







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































function Reversed(InString: string): string;

{Written by XXXXXXXXX XX/XX/XX}
{Purpose: To reverse a string iteratively}
{Parameters: InString - input, string to reverse}
{Functions used: Length - (built-in) gets length of a string}
var
N : integer;
I : integer;

begin {Reversed}
Reversed := InString;
N := Length(InString);
for I := 1 to N do
Reversed[I] := InString[N - I + 1]

end; {Reversed}

Figure 10-22 Reversing a string: character replacement

When the alternative iterative algorithm is run on the test string, its stack space is 302
and its time is 0.17 seconds. Because we cannot tell which of the iterative algorithms is
better, we run both with the test strings 1000 times. The algorithm that uses concatenation
had a time of 10.333 seconds and the algorithm that uses character replacement has a
reported time of 4.167 seconds.

We conclude that the best way to reverse a string is to use the character replacement
form shown in Figure 10-22.

Sorting

We compare quicksort and iterative selection sort from Section 6-3 with the merge sort and
recursive selection sort from Section 10-2.

We have run timings of each sort with different sets of data. The results are shown in
the following series of tables. (We leave stack space measurements for the exercises.)

Test Set I: Array of 1000 randomly generated integers in the range from 1 to 10000.

ALGORITHM TIME

Quicksort 3.767
Iterative selection sort 53.150
Recursive selection sort 31.833
Merge sort 3.700

In the context of random data, quicksort and merge sort show their superiority. Note that
recursive selection sort is significantly faster than iterative seleciton sort.

Test Set 2: Array of 500 randomly generated integers in the range from 1 to 10000.
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ALGORITHM TIME

Quicksort 1.717
Iterative selection sort 13.467
Recursive selection sort 8.233
Merge sort 1.717

The tables for Test Sets 1 and 2 make it seem likely that the two selection sorts are O(n?),
and quicksort and the merge sort are both O(n log n). (The “O” notation was introduced in
Section 6-3.)

Test Set 3: Array of 1000 distinct integers in the range from 1 to 1000 in ascending

order.

ALGORITHM TIME
Quicksort 40.317
Iterative selection sort 52.950
Recursive selection sort 74.883
Merge sort 3.333

In this context, quicksort is at its worst. If the data are already sorted, or nearly so, then
quicksort is not the sorting method of choice; merge sort seems best.

Test Set 4: Array of 1000 randomly generated integers in the range from 1 to 10.

ALGORITHM TIME

Quicksort 3.900
Iterative selection sort 53.067
Recursive selection sort 31.583
Merge sort 3.700

Once again, we see that random data (even in a small range of values) are the context in
which quicksort and merge sort show their superiority.

Test Set 5: Array of 1000 integers in the range from 1 to 10 in ascending order.

ALGORITHM TIME

Quicksort 5.317
Iterative selection sort 59.950
Recursive selection sort 31.700
Merge sort 3.333

We see that quicksort is not slowed as much by sorted data in a small numeric range.

Test Set 6: Array of 1000 integers all with the same value.
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ALGORITHM TIME

Quicksort 4417
Iterative selection sort 53.017
Recursive selection sort 31.350
Merge sort 3.400

The context wherein all data have the same value is one of the boundary conditions of
sorting. Quicksort and merge sort do well in this context.

Test Set 7: Array of 1000 distinct integers in descending order.

ALGORITHM TIME

Quicksort 43.150
Iterative selection sort 58.483
Recursive selection sort 53.233
Merge sort 3.300

Quicksort also does not do well when its data are sorted in reverse order.

Our conclusions are as follows: If you are sure that you have nearly random data, or if
the range of values of the data is small, then use either merge sort or quicksort. If you think
that the data are almost sorted, then use merge sort. Do not use either selection sort.

Prefix Expressions

We do not attempt to transform our algorithms into iterative form in this case. It is certainly
possible to accomplish the task, but the development and debugging time do not warrant the
effort. We analyze the performance of the program shown in Figure 10-14 of Section 10-2.
The basis for our comparisons are differing prefix expressions. The following is a table of
some examples:

EXPRESSION MAXIMUM STACK SPACE TIME

+++ 1111111111111 20728 0.367
+1+1+1+1+1+1+1+1+1+1+1+1+1+1+11 20756 0.200
++++114+11++11+11+++ 1141 1+4+11+11 5950 0.217

Since this prefix-evaluation expression has a number of recursive calls active at once,
its stack-space requirements can vary significantly, depending upon the level of recursion
that is attained while the program runs. To show the depth of calls, let us modify the Eval
and Apply functions so that they add 1 to a global count when invoked and subtract 1 from
the global count when they end. In addition, we have both Eval and Apply check if the
global count is larger than a global variable that represents the largest count so far. If we
begin the process by setting the largest value and the count both to 0, then we have a
strategy for checking levels of recursion. The following table shows the results of the level
checking on the expressions shown previously (all of which evaluate to 16):
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EXPRESSION HIGHEST LEVEL OF RECURSION

+4++++ 1111111111111 31
+1+1+1+1+1+1+1+1+1+1+14+14+ 141411 31
4114114+ 11+ 1 14+++ 11411 ++11+11 9

Notice how closely stack usage parallels the highest recursion level.

Another influence on the space requirements is that we used 255 as the maximum size

for all strings in the program. By changing the maximum size from 255 to 80, we free up
static space and use less stack memory when the Eval and Apply procedures are called. The
maximum size chosen for all strings in a program can have a significant influence on that
program’s memory requirements.

Some Final Thoughts on Recursion

The discussion and examples of this chapter have pointed toward some conclusions that can
be usefully applied to our programming efforts.

1L
2.
3.

4.

5.

6.

1.

REVIEW

EXERCISES

1.
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A recursive algorithm is often the first solution that we discover.

A recursive algorithm can be transformable to a nonrecursive, usually iterative, form.
Trying more than one solution to a problem is an advantage when we want to find the
best (fastest, easiest to understand, least using of memory, etc.) solution.

Recursive solutions may have the smallest development, debugging, and maintenance
times, but they may use more computer time and memory resources than nonrecursive
solutions.

It is more likely that a recursive solution is best if the problem is complex (sorting,
prefix notation).

There are techniques for analyzing the behavior of programs that can be used for
judging program efficiency.

Recursion is indispensable as one of a programmer’s tools.

Terms and Concepts

algorithm analysis observer effect

golden section software engineering

iteration tail recursion

multitasking tree recursion

multiuser

(a) Modify the Factorial function so that it works by means of a “lookup table” embodied in a

case structure. Put in the factorials from O to 16. Measure the performance against the
iterative factorial. Which method of factorials do you recommend as best?
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(b) Modify the Combinatorial function so that it references a global array containing the facto-
rials from O to 16. Build the array iteratively in the main program before invoking Combi-
natorial. Measure the performance against the other Combinatorial functions. (Be sure to
include the time to build the factorial array.)

(¢) Repeat part (b) for 1000 calls to the combinatorial function. Only build the factorial array
once. What conclusions can you draw?

2. If you wrote the extended range Factorial procedure as suggested in the exercises of Section

10-2, do the following:

(a) Write an iterative version.

(b) Measure the performance of the two forms.

3. Show that Fibo(50) is accurately calculated by the iterative approach, but not accurately calcu-
lated by the formula approach. What is the smallest number N for which the iterative approach
fails? The formula approach?

4. Use a calculator to compute Fibo(N) for N = 2, 3, and 4 using the formula approach.

S. Draw a picture of the recursive levels of the calculation of Fibo(5) in the following manner:

Fibo(5)

Fibo(3) Fibo(4)

NN

Turn it upside down. Now you see why this kind of recursion is called tree recursion.

6. (a) Modify the Power function that is used for the calculation of Fibonacci numbers so that it
calculates by iteration instead of using the exponential and logarithm functions. Measure
the performance of this method of calculation for Fibo(25).

(b) Repeat part (a), but use the recursive Power function presented in Section 4-2.
7. By hand, calculate Combinatorial(5, 3) by the first formula given.
8. Repeat the picture drawing activities of Exercise 5 for the recursive calculation of Combinato-
rial(5, 3).
9. Find what size of string, if any, exhausts the run-time stack memory available by default when
the recursive form of the Reversed function is used.
10. Write a nonrecursive merge sort for the special case when the number of elements in the array is
a power of 2. Hint: Start at the bottom level with subarrays of size 1 and work upward to size 2,
4, ..., merging the two subarrays on the level below. Test the performance of this sort against
the recursive merge sort for 512 randomly generated numbers in the range from 1 to 10,000.
11. How might you remove the restriction to arrays of the size of a power of 2 in Exercise 10?
12. Write an iterative version of the SubSeq function in Figure 10-6 of Section 10-2. Measure the
performance against the recursive form.
13. Write an iterative version of the SubString function in Figure 10-7 of Section 10-2. Measure the
performance against the recursive form.
14. Write a simple looping version of the NumDivisors function in Figure 10-10 of Section 10-2. Is
it a good approach to solve this problem? Why or why not?
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15.

16.
17.

18.

19.
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Write an iterative version of the Addends function in Figure 10-11 of Section 10-2. Measure the
performance against the recursive form.

Write an iterative version of the WriteSeq function in Figure 10-13 of Section 10-2.

What would be some necessary ingredients of a nonrecursive solution of the PreFix program in
Figure 10-14 of Section 10-2? Formulate a rough algorithm.

Write a Pascal program for a nonrecursive solution of the PreFix program in Figure 10-14 of
Section 10-2. Measure the performance against the recursive version.

Find the maximum levels of recursion for the sorting procedures discussed in this section for all
the test sets listed, and use StatPack to determine the run-time stack usage. What conclusions
can you draw from these figures?
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11 File VO

OBJECTIVES

In this chapter, we explore files in some depth. Files were introduced in Chapter 5, and you
have probably written some programs that used files. By the end of this chapter, you should
be able to:

* use control break logic to use file data to produce reports
* merge two sequential files together

¢ update sequential files

* manipulate and update random-access files

11-1 INTRODUCTION

In this chapter, we pull together and review information about files with which you are
already familiar. We then build on that knowledge by showing applications based on control
break logic and sequential file merging and update strategies. In addition, we give a brief
introduction to the concept of random-access files.

The presentation is not intended to be a complete discussion of file-processing tech-
niques. Indeed, whole textbooks have been written on that subject. Nor do we give an
exhaustive description of the Pascal file-processing commands. Our purpose is to indicate
some methods for working with files using the Pascal language, expanding on what we
learned in Chapter 5.

We begin with a brief review.
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File Terminology

A file consists of a number of records. (Pascal has borrowed and generalized on the concept
of record.). A record contains one or more values, frequently relating to one given entity. For
example, we might have a record that contains the following fields:

Name

Social security number
Date of birth

Marital status

(and so on)

In this case, the record refers to a particular individual. Files can appear in many
forms. For many years, punched cards were an important medium for input files. Data are
encoded on a punched card by a pattern of holes that can be interpreted as character data by
a card reader. In such a file, each data card might be a single record of the file. Another
example of a file is a printed report. In this case, each line printed is considered to be one
record of the file.

It is frequently desirable to store and maintain data in a more convenient form. For
example, we might want to have one program put some information on a file and later use
that information as input to some other program. A printed report is not appropriate in this
application. We could have the first program create a set of punched cards to be read by the
second program. However, this would require maintaining the deck of cards (which could be
sizable) over an extended period of time.

Fortunately, today there are more convenient (and still economical) storage media for
files. Two of the most commonly used are magnetic tape and magnetic disk. (In addition,
optical disk systems are now on the market, and will probably be increasingly common as
time goes on.)

The magnetic tape used by the computer to store a data file is analogous to the tape
used for sound recording. Indeed, some (older) microcomputers use ordinary audio cassettes
as a storage medium. The records of the file are placed on the tape, one after another, from
first to last, as shown in Figure 11-1. In reading a file that has been written on tape, the
computer has to read the records in order (sequentially). As a result, a magnetic tape is
referred to as a sequential-access storage medium. A file stored on tape is accessed sequen-
tially.

Likewise, a magnetic disk is analogous to the compact disk (CD) used to store sound.
One form of magnetic disk you are familiar with is the diskette, or floppy disk, commonly
used by microcomputers. In addition, you may be familiar with microcomputer hard disk
devices, or perhaps with the disk devices used by minicomputers or mainframe computers.
These devices all have the fundamental strategy for storing data in common, as shown in
Figure 11-2. The data are stored on a series of concentric rings, rather than on one continu-
ous spiral, as is true for a phonograph record. The disk is rotated at a high rate of speed by a
device called a disk drive. The disk drive mechanism includes a read/write head on an arm
that can be moved to any of the concentric rings, or tracks, of the disk. Again, this is
somewhat analogous to the audio record player arm, which can be moved to any groove on
the record.
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record *1 record *2 record *3 record *4 record *5 record *6 rec

Figure 11-1 Tape file.

read/write
head on
access arm

Figure 11-2  Disk file.

A magnetic disk is called a direct-access storage medium. In order to access a particu-
lar record (perhaps record 735), it is not necessary to read all the records up to the record.
The read/write head can be moved directly to the track (concentric ring) on which the
desired record is located. Since the disk is rotated by the disk drive, the desired record
passes under the read/write head soon after the head is in place. This direct-access capability
of the magnetic disk and disk drive does not, however, mean that the records of the file
cannot be processed in order. If a file is stored on a disk, then it can be accessed either
sequentially or directly.

Pascal Files

Pascal supports two types of sequential-access type files (and one type of direct-access file).
The sequential types were introduced in Chapter 5; we discuss the direct-access type in
Section 11-4.

The first sequential type we discussed was a text file, declared as type zext in the var
section of the program. A text file is a file of characters organized into lines. Although it is
possible to read such a file one character at a time, we have preferred to read one line at a
time. We have done so by making extensive use of THINK Pascal’s string data types.

Text files in which a line contains several data items can be more difficult to use when
not all the data are numeric. As a simple example, suppose that two programs each contain
these declarations:
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var
LastName: string(25];
FirstName: string[20];

Suppose programl writes the data to a text file:

Writeln(FriendFile, LastName, FirstName);

and that later program?2 reads the data:

Readln(FriendFile, LastName, FirstName);

Will this work properly? Probably not, unless the last name that was written was 25 charac-
ters long. For example, suppose that we have assigned

LastName := 'Frederickson’
FirstName := ‘Arthur’

When the record is written, it contains the characters

FredericksonArthur

Now when the next program reads the data, there is nothing to tell it where LastName ends,
so it reads the first 25 characters because LastName is string[25]. As a result, LastName
becomes ‘FredericksonArthur > and First Name contains the null string.

We could avoid this problem by padding the output of the last name with blanks to
achieve a length of 25. However, the name we read in would then have the extra blanks at
the end.

As another example, consider

Readln(Age, Sex)

where Age is integer and Sex is char. To enter the values 25 and ‘F’, what should the input
line be? If we use

25 F
then Age would be 25 and Sex would be a blank. If we try

25F

THINK Pascal gives us an I/O error because THINK insists that numeric data be terminated
by a blank or a return.
Again, we could get around this, perhaps, by issuing a Readln as

Readln(Age, Sex, Sex)
and using an input line
25 F

This would read 25 for Age, the blank for Sex, and then the F for Sex. However, this is not
very satisfactory.
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Because of these subtleties, we have tended to read one data item per record when
reading from a text file or from the keyboard. This is a matter of defensive programming:
avoid known pitfall areas.

The second type of file is the binary file. These are declared using a declaration
similar to

type
PersonFile = file of PersonRecord;

var
FriendFile: PersonFile;

This illustrates the most common use. However, we can declare types such as

file of integer

In this case, the file’s “records” are not Pascal records, but rather a single integer.

Binary files can be treated as sequential files (the way we have been using them) or as
random-access files (which we consider in Section 3).

There are trade-offs to be considered in choosing between text files and binary files:

1. A text file can be processed in a text editor. Therefore, text files are frequently used as
original input to a program or set of programs.

2. A text file is readable by humans. Files meant to be printed as reports are definitely
text files.

3. As we have mentioned, there are certain subtleties to be avoided in reading text files.
It may be desirable to arrange the input file with one value per line.

4. 1/O is faster on binary files. The data are stored on the file in precisely the form in
which they are stored in the computer. No conversion routines are needed to translate
back and forth to text form.

5. One disadvantage of binary files is that they can require special protocols when trans-
mitted over phone lines to remote computers. Typically, transmitting text files is eas-
ier.

Before we discuss new material, let us remind you very briefly of the file-handling
features we have studied. For more information, review Chapter 5.
1. Type can be “text” or “file of component type”

2. Reset (Pascal name, disk file name)
Rewrite (Pascal name, disk file name): removes any previous data
3. Read (Pascal name, . . .)

Write (Pascal name, . . .)
4. Readln (Pascal name, . . .): these are for text files only

Writeln (Pascal name, . . .)
5. Eof (Pascal name): becomes true as the last record is read

6. Close (Pascal name)
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7. Error trapping. We have used this to trap the error that occurs when a file does not

REVIEW

EXERCISES

exist. It can, however, be used to trap an error in any I/O statement, as shown here.
(See also Exercise 1.)

IOCheck (false) ; {Turn off error messages}
some I/0 statement {Reset, Read, etc}
IO0Check (true); {Turn on error messages}
ErrorOccurred := (IOResult <> 0) {Check for error}

Terms and Concepts

binary file optical disk
control break logic random access
direct access read/write head
disk drive record

file sequential access
field text file

magnetic disk track

magnetic tape update

merging

1. To demonstrate the use of error trapping in other than a file context, write a procedure GetScore

688

as described here. This procedure obtains a valid test score between 0 and 100. There should be

three possible error messages: “too low”, “too high”, and “not valid integer input”. Use
IOCheck and IOResult to trap this third error type.

Exercises 2 to 5 refer to a binary file that contains inventory figures for a chain of drugstores.
Each record of the file contains these fields:

DESCRIPTION TYPE NUMBER OF CHARACTERS/DIGITS
Item number Numeric 5

Item name Character Maximum 20

Department code Character 3

Inventory at each of nine locations Numeric array 4 digits each

The file is in ascending order by item number.

Write a program to create this file. In order to create the file, you read a set of input records.
Each has exactly the information that will be put on the file and an additional field that contains
the total inventory for the entire chain (numeric, five digits). The input file is a text file that is
created by the user with a text editor. It is up to you to describe the exact layout of the input
file.

Your program is to perform the following correctness checks:
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* The item name field must begin with a nonblank character.

* The department code must be one of the following eight codes: COS, DRU, TOY, CRD, PRE,
HHG, CLO, or BKS.

* The sum of the individual inventory amounts must equal the total inventory (this helps catch
data-entry errors).

® The item numbers must be in order.

In addition, perform the following “reasonableness” check:

* Each inventory amount must be between 0 and 3000, inclusive. Records with no errors are
placed in the file; records with errors are not. All errors are listed on a text file, as illustrated:

12345 BLANK ITEM NAME

12345 BAD DEPT CODE

12345 BAD INVENTORY AMT (STORE 2)
12345 BAD INVENTORY AMT (STORE 9)
12345 INCORRECT TOTAL

hhkhkhhkkhkhkhkhkhkhhhkhhhhhkhkhkAhk kA rhkh kA hkrrhkhkhkhkrhkhkhkhkhkhhkhi

12479 BAD INVENTORY AMT (STORE 6)

khkdkhkhkkkhkhkhhhhhkhkdhdhhhkhkdhhkhkhhhkhhhkdhohhkhhdhhhhhkhhhdhohhhrbhdhx

13780 OUT OF ORDER (PREVIOUS ITEM = 13792)

hhkdkhkhkkhkkdhkhdhohhhdhhkkhhddhhdhohkhkhkhhrhhkhhrkhkhhhrhhorhrkhhkkhhk

3. This exercise is exactly the same as Exercise 2 except for the error-report form. In this case, it
should be listed on a printed exception report, as illustrated:

EXCEPTION REPORT PAGE 1
ITEM NUMBER TYPE OF ERROR
12345 BLANK ITEM NAME

BAD DEPT CODE
BAD INVENTORY AMT (STORE 2)
BAD INVENTORY AMT (STORE 9)
INCORRECT TOTAL
12479 BAD INVENTORY AMT (STORE 6)
13780 OUT OF ORDER (PREVIOUS ITEM = 13792)

Notice that you should continue checking for further errors even after finding one error. Also,
notice that the output is “group indicated” by item number. If the list for a single item spans two
pages, print the item number in a form such as “19345(cont.)” on the new page.

4. Write programs to create partial files containing the following:
(a) All TOY items.
(b) All items whose item number is between 10,000 and 30,000, inclusive.
(c) All items where any single inventory amount is less than 30. The output record should
contain only the item number, name, and department.
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5. Write a program to create a file where each record contains an item number and the total
inventory for the entire chain.

11-2 SEQUENTIAL FILES: CONTROL BREAKS

In the next two sections, we examine two classical categories of algorithms for working
with sequential files. Either can be used with text files or with binary files (used sequen-
tially). In fact, for the programs of this section, we could even obtain input from the termi-
nal. The only differences occur in the details of reading the fields of the input record. For
simplicity, we assume that the input is a binary file.

The first algorithm category we consider is that of control breaks. Although we
cannot claim that this is the most exciting class of algorithm to learn, it can certainly be
argued that it is one of the most widely used. In any case, it should be in every
professional’s “toolbox,” along with other problem-solving methods.

There are many instances, especially in business applications of the computer, where
the data to be processed occur in groups. If there are special tasks to be performed when one
group ends and another begins, we have the structure frequently referred to as a control-
break structure. In this type of application, information contained within the data items
themselves is generally used to determine when to move from one group to another.

An important consideration for this type of problem is that the records being pro-
cessed must be prearranged into the groups involved.

An Example

Each data record contains a department number (integer), a salesperson number (integer),
and an expense amount (real). The records are arranged with the salespersons for each
department grouped together in the file. Write a program to create a summary listing, as
illustrated in Figure 11-3.

We start with the realization that a loop is needed to process the data. We need at least
the following variables:

Input: Department Integer Employee department
IDNumber Integer Employee number
Expense Real Employee expense

Output:  DeptTotal Real Total for department
GrandTotal Real Total for entire file

Many file-processing problems follow this general pattern:

initialization
while not Eof{(file-designator) do
begin
read a record
process the record
print information
end
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EXPENSE TOTALS

Department Salesperson Expenses
100 5000 1000.00
100 5001 1000.00

Department Total: 2000.00

200 8907 500.00
200 3798 1603.45
200 4359 1000.75

Department Total: 3104.20
300 2987 984.50

Department Total: 984.50

1800 3871 1500.00
1800 8340 390.25
1800 8469 50.75
1800 8307 500.00

Department Total: 2441.00

2050 3498 35.50
Department Total: 35.50

Grand Total: 8565.20

Figure 11-3  Control break: desired output format.

However, the control-break logic requires a somewhat more complex algorithm because
there are special tasks to be performed when we finish one group and start another. Some-
where after the read step, we insert a step that is something like this:

if this is a new department then
perform ‘change of department’ steps

The “change of department” steps include, among other things, printing the total for the
previous department. In general, we must perform some “cleanup” steps for the old depart-
ment and some “setup” steps to get ready for the new department. These general categories
can overlap somewhat.

Note. In many programs, the test to check whether we have a new group comes
immediately after the read step. However, there are instances when some preliminary pro-
cessing must be done prior to determining whether a new group has occurred.
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If we ask, “How can we tell if this is a new department?” the answer might be to
compare the department number just read with the previous department number; we might,
therefore, make an addition to our variable list:

Other: OldDept Integer Previous department number

With a little more thought, we might conclude that the first data record should be
treated separately because there is no “old department number” with which to compare the
first department number. We might be led to read and process that first record before we
enter the loop because it will be treated differently from the rest. If so, we would come up
with an algorithm something like this:

print headings
set GrandTotal to 0
read the first record
do ‘setup’ steps for the first department
print the first record
add the first record’s expense to DeptTotal
as long as there is any data left
read a record
if Department is different from OldDept then
perform ‘change of department’ steps (‘cleanup’ and ‘setup’ )
print the record
add the record’s expense to DeptTotal
perform ‘cleanup’ for the last department
print GrandTotal

We perform the setup for the first department prior to the loop. This is sometimes referred to
as priming. In addition, we must perform the cleanup for the last department after the loop,
when we have run out of data.

To complete the algorithm, we must determine what is involved in setting up for a
new department and cleaning up after an old department. To do so, we should review the
required output. If we concentrate on the “department change,” we should be able to deter-
mine most of what is required. Each step is labeled as “cleanup” or “setup”.

This step should be obvious:

1. Print DeptTotal (cleanup).
Some others are not quite as obvious:

2. Add DeptTotal to GrandTotal. GrandTotal represents the sum of the individual depart-
ment totals (cleanup).

3. Set DeptTotal back to O to prepare to accumulate a new total for the new department
(setup).
4. Give OldDept the value of this record’s department (setup).

Note. As “cleanup” for the last department, we must perform steps 1 and 2. The
“setup” for the first department consists of steps 3 and 4.
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Adding these refinements to our algorithm, we obtain the program in Figure 11-4.
This program reads its data from a text file. It also sends its report to a text file. The text file
can then be printed (as often as needed) using the Print command. As we mentioned in
Chapter 5, this is a handy method both for obtaining multiple copies of the report and for
the situation where several microcomputers are sharing the same printer. (Another important
reason is that it reduces the development time because output to a disk file is faster than
output to a printer.) We use the OpenRead and OpenWrite procedures discussed in Chapter
5.

Control Breaks: General

The preceding example illustrates the control-break concept. There are some general com-
ments we can make about planning this type of algorithm, which usually involves a loop
that terminates at end of file. We discuss in some detail what types of steps generally appear
before, in the body of, and after this loop.

Keep in mind that the underlying feature of the control-break structure is that the data
are arranged in groups based on some field of the individual records. In addition to the usual
analysis of the steps to be performed for each individual data record, we must determine the
steps required because of the grouping. As a general rule, these steps fall into two catego-
ries:

1. Those steps used in starting a new group, such as initializing (or reinitializing) count-
ers or accumulators or printing special lines of information.

2. Those steps used in finishing up an old group, such as printing summary information.

Whenever we encounter a new group, we must perform all these steps. The principal
features of the algorithm are as follows:
1. Before the loop:
(a) Initialize for the entire file (for example, GrandTotal := 0).
(b) Read the first record.
(c) Set up for the first group.
(d) Process the first record.

2. In the loop:
(a) Read the new record.
(b) If a new group, finish the previous group and set up for the new group.

(¢) Process the record.
3. After the loop:
(a) Finish the last group.
(b) Print summary information for the entire file.

Most control-break problems fit fairly well into this general outline. For some applica-
tions, steps 2(b) and 2(c) must be modified slightly because the first record of each new
group is processed slightly differently from the subsequent records in that group. However,
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program ControlBreak;

{Written by:
{Purpose:

XXXXXXXXX XX/XX/XX}
To print a report for input data grouped by department}

{Procedures used: Header - to print headings}

var

DeptFile: text;
ListFile: text;
Department: integer;
IDNumber: integer;
Expense: real;

DeptTotal: real;
GrandTotal: real;

OldDept: integer;

{function Exists as

{procedure OpenRead

shown in

{input file}
{report file}
{department #}
{employee #}
{employee expense}

{total expense for dept.}
{total expense for company}

{previous employee’s dept. #}

Appendix C is inserted here}

as shown in Appendix C is inserted here}

{procedure OpenWrite as shown in Appendix C is inserted here}

procedure Header;

{Written by:
{Purpose:

begin {Header}

Writeln(ListFile,
Writeln(ListFile,

Writeln(ListFile);

Writeln(ListFile,
ooy 14,

Writeln(ListFile,
roros 14,

Writeln(ListFile)

end; {Header}

begin {ControlBreak}

OpenWrite(ListFile) ;
Header;
GrandTotal := 0;

20,

XXXXXXXXX XX/XX/XX}
To print headings}

14, ’'Department’, '’
'Expenses’) ;
14, t e e —————— . ’

{*** Preliminary setup and initialization}

Figure 11-4 Control breaks (continues next page)
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{*** Handle first employee}

Readln(DeptFile, Department, IDNumber, Expense);
DeptTotal := 0;
OldDept := Department;
Writeln(ListFile, Department : 10, ’ ‘' : 14,
IDNumber : 5, ’ * : 15, Expense : 10 : 2);
DeptTotal := DeptTotal + Expense;

{*** Handle other employees in loop}

while not Eof (DeptFile) do
begin
Readln(DeptFile, Department, IDNumber, Expense);
if OldDept <> Department then
begin
Writeln(ListFile);
Writeln(ListFile, ' * : 21, ’'Department Total:’,
DeptTotal : 16 : 2);

Writeln(ListFile);
Writeln(ListFile);
Writeln(ListFile);
GrandTotal := GrandTotal + DeptTotal;
DeptTotal := 0;
OldDept := Department

end; {if}
Writeln(ListFile, Department : 10, * ' : 14,
IDNumber : 5, ' ’ : 15, Expense : 10 : 2);

DeptTotal := DeptTotal + Expense;
end; {while}

{*** Finish last department and print grand total}

Writeln(ListFile);

Writeln(ListFile, ’* ' : 21, ’‘Department Total:’, DeptTotal : 16
Writeln(ListFile);

Writeln(ListFile);

Writeln(ListFile);

GrandTotal := GrandTotal + DeptTotal;

Writeln(ListFile, ’ ’ : 26, ’‘Grand Total:’, GrandTotal : 16 : 2);

{*** Close files and print terminating message}

Close(DeptFile);

Close(ListFile);

Writeln(’Report complete; it is in the file ExpenseReport’)
end.

Figure 11-4 (continued)
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this outline should help us obtain a good algorithm for any control-break problem we may
encounter.

Using Subprograms with Control Breaks

In the preceding discussion, we have not indicated how subprograms fit into the control-
break program logic. We have at least these four possibilities:

1. We can use a procedure for reading the data. This might be especially useful in two
instances. First, we could use it to validate the input. Second, if the input file is a text
file containing data for one record spread over several lines of text, it could be used to
hide the details of reading the data. In either case, it would enable us always to
translate the algorithm step “read a record” into a single line of Pascal code.

2. We can use a procedure for printing detail lines. In this way, we can proceed to a new
page of output when we reach the bottom of each page. It is frequently helpful to pass,
as an input parameter for this procedure, a Boolean flag indicating whether or not this
is the first record in a new group. We might use a variable NewGroup for this purpose.
(The first record in each group is frequently handled differently in the detail line
printing routine.)

3. The processing of the record can very well involve complicated logic that warrants
one or more subprograms.

4. The setup and cleanup steps themselves can be placed in subprograms. We discuss this
possibility in what follows.

There are several possible reasons for placing the setup and the cleanup steps in
subprograms. First of all, each one is generally used twice. For example, the setup steps are
performed before the loop for the first record and in the loop whenever a new group is
encountered. In addition, these steps could be fairly complex. The more complex they
become, the more likely it becomes that we choose to place them in subprograms. Finally,
using subprograms emphasizes the similar structure of the various control-break programs
we write.

We reexamine our sample control-break algorithm to illustrate these ideas. For exam-
ple, the algorithm for a SetUp subprogram is

set DeptTotal to 0
set OldDept equal to this record’s department

This requires a procedure; the parameters are the department total (output), the current
record’s department (input), and the old department number (output).
For a CleanUp subprogram, we have

print DeptTotal line and three blank lines
add department total to grand total

The department total is an input parameter and the grand total is an update parameter for
this procedure.

For the detail line routine, we have input parameters for the record to print together
with the Boolean variable NewGroup discussed earlier. We write
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if this is a new group
add 5 to LineCount
if LineCount > 45
print headings
set LineCount to 6
print the record
add 1 to LineCount

Note. This procedure is somewhat different from some earlier ones in its handling
of the LineCount variable. This is to adjust to the fact that this program prints lines other
than detail lines. If we simply count detail lines, we are unable to judge when we are near
the bottom of the page. Rather than merely counting detail lines, we count all lines of
output.

As a result, LineCount is set to 6 after printing headings. In addition, for a new group,
we add 5 to LineCount. This counts the department total line we have printed and the one
blank line before and three blank lines after that line.

Using these ideas, we develop the main program as shown in Figure 11-5.

Note. With the use of the NewGroup parameter for the detail line procedure, it is a
simple matter to group indicate the output. For example, this output is not group indicated:

100 5.43
100 6.17
150 0.41
150 1.23
150 0.61

The same output group indicated would be

100 5.43
6.17

150 041

1.23

0.61

REVIEW

Terms and Concepts

control break
group indicate
priming
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program ControlBreak;

{Written by:
{Purpose:

XXXXXXXXX XX/XX/XX}
To print a report for input data grouped by department}

{Procedures used: Header - to print headings}
{ Setup - to initialize a new department}
{ Cleanup - to perform final actions for a department}
{ GetData - to obtain data}
{ DetailLine - to print detail lines, with headings}
const
MaxLines = 45; {maximum lines per page}
var

DeptFile: text;
ListFile: text;

{input file}
{report file}

Department: integer; {department #}

IDNumber: integer;
Expense: real;

DeptTotal: real;
GrandTotal: real;

OldDept: integer;

{employee #}
{employee expense}

{total expense for dept}
{total expense for company}

{previous employee’s dept. #}

LineCount: integer; {counts report lines on page}

NewGroup: boolean;

{for use by detail line printer}

{function Exists, as shown in Appendix C, is inserted here}

{procedure OpenRead, as shown in Appendix C, is inserted here}

{procedure OpenWrite, as shown in Appendix C, is inserted here}

procedure Header;

{Written by: XXXXXXXXX XX/XX/XX}
{Purpose: To print headings}

begin {Header}

Writeln(ListFile,
Writeln(ListFile,
Writeln(ListFile);
Writeln(ListFile,
o 14,
Writeln(ListFile,
o 14,
Writeln(ListFile)

' : 20, 'EXPENSE TOTALS');

't 20, '-mmmmmmmmmee ') ;

r ' : 2, 'Department’, ’ ' : 9, ’‘Salesperson’,
‘Expenses’) ;

’ ’ 2, b e e e l' . ’ 9’ t e e e e —— l,

end; {Header}

Figure 11-5 Control breaks with procedures (continues next page).
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procedure Setup (var DeptTotal: real; Department: integer;
var OldDept: integer);

{Written by: XXXXXXXXX XX/XX/XX}

{Purpose: To initialize a new group}

{Parameters: DeptTotal - output, set to 0}

{ Department - input, current record’s department}
{ OldDept - output, set equal to Department}

begin {Setup}
DeptTotal := 0;
OldDept := Department
end; {Setup}

procedure Cleanup (DeptTotal: real; var Grand: real);

{Written by: XXXXXXXXX XX/XX/XX}

{Purpose: To perform final actions for a department that is}
{ finished}

{Parameters: DeptTotal - input, total for the department}

{ Grand - update, total for the company}

{Globals used: ListFile - the Pascal name for the report file}

begin {Cleanup}
Writeln(ListFile);
Writeln(ListFile, ' ‘ : 21, ’'Department Total:’, DeptTotal : 16 : 2);
Writeln(ListFile);
Writeln(ListFile);
Writeln(ListFile);

Grand := Grand + DeptTotal
end; {Cleanup}

procedure GetData (var Department, ID: integer; var Expense: real);

{Written by: XXXXXXXXX XX/XX/XX}

{Purpose: To read one person’s data}
{Parameters: Department - output, the department}
{ ID - output, the employee number}

{ Expense - output, the expense amount}

{Globals used: DeptFile - the handle for the input file}

begin {GetData}
Readln(DeptFile, Department, IDNumber, Expense)
end; {GetData}

Figure 11-5 (continues next page).
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procedure Detailline (Department, ID: integer; Expense: real;
NewGroup: boolean);

{Written by: XXXXXXXXX XX/XX/XX}

{Purpose: To print a line of data, with headings when needed}
{Parameters: Department - input, the department}

{ ID - input, the employee number}

{ Expense - input, the expense amount}

{ NewGroup - input, is this a new department?}

{Globals used: ListFile - the handle for the report file}
{Globals modified: LineCount - the detail line counter}
{Procedures used: Header, to print headings}

begin {DetailLine}
if NewGroup then
LineCount := LineCount + 5;
if LineCount >= MaxLines then
begin
Header;
LineCount := 6
end; {if}
Writeln(ListFile, Department : 10, ' * : 14,
IDNumber : 5, * ’ : 15, Expense : 10 : 2);
LineCount := LineCount + 1
end; {DetaillLine}

begin {ControlBreak}
{*** Preliminary setup and initialization}

OpenRead (DeptFile) ;
OpenWrite(ListFile);
Header;

LineCount := 6;
GrandTotal := 0;

{*** Handle first employee}

GetData (Department, IDNumber, Expense);

Setup (DeptTotal, Department, OldDept);
Detailline (Department, IDNumber, Expense, true);
DeptTotal := DeptTotal + Expense;

{*** Handle other employees in loop}

while not Eof (DeptFile) do
begin
GetData (Department, IDNumber, Expense);
NewGroup := false;
if OldDept <> Department then

Figure 11-5 (continues next page)
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begin
NewGroup := true;
Cleanup (DeptTotal, GrandTotal);
Setup (DeptTotal, Department, OldDept)

end; {if}
DetailLine (Department, IDNumber, Expense, NewGroup) ;
DeptTotal := DeptTotal + Expense;

end; {while}
{*** Finish last department and print grand total}

Cleanup (DeptTotal, GrandTotal);
Writeln(ListFile, ’ ’ : 26, ‘Grand Total:’, GrandTotal : 16 : 2);

{*** Close files and print terminating message}

Close(DeptFile);

Close(ListFile);

Writeln(’Report complete; it is in the file ExpenseReport’)
end.

Figure 11-5 (continued)

Program Logic: Control Break
1. Before the loop:
(a) Initialize for the entire file (for example, GrandTotal := 0).
(b) Read the first record.
(c) Set up for the first group.
(d) Process the first record.

2. In the loop:
(a) Read the new record.
(b) If a new group, finish the prior group and set up for the new group.

(¢) Process the record.

3. After the loop:
(a) Finish the last group.
(b) Print summary information for the entire file.

EXERCISES

1. There are several possible revisions to the output indicated in Figure 11-3. In general, it should
be possible to make these revisions by modifying only the detail line routine, provided the totals
are still printed in the same manner. Make the necessary changes for each of the following:
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EXPENSE TOTALS

Salesperson Expenses
Department Number 100 5000 1000.00
5001 1000.00

Department Total: 2000.00

Salesperson Expenses

Department Number 200 8907 500.00
3798 1603.45

4359 1000.75

Department Total: 3104.20

Salesperson Expenses

Department Number 300 2987 984.50
Department Total: 984.50

Salesperson Expenses

Department Number 1800 3871 1500.00
8340 390.25

8469 50.75

8307 500.00

Department Total: 2441.00

Salesperson Expenses
Department Number 2050 3498 35.50
Department Total: 35.50

Grand Total: 8565.20

Figure 11-6  Report format for Exercise 1.

(a) Group indicate the data by department.
(b) Group indicate by department; when a page break occurs in the middle of a department,
the first line on the next page should look something like this:

4157 (CONTINUED) 16141 945.30
(c) Obtain output in the format illustrated in Figure 11-6.

2. Write algorithms and variable lists for each of the following:

(a) Each data record has a name, course number, and letter grade. Records are grouped by
name. Output should be group indicated by name. For each person, print the number of
courses taken and the number of courses failed.

(b) Each data record has a department (six characters), name, rank (four characters), and sal-
ary. Records are grouped by department. Output should be similar to that in Figure 11-3.
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Grade Name Course

F XXXXXXXXXXXXXXXKXKXKXKXKX XXX
XXXXXXXXXKXXKKXXXXXXXXXKXXX XXX
XXXXXXXKXXXXXKXKXXKXXXXXKXXX XXX

D XXXXXXX KX XX XXX XXX XXX XXKXKXX XXX
XXX XXX KX KXXKXKXKXXXKXKXXXXXX XXX
):0:9.0:9.9.9.:9.9.9.9.9,¢:9.9.0.0.9.0.9.9.0.0.9.0 4 XXX

(and so on through C, B, and A)

Figure 11-7 Report format for Exercise 4.

(c)
d)

(e)
®

For each department, print the number of full professors (rank = ‘PROF’) and the average
salary. Also count the departments.

Modify the algorithm of part (b) to also find the department with the highest average
salary.

Each record contains a state abbreviation (two characters), a city name (20 characters), and
a population figure to the nearest 1000. For example, 253 would denote 253,000. Records
are grouped by state. Output should be similar to that of Figure 11-6. For each state, print
the total population of the cities given and count the cities with population over 500,000.
Modify the algorithm of part (d) to also find the total number of cities listed with popula-
tion over 500,000 and the average population of all the cities listed (for the entire file).
Each data record has a department number, employee number, and hourly wage. Use
output similar to that in Figure 11-3. For each department, print the number of the person
with the lowest hourly wage; also print the number of the employee in the entire company
with the lowest hourly wage.

3. Write Pascal programs for each of the algorithms of Exercise 2.

4. Each record contains a numerical grade, course number, and name. The records are in ascending
order based on the numerical grade. The letter grade is calculated by the rule: 0 to 59.99, F; 60
to0 69.99, D; 70 to 79.99, C; 80 to 89.99, B; and 90 to 100, A. Write an algorithm to generate the
report illustrated in Figure 11-7. Hint: Some preliminary processing of the data may be needed
prior to determining if you have a new group.

5. Write the program for the algorithm of Exercise 4.

6. Each data record contains an ID number for a sample steel rod and the measured length of that
particular sample. The records are arranged in ascending order based on the length of the
samples. The report format of Figure 11-8 groups the samples; for example, the heading “1-2
inches” means “between 1 and 2, but not including 2 inches.” Give an algorithm to generate this
report. See the hint of Exercise 4. Notice that there can be “gaps” in the groups. After “16-17
inches” might come “23-24 inches.”

7. Write the program for the algorithm of Exercise 6.
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Group Sample # Length

1-2 inches poe’ed XXX . XXX
XXXX XXX . XXX

xxx Samples In This Group

2-3 inches XXXX XXX . XXX
XXXX XXX . XXX

xxx Samples In This Group
(and so on)

Figure 11-8  Report format for Exercise 6.

Division Department Employee
XXXX XXXX XXXXX
XXKXXX

XXXXX

XXXXX

xxxxx Employees In Dept Xxxx

XXXX XXXXX
XXXXX
XXXXX
XXXXX
xxxxx Employees In Dept Xxxx

xxxxx Employees in xxx Departments in Division xXxx

XXXX XXXX KXXXX
XXXXX
XXXXX
XXXXX
xxxxx Employees In Dept XxxX

XXXX XXXXX
XXXXX
(and so on)

Figure 11-9  Report format for Exercise 8.

8. Each data record contains a division number, department number, and employee number. The
records are grouped by division and by department within each division. Give an algorithm to
generate the report illustrated in Figure 11-9. This is an example of a multiple-level control
break. Hint: Each new record could be the start of a new division; also, it could be the first
record of a new department within the same division.

704 FILE /O CHAP. 11



9. Each of these exercises refers to Exercise 2. State what assumptions you make on the order of
the data.

(a) Modify Exercise 2(b) to print a report group indicated by department and by rank within
departments.

(b) For Exercise 2(d), create a report group indicated by state, which lists cities group indi-
cated by size, as shown here

XX 0- 49 XXXXX . . « XXX
50-100 XXXXX . .« XXX

(and so on in steps of 50,000)

11-3 SEQUENTIAL FILES - MERGE AND UPDATE

Sequential files are most useful for applications that require all, or most of, the file’s
records. For applications that require only a small portion of the file, a direct file might be
more useful. However, sequential files are frequently more efficient, both in terms of the
actual space occupied on the storage medium and in the time required to process the entire
file.

The Merge Algorithm

Because of these savings, sequential files are widely used. As a result, a number of tech-
niques have been developed for efficient modification and utilization of this type of file. The
merge algorithm discussed here is one example. Others are indicated in the next section and
in the exercises.

Suppose we have two non-empty binary files, each of which contains records where
the first field is an indentification number, and the remaining fields contain other informa-
tion. Assume each of these files is known to be in ascending (low to high) order based on
the ID number, and, moreover, that neither file contains any duplicates.

Our goal is to create a combined file with these same properties: in order by ID
number and with no duplicates. The technique we use is called “merging” the files and is
similar to the action when two lanes of traffic merge into one.

The basic idea is to compare IDs from the two files repeatedly, always placing the
lower one into the output file. Here is a very rough algorithm. (Record 1 and ID1 refer to
the data from the first file. Record 2 and ID2 refer to the second file.)

read a record from each file (to get started)
repeat
take action based on comparing ID1 to ID2:
a. (ID1 < ID2) put record ID1 into the output file
read another record from file 1
b. (ID1 > ID2) put record 2 into the output file
read another record from file 2
c. (ID1 =ID2) process a “duplicate” error
read another record from file 1
read another record from file 2
perform ?7?
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Because we have not discussed how to terminate the loop, it is not yet clear what steps
might follow it.

There are a number of options for processing a duplicate record. For this example, we
choose to place the record from the first file on the output file and print an error message.
Because both records have then been processed, we read a new record from each of the two
files.

There are several ways to handle loop termination. For example, we might use a while
loop with the condition

while (not Eof(Filel) and (not Eof(File2)) do

When the loop terminates, then Eof(Filel) is true, or Eof(File2) is true, or possibly both. We
could write a decision structure based on these conditions.

This method is complicated because in Pascal, the end-of-file condition becomes true
as the last record is read. Thus, for example, the code for the case where Eof(Filel) is true
but Eof(File2) is not has to do two things: process the remaining record from file 1 and then
copy the rest of file 2 (if any) to the output file. To simplify matters, we might use Boolean
variables FilelDone and File2Done. FilelDone signifies that we have attempted a read
when no more records are in file 1, and similarly for File2Done. The step “read record from
file 1” in the algorithm could be written similar to this:

if Eof(Filel) then {Previous read got last record}
FilelDone := true
else

Read (Filel, Recordl)

A third possibility uses sentinel records on the input files. These are records whose
ID number field is +co. By +eo, we mean a value larger than any ID existing on either input
file. For example, maxint would probably be appropriate for our integer IDs, because it is
probably larger than any legal ID number.

Note. If we use this “plus infinity” technique, then the sentinel value “+oo” must
be chosen carefully. It must not be possible to use this value for actual data.

How does the sentinel record help us? Suppose that we reach the end of file 1 first.
Then ID1 is maxint and the condition (ID1 > ID2) is true for each record of the second file
until it also reaches its sentinel record. This causes the remaining records of file 2 to be
copied to the output file. We terminate the loop when both sentinel records are reached.

In Figure 11-10, we present a procedure to accomplish the merge using this technique.
The main program is to handle the file open and close operations. The types DataRecord
and DataFile are defined in the main program. For the purpose of our procedure, we need
only know that the data record contains an ID field. Likewise, we use a constant “Infinity”
defined in the main program. Thus, this procedure could be used in a variety of contexts.

An important question for this procedure is: How did the sentinel record get into the
input files? The answer is: Because these are binary files, a program created them. If they
were text files created by a user, then that person would have had to put them there.
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procedure MergeFiles (var Filel, File2, MergedFile: DataFile);

{Written by: XXXXXXXX, XX/XX/XxX}

{Purpose: To merge files) R
{Globals used: Infinity - a constant larger than any ID}
{Parameters: Filel - the first file to merge}
{ File2 - the second file to merge}
{ MergedFile - the resulting merged file}
var
Recordl: DataRecord; {first file record}
Record2: DataRecord; {second file record}

begin {MergeFiles}
{*** Prime the loop by reading from both files}

Read(Filel, Recordl);
Read(File2, Record2);

{*** Repeatedly put the smaller on the output}

while (Recordl.ID <> Infinity) or (Record2.ID <> Infinity) do
begin
if Recordl.ID < Record2.ID then
begin
Write(MergedFile, Recordl);
Read(Filel, Recordl)
end
else if Recordl.ID > Record2.ID then
begin
Write (MergedFile, Recordl);
Read (File2, Record2)

end
else
begin
Writeln(’Duplicate ID: ’, Recordl.ID);
Writeln(’'Tap <RETURN> to continue ’);
Readln;

Write(MergedFile, Recordl);
Read(Filel, Recordl);
Read(File2, Record2)
end {if}
end; {while}

{*** put a sentinel record on the output file}
Write (MergedFile, Recordl)
end; {MergeFiles}

Figure 11-10 Merging sequential files.
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Observe that the procedure puts a sentinel record at the end of the output file. Thus,
the output file is suitable as input to the merge at some later date.

This raises an important point. If this technique is to be used for merging, then all the
sequential files maintained by the organization must have a sentinel record. This affects
every program that accesses those files. Perhaps a better approach is not to use an actual
sentinel record, but to write the program to simulate the existence of a sentinel record. For
example, rather than Read(Filel, Record1), we could use

if Eof(Filel) then {last record has been read}
Recordl.ID := Infinity
else

Read(Filel, Recordl)

Efficiency Note. Suppose that one of the files reaches the end long before the
other. For example, suppose file 2 reaches the end of file with approximately 1000 records
remaining in file 1. Then this procedure compares Recordl.ID to “infinity” 1000 times in
order to copy the rest of file 1. Isn’t this inefficient? Couldn’t we simply terminate the loop
when either file is done and copy the rest of the other file?

The answer is partially yes and partially no. It is inefficient, and we could terminate
the loop as suggested. (This would make the procedure slightly more complicated.) How-
ever, in a file merge, the inefficiency is very minor. The time it takes to do the 1000
comparisons is miniscule in comparison to the 2000 accesses to the disk (or to tape) used to
copy the records. (In an array merge, on the other hand, the inefficiency is more significant.)

This basic merge algorithm is one of the most important in computer science. In
addition to being the basis for various file-update algorithms, it appears in many contexts.
For example, it is the basis for merge sort, discussed in Chapter 10. It finds application in
some forms of data structure used to represent polynomials. And it appears in handling
“sparse matrices,” matrices most of whose entries are 0.

Sequential-File Update

In this subsection, we give some indication of how the merge algorithm can be used to build
procedures for sequential file update. The exercises develop the theme further.

First, consider this situation. A master file contains a list of employees and their
year-to-date earnings. A transaction file contains a list of transactions to be processed
against the master file. In this case, the transaction file represents a weekly payroll. The
transactions records contain employee number and this week’s pay. Provided both files are
in increasing order, we can write an algorithm similar to our first merge algorithm:

read the first record from each file (to get started)
repeat
take action based on comparing master ID (MID) to transaction
ID (TID):
(a) (MID < TID). This means that this employee had no check this week. Write the
master record to the output file, and read a new master record.
(b) (MID > TID). This is an error situation—a check was issued for an employee
number not on the master file. Report the error, and read another transaction
record.
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(c) (MID = TID). Add the week’s pay to the year-to-date figure. Write the modified
master record to the output file, and read a new record from both files.

after the loop, perform any necessary final steps

As for the merge algorithm itself, there are a variety of ways to accomplish the loop
control. Depending on the method used, there may have to be some action taken after the
loop terminates.

In this example, the resulting output file becomes the input master file when the
program is run the following week. Exactly how this is handled is up to the organization.
Here are two possibilities at opposite extremes:

1. Start with a master MasterIn with all figures 0. Run this with a file Weekl, creating
MasterOut. Use a file copy to copy this to MasterOut for the second week, and so on.

2. Start as before, but call the output Masterl. Use this as input for the second week,
creating Master2. By the end of the year, you would have 52 files containing a com-
plete record of the year.

For our final example, suppose that the transaction file contains a list of items to be
deleted from the master file. A deletion is accomplished by simply not writing the record to
the output. Thus, in the decision structure of the basic merge algorithm, we have

(a) (ID1 < ID2) same as merge
(b) (ID1 > ID2) error; read transaction file
(c) (ID1 =1ID2) just read both files

REVIEW

Terms and Concepts

infinity (+) sentinel value
master file sequential-file value
merge transaction file

sentinel record

Algorithms
Basic Method

read a record from each file to get started
repeat these take action based on comparing ID1 to ID2:
(a) (ID1 < ID2) put record 1 on output file
read another record from file 1
(b) (D1 > ID2) put record 2 on output file
read another record from file 2
(c) (ID1 =ID2) process a duplicate error
read another record from file 1
read another record from file 2
after the loop, perform ?7?
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Loops

1. Terminate when Eof is true for either file.

2. Terminate when an attempt is made to read past the end of file for either file.

3. Use initial records and terminate when both values are +eo.

4, Same as item 3, but terminate when either is +oo.

5. Simulate the sentinel record.

Sequential-File Updates. Sequential-file updates can be based on the fundamental

merge algorithm; differences occur in what is done for each of the three branches in the
decision structure.

EXERCISES

1. Write a procedure similar to the one in Figure 11-10, but not using sentinel records. The loop

should be terminated as soon as Eof is true for either file. Be careful to write the portion
following the loop correctly.

2. Repeat Exercise 1 using Boolean variables FilelDone and File2Done as suggested in this sec-

tion. Terminate the loop when either is true.

3. Repeat Exercise 1, “simulating” the sentinel record as suggested in this section. Terminate when

both ID values are infinity.

4. Repeat Exercise 3, terminating when either ID value is infinity.

5. Comment on the pros and cons of the approaches in Figure 11-10 and in Exercises 1 to 4.
6. Two files containing names and other data are to be merged based on the names. What is an

appropriate value for “plus infinity” in this case?

7. Suppose files that are in order from high to low are to be merged. How would this affect the

algorithm? What type of sentinel value is appropriate?

8. Write a procedure that, for a master file, accepts from the terminal a list of numbers to be

deleted, as shown in Figure 11-10. It should warn the user if the number entered is lower than
the previous entry.

9. (a) Write a procedure to merge three files rather than two.

(b) Write a procedure to expand this to merge 10 files. Can you suggest a way to merge 10
files without writing a new program?

10. Sometimes students try to write the decision structure of the merge algorithm using three if

statements:

if Recordl.ID < Record2.ID then
{code for < as in Figure 11-10};

if Recordl.ID > Record2.ID then
{code for > as in Figure 11-10};

if Recordl.ID = Record2.ID then
{code for = as in Figure 11-10};

Criticize this by finding a pair of files for which it would not work properly.

11. Suppose we modify the third branch of the merge algorithm (ID1 = ID2) to the following: print

the error message, and read a new record from file 2. Does this work? Justify your answer.

12. Write procedures similar to Figure 11-10 for the following:
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(a) A master file has records consisting of an item number, department, and quantity. A trans-
action file has records containing only an item number. Each record in the transaction file
represents a record to be removed from the master file. Both files are in order by item
number and have no duplicates.

Create an output file consisting of the records in the master file with the indicated records

removed. Print an error message for any faulty transaction item numbers.

(b) The master file is the same as for part (a). The transaction file contains a list of changes to
be made. Each transaction record contains an item number and a new quantity for that
item. Both files are in order by item number and have no duplicates.

Create an output file consisting of the records in the master file with the new quantity for
each of the indicated items. Print an error message for any faulty transaction item numbers.

13. Combine the merge (which adds records) with the delete and change procedures of Exercise 12.
The master file is the same as for Exercise 12. Each transaction record contains:

Transaction code (A = add, D = delete, C = change)

Item number
Department (blank for codes D or C)
: Quantity (blank for code D)

Both files are in order by item number and have no duplicates.Write a procedure to create an
output file consisting of the records in the master file with the indicated additions, deletions, and
changes.

14. Write a program to update the drugstore inventory file created in Exercise 2, Section 11-1.

You have a transaction file containing this information: an item number, an item name, a depart-
ment code, an inventory for each of nine locations (an array), and a transaction code. Except for
the transaction code, the information is precisely the same as that on the master file. The
transaction code has the same meaning as in Exercise 13. The transaction record can leave
blank (or 0) any of the fields not actually being used in that type of transaction. You can assume
that the information on the transaction record has been edited.

The following are to be done for a change transaction:

¢ If the item name on the transaction record is not blank, then change the item name.
¢ If the department code on the transaction record is not blank, then change the department code.
* Add each element in the inventory array to the corresponding element in the master record.

Instead of printing errors on the terminal, create an exception file. This file has records contain-
ing all the fields of the transaction record and a code for the type of error:

* Trying to add a record already there.

* Trying to delete a record not there.

* Trying to change a record not there.

* A resulting inventory amount that is less than 0 or more than 5000. (For this error, leave the
master record with the faulty inventories; assume the error will be corrected later.)

15. Update algorithms based on the file-merge algorithm have one serious drawback. They do not

handle multiple transactions for a single master record. Computer scientists have devised an
algorithm, known as the balance line algorithm, which does handle multiple transactions.
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The basic idea is this: Rather than putting master records directly to the output file, put them in
a new master record. Apply the transactions to this new master record. After all transactions
have been applied, write the record to the output. In rough form, the algorithm can be described
as follows:

read a record from each file (to get started)
repeat these four steps :
1. ActiveKey := lower of MasterKey, TransactionKey
2. if the MasterKey is equal to the ActiveKey
copy the master record to new master record
read another master record
else
set the new master record empty
3. as long as the TransactionKey equals the ActiveKey
apply 0 or more transactions to the new master record
4. if the new master record is not empty, write it to the output file

after the outer loop, do any necessary final steps

(a) By tracing the algorithm for some sample files, determine what the phrase “apply a trans-
action” means for the six possible combinations:

TYPE OF TRANSACTION NEW MASTER RECORD
Add Empty
Add Not empty
Delete Empty
Delete Not empty
Change Empty
Change Not empty

(b) Refine the algorithm to write a procedure to update a master file, as outlined in Exercise
13.

(¢) Refine the algorithm to write a procedure to update a checking account master file. Each
master record has an account number and balance. Each transaction record has an account
number, type (check or deposit), and amount. The output file has an account number and
the resulting balance. Record all error situations in an error file.

11-4 RANDOM-ACCESS-FILE TECHNIQUES

Files are convenient for the long-term storage of data. As long as a file is updated fairly
infrequently, sequential access can be adequate. For example, a mailing list for an organiza-
tion might be treated as a sequential file. Generally, this information is used in its entirety
to generate a set of mailing labels. Updating might occur only once a month or even less
frequently.

Even when a file is updated frequently, sequential access can be appropriate. For
example, the “hours worked” and other fields on a file used to generate payroll checks
might change every week. However, in this case, most records in the file are modified. An
algorithm that goes through the file sequentially making the changes is fairly efficient.
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Sequential files become inadequate in situations where frequent changes occur to
records scattered throughout the file. As we discussed in Section 11-3, each batch of
changes to a sequential file requires going completely through the file. In addition, if we are
using the file to look up records that are scattered throughout the file, we want a random-
access file, a file in which records can be accessed directly in a random order. Even in
applications where a sequential file is adequate, a random-access file may be more conven-
ient. For example, consider an interactive payroll system. Using a sequential file, a payroll
clerk could enter the hours for each person on the file. However, the clerk would have to do
so in the same order as the records were listed on the file. With a random-access file, the
values could be entered in any desired order, perhaps by several payroll clerks, one per
department.

As a result of these and similar considerations, random-access files have become more
and more important in computing. As a result, THINK Pascal has included facilities for
using this type of file, although some versions of Pascal do not.

Note. These files go under a variety of names. The term direct file signifies the
ability to access the desired record directly, without having had to access all the preceding
records. The term random-access file, similarly, signifies the ability to access the records in
“random” order. The term relative file signifies the fact that, in order to access a record, the
program supplies the relative record number (or just record number). We generally refer to
the files as random-access files, but we are free to use the terms interchangeably.

Random-Access-File Commands

We already know quite a bit about THINK Pascal random-access files. For THINK Pascal, a
random-access file is any type of file, but opened differently than a sequential file. There are
also a few additional procedural functions that allow us to use these files in a random
fashion.

First, two useful concepts. Each record in a binary file has a record number. The
records are numbered starting at 0. As a simple example, suppose we have a file containing
five records (fields of name and major):

Sue CPS
Sam MAT
Joe MGT
Mary ENG
Eileen HIS

We will soon learn how to read record 3. If we do so, we obtain the record (Mary, ENG)
because the record numbers start at 0.

The file-management system maintains a file pointer, which is initialized to 0 when
the file is opened. After any read or write, the file pointer points to (contains the record
number of) the next record. For example, after we read record 3, the file pointer’s value is 4.
At this point, unless we do something to modify the file pointer, another Read reads record
4 (and a Write replaces the current value of record 4).
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With these concepts in mind, let us describe various capabilities THINK Pascal pro-

vides. The first five are procedures and the last two are functions.

1

4.

5.

6.

7.

Open(file designator, file name). Connects the program’s name for the file (the file
designator variable) and the file’s name on the disk (the disk file name string), then
opens the file for random access and sets the file pointer to O (that is, the first record
of the file). Unlike a file opened with Reset or Rewrite, a file opened with Open can
be both read from and written to.

Read(file designator, variable). Reads the record indicated by the file pointer, and
advances the file pointer to the next record (adds 1 to the file pointer). In a text file, a
“record” is taken to be 1 character, so a Read of a random text file works the same as
a Read of a sequential text file — the next character is read, and the file pointer moves
to the next character. (Readln can also be used on random text files, and works the
same as when used on sequential text files.)

. Write(file designator, variable). Writes the record indicated by the file pointer, and

adds 1 to the file pointer. This replaces the previous data (if any) stored in that record.
Write and Writeln of random text files works the same as when used on sequential text
files.

Seek(file designator, N). Sets the file pointer to the N* record, where N is a longint
expression. The value of N should lie between 0 and the file size.

Close(file designator). Closes the file. This is necessary to make sure that all changes
are reflected in the file on the disk. Your program should close all the files it opens.
Eof(file designator). This Boolean function’s value is true if the file pointer is posi-
tioned beyond the end of file, otherwise false.

FilePos(file designator). This longint function supplies the current value of the file
pointer (O for the first record, and so on).

To illustrate these ideas, we show some segments of Pascal code. In each, we assume

that the files are opened and closed by other portions of the program. We work with the
direct file described previously; each record has a name and an age. We assume these
declarations for the files and records involved.

type
StudentRecord = record
Name: String50;
Major: String3
end;
StudentFile = file of StudentRecord;

var
Person: StudentRecord;
ClassFile: StudentFile;

We assume that a procedure GetData(Person) prompts the user for a person’s name and
major.

The first segment writes 25 records to the file, numbered O to 24. (The file was

opened using Rewrite.)
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for I := 1 to 25 do
begin
GetData (Person) ;
Write(ClassFile, Person)
end {for}

The second segment illustrates how we can add a record to the end of an existing file:

GetData (Person) ;

NewPosition := FileSize(ClassFile);
Seek(ClassFile, NewPosition);
Write(ClassFile, Person)

Suppose, for example, that the file size is 23. Then there are currently 23 records numbered
0 to 22. The Seek sets the file pointer to record 23, so that the Write puts the new record
right after record 22.

Our third segment reads a series of record numbers from the user and prints the
corresponding data from the file. For record numbers equal to the file size or larger, an error
message is printed.

repeat
Write(’Enter a record number (negative to quit): *);
Readln (RecNum) ;
if RecNum >= FileSize(ClassFile) then
Writeln(’'Too High’)
else
if RecNum >= 0 then
begin
Seek(ClassFile, RecNum);
Read(ClassFile, Person);
with Person do
Writeln(’Name: ‘, Name, ‘' Major: ’, Major)
end (if}
until RecNum < 0

Finally, we present a segment that changes all ’CPS’ majors to "CSC’. (The file has
just been Reset.)

while not Eof (ClassFile) do
begin
Read(ClassFile, Person);
if Person.Major = ’'CPS’ then

begin
Person.Major := ’'CSC’;
Seek (ClassFile, FilePos(ClassFile) - 1));
Write(ClassFile, Person)

end (if}

end {while}

Notice that, if we did not use a Seek to “back up one,” we would have overwritten the
wrong record.
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Random-Access-File Algorithms

The examples that follow illustrate some basic techniques for working with random-access
files. The major difficulty with these files is that the program must know the proper record
number. If this number is read from some other file or from the user, as in the previous
example, then the user must know the record numbers of the records to be processed. There
are a number of techniques that have been devised for this purpose. Studying them in detail
typically occupies a major portion of a course in file processing. We just touch on some of
the issues.

Here is an example that illustrates a simple technique for determining record number:

A small liberal arts college maintains a student data file. Among other things, the file
contains a four-digit student number, the total number of credits attempted to date, and the
number of grade points earned to date. When the file was originally created, it was decided
to use the student number itself as the record number. A file was created containing records
0 to 9999, where each record contained a flag telling whether that student number was
active.

The student number can be viewed as a key to the record; given the student number,
we know which student’s record we wish to see. In this case, we have the record number
equal to the key.

The procedure in Figure 11-11 updates this file. To do so, it reads a sequential file
containing a series of student numbers, credit hours attempted during one semester, and
grade points earned during that semester. Using the given student number, it retrieves the
student’s record, updates the record, and writes it back onto the file.

Notes

1. It would not be necessary to include the student number on the record because this
number is the same as the record number.

2. A field of the record indicates whether that record number is active. Requests to
update an inactive record are logged on an error file. (The record number is, however,
assumed to be valid, that is, between 0 and (file size — 1).

3. We assume that the main program handles opening and closing the file.

Using the record number as the key can be a problem. When the record number is the
key, then we must know the key to obtain the record. Moreover, this key must be numeric,
and the number of digits allowed in the key is limited. There are many applications where it
is more convenient to use an alphabetic key. For example, when students come in to check
their records, they may not remember their student numbers. Their names might be a more
convenient key.

As a similar example, consider a file that lists the local tax rate for the cities, towns,
and so forth in a given state. For such a file, a convenient key would be the locality name or
perhaps an abbreviation of its name. If the file is set up with this alphabetical key, then some
means must be provided in the program to determine the desired record number, given the
locality name.
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procedure UpdateQP (var StudentFile: MasterFile; wvar UpdateList:
TransactionFile; var ErrorLog: text);

{Written by: XXXXXXXXX XX/XX/XX}

{Purpose: To read a sequential transaction file, and add data to}

{ the records of a master student file}

{Parameters: StudentFile - the file of student records}

{ UpdateList - the file of transactions}

{ ErrorLog - a text file for error messages}

var

Semester: UpdateRecord; {figures for this semester}
Student: StudentRecord; {master record}
RecNum: integer; {record number}

begin

while not Eof (UpdateList) do

begin
Read (UpdateList, Semester);
RecNum := Semester.StudentNumber;

Seek (StudentFile, RecNum);
Read(StudentFile, Student);
with Student do

begin
if not Active then
Writeln(ErrorLog, 'Inactive record: ’, RecNum)
else
begin
Hours := Hours + Semester.Hours;
QP := QP + Semester.QP;
Seek (StudentFile, RecNum); {back up}
Write(StudentFile, Student)
end {if}
end {with}

end {while}
end; {UpdateQP}

Figure 11-11 Updating a random access file.

A number of techniques have been devised to handle these and other considerations
when working with random-access files. These techniques are beyond the scope of this text
(although we do indicate some possibilities in the exercises). However, keep in mind that
once the record number is calculated, the Seek, Read, or Write is identical in form to those
presented in our examples.

Inactive Records
The example in Figure 11-11 illustrates one important aspect of working with random-

access files. It is possible that there can be “gaps” in the file. In THINK Pascal files, those
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gaps are logical rather than physical gaps. That is, if a file contains record 200, it also
contains records 0 through 199. However, some of those records may not contain meaning-
ful information.

One way to deal with this is indicated in Figure 11-11. A Boolean field of the record
can indicate that the record is inactive. Another possibility is to set some field of the record
to a specific “dummy” value. For example, a name field that is null might signify an
inactive record.

Whatever technique is used, all programs that access the file will have to apply the
technique consistently. We would, perhaps, have a program to create the original file con-
taining nothing but inactive records. Later, other programs would change some records to
active status. We might also have a procedure to delete a record. For the file used in Figure
11-11, it could do so by setting

Student .Active := false
and then writing the record. Notice that a “deleted record,” as used here, is one that is
logically deleted, not physically deleted. The record is still there; it has just been marked
inactive.

REVIEW

Terms and Concepts

direct file record number

file pointer relative file

key relative record number
random-access number sequential file

File Operations
1. Read, Readln, Write, Writeln, Close, Eof: Same as for sequential files.
2. Open: Opens a file for random access.

3. Seek(file designator, N): sets the file pointer to the N record (generally, N is in the
range 0 < N < file size).

4. Function FilePos(file designator): shows the current value of the file pointer (record
number).

Random-Access File Algorithms

1. Need to know desired record number.
2. Can mark records as inactive (deleted) in a variety of ways.

EXERCISES

1. Rewrite Case Study No. 9 (Section 6-4) to use random-access files rather than arrays. Use the
items number as the key to the item file and the customer number as the key to the customer
file.
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2. A direct file contains a list of persons and companies to whom a church typically writes checks.
Write the following set of routines for the church treasurer.

Note: Each record contains the account name (25 characters) as it is to appear on the checks. If

the name is ‘*’, the account has been deleted.

(@) Lookup. Given an account number (record number), display the account name.

(b) Addition. Given a new account name, add it to the end of file. (Make sure it isn’t a
duplicate.)

(¢) Printout. Print a list of the current contents of the file: record number and account name.
Ignore deleted records.

(d) Deletion. Given a record number, mark it as deleted. (First display the name on the screen
and verify that this is the one the user wanted to delete.)

(e) Compression. Remove all deleted records by copying the valid records to a temporary file,
reopening the account file, and then recopying the valid records.

3. A direct file keeps a list of checks written by a church. A control file contains one record with
three fields: the first check number in the file, the last check number in the file, and the last
check number printed and sent. For the other records, the check number is the record number,
and the records contain these fields:

DESCRIPTION TYPE

Date (yymmdd): 870407 is April 7, 1987 String

Payee (three-digit code) : Integer

Budget category (two-digit code) Integer

Amount (dollars, cents): 1013,45 is $1,013.45 Record with two integer fields

The “payee” code refers to the file of Exercise 2. The “budget category” code refers to a similar
file that lists budget category items.

Give subprograms for the following. Assume the main program has opened the files.

(a) New Check. Given a date, “paid to” code, “category” code, and amount, add a check to the
end of the file. First, however, make sure that the given date is after the date of the last
check written and that both codes are valid. Set a Boolean parameter OK to indicate
success or failure.

(b) Check List. Create a printed list of the checks on the file with these columns: date, number,
paid to (name, not code), budget category (name), and amount. As an optional extra, group
indicate by date; that is, print the date only when it changes. Print the dates in the form
mm/dd/yy.

(¢) Partial List. Modify part (b) to print only those checks whose dates lie between two given
dates, inclusive.

(d) Check Print. Print all checks that have not yet been printed. Devise a reasonable check
layout. Print the date in the form “January 16, 1988”. Print the amount preceded by aster-
isks, as in “***35.49”. Also print the amount in the form “EXACTLY 35 DOLLARS AND
49 CENTS”.

(e) Budget Summary. Create a printed report showing how much was spent in each budget
category between two given dates. You can assume that the budget category file records
contain a field for use as an accumulator.

4. How would you modify the program of Exercise 3 so that the first check written in the year
would be record 0, the next record 1, and so on? (For a church whose first check was 1927, this
would save almost 2000 empty records.)

~
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5. An employee file contains records 0 to 999. Among the fields is a LastName field set to “*’ for

by

unused records. For several applications, we wish to access the records in alphabetical order by

last name. Write the following collection of program segments to accomplish this (see also

Exercise 6).

(a) Write code to set up an array of records with fields RecNum and Name. For record I in the
array, RecNum is the record number and Name is the name of the I" active record on the
file. (Skip unused records.)

(b) Sort the array into alphabetical order by name.

(c¢) Create a sequential file that contains the record number field from the sorted array, one
number per file record.

See Exercise 5. If we are given a list of record numbers to be processed, we can easily process a
direct file in that order. Use the file created in Exercise 5(c) to display a printed list of the name,
hourly rate, department, clock number, marital status, and number of dependents in alphabetical
order by last name. Make reasonable assumptions about the structure of the master file.

See Exercise 5. Rather than creating a separate file to get an alphabetical listing, we could have
each record in the master file show which record is next in alphabetical order. Each record
might contain these fields: )

DESCRIPTION TYPE

Name String
“Next”: a three-digit number showing which Integer

record number comes next in alphabetical order

Other data Miscellaneous

Suppose that a control file contains only a single number (“First”) that tells which record is first
in alphabetical order. Also, suppose that the “Next” field for the person who is last contains the
number —1.

(a) Write a program to print the file as in Exercise 6, using the control file to get started and
using the “Next” field to move through the file.

(b) Write algorithms for inserting a new employee and for deleting an employee. Each
involves changing some of the “Next” fields in the file (and, perhaps, the “First” field in
the control file).

8. In this exercise, we explore simple hashing and collision-handling strategies for determining

720

where a record should be placed in a direct-access file.

(a) Suppose we want to place some records in a file that we have set up to have 10 empty
records, numbered from O to 9. The records have keys that are four digit numbers. Let us
follow the rule: Try to place the record in the location (that is, record number) indicated by
the last digit of the key. (This rule is an example of a simple hashing function.) What
record would that rule have us use for the following keys: 1403, 1695, 1138, 5689, 4122,
and 89047

(b) These records ran well. There were no collisions, that is, no two records yielded the same
output from the hashing function. (We might put it as “no two records hashed to the same
location.”) In the more general case, we must use some collision-handling strategy. One
approach has a number of names, including the very descriptive “consecutive spill.” For
example, “if the record hashes to location 4 and that is full, put it in 5; if that is full, put it
in 6; and so on.” Using this strategy to handle collisions and the same empty file and
hashing function as in part (a), show where these records would go: 1403, 1795, 1138,
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2014, 1183, 8998, and 3114. (Notice that locations can be full because of collisions or due
to records that have already spilled out of their hash location.)

(c) What should you do with a record that “spills” past location 9, which is the last location in
the file? The usual method is to treat the file as if it were circular, so that location 0 follows
location 9. Continuing with the file in part (b), add these records: 9000, 8615, and 4029.

(d) A probe is the act of examining a location to see whether it is empty. For example, putting
in 1403 required one probe because location 3 was empty. How many probes did each of
the other records require?

(e) Write a program to create a file containing 10 empty records, numbered 0 to 9. Each record
contains a key and a name. Read data from the user to be placed into the file. By using the
hashing function (hint: use the mod function) and the collision-handling method described
previously, the program should insert the records. At the end, it should print the file in
order by record number to verify that it worked correctly. Note: The loop that examines
locations to see if they are empty should have three ways to terminate: an empty location is
found, a duplicate key is found, or all 10 locations have been examined and none is empty
(file is full).

(f) Modify part (e) to handle more keys by setting up a file of size 100. Modify your hashing
function appropriately.

(g) If you placed 75 records into a file of size 100 using the program of part (f), about how
many total probes would you expect it to take? (See part (d).) To answer the question,
write a program that does the steps described in what follows in a loop and reports the
statistics. The steps are initialize the file to contain 100 empty records; generate random
keys and place them into the file, counting the probes for nonduplicate keys; and terminate
the loop when 75 different keys have been inserted.
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Appendix

A

Additional THINK Pascal
Features

In this appendix, we describe a few features of THINK Pascal that were not covered in the
body of the text. These topics are “extra” in the sense that it is possible to get by quite
adequately without them. (We have done so in all the program examples in the text.) How-
ever, there are instances in which some of these additional capabilities prove useful in
designing and writing (especially larger) THINK Pascal programs; we discuss those here.

THINK Pascal also has several other advanced features, which include those that
allow us to take full advantage of the Mac’s built-in windowing, graphics, and sound gener-
ating capabilities. Since these are advanced features, we leave them for programming
courses that follow the first, introductory one for which this book is intended.

A-1 TRANSFER STATEMENTS (LABELS, GOTO, EXIT)

Pascal permits us to define a label and use a goto statement. In THINK Pascal, labels are
strings of digits between 0 and 9999, and must be declared in a label declaration of the form

label 10, 100, 200;
for example. The label declaration precedes the constant declaration in a program or proce-

dure. A label is attached to a statement by writing the label, a colon, and then the statement,
such as

10: if X = Y then

A :=B + C;
100: ¥ := X + Z;
200: for i := 1 to 10 do ...

900 ;

Notice in the last example that the label is attached to a null statement. The statement
goto 900
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causes the program to start executing statements at (transfers control to) the statement
labeled 900.

Generally, a goto can be used to transfer into, within, or out of the body of a loop, the
true or false part of an if-then-else, the body of a with block, or even into or out of a
procedure or function.

For example, the following code is valid:

label 10;
begin

while ... do
begin

if :...then goto 10;
end;
iO:.;
en&.

Transferring into the middle of a statement from outside of it (such as jumping to one
of the statements within the begin and end of a for loop) is legal, but definitely not recom-
mended—the effects of such a jump are often unpredictable. For example:

label 10;
begin
ié :.. then goto 10;
. f;r i := 1 to 100 do
begin
iO:.;

end;

If the jump to statement 10 is made, we have no idea how many times the for loop executes,
nor that the value I has during each pass through the loop. Writing a program with unpre-
dictable behavior is not a good idea.

The goto statement is very controversial. Historically, it has been used in ways that
have made programs extremely difficult to understand. As a result, some individuals (and
some companies) completely forbid its use. Others use it only in a few well-defined situa-
tions. For example, some might use the goto to leave a nested loop when an error is discov-
ered.

A-1 TRANSFER STATEMENTS (LABELS, GOTO, EXIT) 723



Note. THINK Pascal does place some restrictions on how a goto can be used. For
example, it is illegal to branch out of the then part of an if statement into the else part of the
same statement, or out of a procedure into a statement that is nested within another proce-
dure. The exact rules are somewhat cumbersome to remember; perhaps it is best just to
remember to use a goto only in a situation where it will always have predictable behavior.

As an example of the controlled use of the goto, consider the procedure XXXX
(which follows) that does some unspecified process. During the course of this process, two
error conditions could be detected. The procedure is to quit processing upon discovering an
error. Here are two solutions:

procedure XXXX( . . . ):
label 900
begin

if error #1 exists then
begin
Error := 1;
goto 900
end;

if error #2 exists then
begin
Error := 2;
goto 900
end;

900: end;
procedure XXXX( . . . );

begin

if error #1 exists then
Error :=1
else
begin

if error #2 exists then
Error := 2

else
begin

end
end;

The use of the goto avoids nesting decisions. You might want to ponder the form of the two
solutions if there were, say, five possible errors instead of only two.

Many programmers use the goto statement to terminate the execution of a procedure.
However, because of the tendency to abuse the goto, those who use it in this fashion may
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feel uncomfortable doing so. THINK Pascal provides an alternative that achieves the same
result but without opening the Pandora’s box of the unrestricted use of the goto. This alter-
native is the Exit procedure. Exit (ProcName) means “leave the procedure (or function)
called ProcName.” 1t is equivalent to a goto that branches to the end of the given procedure.
In the previous example, the statement Exit (XXXX) could replace each “goto 900 state-
ment. We would not declare or use the label 900 in this case.

Notes

1. Even the use of the Exif is somewhat controversial. If you are programming for some-
one else, find out if it is allowed.

2. The Exit procedure is not available in standard Pascal.

A-2 VARIANT RECORDS

Records were first introduced in Chapter 5 and used extensively in the following chapters.
The Pascal record structure is useful both as a way to organize our data in a program and as
an implementation of the record concept for files.

The Pascal record data type includes a capability not discussed in the body of the text:
the ability to contain what is called a variant part. (The records we have used previously
contained only a fixed part.) As an example of a record structure with a variant part,
suppose we want to store data on various people associated with a college. These people are
in three categories, with the following associated data to be stored:

Faculty:

Name

Permanent address

Position (faculty)

Highest earned degree

University awarding this degree
Student:

Name

Permanent address

Position (student)

High school graduated

Combined SAT score
Staff:

Name

Permanent address

Position (staff)

Job description

One approach would be to define data types as follows:
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type

PositionType = (Faculty, Staff, Student);

PersonalData = record
Name: string(50];
PermAddress: string[150];
Position: PositionType;
Degree: string(8];
University: string[25];
HighSchool: string([20];
SAT: integer;
Job: string[15]

end;

For each person, the data that did not apply would be left as null, or zero. But it would
waste storage, as inapplicable fields would still be present in each instance of the record.
The alternative is to define a record with both a fixed part and a variant part:

type
PositionType = (Faculty, Staff, Student);
PersonalData = record
Name: string[50];
PermAddress: string([150];
case Position: PositionType of
Faculty: (Degree: string(8];
University: string[25]);
Student: (HighSchool: string(20];
SAT: integer);
Staff: (Job: string[l15])
end;

Notes

1. The fields Name and PermAddress form the fixed part of the record. Every record of
this type contains these fields.

2. The Position field is called the tag field. It determines whether the remainder of the
record consists of a degree and university, or a high school and SAT score, or a job
description.

3. The remainder of the record is the variant part. It consists of a list of fields for each
value of the tag field. This list is enclosed in parentheses. It can be empty, but the
parentheses are required in any case.

4. The variant part of a record must follow its fixed part.

With a variable Person of type PersonalData, we can write code similar to these
examples:

Person.Name := ‘Joe Smith’
Person.Position := Staff
Readln (Person.SAT)
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with Person do Job := ’President’
if Person.SAT > 1000 themn . .

Note. It is up to the programmer to maintain consistency. For example, the assign-
ment

Person.SAT := 1215

is allowed even if Person.Position were Faculty. The results are unpredictable.

As an example of how the variant record concept might be used, consider the program
of Figure 6-10. In that program, we used two files, a control file and a data file. The control
file contained a single record that gave the number of students, tests, and programs repre-
sented in the data file. An alternate approach is to place this count as the first record in the
data file. To do so, we would redefine the StudentRecord type as

type

RecordType = (ControlRec, StudentRec);
StudentRecord = record
case Indicator: RecordType of
Control: (NStudents: integer;
NTests: integer;
NPrograms: integer);

Student: (Name: String20;
TestList: TestArray;
Exam: integer;
ProgList: ProgramArray;
Average: real;
Letter: char)
end;

We would do away with the control file, with the variable Control declared to be of type
StudentRecord. (Control.Indicator would have the value ControlRec.)

What are the advantages and disadvantages of using variant records? They allow us to
store data when the records share some information but have some information that is
different. In doing so, they save space. In the PersonalData example, each record using the
original form is about 95 bytes, but only about 56 with the variant record form. (Space is
allotted for the fixed part and the longest of the alternatives in the variant part.)

Another advantage is that they can remove the need for control files. On the other
hand, the syntax is more difficult and can lead to confusion on the part of the programmer or
the reader of the program.

As a final comment, we note that the tag field variable can be omitted. This is an
advanced topic that we do not pursue in this text.

A-3 NESTED PROCEDURES

You have seen many examples of procedures and functions in this book. For the rest of this
section, we use the word procedure, but what we discuss here applies equally to functions.
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We have declared user-defined procedures within a program unit after the variables have
been declared and before the program’s executable statements. Variables referenced within
these procedures have been one of the following:

1. arguments of the procedure
2. local variables, accessible only within the procedure

3. global variables, accessible everywhere within the program (unless the name was as in
1or2)

In Pascal, we can define a procedure within another procedure (and in turn define a
procedure within that procedure, to as many levels of nesting as we like). Such procedures
are called nested procedures. The effects are to limit access to the procedures nested within
another, and to create variables whose scopes lie between local variables and the global
variables discussed previously.

Consider, for example, the program in Figure A-1.

program Nested;
var
I, J, K: integer;
procedure P1(X1, X2: integer);
var
L, M, N: integer;
procedure P2 (Y1, Y2: integer);

var
0, P, Q: integer;
begin (P2}
end; (P2}
procedure P3 (21, Z2: integer);
var

R, S, T: integer;
begin {P3}

end; {P3}
begin {P1}

end; (P1}

begin {Nested}

end.

Figure A-1  Nested procedures.
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Nested
variables: |, J, K

P1
parameters: X1, X2
variables: L, M, N

P2 P3
parameters: Y1, Y2 parameters: Z1, Z2
variables: O, P, Q variables: R, S, T

Figure A-2.

In this example, procedures P2 and P3 are defined within procedure P1. They are said
to be nested within P1. This has implications concerning the scope of the program’s vari-
ables. For the discussion that follows, it may be helpful to refer to Figure A-2, which shows
P2 and P3 defined within P1, and P1 defined within the main program Nested.

The variables I, J, and K are global, as before. They can be referenced in any of the
procedures P1, P2, and P3, or in the main program. The variables O, P, and Q and the
parameters Y1 and Y2 are local to P2 and can only be referenced there. Likewise, R, S, T,
Z1, and Z2 can be used only within the body of P3. The variables L, M, and N and the
parameters X1 and X2 can be referenced within the body of P1. Moreover, they can also be
referenced within the bodies of P2 and P3 because P2 and P3 are declared within P1.
Visualize the boxes in Figure A-2 as one-way mirrors that allow us to look out from (but not
into) a procedure, and imagine being inside the body of a procedure. The variables you can
see as you look out are those variables this procedure can reference.

The portion of a program in which a variable can be referenced is called that
variable’s scope. Thus, the scope of the variable L in the example consists of the bodies of
procedures P1, P2, and P3. In general, the scope of a variable is the procedure in which it is
declared and any procedure nested within that procedure. However, declaring a variable
within a procedure “masks” or “hides” variables of the same name that were declared
outside of that procedure. For example, suppose that procedure P3 declared a variable L.
Then the scope of the variable L defined in P1 would no longer include P3; any reference to
L within P3 would refer to the L declared in P3.

What are the disadvantages and advantages of nested-procedure definitions? The pri-
mary disadvantage is obvious: They considerably complicate determining a variable’s scope.
They also make it less likely that the compiler will detect the failure to declare a variable.
As a result, nested procedures should be used with some care.

There are, however, at least two important advantages. One is found with a package of
programs a developer might supply. The person writing the package may want to place
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subprograms within the modules that use them. These modules are not visible to the user of
the package, so he or she do not have to avoid the module names in choosing identifiers .

A second advantage is illustrated by the QuickSort procedure of Figure A-3. This
procedure is a modification of Figure 6-14 (page 490); the changes are in italics.

procedure QuickSort (var A: IntegerArray; N: integer);

{Written by: XXXXXXXXXX XX/XX/XX}

{Purpose: To sort an array, using the quicksort technique}
{Parameters: A - update, the array to sort}

{ N - input, the upper bound of the portion of the array}
{ to sort}

{Procedures used: QSort, to perform the actual sort}
procedure Partition (Low, High: integer; wvar PivotLocation: integer);

{Written by: XXXXXXXXXX XX/XX/XX}

{ Purpose: To partition an array into three parts:}

{ 1. values less or equal to the pivotal element}

{ 2. the pivotal element}

{ 3. values greater than or equal to the pivotal element}
{Parameters: Low, High - input, the portion of the array to partition}
{ PivotLocation - output, the location for the pivot}

{ element}

{Procedures used: Swap, to swap two elements of the array}
{Globals modified: A (from QuickSort), the array being partitioned}

var
I: integer; {used to locate large values}
J: integer; {used to locate small values}
Pivot: integer; {the pivotal element}

procedure Swap (var I, J: integer);

{Written by: XXXXXXXX XX/XX/XX}
{Purpose: To swap two integers}
{Parameters: I, J - update, the integers to switch}

var
Temp: integer; {holding variable}
begin
Temp := I;
I :=J;
J := Temp
end;

begin {Partition}
I := Low;
J := High + 1;
Pivot := A[Low];

repeat
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{*** Move I to right looking for a value >= the pivot}

repeat
I :=1+1
until (I = High) or (A[I] >= Pivot);

{*** Move J to left looking for a <= the pivot}

repeat
J :=J -1
until A[J] <= Pivot;

{*** Swap if the values are out of order}

if I < J then
Swap (A[I], A[J])

until I >= J;

{*** put the pivotal element in the proper place, and return the value}
{ of its subscript to the calling module}

Swap (A[Low], A[J));
PivotLocation := J

end; {Partition}
procedure QSort (Low, High: integer);

{Written by: XXXXXXXXXX XX/XX/XX}

{Purpose: To sort an array, using the quicksort technique}
{Parameters: Low, High - input, the portion of the array to sort}
{Procedures used: Partition, to partition the array into two}

{ subarrays QSort, called recursively to sort the two}
{ subarrays}

{Globals modified: A (from QuickSort), the array being sorted}

var
PivotSub: integer; {Location of pivotal element}

begin {QSort}
if Low < High then
begin
Partition(Low, High, PivotSub);
QSort (Low, PivotSub - 1);
QSort (PivotSub + 1, High)
end {if}
end; {QSort}

begin {QuickSort}

QSort (1, N)

end; {QuickSort}

Figure A-3  (continued)
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A-4 UNITS

The advantages to this arrangement are as follows:

. The main program can invoke QuickSort using

QuickSort (TestArray, TestSize)

rather than

QuickSort (TestArray, 1, TestSize)

Having to supply the parameter 1 seems unnatural.

The recursive calls do not have to pass the parameter A; Partition and QSort are
defined within QuickSort, so the scope of its parameter A includes those procedures.
This speeds up the program only slightly, as A was a var parameter. If the array A had
been a value parameter, the improvement would be quite significant. (For example, try
writing a recursive binary search using the two approaches. If the array to be searched
is passed as a value parameter, as one would do to avoid inadvertently changing the
array’s values, the difference in speed is significant.)

. The procedure Partition is a specialized procedure that only seems useful within the

context of the quicksort algorithm. Defining it within QuickSort thus seems reason-
able.

The procedure Swap could be defined inside of any one of several places: Partition,
QuickSort, QSort, or the main program. It has been placed inside Partition because
that is where it is used. However, it is a utility procedure, so we might reasonably
have chosen to define it in the main program. In this way, a main program that needed
to do some swapping could reference the procedure.

Introduction

We have used predefined units throughout the text to take advantage of built-in Macintosh
features. For example, rather than spending time writing our own random-number generator,
we used the Random function in the QuickDraw unit (which THINK automatically accesses
for us).

1.

732

THINK allows us to define our own units. Units have several advantages:

They are self-contained blocks of Pascal that can be compiled separately from the
main program (or other units) that employ them. This feature allows us to write, test,
and then use these modules in any program. Developing large programs is also faster:
if we make a change to a unit, we only need to recompile its several lines — not all
20,000 or 50,000 lines of the program.

. They help promote information hiding. The structure of units is such that the user of

the unit is only allowed to use the constants, types, variables, functions, and proce-
dures the writer of the unit explicitly makes available. These items are often called
public. All the lower-level details of how these items are defined are hidden from the
program using the unit; these details are private. If the private part of a unit needs to
be changed, the program employing the unit does not require modification; only the
unit itself is affected.
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3. They promote software reuse. You have seen how easy it is to employ a unit in a
program,; this ease makes units an attractive alternative to rewriting code.

4. Units speed the development of large program projects involving several program-
mers. Once the public objects of the units are defined, a programmer can write the
unit with minimal communication with colleagues. The private details of the unit are
hidden from all users of that unit; the programmer need not worry that how she
implements the unit will have side effects when used in a program. Since communica-
tion among programs is one of the most time-intensive activities during a large proj-
ect, reducing the need for programmers to communicate speeds program development.

Defining a Unit

A unit has three parts: a header that names the unit; an interface part, which declares the
public objects; and an implementation part, which declares the private objects and contains
the details of the procedures and functions in the interface part. The header, interface part,
and implementation part appear in the unit in that order; the unit’s definition ends with an
end followed by a period.

The header has the form

unit unit name;

where the unit name is a name we give to the unit (such as SortRoutines).

The interface part begins with the word inferface and can contain constant, type, and
variable declarations, written the same way as we did for a THINK program. It also contains
the heading lines of procedures and functions we wish to make public.

The implementation part begins with the word implementation and can contain con-
stant, type, variable, procedure, and function declarations. These objects and routines cannot
be employed by a program using the function. Their usual purpose is to serve as aids to the
public procedures and functions. The implementation part also contains the full declarations
of the public procedures and functions, except that their header lines do not need to list
parameters or the function result type; only the word procedure or function need appear,
followed by the routine’s name and a semicolon.

An Example

Suppose we placed several sorts into one unit called SortRoutines. We could include
quicksort, selection sort, merge sort, and so on; the user then could call the sorting proce-
dure that worked best with the data at hand. In Figure A-3, we present the beginnings of
defining SortRoutines by including the QuickSort procedure from the previous section. To
include this procedure in a unit, we do the following:

1. Define type IntegerArray and the QuickSort procedure in the interface part of the unit
to make them available to the program using the unit.

2. Place the procedure Swap into the implementation part of the unit, since we only want
our sort routines to have access to it; although potentially useful to a user, it is not the
purpose of this unit to swap variables.

The resulting unit definition is shown in Figure A-4.
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unit SortRoutines;
interface

type
IntegerArray = array([l..1000] of integer;

procedure Quicksort (var A: IntegerArray; N: integer);
implementation
procedure Swap (var I, J: integer);

{Written by: XXXXXXXX XX/XX/XX}
{Purpose: To swap two integers}
{Parameters: I, J - update, the integers to switch}

var
Temp: integer; {holding variable}

begin

Temp := I;

I :=4J;

J := Temp
end;
procedure Quicksort; {(var A: IntegerArray; N: integer)}

{Written by: XXXXXXXXXX XX/XX/XX}

{Purpose: To sort an array, using the Quicksort technique}
{Parameters: A - update, the array to sort}

{ N - input, the upper bound of the portion of the}
{ array to sort}

{Procedures used: QSort, to perform the actual sort}

procedure Partition (Low, High: integer; var PivotLocation:
integer) ;

{Written by: XXXXXXXXXX XX/XX/XX}

{Purpose: To partition an array into three parts:}

{ 1. values less or equal to the pivotal element}

{ 2. the pivotal element}

{ 3. values greater than or equal to the pivotal element}
{Parameters: Low, High - input, the portion of the array to}

{ partition}

{ PivotLocation - output, the location for the pivot}

{ element}

{Procedures used: Swap, to swap two elements of the array}
{Globals modified: A (from Quicksort), the array being partitioned}

var
I: integer; {used to locate large values}
J: integer; {used to locate small values}
Pivot: integer; {the pivotal element}

Figure A-4  Quicksort defined in a unit (continues next page).
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begin {Partition}
I := Low;
J := High + 1;
Pivot := A[Low];

repeat
{*** Move I to right looking for a value >= the pivot}

repeat
I:=1+1
until (I = High) or (A[I] >= Pivot);

{*** Move J to left looking for a value <= the pivot}

repeat
J :=J -1
until A[J] <= Pivot;

{*** Swap if the values are out of order}

if I < J then
Swap (A[I], A[J))

until I >= J;

{*** put the pivotal element in the proper place, and return the}
{ value of its subscript to the calling module}

Swap (A[Low], A[J]);
PivotLocation := J

end; {Partition}
procedure QSort (Low, High: integer);

{Written by: XXXXXXXXXX XX/XX/XX}

{Purpose: To sort an array, using the quick sort technique}
{Parameters: Low, High - input, the portion of the array to sort}
{Procedures used: Partition, to partition the array into two}

{ subarrays}
{ QSort, called recursively to sort the two subarrays}
var
PivotSub: integer; {Location of pivotal element}

begin {QSort}
if Low < High then
begin
Partition(Low, High, PivotSub);
QSort (Low, PivotSub - 1);
QSort (PivotSub + 1, High)
end (if}
end; {QSort}

Figure A-4  (continues next page)
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begin {Quicksort}
QSort (1, N)
end; {Quicksort}

end. {unit SortRoutines}

Figure A-4  (continued)

Notes

1. IntegerArray must be defined in this unit (or in another unit that appears before this
one in the uses list). Since unit definitions are the first declarations of a program,
defining IntegerArray in the program using the unit results in its declaration appearing
after its use, something THINK does not permit.

2. The array A is still global to Partition and QSort, since they are defined within the
QuickSort procedure. We have left Partition and QSort nested inside QuickSort
because they are procedures unlikely to be needed by any other sorting method we
might add to the unit. The user of the unit cannot call Partition and QSort because
they are “hidden” within QuickSort. We could have hidden the routines by placing
them in SortRoutine’s implementation part, but, since they would no longer nested, we
would need to pass A as a parameter.

3. THINK allows us to restate the parameter list in the implementation of the QuickSort
procedure, but only if it is exactly as it appears in the interface part of the future. We
relist it but also commented it out. This approach allows us to remind ourselves of the
parameter definitions without referring back to the header line in the interface section,
and also prevents us from inadvertently changing them.

Compiling and Using a Unit

For a unit to be ready for use, it must be added to the project using it. To compile a unit, use
the Compile to Disk selection under the Compile menu. THINK will know you are compil-
ing a unit because of the word unit (instead of program) in the header. THINK will flag any
compilation errors it discovers. Once your unit is compiled error-free, it is not recompiled
when you compile and run the program that uses it.

To use a unit, we need only include its name in the uses clause after the program
header and add the name of the disk file in which it is stored to the project.

As an example, suppose we wanted to. use the SortRoutines unit. The start of the
program would look something like this:

program SortAList;
uses
SortRoutines;

If the disk file in which SortRoutines is located is called SortUnit, we would add this
file to the project (using the “Add File . . .” command from the Project menu.)

Once the SortRoutines file is located and the unit “used,” we can now use any of the
public constants, types, variables, procedures, or functions SortRoutines contains as if they
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program SortAList;

{Written by: XXXXXXXX XX/XX/XX}
{Purpose: To demonstrate the use of the programmer-defined unit}
{Units used: SortRoutines, to use QuickSort}

uses

SortRoutines;
const

NumItems = 500; {number of items to be sorted}
var

I, J: integer; {index into array A}

A: IntegerArray; {array to be sorted}

begin {SortAList}

GetDateTime (RandSeed) ; {Seed the random number generator}
for I := 1 to NumItems do {Generate the numbers}
A[I] := Random;
QuickSort (A, NumItems) ; {Sort them}
for I := 1 to NumItems div 10 do {Print them}
begin
for J := 1 to 10 do
Write(A(10 * (I - 1) + J), ' ');
Writeln
end

end. {SortAList}

Figure A-5  Using a unit to sort a list.

were defined directly within our program. We close this section with Figure A-5, which
shows a simple program that uses the SortRoutines unit to quicksort a list of 500 random
integers.
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Appendix

B

Syntax Diagrams

In this appendix, we use syntax diagrams to describe the syntax of the THINK Pascal
language components we have discussed. This provides a handy visual way to determine
what form each construct of the language must follow in order to be syntactically correct. In
reading the diagrams, take verbatim those items in ovals or circles. Items in rectangles are to
be filled in by specific instances of the concept described. For example, the diagram

indicates “any identifier,” followed by the := operator, followed by “any constant,” followed
by a semicolon. Valid instances of this diagram might be

A := 3;
CutOffPoint := 155.27;

(For items enclosed in rectangles, you will find the concepts further explained in other
diagrams or in the notes.)

Along with some of the diagrams, we include some semantic notes (comments about
the meaning of the construct). These notes should be considered as general guidelines, rather
than as an exhaustive reference. For additional information, you can refer to the index entry
for the item being described.
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B-1 BASIC PROGRAM LAYOUT

Program

program heading H T >'|declarations|——)|$npound statement]—)@

program N = 1 S
heading ——)G)rogranD—)lldentlfleJr >
program parameters

program identifier list
parameters
:I::Jss o unit identifier

A

_@(_

1. The identifier is the program name.

2. The program parameters can be only input and output, are optional, and are ignored
by the compiler.

3. The compound statement is called the body of the program.
4. The uses clause is a list of all units to be incorporated in this program.

l‘l‘ commentiox l‘l

Comment

comment

comment-text

1. The comment-text can be any text not containing the character “}” [if the comment
started with a “{”] or a “*)” [if it started with “(*”].

2. Comments can be placed in the program at any spot where a blank space is allowed
(although THINK will move comments embedded in a line of code to the end of that
line).

3. Comments do not affect the program’s meaning.
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Declarations

label
declaration

@ —)I unsigned integer |————)@—>

0 Y
(<

constant - e
declaration _—)@SD— identifier 6 m ’ >

A
<
type o[ Foorer .
declaration identifier , type -—)@——)
A

variable - e I )
declaration var identifier M_)@_—)

A
procedure declaration
procedure/function
declaration ‘ >
A function declaration

1. In standard Pascal, this order must be followed; THINK relaxes the rule.
2. Const defines named constants that the program cannot modify.

3. Type gives names to user-defined types. This is frequently useful; it is mandatory if
variables of that type are to be passed as parameters.
4. Var declares variables whose scope is the module in which this declaration occurs.

5. Function and procedure declarations can be mixed. The general rule is that a sub-
module must be declared before it is used.
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Function Declaration

N,
7

function - - o <J - I'—
declaration —){ function identifier ,Lparameter list

'—)l type identifier '—)Q—)l declarations compound statement I—)

1. The identifier is the function name.

2. The parameter list is optional.

3. The type identifier is the type of the function’s returned value. It must be a named
type: a built-in type (real, integer, char, boolean, string), a named pointer type, a
named scalar or subrange type or a named string type. It cannot be a record, array, file,
or set type.

4. The compound statement is the body of the function. It should include at least one
statement assigning a value to the identifier that is the function name. (This causes the
answer to be sent back to the module using the function.)

Procedure Declaration

N,
v

ﬁ;?:f:gltji:)en el procedure)—)l identified——)l parameter list '_ ‘)G)_‘

l——)bjeclarations compound statement

1. The identifier is the procedure name.

2. The parameter list is optional.

3. The compound statement is the body of the procedure. It should nor attempt to assign
a value to the procedure name identifier.

Parameter List

I;;:trameter E( (> @ >{ identifier I— ‘ type identifier —)@-—)
J\ > L—@(—

<
Y
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1. The parameters in the list are called formal parameters.

2. The effect of the var is to make the identifier(s) that immediately follow it variable

parameters. Its effect ends at the end of that list (at the colon).

3. If the var is omitted, the identifiers in the list (up to the colon) are value parameters.

4. For a variable parameter, the corresponding actual parameter must be a variable. Any

reference to the formal parameter is directed to the corresponding actual parameter.

5. For a value parameter, the corresponding actual parameter can be any expression. Its

value is passed in when the module is invoked; no value is ever passed back with a
value parameter.

6. The parameters must be named types (built-in or user-defined).

Forward Declarations

N .
7
—)@nctioD—)‘ identifier}-‘-)l parameter list o type identifier ° @
N
V.
-)@ocedura—)l identifier ‘—Llaameter Iist

procedure

identifier I—)@—)l declarations l—)l compound statement}—)

function

1. Forward declarations allow the body of a procedure or function to be separated from

742

its declaration. This is useful in cases of mutual recursion or in a large program where
submodules are alphabetized.

. The module is first declared using the directive forward to notify the compiler that the

body is found later. This declaration includes all the usual parameter and function-type
information.

. Later, the declarations and body of the module are supplied. That module is identified

by an abbreviated declaration of the module: just the word procedure or function
followed by the module name (no parameter or function type information need be
supplied here).
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B-2 PROGRAM STRUCTURES

N

—> > null statement

m ° —)l assignment stmt
—)l procedure stmt
—)I goto statement
—)lcompound statement
—)I if statement
——)l case statement
r)[ repeat statement
—)l while statement
—)l for statement
—)l with statement

1. The label is the statement label. It must have been defined in the label part of the

declarations of the module in which it appears.

2, Statement labels are needed only when a goto statement is used. Use of the goto

statement is discouraged.

3. The null statement consists of nothing. For example, the compound statement

begin
T =
X
end

5;
3;

contains two assignment statements followed by a null statement.

Assignment Statement

st} >
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1. The identifier is either a function or variable name.

2. A function name is assigned a value inside the function body to pass back the answer
to the calling module.

3. The specific variable referred to by identifier is determined by using the scope rules.
Look first for any local definition of the identifier. If there is none, look in the succes-
sive surrounding modules, going back to the main program.

4. The types of the identifier and of the expression must be the same, with some excep-
tions. For example:

(a) Integer values can be assigned to real variables.
(b) Any two string types are considered compatible (truncation might occur).
(c) Subtypes (of the same base types) are considered compatible.

5. Expressions are described in detail in what follows.

Procedure Statement (Call)

N
7
—)I procedure identifier |———)| argument list l——)

1. The argument list is optional.

2. The named procedure is invoked. When it terminates, execution continues at the next
statement following the call.

Argument List

variable

expression

1. Arguments are also called actual parameters.

2. The argument list must match the parameter list for the module being invoked:
(a) Correct number of arguments.
(b) Correct types for each argument.
(c) Must be a variable for a “var” parameter.

3. For var parameters, the subprogram works directly with the variable in the argument
list.

4. For value parameters, the value of the expression in the argument list is calculated and
sent to the matching parameter in the subprogram; no value is ever returned.
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Goto Statement

goto label

Compound Statement

A
o

1. This is Pascal’s way of allowing multiple statements where the syntax calls for one
(for example, as the body of a while loop).

2. The statements are executed in order from first to last.

If Statement

o expression @ statement

4
Y

Y

@)oo} 1>

1. The expression must be of type boolean.
2. If the value of the expression is true, the statement following the then is executed.

3. If the value of the expression is false, the statement following the else is executed. (If
there is no else, nothing is done.)

4. In either case, execution continues with the statement following.

5. In case of ambiguity, as in
if X > 5 then if Y > 10 then T := 5 else T := 10;

the “dangling else” goes with the closest unmatched if. The meaning of this example
is “if X > 5 then perform the if-then-else statement ‘if Y > 10 then T := S else T :=
107.,’
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Case Statement

case

case expression —)@ case
statement

A

Lo bt Lo ™

constant . constant H statement

case

7

(D
T\

1. The semicolons just before the otherwise and just before the end are optional.

2. The type of the expression and those of the constants must be the same; they must be

integer, char, boolean, or a user-defined scalar.

3. The values indicated by the constants and by the ranges constant..constant must be

unique. For example, having 3 and also 1..4 is illegal.

4. The expression is evaluated and its value compared to the lists of constants and

ranges. If a match is found, the corresponding statement is executed.

5. If no match is found, the statement following otherwise is executed. (If there is no

otherwise, it is an error.)

Repeat Statement

—)Gepe@ statement until expression I—)

1. The expression is of type boolean (i.e., a condition).

2. The list of statements is called the body of the repeat loop.

3. The body is executed, and then the expression is evaluated. If the condition is false,

the process is repeated.

4. When the condition is true, execution proceeds to the next statement of the program.
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While Statement

while expression @ statement

1. The expression should be of type boolean (i.e., a condition).

2. The statement is called the body of the while loop.

3. The expression is evaluated; if it is true, the body is executed. This process is repeated
as long as the condition remains true.

4. When the expression is false, execution proceeds to the next statement of the program.

For Statement

to

@ identifier|>»{ : = )} >»{expression expression do statement

downto

1. The statement is called the body of the for loop.

2. The identifier must be a variable of type integer, char, boolean, or a user-defined
scalar. Its type must match that of the expressions.

3. The identifier is called the loop-control variable.

4. If the form expressionl to expression2 is used, the loop-control variable successively
takes on the values in the range expressionl..expression2. For each value, the loop
body is executed. (If the range is empty, the body is not executed.)

5. If the form expressionl downto expression2 is used, the control variable takes on the
value in the range expression2..expressionl, in decreasing order. (If the range is
empty, the body is not executed.)

6. The loop-control variable can be used but not modified within the loop body.

7. After the body has been executed the indicated number of times, execution proceeds
to the next statement in the program. At this point, the loop-control variable’s value is
undefined.

With Statement

@D >[reiee] >5[ semen]

1. The variable must be of a record type.

2. Within the statement following do, references to fields of the indicated variable can be
made without the prefix variable. For example,

with Student do Readln (Name)
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in place of

Readln (Student .Name)

B-3 UNIT STRUCTURE

unit—>junit heading o interface part[>»{implementation pa
unit heading @ unit identifier

interface
part

>I| constant declarations

uses clause type declarations

variable declarations

procedure and function headings

implementation -
part ——-————)l constant declarations

-—)I type declarations

variable declarations

——)| procedure and function declarations

1. The order of constants, types, variables, and procedure and function headings and
declarations can be intermixed, provided all items are defined prior to their use.

748 SYNTAX DIAGRAMS APPEND. B



B-4 DATA STRUCTURES

Type

simple type

pointer type

i

structured type

string type

type identifier

|

1. Type identifier refers to a type that has been defined in the type portion of the declara-
tions.

Simple Type

————)rsubrange type

—)I enumerated type

——)| ordinal-type identifier

—)I real type

1. Ordinal-type identifier is the identifier naming a user-defined ordinal type.

2. Ordinal types include the subrange and enumerated types, and user-defined versions of
these types; they do not include type real.

Subrange Type

constant . | constant

1. The constants must be of the same type. That type must be integer, boolean, char, or a
user-defined scalar.

2. The Ord value of the first constant must be less than or equal to that of the second
constant.

3. The legal values for entities of this type are values lying between and including the
two constants.
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Enumerated (Scalar) Type

—)® identifier >@—>

A Y

e Vi

1. The identifiers form a list of legal values for the type.

2. The order in which they are listed is significant. (It is used by the Ord, Pred, and Succ
functions, and for determining the meaning of for loops. The first item in the list is
number 0.)

3. The identifiers must be unique.

Pointer Type

A type identifier

1. The type identifier can be defined after it is used to define the pointer type.

2. There is a predefined constant nil that is a possible value for any variable of any
pointer type.

Structured Type
N

>| array type

file type

ﬁ

record type

1. The word packed relates to how the data are stored in the computer memory; packed
items are compressed, allowing them to occupy less memory, but often at the cost of
slowing down access to them (perhaps making a program run more slowly).

2. The components of packed data types cannot be used as actual var parameters.

String Type

LCD_)' unsigned integer
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1. The unsigned integer must be an integer in the range 1 to 255. It indicates the maxi-
mum length of the string. If no length is given, a length of 255 is assumed.

2. The type string (without a specified size) is considered to be a named type.
3. As the program is running, the current actual length of the string is automatically

maintained.
Array Type
D>

A Y

1. The index type must be an ordinal type, that is, a subrange type or enumerated type,
either predefined or user-defined.

2. The notation using several index types is a shorthand notation. For example,
array(l..3, 5..17] of integer
is shorthand for

array(l..3] of array [5..17]) of integer

3. Array elements are referenced by indicating indexes (subscripts) in the given range.
For example,

A[2,10] ora(2]([10]

Set Type

set of type identifier

1. The type identifier must indicate a boolean, char, string, or user-defined enumerated
or subrange type.

2. Sets size defaults to at most 256 items; the Ord values of the set elements must lie
from 0 to 255. (So a set of the subrange 100..200 is illegal.) In THINK, set can
contain up to 65536 items by changing the setting in the “compile options” menu
selection.

3. Every set type includes the value [ ], the empty set.

File Type

(@D >} >

A
> text )
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1. The predefined type identifier fext denotes “packed file of char.” Moreover, for this
type of file, the procedures Readln and Writeln can be used.

2. For all other file types, only Read and Write can be used.
3. A common use involves having the type be a record type.

4. In addition to the standard I/O operations, THINK Pascal provides facilities that allow
random access to the values in the file.

Record Type
—>(record)—>] field
field — -
list identifier : type
A
N7 Y
T o
Y Y
>

—-I variant part IL

1. The identifier denotes a field of the record.

2. Field values within a variable of record type are denoted by indicating the variable
name, a period, and the field name. For example,

Student .Name
(But also see the with statement diagram.)

3. The fields of the record, in turn, can be structured types, including arrays and records.

Variant Part

A
Vd
case identifier : type identifier ‘
( N
V.
constant H (-3 consant (>0 O
AA Y
N~ N

’

1. This feature allows the list of fields within the record to depend upon the value of a
field within the record.
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20
3.

It is the programmer’s responsibility to ensure consistency.
The identifier determining which list of fields is to occur can be omitted.

B-5 EXPRESSIONS

It is possible to give syntax diagrams for expressions. However, they are probably more
useful to a compiler writer than to a person who is writing programs in Pascal. Instead, we
summarize some of the important points concerning expressions.

1

N

w

Expressions can contain combinations of

constants

variables

fields of records

array elements

pointer references

function invocations (syntax is the same as procedure invocation)
sets

strings

(Any use of a function name in an expression is interpreted as an invocation of that
function.)

Subject to rules involving compatibility, these can be combined using the following
operations to form simple expressions:

parentheses for grouping
+’ ) *9 /9 div, l’l'lOd
not, and, or

There cannot be two operators in a row. For example, A * — B is illegal; use A * (-B)
or-A*B.

Simple expressions can be combined, using
< = >,<=,>=,<>, Iin

The result will be Boolean.

The precedence is

not

*_/, div, mod, and

+, —, or

<, =, >, <=,>=, <>, 0n

Within each list, the order is “left to right.” (Parentheses can be used for grouping.)
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5. The operators +, —, *, and / can be applied to integers or reals. The result is real,
except that the sum, difference, or product of two integers is integer.

6. The operators div and mod can only apply to integers. The results are truncated divi-
sion and remainder, respectively.

7. The operators not, and, and or apply only to Boolean values. The result is Boolean.

8. The comparisons <, <=, >, >=, =, and <> apply to any real, integer, string, char,
boolean, or user-defined scalar type. For char, boolean, and user-defined scalars, the
result is based on the Ord value of the operand. String comparisons generally yield
alphabetical comparisons.

10. The operators +, —, and * when applied to sets are set union, difference, and intersec-
tion, respectively. The operators <, >, <=, >=, =, and <> denote set inclusion and set
equality tests. The operator in determines if a value is an element of a set.

11. Among the functions available are

Sqr Round Ord Odd
Sqrt Trunc Chr Eof

Abs Cos Succ Random
Exp Sin Pred

Ln Arctan

Copy Tan

Pos Concat

Length

12. Constants can be signed or unsigned numbers, or constant identifiers and strings, or
the predefined constants nil or maxint.

13. Identifiers begin with a letter, followed by zero or more letters, digits, or underscores
(in any order). Identifiers can be as long as 255 characters.

14. Sets can be denoted by a list of expressions enclosed in square brackets. The expres-
sions can be ranges (for example, [‘A’..Z’, ‘a’..‘z’]) and they can be variables (for
example, [0, 1, Sum]).

15. Fields of records are denoted by the record name, a period, and the field name (for
example, Student.Age).

16. Array elements are denoted by the array name and a list of subscripts enclosed in
square brackets (for example, A[5], B[7,2], and B[7][2]).

17. Pointer references consist of the pointer variable name followed by “A” (for example
ListHead"). Very frequently, pointers point to records, whose fields can be indicated
using the usual field notation (for example, ListHead".Name).

18. Integer constants consist of sequences of digits (the value must lie between —maxint
and maxint).

19. Real constants contain either a decimal point, an exponent part, or both. The syntax
diagram is
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—ﬂ integer |—

Y

| integer

>(E)
2,

A\ 4

integer

The exponent part indicates a power of 10. For example, 1.2E3 means 1.2 times 10°.

20. String constants consist of any string enclosed in single quotes (i.e., apostrophes). The
character for apostrophe is represented by two consecutive apostrophes, as in

‘don’'t’

Character constants have the same form as string constants of length 1.

B-5 EXPRESSIONS
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Appendix

C  File Utilities

In this appendix, we present some utility subprograms that are useful in dealing with files.

C-1 EXISTS

Here is a Boolean function that can be used to determine the existence of a file.

function Exists (FileName: string): boolean;

{*** Comments}

var
DummyFile: text;

begin {Exists}
IOCheck (false) ;
Reset (DummyFile, FileName) ;
IOCheck (true) ;
Exists := IOResult = 0;
Close (DummyFile)

end; {Exists}

C-2 OPENREAD

{used to check file name}

{turn off error messages}

{try to open for input}

{turn them back on}

{return true if ok, false otherwise}
{don’t leave files lying around open}

The following is a general-purpose procedure for obtaining the name of an existing file from
the user and opening the file for reading. Note that the type of the file is specified by the
global type FileType, so that the procedure can be used in different contexts.
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procedure OpenRead (var InputFile: FileType);

{*** Comments}

var
FileName: string; {file name on disk}
ValidName: boolean; {entered name exists?}

begin {QpenRead}

repeat
Write(’Enter the name of the input file: ’);
Readln (FileName) ;
ValidName := Exists(FileName);
if not ValidName then

Writeln(’'***File does not exist.’)
until ValidName;

Reset (InputFile, FileName) {open the file for input}
end; {OpenRead}

C-3 OPENWRITE

Here is a procedure for obtaining the name of a file and opening the file for writing. There
are two issues to deal with: “Does the file already exist?” and “Is the filename valid?”

procedure OpenWrite (var FileVar: FileType);

{*** Comments}

var
FileName: string; {Name of the file}
ValidName: boolean; {Indicator for file name}
Answer: char; {User response}

begin {OpenWrite}
{*** Ask the user for the filename}
ValidName := false;

while not ValidName do
begin

Write(’Enter the filename: ’);

Readln(FileName) ;

if Exists(FileName) then

begin

Write(’File already exists. Delete (Y, N)? ’);
Readln(Answer) ;
if Answer in ['Y’, 'y’] then
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begin

ValidName := true;
Rewrite(Filevar, FileName)
end (if}
end
else
begin

IOCheck (false);
Rewrite(Filevar, FileName);
IOCheck (true) ;

if IOResult = 0 then

ValidName := true
else
Writeln(’Invalid filename. Re-enter.’)
end {if}

end {while}

end; {OpenWrite}

C-4 FILEBUILD

When writing a program to deal with files of records, it is convenient to have an easy
method of building samples for testing. The following is a utility that can be easily
customized for any such file. To customize FileBuild, you must modify the declaration of
RecordType and the fields used in the ReadRecord procedure. (These portions are in italics.)

program FileBuild;
{*** Comments}

type
RecordType = record
{Fill in the field definitions}
end;
FileType = file of RecordType;

var
FileVar: FileType; {File designator}
RecordVar: RecordType; {Record variable}
Quit: boolean; {User wants to quit?}

{function Exists is inserted here}

{procedure OpenWrite is inserted here}

procedure ReadRecord (var RecordOut: RecordType; var Quit: Boolean);
{*** Comments}

const
EndOfData = ?2??; {Give appropriate terminating value}
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begin {ReadRecord}
with RecordOut do
begin
Writeln;
Writeln(’Enter fields of record: ’');
Write(’ 222: ’');
Readln(?2??);
Quit := ??? = EndOfData
end {with}
end; {ReadRecord}

begin {FileBuild}

{*** Open the file}
OpenWrite(Filevar);
{*** Process the file}

repeat
ReadRecord (RecordVar, Quit);
if not Quit then
Write(Filevar, Recordvar)
until Quit;

{*** Close the file}
Close(Filevar);
{ *** Print message and terminate}

Writeln (message)
end.

C-5 FILELIST

Our last file utility is a program to display the contents of a file of records. FileList asks for
a Return after each record of the file is displayed. Once again, you can easily customize this
utility by modifying the declaration of RecordType and the fields used in the WriteRecord
procedure. (The portions to customize are in italics.)

program FileList;
{*** Comments}
type
RecordType = record
{Fill in the field definitions}

end;
FileType = file of RecordType;
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var
Filevar: FileType; {File designator}
RecordvVar: RecordType; {Record variable}

procedure Pause;
{*** Comments}

begin {Pause}
Writeln;
Writeln(’ ’ : 23, ’‘<Tap Return to continue>’);
Readln;
Page
end; {Pause}

{function Exists is inserted here}

{procedure OpenRead is inserted here}
procedure WriteRecord (Recordln: RecordType);
{*** Comments}

begin {WriteRecord}

with Recordln do
begin
Writeln;
Writeln(’Fields of record: ’);
Write(’ 2?2?2?2: ');
Writeln (? ? ?);
end; {with}
Pause
end; {WriteRecord}

begin {FileList}

{*** Open the file}
OpenRead (Filevar) ;
{*** Process the file}

while not Eof (Filevar) do
begin
Read(FileVar, Recordvar) ;
WriteRecord (Recordvar)
end; {while}

{*** Close the file}
Close(Filevar);
{*** Print message and terminate}

Writeln;
Writeln(’End of file reached.’)
end.
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Appendix

D

The ASCII Characters

In a few places in the text, we have used features specific to ASCII, the underlying code set
that represents character data in the Macintosh. ASCII is an acronym for the longer phrase
“American Standard Code for Information Interchange.” The code is ancient history com-
pared with the short time line of the computer field and thus contains some codes that have
lost or changed their original meanings. When the ASCII code appeared (circa 1963), the
teletype terminal was a predominant input/output device; thus, some of the codes specific-
ally relate to that artifact.

There are code sets other than ASCII that are used with computers. The major alterna-
tive is the EBCDIC code set found on mainframe computers manufactured by the IBM
Corporation. The name EBCDIC is an acronym for “Extended Binary-Coded Decimal Inter-
change Code.”

The purpose of having standard code sets is to ease communications among various
computers and devices so that, for example, an ‘A’ tapped on a keyboard, processed by a
computer, communicated to another computer via a modem, processed by the second com-
puter, and printed by a printer still appears as an ‘A’.

There are two main ways in which the particular code set can affect Pascal programs.
The first way has to do with the particular values of various “control characters” that pro-
duce effects such as beeping, backspace, top of form, and so on. The second, more subtle
way, is the inherent order of characters enforced by the particular code set used. This
collating sequence has a direct effect on programs that sort string or character data. For
example, the order of the three strings:

Elephant
e. e. cummings
E4

would be in ASCII:
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E4
Elephant
e. e. cummings

and in EBCDIC:

e. e. cummings
Elephant
E4

The behavior of an individual character code varies not only with the code set the
computer uses but may also depend on a particular brand of printer, plotter, or modem that
is being used. Not all printers advance to the top of a new page when an ASCII form feed
character is sent (most do, however). And on the Macintosh, different character fonts have
different symbols that correspond to an ASCII code. For instance, ASCII 65 [chr(65)] is
normally the character ‘A’. But in Macintosh fonts that do not use standard characters sets,
ASCII 65 can be quite different:

FONT ASCII 65
Monaco A
Times A
Symbol A
Cairo J
Mobile &

To be in complete control of the environment, the programmer may need to study
manuals for the computer, printer, modem, etc., being used. The possible combinations are
almost endless, but there is common adherence to standards (official or de facto) for several
classes of devices; for example, ASCII or EBCDIC code sets for computers, Hayes-compati-
ble codes for modems, and PostScript-compatible codes for laser printers.

The following is the standard ASCII code set, giving the decimal codes, the standard
mnemonic abbreviation, and the Monaco characters (THINK’s default character font for
program output). Remember, these often change for a particular font (but for most character,
rather than graphic, fonts, the characters adhere quite closely).

762 THE ASCII CHARACTERS  APPEND. D



Monaco Font

Ord Standard Character Comments

0 NUL The null character

1 SOH

2 STX

3 ETX End of text

4 EOT End of transmission

5 ENQ

6 ACK \ Acknowledgment

7 BEL Beep (or bell)

8 BS Backspace

9 HT Tab

10 LF Linefeed

11 VT Vertical tab

12 FF Form feed (top of form)
13 CR Carriage return (Return key)
14 SO

15 N

16 DLE

17 DCI

18 DC2

19 DC3
20 DC4
21 NAK Negative acknowledgment
22 SYN Communications synchronization
23 ETB
24 CAN Cancel
25 EM
26 SUB End of file
27 ESC Escape (Option key)
28 FS
29 GS
30 RS
31 us Unit separator
32 SPC Blank space (space bar)
33 ! | Exclamation point
34 " " (double quote)
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Monaco Font

Ord Standard Character Comments

35 # 4 (pound sign)

36 $ Dollar sign

37 % ¥ Percent sign

38 & & Ampersand

39 ’ ' Single quote (apostrophe)
40 ( ( (left parenthesis)

41 ) ) (right parenthesis)
42 * * (asterisk)

43 + + Plus sign

44 , ) Comma

45 - - Hyphen (minus sign)
46 . . Period (decimal point)
47 / / Slash (division sign)
48 0 0 Zero

49 1 1 One

50 2 2 Two

51 3 3 Three

52 4 4 Four

53 5 5 Five

54 6 6 Six

55 7 T Seven

56 8 8 Eight

57 9 9 Nine

58 : (colon)

59 5 ; (semicolon)

60 < < (less than)

61 = = Equal sign

62 > > Greater than

63 ? ? (question mark)

64 @ @ (“at” sign)

65 A A First uppercase letter
66 B B

67 c c

68 D D

69 E E
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Monaco Font
Ord Standard Character Comments

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96 ¢ Back quote
97
98
99
100
101
102
103
104

T aQ m

Last uppercase letter
Left bracket

(back slash)

(right bracket)

Pt A T N C X D CC DI O VDO ZIIrRGCLC—TITO™M

> — - m N =< X T < Cc H4u 3O =wO 2Z2 2 C R —« =

Caret

Underscore

-

First lowercase letter

e o o o
JO -0 a0 O o

[ ) - o
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Ord

Standard

Monaco Font
Character

Comments

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

DEL

o — N X E C C ™~ W 30T O 33 —F —

OO O O O C: O ZMC) 0D

Last lowercase letter
{ (left brace)

| (vertical bar)

Right brace

Tilde

Delete (rubout)
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Monaco Font
Ord Standard Character Comments
140 3
141 9
142 é
143 &
144 &
145 8
146 i
147 i
148 i
149 i
150 f
151 6
152 0
153 0
154 fa]
155 0
156 u
157 u
158 U
159 u
160 t
161 °
162 ¢
163 £
164 §
165 .
166 q
167 B
168 )
169 -]
170 by
171 ‘
172
173 #
174 F
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Ord

Standard

Monaco Font
Character

Comments

175
176
177
178
179
180
181
182
183
184
185
186

187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

0D DY =MOT KMVMIANKMH I O

-0 8 0

¥ A DB W

8 MAOTDWD
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Ord

Monaco Font
Standard Character

Comments

210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
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Monaco Font
Ord Standard Character Comments

245
246
247
248
249
250
251
252
253
254
255

127 to 255 are not official ASCII codes; these are used for various characters, depend-
ing upon the font. As you can see, Monaco does not use some of these ASCII values.
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Index

A

Accumulator. See Loops.
Actual parameters. See Parameters.
Algorithm, 2
Algorithm analysis, 667
Aliasing. See Pointers.
and (operator), 106-08
Antibugging, 258-61
Arguments. See Parameters.
Arrays:
algorithms:
condition-controlled, 44043
count-controlled, 43640
copying portions, 44445
declaring, 203-04, 434-35
indexing, 456-57
initializing, 44344
introduction to, 200-03, 206-07
limits for storage of, 449

out-of-bounds conditions, 204, 243

parallel, 458-59

of pointers, 616-25

processing elements of, 445-47
of records, 48, 378-79, 460-62
referencing, 435-36

searching, 441-43

shifting elements of, 445

syntax diagram, 751

testing algorithms using, 44748, 467, 470

three or more dimensions, 544
two dimensional:
computing with, 537-38
file I/O with, 536-37
interactive I/0 with, 534-36
introduction to, 531-34
used for matrices, 538—44
when to use, 432-34
ASCII character set, 395, 761-70
Assertion, 240
Assignment statement:
general, 37-38
numeric, 38—45
string, 45-47
syntax diagram, 743-44

B

Backus-Naur form (BNF), 67
Balance line algorithm, 711-12
Base case. See Recursion

Base type. See Sets

Big oh of N. See Order N notation
Big strings. See Strings

Binary file. See Files

Binary search. See Searching
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Boolean expressions. See Expressions
Boolean operators. See Logical Operators
Boolean variables, 125-27

Bottom-up testing. See Testing

Boundary conditions, 29, 263

Boundary testing, 79

Bubble sort. See Sorting

Bugs, 27, 258

C

Calling program, 147
Caret (* operator), 595
Case structure, 112-14, 127-29
syntax diagram, 746
Case study:
no. 1,30-33
no. 1 continued, 76-79
no. 2, 129-34
no. 3, 151-60
no. 3 continued, 176-80
no. 4,313-23
no. 5, 324-26
no. 6, 32640
no. 7,413-19
no. §,419-28
no. 9,499-14
no. 10, 514-25
Character conversions (in strings). See Strings
Character strings. See Strings
Character variables, 10, 11, 45
Chr. See Functions
Class testing. See Testing
Close. See Procedures
Cofinal substring. See Strings
Coinitial substring. See Strings
Collisions (when hashing). See Hashing
Combinatorial coefficients, 630-31, 674-76
Comments, 10
Compile-time errors. See Errors
Compiler, 4
Compiler directive, 44
Compound statement, 67
Concatenation. See Functions, 46
Conditions. See Expressions
Constants, 8
Control breaks (of a report), 690-97
example using, 690-95
multiple level, 704
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programming with, 693, 696
using subprograms with, 69601

D

Dangling else pitfall, 124-25
Dangling pointer. See Pointers
Data structures, 457. See also Arrays, Files,
Records, Sets, Types
Debugging, 258-61
Debugging aids, 30
Decision structures, 66-76, 124-29
Declarations, 8, 10-12
syntax diagrams, 740-72
Defaults, 23
DeMorgan’s Laws, 108
Design (of a program), 18, 6364
modular, 150-51
top-down, 154, 271
Diagnostic prints. See Trace prints.
Direct access storage medium, 685
Direct file. See Files
Disk name (of a file), 348
Disk:
disk drive, 684
magnetic, 684—85
optical, 684
Dispose. See Functions
div (integer division), 91-92
Division by zero pitfall, 119
Documentation, 3, 156, 428, 524-25
Driver program, 151
Dummy value. See Terminating value
Dynamic memory. See Memory

E

EBCDIC, 761-62
Editing input. See Input.
Editor, 3
Empty string. See Null string.
Enumerated type, syntax diagram, 750
Enumerated types. See Types.
Errors:

compile time, 28

logic, 28

run-time, 28
Executable file, 4
exit (statement), 725

INDEX



Expressions:
conditional, 69-70
logical, 105-08
relational, 69-70
rules for forming, 753-55

F

Factorial, 629-30, 64748, 671
Fibonacci sequence, 671-73
Field (of a record), 372, 386
File pointer, 713
Files:
binary, 373-76, 687
error trapping with, 402-04
I/0 with, 683-21
master, 708-09
random-access (direct access, relative),
713-18
examples using, 714-17
searching, 407-09
sequential, 712
merging, 705-08
updating, 708-09
syntax diagram, 751-52
text, 347-66, 685-86
adding lines to, 354-56
basic operations, 348—49
closing, 34849
displaying, 350-53
interactive processing of, 356-58
modifying, 360-63
opening, 348-49
printing, 350-53
reading, 348-49
searching in, 358-60, 365-66
used as standard I/0, 363-64
writing, 348-49
trade-offs between binary and text, 687
transaction, 708—-09
utilities. See Functions, Procedures
Flag, 244
Formal parameters. See Parameters
Functions
calling (invoking), 91
file utilities
Exists (check if file present), 756
FileBuild (build a test file), 758-59
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FileList (print a file’s contents), 759-60
OpenRead (open file for input), 756-57
OpenWrite (open file for output), 757—
58
from the OSIntf unit:
GetDateTime (time in seconds), 191
MemAvail (heap space available), 667
StackSpace (stack space available), 667
from the SANE unit:
Str2Num (string to number), 564-65
Str2Num example, 566-69
from the Toollntf unit:
TickCount, 667
standard:
Abs (absolute value), 88, 90, 100
ArcTan (arctangent), 100
Chr (character), 45
Concat (concatenate), 46, 554
Copy (substring), 554
Cos (cosine), 100
Dispose (release memory being pointed
to), 598-99
Eof (end of file?), 714
Exp ("), 100
FilePos (current position in a file), 714
Include (add substring into string), 555
Int (integer part of real), 100
Length (of a string), 553-54
Ln (natural logarithm), 100
New (obtain storage for item pointed
to), 597-98
Odd (is number odd?), 164
Omit (string with a substring removed),
555
Pos (substring’s position in a string),
554-55
Round (round), 95, 100
Sin (sine), 100
Sar (square root), 88-89, 100
Sqrt (square root), 100
Trunc (truncate), 94-95, 100
string example, 556-59
user defined, 13946
example, 13942
form, 14345
parameters with, 143-44
steps in writing, 14446
when to use, 289-91
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G

Global variables, 277-81
Golden section, 672-73

goto (statement), 722-25

Graph traversal, 64546

Group indicate (in a report), 697

H

Hand-tracing (a program), 28, 259
Hashing, 720-21

Heap. See Memory.

Hierarchy chart, 152-53
High-level language, 2

I/0. See Input/Output. See also Files
Identifiers, 8
If -then, if-then-else structure, 22, 67, 70-73
syntax diagram, 745
Implementation, 20
In (set operator). See Sets
Inactive records (of a random-access file),
717-18
Incremental testing. See Testing
Indentation (of program statements), 68
Index (of an array), 434
Infix expressions, 640
Information hiding, 585
Input device, 2
Input parameter. See Parameter
Input, validation of, 24448
Input/Output, 13
Insertion sort, 497
Instant window, 30
Integer expressions, 42-44
Integer overflow. See Numeric overflow.
Integer-to-real conversion, 95-96
Integers, 8-9
number of divisors, 635-36, 652-53, 656—
57
ways to represent as sum, 63638, 653—
54, 658
Interpreter, 4
IOCheck function, 402-03
IOResult, 402
Iteration, 670
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L

label (statement), 722
Laptop computer, 2
Library, 4
Life, Conway’s Game of, 549-50
LIFO (last in, first out), 603
Linear search. See Searching.
Linked lists, 601-02, 612-16
Linker, 4
Literal, 45
Local variables, 277-81
Logic errors. See Errors
Logical expression. See Expressions
Logical file name, 348
Logical operators, 106-08
longint, 12
Loops:
accumulating, 164, 167-71
controlling, 19
counting, 164, 166
finding largest, 164, 171-75
finding smallest, 164, 175-76
for-do, 188-89, 191-92, 194, 197-99
syntax diagram, 747
initialization of, 164
inner, 235
multiple termination conditions, 23744
nested, 234-37
examples, 238-40
off by 1/2 errors, 241-43
off by one errors, 24143
outer, 235
planning, 213-17
examples, 220-27
repeat-until, 185-86, 188, 194-99, 217-20
syntax diagram, 747
termination of, 164
testing, 178-82
used when searching. See Searching
while-do, 18688, 197-99, 217-20
syntax diagram, 747

M

Machine language, 2
Mainframe computer, 2
Master file. See Files
Matrices. See Arrays

INDEX



maxint (predefined identifier), 92-93
Measuring program performance, 666—82
MemAvail. See Functions
Memory:

dynamic, 602

heap, 667

run-time stack, 667

static, 602, 667
Merge sort. See Sorting
Merging files. See Files
Microcomputer, 2
Minicomputer, 2
Mixed-mode computation, 93
mod (remainder of integer division), 91-92
Modular design. See Design
Modules. See Functions, Procedures
Multiple-way branches, 66, 108-12
Multitasking, 666
Multiuser, 666
Mutual recursion. See Recursion

N

Named type, 275

Nested decision structures, 114-17
testing, 117-18

Nested procedures. See Procedures

New. See Functions

nil (pointer constant), 598-99

Node (of a list), 602

not (operator), 10608

Null string. See Strings

Numeric operators, 38—40

Numeric overflow, 44

o)

Object file, 4

Observe window, 30

Operating system, 3

Operator precedence, numeric, 39-42
or (operator), 106-08

Ord. See Functions

Order N notation, 480

Ordinal types. See Types

Output device, 2

Output parameter. See Parameter
Output position, 83

INDEX

Output:
formatting, 82-88
of integers, 83-85
of reals, 8485
to the printer, 86-87
Overflow (numeric). See Numeric overflow

P

Page. See Procedures
Parallel arrays. See Arrays
Parameters:
actual, 270
formal, 270
input, 276-77
introduction, 91
matching types, 273-76
output, 276-77
reference, 277
update, 276-77
value, 246, 271-73
var, 24647, 271-73
Pascal’s triangle, 630
Pascal, Blaise, 4
Pascal, versions of, 5
Path name, 351
Path testing. See Testing.
Physical file name, 348
Pointers:
advantages of, 605-06
aliasing, 607
assigning value to, 596-97
dangling, 598
declaring, 595-96
disadvantages of, 606
example of use, 599-05
introduction, 594-627
obtaining data for, 597-99
saving time and space with, 616-25
syntax diagram, 750
using appropriately, 606—07
Portability (of programs), 93
Power set. See Sets
Pred. See Functions
Predicates. See Strings
Prefix expressions, 640, 679-80
Probe. See Hashing
Problem-solving approaches, 628-29
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Procedures:
advantages of, 59-60
introduction, 5463
nested, 727-32
from SANE unit:
example of, 56669
Num2Str (number to string), 563—-64
standard, 57, 59
Close (close a file), 348, 714
Delete (delete substring), 55960
Insert (insert substring), 560-61
Open (open a random-access file), 714
Page (go to top of new page), 87
Read (read an item), 714
Readln (read a line), 13, 59
Reset (prepare to read a file), 348
Rewrite (prepare to write a file), 348
Seek (go to a record of a random-access
file), 714
Write (write an item), 12, 714
Writeln (write a line), 12, 57, 84-85
syntax diagram, 744
user defined, 54-65
value parameters with, 192-93
when to use, 289-91
Processing unit, 2
Profiler, 668
Program, 2
syntax diagrams, 739
Program flow structures, 18—-19
Program performance. See Measuring pro-
gram performance
Programming environment, 4, 6
Programming language, 2
Programming style, 23
Prompt, 12

Q

Quicksort. See Sorting

R

R option (in Project menu), 204
Random numbers, 190-92
Random-access files. See Files
Range Checking, 204, 401-02
Read/Write head (of a disk), 68485
Readln. See Procedures

Real (type), 8-9
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fractional part of, 96
inaccuracy of, 90, 93
integer part of, 96
Real expressions, 42-44
Real-to-integer conversion, 93-95
Real-to-real conversion, 96
Record number (of a random-access file), 713
Records, 165, 372-79
arrays of, 378-79
assignment with, 376
containing arrays, 462-65
files of, 373-76
files with, 404-09
ordinal types with, 404-09
as parameters, 377-78
processing, 376-77
structure, 372-73
syntax diagrams, 752-53
tag field, 726-27
variant, 725-27
Recursion, 287, 302-05, 628-82
mutual recursion, 64043, 660-63
problems involving, 629-43
programming, 646-66
tail recursion, 670-71
tree recursion, 671
Reference parameter. See Parameter
References, 771 :
Refinement (of program design), 18
Relational operators, 105
Relative file. See Files
Repeat-until loop. See Loops, 20
Reset. See Procedures
Retyping. See Types
Rewrite. See Procedures
Right justification, 83
Run-time errors. See Errors
Run-time stack. See Memory
Running a program, 4

S

SANE. See Units, Functions, Procedures
Scope (of variables), 277-81, 729
Searching, 244. See also Arrays

binary search, 481-83

linear search, 478-80

loops used with, 244
Selection sort. See Sorting
Semantics, 110
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Semicolon, use of, 23, 73
Sentinel. See Terminating value
Sequential access storage medium, 684
Sets, 107, 379-83

assignment with, 380

base type, 379

declaring, 379-80, 382

difference of, 380

empty, 379

example, 383-85

I/O of, 381-82

inclusion (subsets), 381

intersection of, 380

membership (in), 379

power set, 638-39, 654, 657-59

syntax diagram, 751

union of, 380

used as parameters, 382-83
Sieve of Eratosthenes, 529
Software engineering, 666
Sorting:

bubble sort, 497

comparing various methods, 677-79

merge sort, 632-33, 649, 651-52, 677-79

quicksort, 487-92, 677-79
defined in a unit, 733-36
used from a unit, 736-37
using nested procedures, 730-32
selection sort, 484-87, 648-50, 677-79
stable, 649
Specification, 17
Stack, 475-76, 602-03
StackSpace. See Functions
Statements, 8
Static use of memory. See Memory
StatPack (program performance package),
667-70
Step into/Step over, 30
Storage, 2
Strings, 10-11, 4546, 551-93. See also
Functions, Procedures
accessing individual characters, 552
big strings (greater than 255 characters),
583-88
testing, 588, 590
cofinal substring, 648
coinitial substring, 649
comparison of, 552-53
null, 46
number of length N from M letters, 635,
649, 653-54

INDEX

reversing, 631-33, 649, 676-77
routines:
BigConcat (concatenate two big
strings), 587-88
BigCopy (get substring of big string),
585-88
BigLength (obtain length of big string),
585-86
BigReadIn (read in big string), 585-86
BigWriteln (write out big string), 584—
85
LowCase (convert characters to lower
case), 582-84
LowtoUp (convert characters to upper
case), 581-83
Pad (pad string with spaces to given
size), 578-79
Replace (replace substring with
another), 579-81
RunOf (make string of repeated charac-
ter), 577-78
Trim (remove trailing spaces), 57677
subsequences and substrings of (predi-
cates), 633-35, 649, 653-54
syntax diagram, 750
Stub (for subprogram), 151
Subprograms. See also Functions, Procedures
nested invocation, 287-89
planning, 291-92
examples, 292-302
reasons to use, 270-71
Subrange. See Types
Subscript (of an array), 434
Succ. See Functions
Supercomputer, 2
Syntax diagrams, 67, 738-55
Syntax rules, 18

T

Tag field. See Record

Tail recursion. See Recursion

Tape (magnetic), 684

Terminating value, 19, 706

Testing, 28-30, 261-67
bottom-up, 151, 266—67
class, 262
error-guessing, 663
incremental, 150-51
path, 264
stress testing, 663
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Testing (continued)
top-down, 151, 266-67
unit, 155
Text files. See Files
Text window, 26, 60, 63
THINK Pascal, running THINK programs, 5
TickCount. See Functions
Top of form, 83
Top-down design. See Design
Top-down testing. See Testing
Trace prints, 259-61
Tracks (of a disk), 684—85
Trailer value. See Terminating value
Transaction file. See Files
Translator, 4
Tree recursion. See Recursion
Truncation of strings. See Strings
Two dimensional arrays. See Arrays
Type checking, 40002
Types:
ordinal, 107
retyping, 397
scalar, 393-98
Chr function with, 394
Ord function with, 393-97
Pred function with, 394-95, 397
Succ function with, 394-97
subrange, 399400
syntax diagrams, 749-53
user-defined, 393410
user-defined ordinal, 396-99
as indices of arrays, 398-99
as indices of for loops, 398
assignment with, 396
comparisons with, 396-97
1/0 of, 397-98

U

Unit testing. See Testing
Units, 561, 563, 733-37
OSIntf, 667
SANE, 561, 563
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syntax diagrams, 748
Toollntf, 667
user-defined, 732-37
compiling, 736-37
header, 733
implementation part, 733
interface part, 733
private part, 732-33
public part, 732-33
using, 736-37
Update parameter. See Parameter
Utility, 4

\'

V option (of Project menu). See Numeric
overflow

Validating input. See Input

Value parameter. See Parameters

Var parameter. See Parameters

Variable list, 19

Variables, 8

Variant records. See Records

w

‘While-do loop. See Loops

Wirth, Niklaus, 4

With statement, syntax diagram, 747-48
Write. See Procedures

Writeln. See Procedures

{$R+}, {$R-}. See Range checking
{$V+}, {$V-}. See Numeric overflow

A See Caret
* (multiplication), 3941
+ (addition), 3941
- (subtraction), 39-41
- (unary minus), 39-41
/ (real division), 3943
@ (pointer operator), 597
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