows you to do all this. When you 
write REM as the first word of a line, BASIC ignores anything 
that appears thereafter on that line. For example, at the beginning 
of a program you might include lines that describe the purpose of 
the program: 

10 REM*** THIS PROGRAM DISPLAYS 

20 REM*** A DIF FILE 
30 REM * * * ON YOUR SCREEN. 

There is no restriction on the words or symbols that you write 
after REM. You may write anything that you think might be 
helpful to someone who is trying to use or understand your pro­
gram. You can also use REM as the last instruction on a line that 
contains more than one instruction. For example: 

70 GOSUB 1000 : REM * * OPEN FILE 

The BASIC word END is the final instruction of a program. 
END tells the computer that the program is finished. (However, 
END does not necessarily have to appear on the final line of a 
BASIC program. We will see why this is true when we study how 
execution of a program is controlled.) 
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Finally, when you write a BASIC program you'll probably want 
to save it on disk so that you can use it more than once. BASIC 
programs can be saved on disk and then "loaded" back into the 
active memory of your computer, just as VisiCalc programs can. 
Your operating system will supply its own specific commands 
for creating a BASIC program file on disk. You should find out 
what these commands are before you start writing programs that 
are important enough to save. 

STORING DATA IN BASIC 

In the VisiCalc program, each position on the spreadsheet can 
hold one item of data. BASIC also has structures that store single 
items of data. They are called variables. The reason for this term is 
that the value stored in a variable can change during the course of 
a program. Each variable has a name; it is referred to by the same 
name each time it is used. Many versions of BASIC limit the length 
of variable names to one, two, or three characters. The first 
character must be a letter from A to Z. Some examples of variable 
names in these BASICs are: 

Vl 
V2 

I 

J 

N 

Other BASICs allow variable names to be longer. The advantage 
to this is that you can write names that express the nature of the 
data that the variables actually store. For example: 

VALUEl 

VALUE2 

The programs presented in this book use short variable names so 
that they will be acceptable to the most common versions of 
BASIC. If you have a BASIC that allows long variable names, 
however, you should take advantage of this feature, since meaning­
ful names make a program easier to read and understand. 

Unlike the positions on your VisiCalc spreadsheet, a given 
BASIC variable is defined to hold one specific type of data item. 
The type of data that a variable can store is identified by the last 
character of the name of the variable. If the last character of a 
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name is $, then the variable is defined for storing strings. (Non­
numeric data-known as labels in VisiCalc-are called strings in 
BASIC.) Some examples of string variable names are: 

T$ 

S$ 
A$ 

A name ending in the character% designates an integer variable: 
1% 

J% 

Finally, if a variable name ends in a letter or a digit, rather than 
one of the two special characters($ or%), then it designates a real­
number variable. (A real number is one that can contain a decimal 
fraction.) 

Don't confuse BASIC variable names with VisiCalc addresses. 
In VisiCalc, when we refer to an address such as M5 we are talking 
about a position on the spreadsheet-specifically, the position at 
the intersection of column M and row 5. A BASIC variable could 
also be named M5, but the individual characters of this variable 
name have no special meaning to BASIC. As a BASIC programmer, 
you will choose variable names that help you to remember what 
the variables represent. For example, M5 might mean "month 
#5" to you. But to BASIC, M5 is just another variable name. 

A BASIC variable, like a position on the VisiCalc spread­
sheet, stores one item of data. The type of data a variable can 
store is indicated in the last character of the variable name 
itself. Otherwise, variable names are chosen for their signifi­
cance to the programmer, not for their significance to BASIC. 

The BASIC instruction that stores an item of data in a variable 
is called an assignment statement, because it assigns a value to the 
variable. An example of an assignment statement is: 

10 Vl = 1 

This statement means, "Store the value 1 in the variable V1." The 
"verb" of an assignment statement is always represented by the 
equal sign ( = ). Only a single variable name may appear at the left 
of the equal sign. At the right of the equal sign, however, more 
complex expressions are legal. For example: 

205V2 = T + 1 
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This statement involves two variables, V2, and T. The statement 
says: "Add 1 to the value of T and store the sum in V2." When the 
instruction is executed, only the variable V2 will receive a new value. 
The variable T, on the right side of the equal sign, will not change. 

Many times in BASIC programming the name of a variable will 
appear on both sides of the equal sign. When you see this kind of 
assignment statement, you will know that a new value is being 
calculated for the variable at the left of the equal sign, but in a 
special way. The calculation of the new value will be based partly 
on the old value of the variable. Here is an example: 

215 Vl = Vl + 1 

This statement says, "Add 1 to the current value of V1, and then 
store the sum in Vl." Or, more simply, "Increment the value of Vt 
by 1." In this case, since Vl can only store one value at a time, the 
old value of V1 is lost. 

There is no limit to the complexity of the arithmetic on the right 
side of an assignment statement. BASIC computes the value of 
the expression on the right and assigns the result to the variable 
on the left. The symbols used for arithmetic operations are the 
same as in the VisiCalc program: 

+ addition 
subtraction 

* multiplication 
I division 
" exponentiation 

The order in which these operations are evaluated, however, is 
not the same as the VisiCalc program. VisiCalc, you'll recall, 
simply evaluates arithmetic expressions from left to right. 
BASIC, on the other hand, always respects a fixed hierarchy of 
operations. Here is the order in which operations are evaluated: 

1. exponentiation 
2. multiplication and division (from left to right) 
3. addition and subtraction (from left to right) 

For example, consider the expression on the right side of the 
following assignment statement: 

100 Vl =A + B * C"D 

The expression, as written, would be evaluated from right to left, 
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following the hierarchy of operations-first exponentiation, then 
multiplication, then addition. 

Just as in VisiCalc, however, you can change the order of opera­
tions by adding parentheses to an arithmetic expression: 

100 Vl = ((A + B) * C)"D 

With these parentheses, the expression would be evaluated from 
left to right-starting with the inner-most parentheses and 
moving outward. 

VisiCalc and BASIC have two different systems for 
evaluating arithmetic expressions. For this reason, you must 
write such expressions very carefully to avoid unexpected, and 
unpleasant, results. 

ARRAYS IN BASIC 

In addition to the simple variable, BASIC has another, more 
complex, structure for storing data. This structure is the array. 
An array stores groups of data items in a way that is very similar to 
the rows and columns of the VisiCalc spreadsheet. 

Before you begin using an array in a BASIC program, though, 
you must explicitly specify three characteristics of the array: 
type, dimension, and length. BASIC has a special statement that 
is used just to define these array characteristics. It is the DIM 
statement (for dimension). Here is an example: 

20 DIM Tl $(10), Tl (12, 10) 

This DIM statement defines two arrays. The first array is named 
T1$. Its name declares it as an array of strings; that is, every data 
item stored in T1$ will be a string. (The conventions for declaring 
variable types in the names of variables also apply to arrays.) The 
number 10, in parentheses after the name, specifies the length of 
the array. Specifically, it tells us that T1$ is defined to store 11 
data items-numbered 0 to 10. T1$ is a one-dimensional array; 
only one number appears between the parentheses. 

The array T1 is a two-dimensional array of real numbers. Since 
the lengths of its two dimensions are specified as 12 and 10, 
respectively, we know that the array can hold a table of real 
numbers that is 13 items long (O to 12) by 11 items wide (0 to 10). 

When you assign values to an array you must specify precisely 
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where in the array the values are to be stored. For example, the 
following statements assign string values to all eleven elements of 
the array T1$: 

10 Tl $(0) = "ZERO" 

15 Tl $(1) = "ONE" 

20 Tl $(2) = 1'TWO" 

25 Tl $(3) = "THREE" 

30 T1$(4) = 11FOUR" 

35 Tl $(5) = "FIVE" 

40 T1$(6) = 11SIX" 

45 Tl $(7) = 11SEVEN" 

50 Tl $(8) = "EIGHT" 

55 T1$(9) = "NINE" 

f:IJ Tl$( 10) = 1

~EN" 

You can also use a variable to specify a place in an array. If, for 
example, you have assigned the value 5 to a variable named I, say 
in line 20 of your program, then the statement: 

30 Tl $(1) = "FIVE" 

assigns a string to the fifth element (I= 5) of Tl$. The variable I in 
this example is called the index into the array Tl$. 

A one-dimensional array in BASIC is like a row or column on 
the VisiCalc spreadsheet; it stores a list of data items. A two­
dimensional array stores a table of data items. However, any 
given BASIC array is limited to one specific type of data. 

INPUT AND OUTPUT IN BASIC 

When you use the VisiCalc program you tend not to think of input 
and output as two distinct processes, because they actually occur 
simultaneously. If you are creating a table of numbers, for example, 
you can see the table developing as you enter the values. If you 
then type a formula to calculate a new value for the table, you see 
the results of the formula immediately. 

In BASIC, on the other hand, you are much more likely to 
distinguish clearly between the process of inputting data into the 
program and the subsequent process of outputting the results. In 
fact, BASIC has two distinct sets of commands that deal with input 
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and output. As a BASIC programmer, you have to use these com­
mands to tell your program specifically how, when, and where to 
read and write data. 

There are three possible sources of input data for a BASIC 
program. The simplest and most static source is the program 
itself. For example, you might use an assignment statement to 
make a certain data value available to your BASIC program: 

lOOPl =3.14 

The disadvantage of writing data directly into your program is 
that you have to change the program itself in order to revise the 
data. This is not a reasonable approach when a program needs lots 
of data that is likely to be different each time the program is run. 

A much better approach-and one that microcomputer BASICs 
are particularly well designed for-is to instruct your program to 
read data from the keyboard. In effect, then, you can design a 
BASIC program that "talks" to the person who is sitting at the 
computer, and receives information back again from that person 
via the keyboard. We often refer to this two-way communication 
as a dialogue between the BASIC program and the user of the pro­
gram. You must design all the details of this dialogue in advance 
as though you were writing a scene for a play. 

The primary BASIC instruction that you can use to conduct 
such dialogues is the INPUT statement. The implementation 
details of the INPUT statement may vary slightly from one version 
of BASIC to another, but essentially this command performs 
three tasks: 

1. It displays a "prompt" on the screen of the computer. This 
prompt is usually a question or a declarative sentence that 
indicates to the user what data item to enter. You plan this 
prompt yourself when you write the INPUT statement. 

2. It reads the data item that the user types at the keyboard in 
response to the prompt. 

3. It assigns that data item to a specified variable. 

The following example illustrates these three tasks: 

50 INPUT "HOW OLD ARE YOU?"; Y% 

This line has three different elements: first, the command word 
itself: INPUT; second, the prompt, written between quotation 



192 MASTERING VISICALC 

marks; and third, the name of the variable that is to store the input 
data. When BASIC executes this line, it will begin by displaying 
the prompt on the screen: 

HOW OLD ARE YOU? 

and then it will wait for a response to be typed at the keyboard. 
Let's say the user enters the number 31 in response to the prompt 
question: 

HOW OLD ARE YOU? 31 

The input value 31 will be stored in the variable Y%. Any time the 
program subsequently needs to use this input item, it can find it in 
Y%. 

You can, of course, use the INPUT statement to read string data 
as well as numerical data. The following statement reads a string 
into the variable N$: 

40 INPUT "WHAT IS YOUR NAME?"; N$ 

For output of data to the screen, BASIC supplies the PRINT 
command. PRINT can be used in a number of different ways. 
Again, different versions of BASIC offer a variety of different 
features that work with the PRINT command. The simplest use of 
PRINT is to display the current value of a variable on the screen. 
The statement: 

60PRINTY% 

would display whatever value is stored in the variable Yo/o. You 
can also include explicit strings in a PRINT statement, which is 
valuable when you want to display output data in an explanatory 
context. For example: 

60 PRINT "YOU ARE"; Yo/o; II YEARS OLD." 

This statement includes the value of Y% in a sentence displayed 
on the screen. If the current value stored in Y% is 31, then this 
PRINT statement will produce the following line of output: 

YOU ARE 31 YEARS OLD. 

The punctuation in a PRINT statement is always significant. 
The semicolon (;) is used to separate different data elements in a 
PRINT statement, as in line 60 above. The comma, on the other 
hand, performs an additional function. You can use a comma 
separator in the PRINT command to create columns of data. For 
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example,let'ssaythevariablesVl, V2, V3, V4, V5,andV6contain 
the integer values 1to6, respectively. Then the statements: 

70 PRINT Vl, V2, V3 

80 PRINTV4, V5, V6 

will produce the following lines: 

2 3 
4 5 6 

The space separating the columns, and the number of columns 
across the screen, both depend on the version of BASIC you are 
using. 

Many BAS I Cs have a function called TAB, which will also 
produce columnar output results. The TAB function instructs 
BASIC to output data at a certain line-position on the screen. For 
example, the lines: 

90 PRINT TAB(lO); Vl; TAB(20); V2 

100 PRINT TAB(lO); V3; TAB(20); V4 

produce two columns of data as follows: 

1 2 

3 4 

The first column is 10 spaces away from the left border of the 
screen, and the two columns are separated by 10 spaces. 

Finally, the PRINT USING command supplies, for versions of 
BASIC that have it, a means of formatting the output of numeric 
data. PRINT USING takes directions from a string consisting of 
special characters (including "#", "$", "* ", ". ", and",") to format 
a number for output. For some examples and an explanation of 
the use of this command, see Figure B.1. 

BASIC has some screen-output features that are similar to 
the VisiCalc global format commands. These features include 
the TAB function, which is a tool for producing columns of 
data, and PRINT USING, for formatting numeric data. In 
general, however, input and output must be planned much 
more explicitly in BASIC than in VisiCalc. 

The third source of data for a BASIC program is an external 
data file, stored on disk or cassette tape. The syntax of the file input 
and output commands tends to vary widely from one version of 
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STATBMBRTS CUTPOT RESULTS 

10 V1 = 1532.14 
20 PRINT USING "$$00,D00.00"; V1 $1,532 .14 

10 V1 = 23456.789 
20 S$ = "PAY EXACTLY ••$00,DOOO.DO" 
30 PRINT USING S$; V1 PAY EXACTLY •••$23,456.79 

10 V1 = 1.234 
20 V2 = 25.71 
30 V3 = 98.7654 
40 S$ = "000.0 000.0 OOD.0" 
50 PRINT USING S$; V1, V2, V3 1.2 

# Represents one digit of the number 

25.7 

Indicates placement of decimal point 

98.8 

I Causes commas to be printed every three digits to the left of the 
decimal; may be placed in any position in the format string 

$ Puts dollar signs in position indicated 

$$ Places "floating" dollar sign 

** Fills space up to the first digit with asterisks 

••$ Prints asterisks before floating dollar sign 

Figure B.1: Examples and Explanation of PRINT USING:-------------..J 

BASIC to another. Appendix A shows examples of these com-
mands for three different BASICs. 

In terms of the way data is accessed, there are two different 
kinds of data files-sequential access and random access. The 
data items of a sequential access file must be read from top to 
bottom, item by item. In other words, if you want to access the 
tenth item of a sequential data file, you must first read the first 
nine items, even if those nine elements are of no relevance what­
soever to the task before you. Sequential access files are suitable 
for large data processing tasks that involve storage and access of 
many similar data items. 
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The data items of random access files may be read in any order. 
Often a random access file is used in conjunction with an indexing 
structure that facilitates retrieval of specific data from the file. 

CONTROLLING A BASIC PROGRAM 

Even though a BASIC program is numbered in ascending order, 
the numbering system does not necessarily represent the order in 
which the lines of the program will be executed. Many times it 
suits the logic of a particular task to skip forward to a line further 
down in the program, or to jump backward to a line further up. 
Often you'll want to execute the same line or set of lines more 
than once. BASIC supplies different kinds of commands that 
allow you, the programmer, to control the order of execution of 
the lines in a program. The commands are GOTO, GOSUB, and 
FOR/NEXT. We will examine each of these commands in turn in 
this section. 

THE GOTO COMMAND 
AND THE IF STATEMENT 

The GOTO statement sends control of the program to a specific 
line number. The direction of the jump can be forward or backward. 
The following statement, located at line 10, directs the program to 
jump forward to line 100: 

lOGOTO 100 

This statement orders a backward jump: 
200GOTO 150 

When BASIC encounters a GOTO statement, it immediately 
jumps to the specified line number and executes the command 
in that line. Then, it moves forward from that new point in the 
program. 

Don't confuse the BASIC GOTO statement with the VisiCalc 
GO TO command (> ). They have nothing at all in common. 
The BASIC GOTO is used to direct the order of execution of the 
lines of a program. The VisiCalc GO TO simply repositions 
the VisiCalc cursor to a new place on the spreadsheet. 

The action of the GOTO statement can be made conditional, by 
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combining it with the IF statement in BASIC. For example: 
50 IF I> OTHEN GOTO 10 

This statement says, "If the value of the variable I is greater than O 
then send control of the program back to line 10; otherwise, proceed 
forward as usual." 

Like VisiCalc, the BASIC language includes a whole vocabulary 
devoted to logical statements. In addition to IF, BASIC has the 
words AND, OR, and NOT, and the logical operators>, <, > =, 
< =, =, and < >, which are conceptually the same as the 
equivalent features in the VisiCalc program. However, there is an 
important difference between the action of a VisiCalc logical 
function and the potential range of results possible from BASIC 
logical statements: 

In the VisiCalc program an @IF function simply chooses be­
tween two different values, and stores one of them in a 
specified spreadsheet position. In BASIC, however, the 
resulting action of an IF statement can be expressed by almost 
any BASIC command, including PRINT, INPUT, GOTO, 
GOSUB, or an assignment statement. 

Figure B.2 shows some examples of IF statements in BASIC. 
Read them and see if you can describe what the result of each one 
would be. 

10 V1 ;:..-()..-
20 V2 = 10000 
30 INPUT "TYPE A NUMBER "; X 
40 IF ex < V1) THEN PRINT "THE NtJMBBR IS NmATIVB" 
50 IF ex >= V1) AND ex <= V2) THEN PRINT "BB'l'WBBR";V1;"AND";V2 
60 IF ex > V2) PRINT "LARGE Nt!tBER" 
70 IF ex < V1) OR ex > V2) THEN PRINT "NPDATIVB OR VERY LAROE" 
80 IF NOT ex = V1) THEN PRINT "NOT lllUAL 10 ";V1 
90 IF ex <> V2) THEN PRINT "NOT lllUAL 10 ";V2 
100 END 

Figure B.2: Examples of the IF Statement in BASIC-------

THEGOSUBSTATEMENT 
The GOSUB statement in BASIC passes control of the program 

to a subroutine. We say that the GOSUB command "calls" a 
subroutine. A subroutine is a group of lines that are designed to 
perform a certain task. When the task is complete, the subroutine 
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returns control of the program back to the line following the 
subroutine call. Here is a short, and somewhat whimsical, example 
of a program that contains subroutines: 

10 RD! H• PERSONAL INFORMATION 
20 INPUT "HOW OLD ARE YOU? "; YJ 
30 IF (YJ >= 17) AND (YJ < 21) THEN GOSUB 100 
40 IF YJ < 17 THEN GOSUB 200 
50 IF YJ >= 21 THEN GOSUB 300 
60 INPUT "WHAT IS YOUR NAME? "; N$ 
70 GOSUB 1000 : RD! H PROCESS THE DATA 
80 END 

100 RD! H YOUNG ADULT 
110 INPUT "DO YOU W(ORK OR GO TO S{CHOOL <W OR S>? "; A$ 
120 IF {A$ <> "S") AND (A$ <> "W") THEN GOTO 110 
130 IF A$ : "S" THEN GOSUB 200 
140 IF A$ : "W" THEN GOSUB 300 
150 RETURN 

200 RD! •• CHILD 
210 INPUT "WHERE DO YOU GO TO SCHOOL? "; S$ 
220 RETURN 

300 RD! H ADULT 
310 INPUT "WHERE DO YOU WORK? "; W$ 
320 INPUT "WHAT IS YOUR JOB? "; J$ 
330 RETURN 

1000 RD! •• PROCESS DATA 
1010 RD! 
1020 RD! -- THIS SUBROUTINE IS NOT WRITTEN YET --
1030 RETURN 

Figure B.3: Structure Chart of the "Personal Information" Program 

This program is designed to gather information about a person 
and then to process the information in some way. The program 
puts people into three age categories: children, under age 17, who 
go to school; young adults, from 17 to 20, who might either work 
or go to school; and adults, age 21 or over, who work. (This over­
simplification of reality is, of course, merely for the sake of 
illustration.) 

The program has three subroutines that read information from 
the keyboard: the young adult subroutine, at line 100; the child 
subroutine, at line 200; and the adult subroutine, at line 300. In 
addition, the subroutine at line 1000 is reserved for processing 
the information. Each of the first three subroutines is designed to 
ask questions about one specific age category. During any given 
run of the program, only one or two of these three subroutines 
will be called. Let's see how this works. 

Line 20 reads the age of the person who is responding to the 
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program. The age is stored in the variable Y%: 

20 INPUT "HOW OLD ARE YOU?"; Yo/o 

Lines 30, 40, and 50 all contain IF statements that test the value of 
Y%. Line 30 tests to see if the age of the person falls within the 
young adult range; if so, it calls the young adult subroutine: 

30 IF (Yo/o > = 17) AND (Yo/o < 20) THEN GOSUB 100 

If the value of Y% is not within the young adult range, then line 30 
results in no action at all. The program then moves on to line 40. 

Lines 40 and 50 test to see if Y% is in the child range, or the adult 
range, respectively: 

40 IF Yo/o < 17 THEN GOSUB 200 
50 IF Yo/o > = 21 THEN GOSUB 300 

The important point is this: only one of these three lines (30, 40, or 
50) will actually result in a transfer of control to a subroutine. The 
decision of which subroutine to call depends on the value of Y%. 
Whichever subroutine is called performs its information­
gathering task, and then returns control back to the line following 
the GOSUB statement that made the call. 

For example, let's say the person responding to this program is 
31 years old. The input value 31 is stored in Y%. The IF conditions 
at line 30 and 40 will not result in subroutine calls, so the program 
will continue on to line 50. The condition: 

Yo/o >= 21 

is true; 31 is greater than or equal to 21. So, line 50 sends control of 
the program to the subroutine at line 300. The adult subroutine 
asks two questions, stores the responses, and then returns control 
back to the source: 

330 RETURN 

As a result, the next line to be executed after line 330 will be line 60. 
Let's look at the specific dialogue that would appear on the 

screen. There are four questions, and four responses: 

HOW OLD ARE YOU? 31 
WHERE DO YOU WORK? XYZ CO 
WHAT IS YOUR JOB? PROGRAMMER 
WHAT IS YOUR NAME? PAT SMITH 
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CHILD 
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MAIN 
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(300) 

PROCESSING 
(1000) 

'"---------Figure B.3: Structure Chart of the "Personal Information" Program 

The first of these four questions comes from the INPUT state­
ment at line 20; the second and third questions are asked by the 
adult subroutine at line 300; and the final question is from line 60. 

Now look at lines 70 and 80: 

70 GOSUB 1000 
SO END 

Line 70 calls yet another subroutine (the one that processes the 
data), and line 80 ends the program. We can refer to the lines from 
10 to 80 as the "main program" section of the program. These 
lines control the main action of the program by making subroutine 
calls. The subroutines, in turn, perform specific tasks, and then 
return control back to the main program section. 

Figure B.3 shows a diagram of the organization of this program. 
This diagram is called a structure chart, and is a tool to help you 
visualize the action of the program. You can see that the four 
subroutines, represented by rectangles, are all under the control 
of the main program section. In addition, you can see that the 
young adult subroutine, at line 100, has two subroutines attached 
to it. This is because the young adult subroutine itself calls either 
the adult subroutine or the child subroutine to perform a job for it. 
This illustrates an important point: subroutines may call other sub­
routines in the same way that a main program may call a subroutine. 
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Let's examine the young adult subroutine. It begins, in line 110, 
by asking a question: 

110 INPUT "DO YOU W(ORK OR GO TO S(CHOOL <W ORS>? ";A$ 

This question will appear on the screen as: 

DO YOU W(ORK OR GO TO S(CHOOL <W ORS>? 

The person must respond by typing either a W or an S. Line 110 
stores the one-character response in the variable A$. Line 120 
then tests the value of A$ in an IF statement. IF A$ does not contain 
either a "W" or an "S", then line 120 sends control of the program 
back up to line 110 to ask the question again: 

120 IF (A$<> "S") AND (A$<> "W") THEN GOTO 110 

Then, depending on the value of A$, lines 130 and 140 call either 
the child subroutine or the adult subroutine. In other words, the 
young adult subroutine may result in one of two different dia­
logues. If the young adult goes to school, the dialogue will be taken 
partly from the child subroutine: 

DO YOU W(ORK OR GO TO S(CHOOL <W ORS>? S 
WHERE DO YOU GO TO SCHOOL? ABC SCHOOL 

Or, if the young adult works, then the dialogue will come from the 
adult subroutine: 

DO YOU W(ORK OR GO TO S(CHOOL < W OR S>? W 
WHERE DO YOU WORK? XYZ CO 
WHAT IS YOUR JOB? PROGRAMMER 

There are many advantages to organizing a program in this 
way. Here are three of the most important advantages: 

1. By isolating certain specialized tasks in their own 
subroutines, you can make your program easier to uncle~ 
stand, and, more importantly, easier to revise. Let's say, 
for example, that you decide you want to ask some addi­
tional questions about children. Since your program is 
organized in subroutines, you know exactly where to find 
the lines that deal with children-the child subroutine at 
line 200. The revision should take place exclusively within 
this subroutine and thus will affect neither the main pro­
gram section nor the other subroutines of the program. 
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2. You can call a subroutine as many times as you need to; so 
by isolating common tasks in subroutines you avoid having 
to rewrite the same instructions over and over again. 

3. While you are developing a program you can set aside 
lines for certain subroutines that you haven't written yet. 
For example, look at line 1000, the processing subroutine. 
This subroutine is just marked off with REM lines. In short, 
it does nothing when it is called-it simply returns control 
back to the main program. You may have any number of 
different plans for this subroutine. Perhaps you intend to 
produce a written record of the personal information. Or 
maybe you plan to store the information in a data file. 
Whatever your plans are, you haven't yet gotten around to 
implementing them. But the important point is this: you 
can run your program in its present state, test the sub­
routines that are already written, and make sure they do 
what you want them to do. Then, when you are ready, you 
can go back to the lines that you have reserved for the pro­
cessing subroutine (starting at line 1000), and write the 
necessary instructions. 

THE FOR/NEXT STATEMENT 

One of the wonderful things about your computer is that it is 
willing to repeat the same task many hundreds or thousands of 
times without a word of complaint. We have seen ways of making 
the computer perform the same task repeatedly using the GOTO 
and GOSUB commands in BASIC. 

For those instances when you know in advance exactly how 
many times you want a certain sequence of lines to be repeated, 
BASIC supplies the FOR/NEXT statements. We sometimes refer 
to the program structure created by these statements as a FOR 
loop, because they make your program loop back to perform the 
same instructions over and over. Let's look at an example. 

The following FOR loop repeats a PRINT instruction 10 times: 

10 FOR I = 1 TO 10 

20 PRINT I 

30 NEXT I 
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The result of these three lines will be the following column of ten 
numbers, displayed on your screen: 

1 
2 
3 
4 

5 
6 
7 
8 
9 
10 

These FOR and NEXT instructions actually give several com­
mands to the computer. We can think of these commands in four 
general steps: 

1. Assign the value 1 to the variable I (sometimes called the 
index of the FOR loop). 

2. Perform all the instructions between the FOR line and the 
NEXT line once. (In this case, there is only one line to per­
form-the PRINT instruction at line 20.) 

3. Increase the value of I by 1. 

4. If I is less than or equal to 10, then repeat the sequence of 
steps, starting from step #2, above. Otherwise, if I is 
greater than 10, then the action of the FOR loop is complete. 

In this example, the value of the index, I, is increased by 1 each 
time the FOR loop repeats itself. BASIC lets us change the value of 
this incrementation by adding a STEP clause to the FOR instruction: 

10 FOR I = 2 TO 10 STEP 2 

20 PRINT I 

30 NEXT I 

The output result of these three lines is: 
2 

4 
6 
8 
10 
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(If you don't see why, go back over the four steps described above. 
In step 1, I is initially assigned the value 2; in step 3, I is increased 
by 2 rather than 1.) 

The BASIC FOR loop has another very important feature. The 
range of the index can be expressed as variables rather than 
explicit numbers. For example: 

10 FOR I= Vl TO V2 STEP V3 

50 NEXT I 

In this case, the action of the FOR loop depends on the values 
stored in the variables V1, V2, and V3. The index, I, is initially 
assigned the value V1; then, for each repetition of the FOR loop, I 
is increased by the value of V3. The looping stops when I is 
greater than V2. 

These variables give the FOR loop an open-ended quality; that 
is, the number of repetitions can be determined during the run of 
the program. The program might read values for V1, V2, and V3 
from the keyboard or from a data file. Or, the program might 
calculate the values from other data. 

A FOR loop is also an easy way to access the values of an array. 
Think back to the string array T1$, in which we stored the string 
values "ZERO" to "TEN". We could access those values as follows: 

100 FOR I = 1 TO 10 
110 PRINT Tl $(1) 

120 NEXT I 

The output result would be: 
ZERO 
ONE 
TWO 
THREE 
FOUR 
FIVE 
SIX 
SEVEN 
EIGHT 
NINE 
TEN 

Notice that the variable I, which is incremented by the FOR loop, 
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is used as the index into the array T1$. FOR loops and arrays can 
be an extremely powerful combination of programming elements. 

The FOR loop in BASIC is clearly similar in function to the 
VisiCalc replication command; they both have the capacity of 
applying a formula repeatedly to a set of data items. However, 
the FOR command's open-ended quality makes it much more 
versatile and powerful than VisiCalc's /R command for many 
applications. 

A FOR loop can contain any instructions at all between the 
FOR line and the NEXT line, including another FOR loop. FOR 
loops contained within other FOR loops are called nested loops: 

10 FOR I = 1 TO 10 

20 FOR J = 1 TO 10 

50 NEXT J 

60 NEXT I 

The indentation illustrated above, while optional, will help you to 
see at a glance how the FOR loops are organized. 

FUNCTIONS IN BASIC 

Most versions of BASIC contain some of the same kinds of 
functions as the VisiCalc program; for example, the trigonometric 
functions, and the exponential functions are usually included. 
To duplicate some other VisiCalc functions, however, such as 
@SUM, @AVE, and @NPV, you have to write simple BASIC 
routines involving FOR loops and arrays. For example, if the array 
T1 contains 10 values, the following FOR loop will find the 
average of the values: 

lOOA = 0 
110 FOR I = 1 TO 10 

120 A= A+ Tl (I) 

130 NEXT I 
140A = A/10 

Line 120 accumulates the sum of the values in the array T1. 
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(Notice that A is initialized to 0 in line 100.) After the summation 
performed by the FOR loop, line 140 finds the average. 

BASIC also has a number of valuable functions that operate on 
strings rather than on numbers. Your version of BASIC will have 
its own set of string functions. 

Finally, most BASICs allow you to write one-line functions of 
your own. These are called user-defined functions. You create 
them with the DEF FN statement. The following two lines show 
examples of both the creation and subsequent use of such a function: 

10 DEF FNS{X) = {X + 1 )"2 

20 PRINT FNS{S) 

Line 10 defines the function FNS. This function receives a value 
in the "dummy" variable X, adds 1 to the value, and squares the 
result. Line 20 passes a value of 5 to the function, and prints the 
value returned from the function. The output result will be: 

36 

The program in Chapter 7 contains an interesting example of a 
user-defined function. 

THE ASCII CODE 

ASCII, the American Standard Code for Information Interchange, 
is used to translate the letters, digits, and special characters used 
by BASIC into the numeric code representation used to store 
them in the computer's memory. Each character corresponds to 
a number on the ASCII code. A partial ASCII table is shown in 
Figure B.4. The code actually contains values from Oto 255, but 
the characters represented in the low and high ranges of the code 
tend to vary from one implementation to another. 

BASIC has a function that translates an ASCII code number to 
an ASCII character. The function is CHR$. You can run the follow­
ing short program to display the characters of the ASCII code: 

10 FOR I= OTO 255 

20 PRINT CHR${1) 

30 NEXT I 

40END 
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33 I 54 6 75 K 
34 " 55 7 76 L 
35 ' 56 8 77 M 
36 $ 57 9 78 N 
37 J 58 79 0 
38 & 59 ; 80 p 
39 . 60 < 81 Q 
40 ( 61" 82 R 
41 ) 62 > 83 s 
42 • 63 ? 84 T 
43 + 64 e 85 u 
44 , 65 A 86 v 
45 - 66 B 87 w 
46 . 67 c 88 x 
47 I 68 D 89 y 
118 0 69 E 90 z 
119 1 70 F 91 [ 
50 2 71 G 92 \ 
51 3 72 H 93 ] 
52 4 73 I 94 
53 5 711 J 95 

Figure B.4: A Partial ASCII Cade Table 



APPENDIXC 
SPECIAL 
KEYBOARD 
COMMANDS 



APPENDIX C: SPECIAL KEYBOARD COMMANDS 209 

INTRODUCTION 

The specific keys or sequence of keys that you must press to 
move the VisiCalc cursor, and to erase or enter data from the edit 
line, vary from system to system. The names used in this book for 
these keyboard commands are as follows: 

• The direction keys move the cursor-up, down, left, or right. 

• The escape key erases one character (from the edit line) 
each time you press it. 

• The break key erases the entire contents of the edit line, or 
cancels an entire command. 

• The return key enters data from the edit line. 

The following paragraphs explain how to execute these key­
board commands on the Apple® II; TRS-80™, models I and III; 
and the IBM® Personal Computer. 

APPLE® II 

The direction keys. The Apple II has only two direction keys, 
located at the right side of the keyboard, and labeled with left- and 
right-arrows, respectively. You can use these two keys to move 
the cursor in all four directions; pressing the space bar will toggle 
the keys back and forth into horizontal and vertical modes. A 
character displayed at the upper-right corner of the VisiCalc 
screen tells you which direction mode the keys are currently set 
at. A hyphen(-) indicates that the two keys will move the cursor to 
the right or to the left. An exclamation point (!) means that the 
keys will move the cursor up or down. Notice that this direction 
indicator changes each time you press the space bar. 

The escape key. This key is labeled ESC, and is located at the 
upper-left corner of the keyboard. 

The break key. The Apple II keyboard has no key labeled BREAK. 
To execute the break command, you must press two keys at once­
the key labeled CTRL, and the C key. This sequence of keys is 
referred to as "control-C." 

The return key. This key is labeled RETURN on the Apple II. 
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TRS-80™, MODELS I AND III 

Direction keys. The TRS-80 computers have four separate 
direction keys, labeled with up-, down-, left-, and right-arrows, 
respectively. 

The escape key. Use the key labeled CLEAR for this command. 
The break key. Use the key labeled BREAK. 
The return key. This key is labeled ENTER on the TRS-80 com­

puters. 

THE IBM® PERSONAL COMPUTER 

The direction keys. The IBM Personal Computer has four 
distinct direction keys, located on the nine-key number pad. 

The escape key. Use the back-space key for this command. 
The break key. The key for this command is labeled SCROLL 

LOCK, and is located at the upper-right corner of the keyboard. 
The enter key. Use the key labeled~. 
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This seminar teaches all aspects of microprocessors: from the operation of an 
MPU to the complete interconnect of a system. The basic hardware course 
(12 hours). 
SB2-MICROPROCESSOR PROGRAMMING 
The basic software course: step by step through all the important aspects of 
microcomputer programming (10 hours). 

ADVANCED COURSES: 
Each includes a 300-500 page workbook and three or four C90 cassettes. 
SB3-SEVERE ENVIRONMENT/MILITARY 
MICROPROCESSOR SYSTEMS 
Complete discussion of constraints, techniques and systems for severe environ­
mental applications, including Hughes, Raytheon, Actron and other militarized 
systems (6 hours). 



SB5-BIT-SLICE 
Learn how to build a complete system with bit slices. Also examines innovative 
applications of bit slice techniques (6 hours). 
SB&-INDUSTRIAL MICROPROCESSOR SYSTEMS 
Seminar examines actual industrial hardware and software techniques, com­
ponents, programs and cost (41/z hours). 

SB7-MICROPROCESSOR INTERFACING 
Explains how to assemble, interface and interconnect a system (6 hours). 

SOFTWARE 
BAS 65™ CROSS-ASSEMBLER IN BASIC 
8" diskette, Ref. BAS 65 
A complete assembler for the 6502, written in standard Microsoft BASIC 
under CP/M®. 

8080 SIMULATORS 
Turns any 6502 into an 8080. Two versions are available for APPLE II. 
APPLE II cassette, Ref. 86580-APL(T) 
APPLE II diskette, Ref. 86580-APL(D) 
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MASTERING 
VisiCalc 

Whether you are a new or experienced user of VisiCalc, this 
book will show you how simple it is to use this important 
spreadsheet program. 

Through practical examples, you will learn how to: 

• set up VisiCalc spreadsheets for 
finance, business and numerical 
applications 

• change spreadsheet parameters for 
improved effectiveness 

• create VisiCalc formu·las 

• use the DIF file function 

In the process of understanding these features, you will 
learn: 

• how VisiCalc works and how to get 
the most from each of its capabilities 

This is the complete guide to VisiCalc, for business, sci­
ence, and personal applications. 

Mastering VisiCalc will help you get the most out of your 
software. 

ABOUT THE AUTHOR 
Douglas Hergert, a member of the Sybex editorial staff, has 
authored several books including Basic for Business and 
Your Timex Sinclair 1000 and ZXB1. Drawing on his broad 
computer expertise, he has also contributed to several 
other Sybex titles as editor and translator. 
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