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THE CLASSIC WORK
NEWLY UPDATED AND REVISED

The Art of
Computer
Programming

VOLUME 1

Fundamental Algorithms
Third Edition

DONALD E. KNUTH

1974FACMF 1—-U VT E

=¥

Computer Programming as an Art

by Donald E. Knuth

When Communications of the ACM began publi-
cation in 1959, the members of Acm’s Editorial Board
made the following remark as they described the
purposes of AcM’s periodicals [2]: “If computer pro-
gramming is to become an important part of computer
research and development, a transition of programming
from an art to a disciplined science must be effected.”
Such a goal has been a continually recurring theme
during the ensuing years; for example, we read in 1970
of the “first steps toward transforming the art of
programming into a science’”’ [26]. Meanwhile we have
actually succeeded in making our discipline a science,
and in a remarkably simple way: merely by deciding
to call it “computer science.”

Implicit in these remarks is the notion that there is
something undesirable about an area of human activity

Copyright © 1974, Association for Computing Machinery, Inc.
General permission to republish, but not for profit, all or part
of this material is granted provided that ACM’s copyright notice
is given and that reference is made to the publication, to its date
of issue, and to the fact that reprinting privileges were granted
by permission of the Association for Computing Machinery.

Author’s address, Computer Science Department, Stanford
University, Stanford, CA 94305

667

that is classified as an ‘“‘art”’; it has to be a Science
before it has any real stature. On the other hand, I
have been working for more than 12 years on a series
of books called “The Art of Computer Programming.”
People frequently ask me why I picked such a title; and
in fact some people apparently don’t believe that I
really did so, since I’ve seen at least one bibliographic
reference to some books called “The Act of Computer
Programming.”

In this talk I shall try to explain why I think “Art”
is the appropriate word. I will discuss what it means
for something to be an art, in contrast to being a science;
I will try to examine whether arts are good things or
bad things; and I will try to show that a proper view-
point of the subject will help us all to improve the
quality of what we are now doing.

One of the first times I was ever asked about the
title of my books was in 1966, during the last previous
ACM national meeting held in Southern California. This
was before any of the books were published, and I
recall having lunch with a friend at the convention
hotel. He knew how conceited I was, already at that

Communications December 1974
of Volume 17
the ACM Number 12
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We are about to study the 1dea of a

Structure and computational process. Computational

Interpretation
of Computer

Programs computers. As they evolve, processes

processes are abstract beings that inhabit

Second i manipulate other abstract things called
| ' data. The evolution of a process is
directed by a pattern of rules called a
program. People create programs to direct
processes. In effect, we conjure the
spirits of the computer with our spells.
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"Why programming is a good medium for expressing poorly

understood and sloppily-formulated ideas" (Marvin Minsky)

WHY PROGRAMMING IS A GOOD MEDIUM FOR EXPRESSING POORLY
UNDERSTOOD AND SLOPPILY-FORMULATED IDEAS

Marvin Minsky
MIT
This is a slightly revised version of a chapter published in_Design and Planning II --

Computers in Design and Communication, (Martin Krampen and Peter Seitz, eds.),
Visual Committee Books, Hastings House Publishers, New York, 1967.

There is a popular, widespread belief that computers can do only what they are
programmed to do. This false belief is based on a confusion between form and content. A
rigid grammar need not make for precision in describing processes. The programmer
must be very precise in following the computer grammar, but the content he wants to be
expressed remains free. The grammar is rigid because of the programmer who uses it,
not because of the computer. The programmer does not even have to be exact in his own
ideas-he may have a range of acceptable computer answers in mind and may be content
if the computer's answers do not step out of this range. The programmer does not have to
fixate the computer with particular processes. In a range of uncertainty he may ask the
computer to generate new procedures, or he may recommend rules of selection and give
the computer advice about which choices to make. Thus, computers do not have to be
programmed with extremely clear and precise formulations of what is to be executed, or
how to do it.
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import numpy as np

import matplotlib as mpl

import matplotlib.pyplot as plt
$matplotlib inline

mpl.rcParams['figure.figsize'] = 10, 10 200

def mandelbrot(c, maxiter):
zZ = cC
for n in range(maxiter):

: 400 1
if abs(z) > 2:
return n
zZ = 2%z + C
return 0
def mandelbrot set(xmin, xmax, ymin, ymax, w, h, maxiter): 600

a = np.linspace(xmin, xmax, w)
b = np.linspace(ymin, ymax, h)
s = np.empty((w, h))
for i in range(w):
for j in range(h): 800
s[i, J] = mandelbrot(a[i] + 1j*b[]], maxiter)

g e e

m = mandelbrot set(-0.56, -0.55, -0.56, -0.55, 1000, 1000, 80)
plt.imshow(m, cmap='rainbow') 1000

0 200 400 600 800 1000
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# find . -name "P*.JPG" -print -exec cp {} /Volumes/Promise Pegasus/photobase/all/ \;
require 'exifr'

files = Dir.glob("/Users/takigawa/Desktop/our_photo/*.JPG")

puts "#files.length} Photos"

files.each do Ifl
photo = EXIFR::JPEG::new(f)
t = photo.date_time
dirstr = "#{t.year}_#{t.mon}_#{t.day}"
cmd = "mkdir -p /Users/takigawa/Desktop/photo_classified/#{dirstr}"
system(cmd)
cmd = "cp \"#Hf\" /Users/takigawa/Desktop/photo_classified/#{dirstr}"
puts cmd
system(cmd)
end
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The Zen of Python (by Tim Peters)DiE#ZWL < DH
>> import this

Beautiful is better than ugly.
BELKJSELWIE S HLIL,

A\
Explicit is better than implicit. iih‘ 5% !

EANC RN N R ESo Y AR

Simple is better than complex. '|
BHTHDIKLVIFFEZTHBIESHLIN,

Readability counts.
PP ITWVNCEIFETH D,

If the implementation is hard to explain, it's a bad idea.
d— RFOABZEHIHT DDHEHLWVDIES., ZNEEBEVEERTH D,
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https://wiki.python.org/moin/BeginnersGuide/NonProgrammers

W ubAciITY

Introduction to FREE COURSE
Python: Absolute
Beginner

In this course that's perfect | nt rO d U Ctl O n to

for true beginners, learn
Python basics and start

coding right away. Pyt h O n
=" Microsoft

Introduction to Starting Out in Python 3
Python:
Fundamentals

Build on what you learned START FREE COURSE
in the “Introduction to

Python: Absolute Beginner”
course, and dig into data
structure basics.

" Microsoft
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import matplotlib.pyplot as plt
from sklearn import datasets, svm, metrics

E: 1]
EE

digits = datasets.load digits()
Training: 0 Training: 1 Training: 2 Training: 3

L

Prediction: 8 Prediction: 8 Prediction: 4 Prediction: 9

classifier = svm.SVC(gamma=0.001)
= W classifier.fit(data[:n_samples // 2], digits.target[:n samples // 2])
.
u expected = digits.target[n samples // 2:]
o predicted = classifier.predict(data[n_samples // 2:])

print("Classification report for classifier %s:\n%s\n"
% (classifier, metrics.classification report(expected, predicted)))
print("Confusion matrix:\n%s" % metrics.confusion matrix(expected, predicted))

images and labels = list(zip(digits.images, digits.target))

for index, (image, label) in enumerate(images and labels[:4]):
plt.subplot(2, 4, index + 1)
plt.axis('off")
plt.imshow(image, cmap=plt.cm.gray r, interpolation='nearest')
plt.title( 'Training: %i' % label)

n_samples = len(digits.images)
data = digits.images.reshape((n_samples, -1))

images and predictions = list(zip(digits.images[n samples // 2:], predicted))
for index, (image, prediction) in enumerate(images and predictions[:4]):
plt.subplot(2, 4, index + 5)
plt.axis('off")
plt.imshow(image, cmap=plt.cm.gray r, interpolation='nearest')
plt.title('Prediction: %i' % prediction)

plt.show

http://scikit-learn.org/stable/auto_examples/classification/plot_digits_classification.html
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lightbot Scratch

11 1
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