






























































Conversation With a Computer

John Shore

c/o Viking Penguin Inc.
40 West 23rd St.

New York, NY 10010

—Part 2

“We don’t know how to write programs that handle errors as well as people do.”

This article is based on Chapter 6 of The Sachertorte
Algorithm by John Shore, copyright 1985 by John Shore,
published by Viking Penguin Inc., 40 West 23rd St., New
York, NY 10010; it is reprinted with permission. Part 1
appeared in the July-August, 1986 issue of Computers and
People.

Finding Errors Through Consistency Checks

Bugs can also be detected by consistency
checks that are included in the software it-
self, like the consistency checks in my fath-
er's instructions. Unfortunately, such con-
sistency checks consume extra resources --
both memory and execution time -- and most
programmers prefer to spend these resources
on additional capabilities. Besides, al-
though every programmer knows how hard it is
to write correct programs -- something I'll
talk more about soon -- most programmers be-
lieve that their own programs are correct.

As a result, in much of the software that's

in widespread use, software consistency checks

are sparsely distributed and fairly general
in nature. Although many program bugs even-
tually result in the violation of a hardware
or software consistency check, considerable
damage may occur first. Furthermore, the
connection between a failed consistency
check and the actual bug is often so remote
as to be unhelpful.

Once the computer detects an error,
something must be done about it. One ap-
proach is to restart the offending program,
or even the entire system, in the hope that
the problem won't reappear -- either because
it was a transient hardware error, or be-
cause it was a software bug that surfaced
through a series of unlikely coincidences.
But the most common approach is to have the
computer system stop executing the offending
program and report the error to the user.

When a word-processing or spreadsheet
program stops abruptly with messages that
blame parity errors, register overflows, sub-
script checking, protection violations, bus
errors, illegal instructions, and the like,
the user-interface is shattered -- the mes-
sages have nothing to do with writing a let-
ter or analyzing a budget. Such messages
are certainly helpful to the programmer who
wants to fix the word-processing or spread-
sheet program. They are even helpful to the
computer-savvy user who can exploit them in
working around the problem. To the novice
user, however, they are discouraging.

What Would a Person Do?

When asked to set fire to the logs in
your fireplace, a friend will oblige cheer-
fully. Asked to set fire to your house, the
friend will at least say, ''Are you quite
sure?'" Is this kind of behavior too much
to ask of a computer? Why can't a computer
react to 'rm book *' more cautiously than
to 'rm book*'? In fact, it can. A computer
can notice that you've asked for all your
files to be deleted, and it can react by
asking for confirmation, but only if it's
programmed to do so.

Fortunately, in most cases it's rela-
tively easy to have a computer program de-
tect and double-check on commands that would
delete all of your files, and many current
systems behave in this way. Indeed, systems
tend more and more to protect users from elec-
tronic damage caused by their mistakes.

Many text-editing and word-processing pro-
grams double-check with you before deleting
the entire contents of your document, remind
you to save copies of changes you make, and
the like. Many of them have a general 'undo"
command that's able to reverse the effects

of most single commands. It's easy to see

22 COMPUTERS and PEOPLE for September-October, 1986



how this might be possible -- conceptually,
the program could maintain two working cop-
ies of your document, one being the current
version and the other being the version just
prior to your most recent command. The effect
of the '"undo'" command is to revert from the
current version to the prior version.

What Computers Can Do

It's also possible for computers to do
a better job handling the consequences of
software bugs and hardware failures. Instead
of screaming

JOB ABORTED ... FATAL REDUNDANCY CHECK

they can be made to behave more like we did
on our way to my mother's surprise party.
Again, suitable programming is required.
Typically, it's missing. To an extent, its
absence reflects a lack of knowledge; we
don't know how to write programs that han-
dle errors as well as people do. But the ab-
sence of effective errorhandling software
also reflects a lack of effort; designers
typically choose to spend the available CPU
cycles and memory capacity elsewhere.

What about the small, repairable, but
frustrating damage I did by typing 'deep'
when the text-editing program was in com-
mand mode? The resulting exchange of two
words isn't the kind of major change that
merits confirmation, and the ''undo'" command
wouldn't work because the computer interpre-
ted 'deep' as a sequence of four commands.
From the program's point of view, I typed
in a sequence of four correct commands, so
it seems hard to argue that ''the computer
should know better'" or even that it could
know better.

But a person might well suspect that
I was confused about the mode. For one thing,
the sequence of commands that exchanges two
words happens also to spell a common English
word. This can even happen for an intention-
al sequence of commands, but it's enough of
an unlikely coincidence to raise suspicions.
Having become suspicious, a person might
look at my document in the vicinity of the
cursor position, realize immediately that
the word 'deep' makes sense in that context,
and conclude that I could be confused about
the mode. Given this evidence, it would be
reasonable to check with me before making
this change.

Can a computer do this? Partially.
Checking a dictionary to decide if a string
of characters composes a common English word

is an easy programming task. But it's anoth-
er matter to write a program that can decide
if it makes sense to insert that word at a
given point in a document. Fair accuracy
might be attained just by determining wheth-
er the word is the right part of speech re-
quired by the context -- adjective, noun,
verb -- and people in the field known as com-
putational linguistics know how to write
programs that could do this. For example,
because the word ''deep'" can serve as an ad-
jective, such a program could analyze a sen-
tence like

"He took a breath, fast becoming faint,"

and conclude that it's reasonable to insert
""deep'" before '"breath.'" But the same pro-
gram would conclude that it's reasonable to
insert '"'deep'" into the sentence

"The condor baby fell out of the nest,"

right before '"condor'. You know that such
an insertion makes little sense, whereas
reversing the positions of '"condor" and 'ba-
by'" makes a lot of sense. For that matter,
reversing '"breath,'" and 'fast" in the pre-
vious sentence makes as much sense as in-
serting ''deep' before ''breath".

These examples show that high accuracy
would require programs that can analyze not
only grammar, but meaning. This is extreme-
ly difficult; there do not exist programs
that can analyze the meaning of unrestricted
English with anything close to the sophisti-
cation of a native speaker.

We Speak Such Different Languages

Every language is a means of expression
consisting of a vocabulary and a way of using
it. These characteristics are true of all
languages, whether natural languages that
have evolved to support communication among
ourselves or artificial languages that we
have created for communication with our ma-
chines. The importance of natural language
arises from life; the importance of artifi-
cial language arises from technology. Math-
ematics is an artificial language with an-
cient roots, but it is not as rigorously de-
fined as is commonly supposed; many aspects
of mathematical notation are not formally
defined, and a correct interpretation of the
notation relies on the reader's common sense
and general understanding. These informali-
ties do not apply to the artificial languages
that we use to communicate with computers.
Indeed, the development of computer technol-
ogy elevated formally defined artificial lan-
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guages from a theoretical tool to a practical
necessity, and it stimulated important advan-
ces in their theory and applications. Arti-
ficial language permeates the information
age.

Syntax and Semantics

It has proved useful to describe lan-
guages in terms of two different properties:
the form of correct expressions in the lan-
guage and the meaning of those expressions.
The technical terms for these properties are
"syntax'" and '"semantics'. Syntax is a set
of rules for forming correct expressions.
English syntax, for example, includes the
rules for forming grammatically correct En-
glish sentences. An example is the familiar
rule stating that simple English sentences
can be formed by a noun followed by a verb
followed by an object, a rule that leads to
sentences like

"John drinks coffee."

The syntax of a language determines whe-
ther an expression has a correct form, but it
is the semantics that assigns meaning to the
expression. After you read that John drinks
coffee, you know that a person named John
sometimes pours a liquid into his mouth and
swallows; you know that the liquid is made
from the roasted and ground seeds of a par-
ticular plant that is grown primarily in
South and Central America; you know that the
liquid is probably hot and probably dark; and
you know that John probably ingests caffeine
when he drinks the liquid. All of these con-
clusions illustrate the semantics of one sim-
ple English sentence.

The concepts of syntax and semantics
apply not only to the natural languages we
use when we converse with each other, but al-
so to the artificial languages we've created
to converse with computers. Here I don't
just mean artificial languages we use in
writing software. We also use artificial
languages when we type in commands to a word
processor or a spreadsheet program, and we
use artificial languages when we read their
responses. When we tell UNIX intentionally
to 'rm book*' or unintentionally to
'rm book *' we are using an artificial lang-
MABE. lukes

Syntax Errors

Computers can communicate in terms of
these artificial languages because people
can write computer software that determines
the meaning of language expressions. Ideally,
software to do this for a particular artifi-

cial language is based on a complete descrip-
tion of the language's syntax and semantics.
When you type in an expression using the ar-
tificial language, a program attempts to
parse the expression, thereby dividing it
into its various sytactic components -- anal-
ogous to finding the noun, verb, and ob-

ject of a simple English sentence. If you
happen to enter an expression that doesn't
fit any of the language's syntactic rules --
a common mistake known technically as a syn-
tax error -- the program should detect that
such an error has occurred and reject the of-
fending expression. How gracefully it does
so depends on the program. I gave an exam-
ple of a syntax error as part of the magic
trick example in Chapter 2 when I suggested
that you might respond to the prompt

PLEASE ENTER A NUMBER BETWEEN 1 AND 10:

by typing in 'SEVEN' or VII'. In order of
decreasing grace, the various likely respon-
ses were

ILLEGAL NUMBER, TRY AGAIN:
or
FORMAT ERROR
or
SYNTAX ERROR ... ILLEGAL TERMINAL SYMBOL
or
WHAT?

or even a shrill beep without any message
at all.

Semantics — Intentional and Otherwise

Once the software has determined that
an expression is syntactically correct, it
proceeds to apply the corresponding seman-
tics. In the case of the magic trick, the
software proceeds to perform the trick with
whatever number you entered. In the case
of 'rm book*' or 'rm book *', it proceeds
to remove the specified files. It's ob-
vious that problems will arise if there are
bugs in the programs that are supposed to
take the actions deemed by the semantics.
Such bugs can arise from programming mis-
takes as well as from misunderstanding about
the intended semantics.

There is, however, a more subtle source
of problems: not all syntactically correct
expressions are semantically meaningful.
This can happen with natural languages; for
example, reversing the subject and the ob-
ject in the coffee example yields

"Coffee drinks John,"
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which is syntactically correct but seman-
tically meaningless. Similar problems can
arise in artificial languages, and if they
occur without being detected, they can re-
sult in unexpected behavior.

To use a common example, most computer
systems have a command that will display the
contents of a file on your terminal screen,
the assumption being that the file is filled
with human-readable text. To view such a
file -- for example, a file called '"book'" --
you can use a program that I'll call '"see';
typically you type in something like 'see
book'. But not all files are filled with
human-readable text. Some files contain
bit patterns that represent CPU instructions
and other terminal control codes, and these
bit patterns cannot be interpreted as Eng-
lish characters. For example, if you hap-
pen to type 'see magictrick', where ''magic-
trick'" is the name of a file containing the
CPU instructions of the magic-trick program,
strange things are likely to happen. The bit
patterns in magictrick are meaningful when
interpreted by the CPU as instructions, but
not when interpreted by your terminal as Eng-
lish characters. But many of the bit pat-
terns for the CPU instructions in magictrick
happen to coincide with bit patterns that
are normally used to control your terminal,
so when you send all of these bits to your
terminal by typing 'see magictrick', your
terminal tries to obey but proceeds to do
wild and crazy things. Typically, random
characters splatter all over the screen while
the terminal beeps and flashes. When it's
all over, you may not be able to resume nor-
mal conversation with the computer without
turning your terminal off and on again.

The 'see book' and 'see magictrick'
commands are both syntactically acceptable --
to use a natural-language analogy, they both
have verb-object forms. But only the first
is semantically meaningful. Many computer
systems nevertheless go right ahead and pro-
cess the second command as though it were
semantically meaningful, the result being be-
havior quite unrelated to the normal seman-
tics of 'see'. This is a bit like taking
the sentence '""Coffee drinks John'" and trying
to interpret it literally, despite its being
semantically meaningless.

Another example from the magic-trick
program is the consequences of your respond-
ing to the prompt
PLEASE PICK A NUMBER BETWEEN 1 AND 10:

by entering 'O' (zero). In contrast to its
treatment of 'SEVEN' and 'VII', which the

magic-trick program rejected on syntactic
grounds, the program accepted the '0'. It
shouldn't have, as the prompt itself sug-
gests, but it did. The program then pro-
cessed the zero according to semantics in-
herent in the magic trick that the program
was intended to demonstrate, semantics that
didn't apply tofzere. It did sol till the
bitter end, which in this case arrived with
a hardware consistency check:

FATAL ERROR... REGISTER OVERFLOW AT AF45
712 547 234 232
777 234 342 455
209 487 439 332

>

This outcome and the outcome of 'see
magictrick' are not what either you or the
programmer really want. In both cases you
are asking for something that's not includ-
ed in the intended semantics, and in this
sense the outcomes are your fault. But the
programmer can prevent such inappropriate
processing and, for not doing so, deserves
some of the blame. Here again, the comp-
uter is doing exactly what it's instructed
to do.

Artificial vs. Natural Languages

The artificial languages that we've
programmed computers to understand are
much smaller, much simpler, and much less
expressive than the natural languages that
people understand. These contrasts arise
in part from difficulties in writing the
computer programs that process artificial
languages. These programs make progress,
like other programs, by executing long se-
quences of CPU instructions. Step by step,
the programs have to scan the input language
expression, divide it into relevant pieces,
determine which syntax rules apply (if any),
and take whatever actions are implied by
the language semantics. All of this re-
quires that the language be defined com-
pletely by the designer and well understood

by the programmer.

As the syntax becomes more complicated
and the semantics more sophisticated, it be-
comes harder for the designer to define the
language and harder for the programmer to
write language-processing programs that work
properly. The programs also become bigger
and slower -- the bigger, more complicated,
and more sophisticated the language, the
more instructions are required to process
language expressions. And this requires
more memory and either more processing time
or a faster computer.
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In the case of a typical personal com-
puter system, say an Apple Ile or an IBM PC
with between 64K and 512K of main memory, the
artificial languages are limited severely by
the computational resources available. (Keep
in mind that the available resources are
needed for more than language analysis.)
Conversations with such systems are charac-
terized by rigid, unforgiving syntax and sim-
ple semantics. On much larger systems, how-
ever, people have written programs that can
actually converse in English, albeit severe-
ly restricted subsets of English. Moreover,
these programs converse by exploiting both
syntax and semantics, in contrast to pro-
grams like ELIZA, which operate almost en-
tirely at a syntactic level. Unfortunately,
the language subsets are too small to be
really useful, and the computer systems are
too big to be commonly available -- tens to
hundreds of times bigger and faster than
typical personal computers. Even so, the
fastest programs take many seconds to pro-
cess even relatively simple sentences (which
is considerably slower than human conversa-
tional speed), and they can take much longer.

In between these two extremes are pro-
grams that provide a somewhat flexible, for-
giving syntax together with limited seman-
tics. These programs are advertised as
being able to converse in English, but it's
more appropriate to describe their capabili-
ties as English-like. Nevertheless, they
can provide a much better user-interface
than what is typical today. They are start-
ing to become available for personal com-
puter systems -- typically as a user-inter-
face for data base management programs --
and you will be seeing more of them.

Tomorrow’s Conversations

The quality of our conversations with
computers will improve. Intellectual advan-
ces will lead to better user-interface de-
signs, better artificial languages, better
methods for processing useful subsets of nat-
ural languages, and better methods for hand-
ling errors. Technological advances will

make greater computational resources available

at lower cost. The capabilities of today's
large, institutional computers will be a-
vailable in tomorrow's desktop, personal com-
puters, so that we will be able to exploit
the fruits of our intellectual advances.

One thing will not change. Your com-
puter may make it easier for you to instruct
it in accordance with your intentions, but it
won't divine those intentions. The computer
is a machine whose ability to communicate

with its users results from basic principles
of operation and from the manner in which it
is programmed. Computers not only do exact-
ly what they're told -- barring a malfunc-
tion, they don't do anything without being
told. Your computer won't read your mind.
Neither will it love you or honor you. It
will, however, obey you, for better or worse.
Q

Editorial — Continued from page 6

of international disputes; they can help to
reduce the exorbitant budgets of war and

navy departments; they can work for regional
limitation of armaments and back all treaties
which tend to avoid competition in arms; they
can oppose nationalism and chauvinism wherev-
er they show themselves, in the press, in the
schools, on the lecture platform; they can
strive to bring order into the chaotic econ-
omic and political conditions of the world.
...Wars are man-made, and peace, when it
comes, will also be man-made. Surely the
challenge of war and of the armament maker

is one that no intelligent or civilized be-
ing can evade.

[End of Quotation]

Some significant changes and some definite
progress have however occurred since World
War II. For 41 years no ''great war' and no
nuclear war has occurred. Horror of nuclear
war is almost universal. Countries are
choosing to stay out of the armament complex,
such as New Zealand, Denmark, and Japan.

More than 10 million inhabitants of the Earth
have declared their areas nuclear-free zones.
More than 30 countries have changed from co-
lonial to independent. The infantry and the
marines of the United States armed forces,
and the Congress of the U.S., will probably
never undertake again a war in South East
Asia, after the historic defeat of the U.S.
in Viet Nam. Many leaders who are sane have
become convinced that they and their families
will die in a nuclear war. Accidents at nu-
clear reactors such as Three Mile Island in
Pennsylvania and Chernobyl in the Soviet
Union have rendered pro-war arguments weaker
than ever.

In World War II there were places to hide.
In World War III there will be none. Q
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Heilmeier — Continued from page 21

base management system that will be extreme-
ly useful for things like design automation
data bases, medical data bases, real estate
data bases, and business management data
bases of all types. A conventional data
base deals with a relatively small set of
simple structures, things like an employee
number or an employee name or a salary. The
operations that can be performed on that
data set are relatively fixed and limited.
For example, you might have a representation
or an operation that enables you to ask for
things that are greater than or equal to or
less than a certain amount. In object-
oriented data base management systems, we
can merge text, trees, graphs, two-dimension-
al objects and their descriptions and maps.
And in the LISP environment, the operators
will be fully user definable. Let's take a
look at some examples.

Multiple Representations of Information

In the typical semiconductor design data
base, one has a set of specifications that
are alphanumeric in nature. One also has a
circuit diagram, a logic diagram, and final-
ly, a chip layout. In almost all areas of
design automation one finds the need for mul-
tiple representation. With the data base
management system that can comprehend multi-
ple representations, we can interface to ex-
pert systems to essentially perform opera-
tions on those multiple representations with-
out transformation. Another example might
be a real estate application where one deals
with some specifications, floor plans, maps,
and some graphics. One might be able to
specify a set of constraints and walk through
that multiple representation data base to ex-
tract just the right house that has the
right driving distance and the right monthly
cost and the right number of bedrooms, etc.
One more example might be medical records.

Medical records consist of x-rays, labora-
tory reports, perhaps electrocardiograms,
and some patient forms. An object-oriented
data base will enable a doctor to essential-
ly reason about these various objects in
his data base. He can ask questions about
the electrocardiogram and reference that to
previous patient records.

We think that the two major technologies
that will drive the billion dollar silver
bullets of the late 80s and beyond are
VLSI and artificial intelligence. TI is a
world class competitor in these technologies
today and the bottom line for all of us in
TI, is that we intend to keep it that way.

Q

COMPUTERS and PEOPLI

Artificial Intelligence
Enters the Marketplace

by Larry R. Harris and Dwight B. Davis

Al Comes of Age
Foundations

Natural Language Processing
Expert Systems

Al Products Emerge

Japan Inc.

Maintaining the U.S. Edge
Near Term Al

What the Future Holds

Index 194 pp 1986

Published by Bantam Books
Toronto / New York / London / Sydney / Auckland

© OO NOOO S WN-=

Please send me copies of Artificial

Intelligence Enters the Marketplace (34293-2)
by L.R. Harris & D.B. Davis, at $18.45 each
($16.95 + $1.50 for shipping and handling).

Check enclosed, or Charge my:
Visa Mastercard Amex
Card # Exp. date
Name
Company
Address
City
State Zip
Return to: Bantam Books

Dept. DR-03
666 Fifth Ave.
rk, NY 10103

27



Opportunities for
Information Systems

— Instalment 5

SOUND TO SPELLING - 1l
Edmund C. Berkeley, Editor

Suppose we have a machine as good as the human
ear which will recognize the English sound (consonant,
phoneme) “f'" as in “fat” or “muffin’’ or “leaf’” or
“phrase’”” or ‘““graph’ or “‘toughen’. What is the tech-
nique to be used for us to spell that sound?

In the state of the art at present this difficulty has

not been surmounted. Instead, all the words (or vocab-

ulary) that a person is to use in a given situation are
spoken (each 3 or 4 times) separately into the micro-
phone of the recognizing machine. This machine ana-
lyzes the separate recorded sound patterns, compares
them, ‘““decides” upon a pattern, and pulls out from
a file the properly spelled word. | tried this just re-
cently on a nearby speech recognizing machine, for
some 20 words, one of them being ‘‘communications”.
| was impressed. | was told that the machine could
distinguish over one thousand words currently, and
many more soon. But each user of the machine had
to ““train” it to his own speech habits.

But of course this does not yet come near to the
skill of a good human speller. Furthermore he can
spell two words that sound just alike in two different
ways depending on their meaning, such as ‘““phrase’ in
the context of words or grammar and “frays” in the
context of battles and struggle. A good speller can
handle many other problems, as in the varying pro-
nunciations of ““telegraph, telegraphic, telegraphy”
where the second “e’’ is pronounced as a schwa (an
unstressed neutral vowel) in the first two words, and

i

e’ as in “leg” in the third word.

One algorithm which might be used is a table with
perhaps over 3,000 input entries of spoken words and
word-elements (sequences of phonemes) including af-
fixes that might be uttered by a speaker of standard
English. There would be occasional additional entries
of subject matter, meaning, etc. The output of the
table would give the spelling of the word or word-
element. As this table is constructed, it could be much
shortened by including many simple spelling rules, like
the change of “take’ to “taking”, “like’”” to “liking”,
“poke” to “poking”, ...

The substitution of “‘spelling pronunciations’ in
some cases, like changing “Wenzdy' to “Wednesday”’,
would be needed.

The techniques used by a good human speller, the
kind of person that used to win old fashioned spelling
bees, need studying. | have known persons who could
look at a wall and see in their mind’s eye just how a
long or apparently baffling word was spelled, and spell

Games and Puzzles for
Nimble Minds and Computers

Neil Macdonald
Assistant Editor

NUMBLE

A “numble” is an arithmetical problem in which: dig-
its have been replaced by capital letters; and there are
two messages, one which can be read right away, and a
second one in the digit cipher. The problem is to solve
for the digits. Each capital letter in the arithmetical
problem stands for just one digit 0 to.9. A digit may
be represented by more than one letter. The second
message, expressed in numerical digits, is to be trans-
lated using the same key, and possibly puns or other
simple tricks.

NUMBLE 8609

HABI T
* HAS

RNYO AR
OHYARB
ONAI TO

= ORNSNI RR

44052 10635 27

MAXIMDIDGE

In this kind of puzzle, a maxim (common saying, prov-
erb, some good advice, etc.) using 14 or fewer different
letters is enciphered (using a simple substitution cipher)
into the 10 decimal digits or equivalent signs, plus a few
more signs. The spaces between words are kept. Puns
or other simple tricks (like KS for X) may be used.

(please turn to page 16)

it with no hesitation, like “‘antidisestablishmentarianism”’
or “paradimethylaminoazoorthocarboxylic”.

If the machine is to become an ‘“‘automatic stenog-
rapher’’ and to produce usable typed English, then the
person dictating must take on additional chores. These
include “training’”” the machine on unusual terms or
acronyms that may occur in the dictation, specifying
punctuation and paragraphing, and arranging a way in
which spoken words of unanticipated instruction will
not be transcribed but will be used instead to give di-
rections to the machine. The machine is simple in
theory but difficult in reality; small models are easy,
but powerful models are in the future. Q
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