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ELEMENTARY PASCAL



T S

THE ANALYTICAL ENGINE




PREFACE

Putting Sherlock Holmes aside for the moment, this is a very serious
text on computer programming in Pascal. Its goal is to provide a
thoughtful introduction to programming for the uninitiated.

The orientation of this work is problem solving, not syntax. The
reader will notice an absence of syntax equations in the text and an
absence of highly detailed discussions of language constructs. But the
reader will also notice great care in trying to present the deeper reasons
for programming, the essence of concepts, and the need to do useful
things. We are committed to the idea that programming languages are
subservient to programming, and programming subservient to solving
problems.

This work attempts to set a very high standard. The programs, for
instance, have been written with extraordinary attention to readability.
Program maintenance is one of the greatest problems in software and we
emphasize the importance of program quality. The language concepts,
for instance, are also motivated with care. We, as authors, have spent
considerable time trying to understand some of the deeper concepts in
programming, so as to give the reader many of the root ideas.

This work is also a product of our research in human factors. We are
of the disposition that much, much greater things can be done in
computers to meet the human user half way. The notation, examples,
wording, and style of this book reflect these concerns. We have attempted
to avoid the jargon of the computer technology wherever possible.

This work is also intuitive. Programming is a complex and demanding
skill, and understanding it can be difficult. As such we have emphasized
the intuitive aspects, trusting that this will make learning considerably
easier. We also trust that, as a text, the intuitive approach makes this
book easy to read. To dismiss this work as “too easy” is, in a sense, an
indication of the success of this approach.

There are many exercises in this book; devising them was a major
work in itself. Our goal was to develop a range of exercises, from easy
ones that are matters of program reading or giving short answers to
harder ones requiring the writing of a meaningful program. Some are on
text-editing, some introduce the computer, some require a five- or ten-
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line program, some are fun, and some are full of tricks. At the end of the
book, in Chapter XIV, there are some term project exercises.

But why bring in Sherlock Holmes? Because we wanted to present
programming in an appealing way as possible. We believe that engaging
the learner’s interest is fundamental to effective teaching. At the root is
our concern for the student as a human being.

The computer that Holmes and Watson use is the Analytical Engine
of Charles Babbage. Babbage’s Engine, designed just before the era of
Sherlock Holmes, was truly a precursor of the modern computer.
Moreover, the dialogues between Holmes and Watson are not simply idle
front matter. It is here, in these episodes, that cornerstones of the
technical material is exposed. This is the place where the root ideas are
presented, in simple human conversation, unconfused by technical
details.

Finally, Holmes and Watson set a human temperment and a focus on
the human user of computers. There surely are important.

Generally, each chapter of this book begins with one of the case
studies of Sherlock Holmes. Here we see Holmes and Watson solving
some problem. Following each case study, the commentary discusses in
detail the issues arising from the problem presented by Holmes.

The first three chapters present Holmes's introduction to problem
solving and programming. Like Watson, the reader is not expected to be
able to duplicate the ideas presented, or even understand them fully.
That will follow in due course. Hopefully, though, the general effect of all
that follows will emerge. The point of these chapters is to show the
essence of programming, reading before writing if you will.

In Chapter IV, Holmes presents the first steps needed to write
programs. This is where most traditional books on programming begin.
By the end of Chapter VII, the reader should have completed the central
issues in writing any computer program. At this point the reader will be
well on the way to writing real programs.

The next five chapters should considerably enlarge the basic skills.
In these cases, Holmes is dealing with somewhat larger problems and the
programming tools needed to solve them effectively.

In the last chapter, Holmes and Watson confront a most difficult case
from a computing standpoint. Holmes’s solution brings into play almost
all the ideas presented in this book.

In writing this text we have not found it necessary to cover all of the
Pascal language, although several features omitted in the text are
discussed in the problems at the end of each chapter. The portion of
Pascal covered in the text is summarized in the Appendix, “Pascal at a
Glance.” In any case, our version of Pascal closely follows that presented
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by Niklaus Wirth, its designer. Be careful — your local dialect may be
ever-so-slightly different.

So come, dear reader, the game is afoot.

HENRY LEDGARD
ANDREW SINGER
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CHAPTER 1

The Analytical Engine

inadequate fashion, 1 have endeavoured to give
some account of the remarkable career of Mr.
Sherlock Holmes as a criminal investigator and
consulting detective. As the reader is undoubtedly

=;
well aware, my companion’s interests were as broad as Nature
herself and he often spoke on an amazing variety of subjects as
though he had made a special study of each. In my modest
chronicles of the cases that I have had the privilege to share
with Sherlock Holmes, | have often alluded to his numerous
publications, but I have said nothing before of his unparallelled
contributions to the development of the Analytical Engine.

My first introduction to the Analytical Engine was in the late
spring, shortly after the conclusion of one of the most ghastly
adventures we had ever shared, which | have chronicled under
the heading of “The Adventure of the Speckled Band.” The entire
day Holmes was in a mood that some would call taciturn. He
was most unsettled, smoked incessantly, played snatches on his
violin, sank into reveries, and hardly answered the casual
questions that [ put to him. We sat through a silent dinner
together, after which, rising from the table, he revealed to me the
problem with which he was preoccupied.

“You can never foretell what one mind will come up with,
Watson, but you can say with precision what an average person
will do. Individuals vary, but percentages remain constant; and
while we have not yet grasped the results that the human mind
alone can attain, it has its distinct limitations. There are only
particular individuals on whom we can rely to produce the same
chain of logical argument from one occasion to the next.”
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“l certainly wouldn’t argue with you, Holmes,” | replied. “But
as yet we haven't found a suitable replacement for human
reasoning.”

“Oh, on the contrary, Watson,” he answered nonchalantly.
“Have you ever heard of the Analytical Engine?”

“I know of no substitute for the mind of man.”

Holmes chuckled. “Then you must learn of it. It is an
ingenious mechanism, a machine that has displayed a considera-
ble talent for deductive reasoning, far superior to the average
logician. You recall my intervention in the matter of that
notebook floating in the River Cam last month?”

“I am not likely soon to forget the sight of that bloated face
staring up at me, Holmes,” I replied grimly, considering the sorry
state of mankind that such events should come to pass. “What
connection has the late professor with this Engine?”

“Well, as you may remember, my investigation led me to the
Cavendish laboratories; and it was there that I had occasion to
study the Engine, if only briefly. Since then | have been in
correspondence with mathematicians at Cambridge who have been
conducting experiments with it. Watson, I do not exaggerate when
I say that the Analytical Engine is capable of solving, within
minutes, complex numerical problems that would keep five of
London’s finest mathematicians working for hours. Furthermore, it
is adept at logic and has a perfect memory for detail.

“The Engine also has its limits,” he continued. “It can only
undertake problems whose solutions are spelled out in minute
detail and that are presented in its own peculiar language.”

“Really, Holmes, sometimes you go too far with my
patience!” | exclaimed. “You expect me to believe that this
device is capable of solving problems, has a perfect memory, and
actually speaks a language of its own?”

“No, no, my dear Watson, you take me too literally. The
Analytical Engine does indeed have a language of its own, but
communications must be written out.”

“Now you tell me it can read?”

“In a sense, yes.”

I threw up my arms in a desperate gesture and 'began to
rise from the chair.

“I fear 1 am going too fast for you, Watson. Bear with me
for a moment and 1 shall do my utmost to explain all this to
you. Everything 1 say is true, but let me assure you that the
Analytical Engine hardly resembles a human being.
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“Its ‘language’ is actually a highly logical code, designed by
mathematicians in order to operate the Engine. This code is not
difficult to master, but it does require considerable discipline. It
has a very small vocabulary, which is nothing to compare with
the English tongue. This vocabulary is arranged into statements
according to a limited set of rules.

“The major problem in communicating with the Engine is
that one. must use the utmost care and precision in giving it
instructions, for it has no imagination whatsoever and cannot
correct even trivial errors in spelling or punctuation. It is, after
all, like other machines in that it has no awareness of the tasks
that it performs; therefore it will obey the most unreasonable of
instructions. For example, if it is told to print the number zero
ad infinitum, it will continue to do so for hours on end, until a
human being finally causes it to stop.”

“But Holmes, how does one give instructions to this Engine?”
| asked, scarcely crediting my companion’s remarks thus far and
wondering whether perhaps his penchant for cocaine had finally
betrayed his reason.

“By writing a set of instructions in code and supplying them
mechanically to the Engine. Such a set of instructions is called a
programme, because it is an orderly and precise procedure for
solving a problem. The art of writing programmes is called,
reasonably enough, programming.” '

“Of what relevance is this strange machine to you, Holmes?”

“l intend to employ the Engine whenever possible in my
future criminal cases,” he replied. “As you know, | have been
rather overburdened with work in recent months, so the Engine’s
speed and potential accuracy are most attractive to me. It has a
great capacity for dealing with large amounts of information as
well.”

“But, Holmes,” | interrupted, “do you truly expect this device,
if it is as unimaginative as you say, actually to solve crimes?”’

“Not at all, my dear Watson,” said Holmes with a laugh. “I
daresay it is not clever enough to replace my brain; but it will
be useful for storing information, as well as for performing
certain repetitive tasks that absorb too much of my time. Of most
interest to me is that it will provide a means of expressing my
logical methods in a rigorous form, and perhaps be useful in
communicating to others my modest attempts at formulating a
Science of Deduction.”



