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How does a computer scientist understand infinity? What can proba-
bility theory teach us about free will? Can mathematical notions be
used to enhance one’s personal understanding of the Bible?

Perhaps no one is more qualified to address these questions than
Donald E. Knuth, whose massive contributions to computing led oth-
ers to nickname him “The Father of Computer Science”—and whose
religious faith led him to undertake a fascinating analysis of the Bible

called the 3:16 project. In this series of six spirited, informal lectures,
Knuth explores the relationship between his vocation and his faith,
revealing the unique perspective that his work with computing has
lent to his understanding of God.

His starting point is the 3:16 project, an application of mathemati-

cal “random sampling” to the books of the Bible. The first lectures tell
the story of the project’s conception and execution, exploring the
complex dimensions of language translation, aesthetics, and theologi-
cal history. Along the way, something even more interesting is re-
vealed: the many insights that Knuth gained from such interdiscipli-
nary work. These theological musings culminate in a mindbending
final lecture, which tackles infinity, free will, and the other Big Ques-
tions that lie at the juncture of theology and computation.

Things a Computer Scientist Rarely Talks About, with its charming
and user friendly format—each lecture ends with a question and an-
swer exchange, and the book itself contains more than 100 illustra-
tions—is the most readable, intriguing approach yet to this crucial
topic. Itis, quite simply, required reading, both for those who are seri-
ous—yet curious—about their faiths, and for those who look at the
science of computation and wonder what it might teach them about
their spiritual world.

Donald E. Knuth, Professor Emeritus of The Art of Computer Program-
ming at Stanford University, is the author of The Art of Computer Pro-
gramming. The lectures were originally presented at the Massachusetts
Institute of Technology and broadcast live on the Internet.
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FOREWORD: MEETING GOD AT MIT BY ANNE FOERST

In 1997, | started the “God and Computers” project at MIT. | had
come to the MIT Atrtificial Intelligence Laboratory in 1995 and was
working on dialog between understandings of humans in Al and in
Christian theology. Many people — students and professors alike —
felt quite provoked about my presence there, and we often had
heated arguments about mechanistic explanations of human fea-
tures and the usefulness (or uselessness) of religion. The vast ma-
jority argued in a fairly reductionistic way but, yet, a few people
held religious beliefs. These people, however, were clearly a mi-
nority and usually practiced their religiosity in private and kept it
completely separate from their work.

After a while, | realized that some of the heat that arose in our
discussions, the passion with which people argued for their point of
view, could not be explained by scientific conviction alone. Quite
the contrary; these emotions stem from the very human nature that
makes us ask questions for meaning. Most people search for an-
swers in the realm they know best, and so scientists often formulate
possible solutions for their own existential quests in the metaphors
of their scientific discipline. This is especially true for all those dis-
ciplines where the subject is—in a broad sense —human nature;
that is, cognitive science, neurology, psychology, ethology, and of
course Al.

From my Lutheran point of view, to be human means to ask
questions. We puzzle about the nature of the universe and ourselves.
We want to understand the world around us and us in it. We want to
understand our friends and ourselves. And we want to know what’s
going on when we think or feel or interact with the world.

Human questions tend to be anthropocentric and even egocen-
tric, as the questioning human cannot completely abstract from who
he or she is and from the quests and ideals being brought to each
question. We cannot help but bring our own perspectives to the
table whenever we seek answers to questions such as, “Why am |
here?” “What is the meaning of my life?” “Why am | the way | am?”
We all are embedded in specific cultures and worldviews that will
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shape the way we formulate our answers to these questions. And
we all have values and preferences that we apply to our quest.

Particularly in a discipline concerned with human nature, we
tend to apply our own intuitive sense of ourselves to our theories
about humans; also, the theories about human features that are de-
veloped in our scientific disciplines tend to influence our intuitive
sense of ourselves. Being a human being concerned with the under-
standing of human nature therefore places the questioning person in
a circle in which culturally influenced intuitions about ourselves and
scientific theories about human feature are intertwined and cannot
be separated from one another.

Being in an Al lab, where people attempt to build humanoid
robots in analogy to human infants, the relationship between theo-
ries about human nature and intuitive and cultural self understand-
ings is especially pertinent. When the Electrical Engineering and
Computer Science Department (EECS) offered me the opportunity
to teach a course about these questions, | immediately accepted it.
However, from the beginning of the planning process | realized that
the point | was trying to make in the course would be supported
best if | also invited famous scientists concerned with human na-
ture, and let them speak about how they addressed questions about
themselves and the meaning of their life within and outside of their
research. When my course proposal won a Templeton award, | had
an opportunity to invite several researchers that | either had met
while | was at MIT or had heard about in the course of my studies.

In the first year, the guest speakers were Paul Penfield, Rodney
Brooks, Federico Girosi, Lynn Stein, and Rosalind Picard (all from
MIT); Marc Hauser, Ming Tsuang, and Bijoy Misra (from Harvard);
Francisco Varela (from Paris); and MIT alumnus Ray Kurzweil. As
there had been MIT-wide criticisms against this project, and since
many people were very much against any combination of religion
and science at MIT, the series had become widely known and was
attended by many people.

Over the three years that the series took place, the consistency
of the audience remained fairly constant. A third of the auditorium
consisted of MIT faculty together with their former students (usu-
ally from EECS) who worked now in the Boston area. Another third
were interested ministers, professors from the larger Boston com-
munity, and some laypeople who had heard about the lecture series
in the Globe and other local newspapers. Another third consisted
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of MIT students, mostly undergrads. From the feedback I got, these
students welcomed the opportunity to see their professors struggle
with the same questions that they were struggling with. Many were
grateful for these presentations and became more encouraged to
ask questions themselves. They were relieved to find out that even
their admired teachers did not have final solutions, but could only
formulate answers and theories and suggestions out of their own life
experiences and expertise.

For example, Paul Penfield, then head of EECS, outlined a con-
cept of “God as Scientist” that pointed to different realms of ques-
tions that demand different answers. Rodney Brooks, director of the
Al Laboratory, talked about being torn between his scientific convic-
tion that humans are nothing but “bags of skin” and his knowledge
that he neither wanted to be treated as such nor would he himself
treat people that way. The answers from each speaker were always
authentic, sometimes surprisingly open and personal, and most of
the time captivating not just from an academic perspective but from
the personal situation of the listeners, especially the students.

In the second year, MIT professors Robert Randolph, Steven
Pinker, Sandy Pentland, and Joel Moses spoke, as well as Professor
Brian Cantwell Smith of Indiana University, and the experience was
very similar. It was, however, much more difficult to find speakers.
The first year had been an experiment to bring questions outside of
hard science into the academic setting of MIT; the invited speak-
ers were excited about the prospect to do something new. Many of
them were atheists or agnostics, but it was fascinating to see how, for
example, Jewish and Protestant atheism differed from one another.
No one had expected to have a large audience or so much media
interest. The second year was different, because the expectations
for the second series were higher, and the speakers knew that they
would have less freedom to experiment. The talks were fascinating
nonetheless. | had attempted to move away from a purely “cogni-
tive science approach,” and so Bob Randolph, then senior associate
dean at MIT, talked about the history of religion at MIT. Stephen
Pinker evaluated explanatory models for the phenomenon of reli-
gion in humans and concluded that homo religiosus is, in a way,
the result of our evolutionary development. The other speakers had
equally engaging topics. The feedback from the audience was again
very positive, but an increasing number of people wished to hear
one speaker several times. They felt that this would give a speaker
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the opportunity to develop his or her thoughts over time, and the
audience could get to know their thoughts more thoroughly.

When | was thinking about a speaker for such a series of talks,
after some consideration only one person seemed to be possible,
and [ invited Don Knuth. | had come across his book 3:76 and
liked it a lot. I also had read some of his work in computer science.
Having a person who is deeply faithful and simultaneously a top
computer scientist was certainly attractive and fitting in the context
of the series. That | liked his humor was part of my choice, and |
had also heard people say good things about him as a person.

When he actually agreed to give a series of six public lectures
and participate in a panel discussion, | was overjoyed — and, actu-
ally, it turned out that he was in reality even more fun than his books
had suggested. So here’s my sincere schinen Dank! to Don Knuth,
who had the courage to spend a whole term at MIT talking about
interactions between faith and science.

As soon as | started advertising, | realized that this third year of
the “God and Computers” lecture series would again be a big hit.
Dr. Dobb’s Journal offered to sponsor live webcasts, which drew
sometimes several thousands of people a week to their browsers.
Several people in EECS told me of their surprise to hear that Don
Knuth had anything to do with God, besides being a computer
science icon himself. Actually, the MIT student newspaper The
Tech featured an article about Don headlined “Computer God talks
about God.”

The biggest surprise, however, was the question-and-answer
period after the first lecture. After all the God-metaphors had been
thrown around, Don gave an introduction in which he did not talk
about computer science but about himself as a person, a Christian,
a scientist. He shared his experiences and talked about the turning
point of his life in the 3:16 project. The questions, therefore, were
not related to any theoretical point of discussion. Instead, many
listeners, particularly students, used the opportunity to ask their
“god” about the questions that bothered them. Don had to address
questions such as, “Why is there evil in the world?” “What happens
after death?” Students wanted him to give them answers about the
meaning of life, and if there were any miracles. In short, they treated
Don as people within a faith-community treat their minister.

It didn’t help that Don was absolutely clear about having no
authority to answer these questions. It was particularly upsetting for
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some people when Don gave his opinion that the questions have no
objective, universally valuable, and applicable answers; that every-
one has to try to seek answers for themselves. From the feedback,
| gathered that some people were disappointed. But the vast ma-
jority of people were excited. Against all of their prejudices, here
was someone religious who did not claim to own the truth. Instead,
Don invited his listeners to find their own path, of questioning and
reasoning about themselves and all the rest.

The text of this book certainly speaks for itself. | would like
to invite the reader to follow the quest within this book. It was
an exciting event at MIT, and | am convinced that the book can
get much of the same spirit across. | wish the reader fun, anger,
excitement, and trouble, because that is something only a deeply
engaging topic such as religion and science can do for us. Don has
presented a wonderful way to relate his science and his faith, and |
hope the readers will enjoy it as much as the live-audience did.

Finally,  would like to thank all people who made the “God and
Computers” project possible. First and most important, | would like
to thank all of the speakers, and particularly Don. It took courage
to speak in front of a highly educated, critical, and sometimes prej-
udiced community, especially when much of the time was spent
responding to impromptu questions from the audience, and | am
extremely happy that Don has edited the transcripts of his lectures
for publication in this book.

Also, | would like to thank John Guttag, Paul Penfield, and
Rodney Brooks for their support of the project early on, and for the
opportunity they offered me to work on religion at MIT. | would also
like to thank Jean Hwang who managed Don, me, and the whole
organization.

Finally, | would like to thank our sponsors who made this event
possible: Dr. Dobb’s did a wonderful webcast. The Center for The-
ology and the Natural Sciences in Berkeley runs the Templeton
Religion & Science course program that made first series possible
and also supported the third year with Don. The EECS department
and the Al Lab at MIT both provided crucial support and generous
contributions to the entire project.

— Anne Foerst
28 February 2001
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LECTURE 1: INTRODUCTION (6 OCTOBER 1999)

It's certainly overwhelming for me to see so many people here. Why
did you come to this talk, when you could have gone over to hear
Jesse Ventura instead? The lectures that I'll be giving during the next
few weeks are entitled “Things a Computer Scientist Rarely Talks
About,” and the subtitle is “Interactions Between Faith and Com-
puter Science.” I'm here because computer science is wonderful,
but it isnt everything. So today | want to go beyond technical stuff
to consider other things that | value.

In this series I'm going to be giving six talks that are more or
less independent of each other. Anne Foerst asked me to deliver
between five and ten lectures, and | settled on six because | could
only think of six jokes. (And that was the first.) | have to tell jokes
once in awhile to see if you can really hear me.

The first reaction that | had when | was invited to give these
lectures was to say, “No way, this is impossible. The whole sub-
ject of faith and science is much too deep for me.” I've given
lots of talks at universities during the past 40 years, but they were
always to present solutions to problems, to prove some math theo-
rems, to make precise analyses of computational tasks, to propose
general theories, or to organize bodies of knowledge — things like
that. Things that | suppose I'm
reasonably good at. But surely |
can’t come before you today and
pretend to be an expert on faith
or God, much less to claim that
| have any solutions to problems
that have challenged and baffled
the best human minds for thou-
sands of years.

So it is especially terrifying
for me to see so many of you
here; | hate to disappoint you. | have a Ph.D., which makes me
a Doctor of Philosophy, but it doesn’t make me a philosopher—
the Ph.D. was in math. | can do math and computer science okay,
but my formal training in religious studies is basically nil since high
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school. I've done a lot of reading in my spare time, but why should
| expect you to listen to me talk about one of my hobbies?

When | read what other people have written about matters of
faith, it's quite clear to me that my own ideas don’t measure up to
those of world-class philosophers and theologians. I’'m not too bad
at reacting to other people’s notions of religion, but I'm not too good
at introducing anything that is fundamentally new or important in
this area.

In other words, as far as theology goes, I'm
a user, not a developer.

A week and a half ago, | went to Memorial
Chapel at Harvard and was in the audience when
Billy Graham came. I'm happy to say that he not
only had a standing-room-only crowd, as we have here today, but
people filled the aisles and the doorways. He certainly deserves it.

Turning things around, however, what if an eminent theologian
were to give a series of lectures about computer programming?
Would | go out of my way to go to hear them? Would | find them of
value afterwards? I’'m not sure.

On the other hand, all computer people present here today
know that discussions of computer science are not totally different
from discussions of religion, especially when we consider languages
for computer programming. In the 60s, people would often talk
about “Algol-theologians”; these were people who were skilled in
the exegesis of obscure texts passed down by international commit-
tees. Programmers could use all the analogies of religious studies
when we were discussing computer languages. Over the years nu-
merous high priests of programming have expounded one language
or one methodology over another with religious zeal, and they’ve
often had very fanatical disciples. Thus everyone knows that the
world of computer science is full of cults. In this sense religion
and computer science are not completely separate; they share a fair
amount of common ground.

We are all familiar with C. P. Snow’s famous metaphor of the
two cultures that divide educated people into two camps, humanists
and scientists. Last month | was in England and | visited the new
British Library in London, a magnificent building that has been built
to last at least 200 years. And | learned that it actually enshrines
the notion of two cultures permanently in stone. The new British
Library has two separate sections with two separate reading rooms,




