
Bibliography

[1] Edwin A. Abbott. Flatland: A Romance of Many Dimensions. Dover Publications,
1992.

[2] Kevin A. Agatstein. Oscillating Systems II: Sustained Oscillation. MIT System
Dynamics in Education Project, http://ocw.mit.edu/courses/
sloan-school-of-management/15-988-system-dynamics-self-study

-fall-1998-spring-1999/readings/oscillating2.pdf, 2001.
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Lempel-Ziv-Welch algorithm, 250, 356
len function, 231, 286
Let’s Make a Deal, 178
Library of Congress, 33, 221
LIFO, O12.4-1
limited precision, see precision
Lindenmayer system, O9.6-1–P9.1-5

dragon curve, O9.6-4
Koch curve, O9.6-4
tree, P9.1-2

Lindenmayer, Aristid, 406
line continuation character, 98
linear growth, 161
linear regression, 498, O7.6-1
linear search algorithm, 392, 404, 408, 440,

O6.7-3
linear-time algorithm, 42, 282, 395, 431,

O7.5-9

LinkedIn, 444
liquid, 95, P9.3-1
Liskov, Barbara, 500, O12.4-1
list, 62, 418, see also list class

of lists, 337–342, 445
list accumulator, 152, 295–297, 305, O7.5-4
list class, 150, 273, 286–310, 376, 407,

OA-6
append, 150, 337, 453, OA-6
clear, 436, OA-6
concatenation operator +, 302
copy, 301, OA-6
count, OA-6
extend, O7.5-7, P10.2-3
index, 425, OA-6
insert, 304, 429, OA-6
pop, 304, 429, 453, OA-6, P9.1-1

in a loop, 304
remove, 305, OA-6
repetition operator *, 302
reverse, OA-6
sort, 303, 414, OA-6, P12.2-3

reverse order, 316
list comprehension, 305–307
list function, 138
loan, 149, O4.4-1, P4.2-1
local variable, 70, 98
locals function, 98
logarithm, 93, OA-1, P8.2-1
logarithmic-time algorithm, 413, 416, 417
logic gates, O3.4-5
logical operators, see Boolean operators
Lonesome George, 52, 106
longitude, 326, 330, 331, 341, 423, 497,

P12.1-1
loop, 11, 57, 155
Lotka-Volterra model, P4.4-1
Lovelace, Ada, 49, 106
Luhn algorithm, 293

MacCormick, John, 441
machine cycle, see fetch and execute cycle
machine language, 24, 108
machine learning, 318
macOS, 238
Madhava of Sangamagrama, O4.5-6
magic numbers, 83, O12.5-4
main function, 78
Mandelbrot, Benôıt, 365, 406
mantissa, 120
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market, 104, 139, 165, P4.3-1
math module

acos, OA-1
asin, OA-1
atan, OA-1
atan2, OA-1
cos, OA-1
degrees, OA-1
e, OA-1
exp, OA-1
inf, OA-1
log, OA-1
pi, OA-1
radians, OA-1
sin, OA-1
sqrt, OA-1
tan, OA-1

math module, 88, OA-1
atan, P5.2-1
cos, 88
degrees, P5.2-2
e, 89
exp, 93, O4.5-3
inf, 454
log, P4.1-2
pi, 89, 91
radians, 88
sin, 146
sqrt, 88, 171, O4.5-6

MATLAB, 150
matplotlib.pyplot module, 150, OA-4

bar, OA-4
hist, OA-4
legend, 153, OA-4
plot, 152, OA-4
scatter, 273, OA-4
title, OA-4
xlabel, 153, OA-4
xticks, 321, 330, 331, OA-4, P7.2-2
ylabel, 153, OA-4
yticks, OA-4

max function, 39
Mayer, Marissa, 407, 441
McKendrick, Anderson, O4.4-8
mean, 286, 293, 308, 460, O5.3-1, P7.3-1

geometric, see geometric mean
megabtye (MB), 113
Melville, Herman, O6.7-3
meme, O4.4-11, P11.1-1

memory, 98, 109
memory address, 53, 109, 493
memory cell, 29, 98, 109, 113, 251
merge sort algorithm, 433–441
Mersenne twister, O5.2-4
meteorite, 330
method, 51, 469
Metropolis algorithm, P8.2-1
microsatellite, O6.8-12
Milgram, Stanley, 468
Miller, Keith, 219, 334
min function, 39
Mlodinow, Leonard, 219
Moby Dick, 240, 266, O6.7-3
model, 102, 125, 129, 166, O4.4-5, P4.4-1
module, 52, 166
modulo operator, 121
Mohs hardness scale, 322
mole, 95
molecule, 166, O3.4-5, P8.3-1
Monte Carlo simulation, 171–175, 178, 179,

215, 217, 310, O5.3-4, P9.3-2
Monty Python’s Flying Circus, 23
Moore’s Law, O10.5-2
Moore, Gordon, O10.5-2
movie, 485, O12.5-9, P11.3-1
moving average, see smoothing data
mutable, 297

n logn-time algorithm, 438
n-grams, 277, 317
name error, 31
namespace, 98, 234, 300, 493
narrow escape problem, P5.2-1
natural language processing, 224, 318
Natural Language Toolkit (NLTK), 224
negative indexing, 251
neighborhood, 342, 346, 352, 447, 459,

O12.3-4
nested loop, 276, 282, 347, 350, 356, 421,

426, 429, 460, O7.5-10
network, 443

actors, P11.3-1
airline, 463
data, 109
electrical, 444
epidemic, P11.2-1
neural, see neural network
simulation on a, P11.1-1
social, see social network
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neural network, 363, 444, 458
newline character, 35, 98
Newton’s method, see Babylonian method
Nicholson-Bailey model, P4.1-1
Nilakantha series, O4.5-7
NLP, see natural language processing
Noble, Safiya Umoja, 47
None, 28, 82, 173, 286, 303, O12.5-3
normal distribution, 175, O5.3-1, P5.2-1
normalization, 222
NP-complete, O10.5-3
nucleotide, O6.8-1
numerical analysis, O4.5-1
NumPy, 306, 349

O’Neil, Cathy, 47, 333
object, 52, 285, 469
ocean, 293, 334, P7.1-1
oil, P9.3-1
Olson, Brian, P9.2-1
open reading frame (ORF), P6.2-1
operating system, 108
operation, see abstract data type
operator overloading, 491
operator precedence, 25, 186
ord function, 248
ordered pair, 487
ORF, see open reading frame (ORF)
os module

access, 240
os.path module

isfile, 240
overflow, 119

P=NP problem, O10.5-3
Pair ADT, 487
Palaeocene-Eocene Thermal Maximum

(PETM), P7.1-3
palindrome, 380, O12.4-5
pandas, 339
pandemic, see epidemic
parallel lists, 327, 423
parallel programming, 109
parameters, 69, 87
parasitoid, P4.1-1
Parberry, Ian, 1, 46
parity checking, 255
Park, Stephen, 219
Park-Miller PRNG, O5.2-2
particle, 66, P8.3-1

password, 194, 322, 382
percolation, P9.3-1
Petzold, Charles, 127
phase transition, P8.2-1
phone tree, 45
physics, P8.2-1
pixel, 118, 353, O10.5-2, P9.2-2
plagiarism, 277
plurality voting, P7.6-1
political science, 485, P5.1-1
polling, P5.1-1
Polya, George, 2
polymorphism, 491
polynomial-time algorithm, 441, O10.5-3
population, 123, 129, 330, P11.2-1
population dynamics simulation, 130–136,

O4.4-1
postcondition, 201
power set, 387
precision

limited, 119, 354, O3.4-2
unlimited, 119

precondition, 200
predator-prey model, P4.4-1
predicate function, 182
prime number, 426, O12.5-2
print function, 28, 135
privacy, 334
private method, O12.5-3
PRNG, see pseudorandom number generator
probability distribution, O5.3-1

chi-squared, see chi-squared distribution
Gaussian, see normal distribution
normal, see normal distribution
uniform, see uniform distribution

probability mass function, 320
problem, 3, 129, 365
processor, 109
profit, 83, 140, 154, 159, 397, 404, O7.5-11,

P7.3-1
program, 23
programming language, 23
Project Gutenberg, 240, 245
prokaryote, O6.8-3, P6.2-1
promoter, O6.8-2
prompt, 24
protein, 443, O6.8-13
pseudocode, 10, O9.6-2
pseudoplasmodium, P12.3-1
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pseudorandom number generator, 166,
O5.2-1

Pythagorean theorem, O12.3-6
Python shell, 23

quadratic growth, 162
quadratic Koch curve, 373
quadratic-time algorithm, 282, 423, 432, 433,

439, O7.5-7
query, 31, 409, 423, O6.8-10, P10.1-1
queue, 453, O12.4-6

radians, 88
radiocarbon dating, O4.4-12
raise, O12.4-3
RAM, see memory
random graph, 464
random module, 74, 166, O5.3-1

choice, OA-6
gauss, OA-4
random, 166, OA-4
randrange, OA-4
sample, OA-6
seed, OA-4
shuffle, OA-6
uniform, O5.3-4

random number generator, 166
true, 166, 219

random walk, 66, 166, O5.3-4, P5.2-1
biased, 177

randomness, 165, O5.2-3
range function, 58, 137, 144
rank, 494, P7.2-2
rate

birth, O4.4-13, P4.4-1
clock, see clock rate
death, O4.4-13, P4.4-1
decay, O4.4-4
growth, see growth rate
infection, O4.4-9
interest, see interest rate
product adoption, P4.3-1
recovery, O4.4-8
sampling, 96
streamflow, P7.5-2
unemployment, see unemployment rate

reading level, 4
recurrence relation, 390, 393, see also

difference equation, O4.4-1
closed form, 395

recursion, 365–405, 415–417, 433–441
register, 109
regression analysis, O7.6-1
regression testing, 207, 234
relational database, 409
relational operators, see comparison

operators
remainder, 121, O12.4-4
repetition operator, 34
reproduction number, 160
Resnick, Mitchell, 363
return, 90, 192
return value, 24, 87
reversing a string, O12.4-3
Reynolds, Craig, 500, O12.3-1
RGB color model, 60, 353
RNA, O6.8-2
RNG, see random number generator
robot, 400, P7.7-1
rock-paper-scissors-lizard-Spock, 217
round function, 28

salary, 321
sampling, P7.1-2
satellite data, 423, P10.2-4
scalability, 42, O6.7-4
scale-free networks, 462
Schelling model, 470, P8.1-1
Schelling, Thomas, P8.1-1
Schutt, Rachel, 333
scope, 70, 98
Screen class, 57, OA-3

bgcolor, OA-3
bgpic, 62, OA-3
colormode, OA-3
exitonclick, 57, OA-3
mainloop, 74, OA-3
numinput, OA-3
onclick, 74, OA-3
setup, 62, OA-3
setworldcoordinates, 62, 143, 147,

O12.3-11, P7.7-2
textinput, OA-3
tracer, O12.3-11
update, OA-3

search, 260, 407
binary, see binary search algorithm
binary search tree, P10.2-2
breadth-first, see breadth-first search
database, 409
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depth-first, see depth-first search
hash table, O12.5-4, P12.2-1
linear, see linear search algorithm
open reading frames, P6.2-1
table, 338
web, 4, 407

secondary storage, 110
segregation, P8.1-1
selection sort algorithm, 418–427
self-documenting, 28, 84
self-similarity, 365, 375, 415, P10.2-5
Senate, 485, 498
sentiment analysis, 318
sequential search, see linear search algorithm
set class, 263
Shakespeare, William, 365, 406
Shasha, Dennis, 283
shell, see Python shell
Shiflet, Angela, 164, 500
Shiflet, George, 164, 500
short circuit evaluation, 183, 381
side effect, 78, 201
Sierpinski carpet, 375
Sierpinski triangle, 373
Sieve of Eratosthenes, 426
sign and magnitude, O3.4-2
simulation, 129

agent-based, see agent-based simulation
cellular automaton, see cellular

automaton
network, see network, simulation on a
population dynamics, see population

dynamics simulation
SIR model, O4.4-8, P11.2-1
SIS model, O4.4-12
slicing, 252, 288
small-world network, 458
smoothing data, 294, P7.1-2
snake_case, 84
Sneetches, P8.1-1
social network, 136, 166, 444, 446, P11.1-1
sociology, P12.2-2
sorting

insertion, see insertion sort algorithm
merge, see merge sort algorithm
selection, see selection sort algorithm
Timsort, see Timsort

sparse, 458, O12.3-2
special methods, 486–498, OA-8

__add__, 491, OA-8
__contains__, O12.5-8
__delitem__, OA-8
__eq__, 493, OA-8
__floordiv__, 492, OA-8
__ge__, 493, OA-8
__getitem__, 494, O12.5-5
__gt__, 493, OA-8
__init__, 473, 488, OA-8
__le__, 493, OA-8
__len__, OA-8
__lt__, 493, 494, OA-8
__mul__, 492, OA-8
__ne__, 493, OA-8
__setitem__, 494, O12.5-5
__str__, 493, OA-8
__sub__, 492, OA-8
__truediv__, 492, OA-8

SQL, 409
stack, O12.4-1, P9.1-1
standard deviation, O5.3-5, P7.3-1
start codon, O6.8-3, P6.2-1
statement, 10
statistics, descriptive, 286–292, 486
stemming, 222
Stewart, Ian, 283
stop codon, O6.8-3, P6.2-1
stop words, 222, 309, 316
str class, 222–282, OA-5

concatenation operator +, 27
count, OA-5
endswith, 237, OA-5
find, 257, OA-5
join, 309
lower, 224, 273, OA-5
lstrip, OA-5
repetition operator *, 34
replace, 224, OA-5
rstrip, 241, OA-5
split, 228, 327, OA-5
startswith, 244, OA-5
strip, OA-5
upper, OA-5

str function, 27
strategy, 215, 217, P11.2-2
streamflow, P7.5-2
string, 24, 61, see also str class
string accumulator, 225, 281, O6.8-5
Strogatz, Steven, 468
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subproblem, 7, 376, 379, 380, 388, 392, 396,
400, 415, P10.2-5

Super Diego, 52, 106
supercomputer, 109
swap, 21, 34, 96, 308, 419, 423, 425, 433,

P7.7-3
swarm intelligence, O12.3-1
syntax, 23
syntax error, 29
sys module

setrecursionlimit, P9.2-6

tab character, 98
tab-separated values, 330, 331, 485, O7.7-7,

P11.3-1
technology, 5, O4.4-7
tectonic plates, 325
temperature, 34, 95, 97, 194, 293, 330, 334,

336, P7.1-1
test case, 205
tetrahedron, 88
text analysis

bag of words model, 317
bigrams, 317
dot plot, 272
n-grams, 277, 317
normalization, 222
reading level, 6, 25
sentiment analysis, 318
stop words, 309, 316
tokenization, 222
vocabulary, O7.5-9

threads, 109
three-dimensional, O6.8-2, P12.4-1
threshold, P9.3-3
time complexity, 40, 162, O6.7-1

asymptotic, see asymptotic time
complexity

best-case, 431, O6.7-1
constant, see constant-time algorithm
linear, see linear-time algorithm
logarithmic, see logarithmic-time

algorithm
n logn, see n logn-time algorithm
quadratic, see quadratic-time algorithm
worst-case, O6.7-1

time module, 97, O6.7-9
Timsort, 433
tipping point, see phase transition
tkinter module, 357, 481

token, 222
tokenization, 222
top-down design, 8
tortoise, 52
torus, 479
tour, P7.7-1
Tower of Hanoi, 388
trace table, 11, 16
tracking, 331, P12.1-1
tractable, O10.5-1
tradeoff, 120, O4.4-6
transcription, O6.8-2
transistor, O10.5-2, P9.3-2
translation, O6.8-2
transportation, P12.1-1
traveling salesperson problem (TSP), P7.7-1
tree, 9, 238, 365

binary search, see binary search tree
Brownian, see Brownian tree
fractal, see fractal, tree
functional decomposition, see functional

decomposition
Lindenmayer system, see Lindenmayer

system, tree
phone, see phone tree
phylogenetic, O6.8-4

triangular numbers, 163
tribbles, 160
trigonometry, 88, O12.3-6, P8.3-2
truth table, 115
try/except statements, 207, 286
tuple, 62, 319, 322, 345, 353, 374, 423, 488,

489, 493, O7.5-11, P7.7-1
as dictionary key, 353, O12.3-2

Turing Award, 47, 106, 500, O12.4-1
Turing complete, 126
Turing machine, 125, O9.6-1
Turing, Alan, 47, 125, 128
Turtle class, 51, OA-2

backward, OA-2
begin_fill, 61, OA-2
circle, OA-2
distance, 66
dot, 62, OA-2
down, 71, OA-2
end_fill, 61, OA-2
fillcolor, 61, OA-2
forward, 53, OA-2
getscreen, 57, OA-2
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goto, 62, 142, OA-2
heading, 55, OA-2
hideturtle, OA-2
home, OA-2
left, 55, OA-2
pencolor, 60, OA-2
pensize, 71, OA-2
position, 53, OA-2
right, 71, OA-2
setheading, OA-2
speed, 57, OA-2
towards, 66
up, 62, 71, OA-2
xcor, OA-2
ycor, OA-2

turtle graphics, 49
turtle module, 52
two’s complement, O3.4-2
type, 26
type function, 26

unemployment rate, 297, P7.2-1
Unger, Ron, 363
Unicode, 248, O12.5-8
uniform distribution, O5.3-1
uniform resource locator, 243
unit testing, 204, 233

doctest module, 205
unittest module, 205

universal, see Turing complete
URL, see uniform resource locator
UTF-8, 241, 248

vaccination, O4.4-12, P11.2-1
vampire, 154, 160
van Rossum, Guido, 23, 47
variable, 12, 24
variance, 287, 291, O7.6-6, P9.2-2
vector, 306, 487, O12.3-5, P12.4-1

unit, O12.3-8
velocity, O12.3-5, P12.4-1
Viète’s product, O4.5-7
virtual machine, 112
virus, O4.4-8, P11.2-1
vocabulary, O7.5-9
voting, P7.6-1
vpython module, P8.3-2

Wallis product, O4.5-7

while loop, 155–160, 212–218, 378, 412, 429,
456, O12.3-6, P5.2-2

whitespace characters, 245
wind chill, 34

XML, P6.1-1

zebra, Burchell’s, 330
zodiac, Chinese, 197
zombie, 153, 159
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