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A Prime Numbers Generator

We give additional examples of generators. The first one produces all
prime numbers, one by one. The algorithm that we will use for that is
seive, which works as follows:

I Maintain a list of all elements from 2 to n (input to the
algorithm).

I 2 is prime

I Repeatedly mark every number that is divided by some
previously found prime, as composite.

See Wikipedia
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https://en.wikipedia.org/wiki/Sieve_of_Eratosthenes


A Prime Numbers Generator

With generators, we can easily implement an infinite version of the
sieve.

def primes ():

""" a generator for all prime numbers """

prime_set = set()

n = 2

while True:

isPrime = True

for p in prime_set:

if n % p == 0:

isPrime = False

break # get out of inner loop only

if isPrime:

prime_set.add(n)

yield n

n += 1

This generator of primes employs the simplest possible sieve.

Remark: Instead of implementing prime set as a set, we could have
used a list.
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A Prime Numbers Generator: Execution Example
>>> prim = primes ()

>>> for i in range (8):

next(prim)

2

3

5

7

11

13

17

19

>>> for i in range (8):

next(prim)

23

29

31

37

41

43

47

53

>>> type(prim)
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A Permutations Generator

The following generator∗ produces all permutations of a given (finite)
set of elements. The elements should be given in an indexable object
(e.g. list, tuple, or string)

def permutations(elements ):

if len(elements) <=1:

yield elements

else:

for perm in permutations(elements [1:]):# all except 1st

for i in range(len(elements )):# location to insert 1st elem

yield perm[:i] + elements [0:1] + perm[i:]

It allows one to produce all permutations, one by one, without
generating or storing all of them at the same time.

∗Slight modification of code from code.activestate.com/recipes/252178/
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http://code.activestate.com/recipes/252178/


A Permutations Generator: Execution Example
Let us run this on a few short strings

>>> a = permutations("mit")

>>> while True:

try:

next(a)

except StopIteration: # a is exhausted

break

’mit’

’imt’

’itm’

’mti’

’tmi’

’tim’

Alternatively, if we know the size is under control

>>> a = permutations("mit")

>>> list(a)

[’mit’, ’imt’, ’itm’, ’mti’, ’tmi’, ’tim’]

>>> a = permutations("") # the empty string

>>> list(a)

[’’]
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Anything We Can Do, Pyhton can Do Better
Current versions of Python feature the itertools package, which
contain functions creating iterators for efficient looping of various
types: Cartesian products, permutations, combinations with
repetitions and without repetitions, and much more
>> import itertools

>>> a = itertools.permutations ([1 ,2 ,3])

>>> list(a)

[(1, 2, 3), (1, 3, 2), (2, 1, 3), (2, 3, 1), (3, 1, 2), (3, 2, 1)]

>>> a = itertools.permutations("mit")

>>> next(a)

(’m’, ’i’, ’t’)

>>> next(a)

(’m’, ’t’, ’i’)

Note that the output of itertools.permutations is given in a
different format than our previous permutation generator.
>>> a = itertools.permutations ([1,2,3],r=2)

# combinations of 2 elements w/o repetitions

>>> list(a)

[(1, 2), (1, 3), (2, 1), (2, 3), (3, 1), (3, 2)]
7 / 19



Limitations of infinite generators

Given a possibly infinite iterator:

I Write a generator function that generates the reverse sequence.

I Write a generator function that generates only the elements that
appear more than once in the original sequence.

Can’t be done!
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Limitations of infinite generators

More generally, the property that we need is “finite delay”:

I The time it takes to generate each single item of the generated
sequence is finite.

One may also talk about polynomial delay, constant delay, linear
delay etc.
Note that finite (and even constant) delay holds for merge: to
generate each item of the output sequence, we only need one step in
either of the input sequences.
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Iterators and generators: conclusions

I Iterable: A collection that allows iteration.

I Iterator: An object that performs the access to the iterable’s
elements

I Generator: a particular type of iterator that generates the
elements “on-the-fly”

I Generator Function: a generator whose elements are defined via
a function with a “yield” expression.

Iterators in general provide abstraction of access. Generators take
this abstraction further in that they do not require materialization of
elements, thus allows infinite collections.

Generator functions must guarantee finite delay between yields.

10 / 19



Text, Characters Encoding, Ascii and Unicode

Image from http://chronotext.org/Isaiah/ Text from Isaiah, chapter 40.
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http://chronotext.org/Isaiah/


Representation of Characters: ASCII

The initial encoding scheme for representing characters is the called
ASCII (American Standard Code for Information Interchange). It has
128 characters (represented by 7 bits). These include 94 printable
characters (English letters, numerals, punctuation marks, math
operators), space, and 33 invisible control characters (mostly
obsolete).

(table from Wikipedia. 8 rows/16 columns represented in hex, e.g.
‘a’ is 0x61, or 97 in decimal representation)
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ASCII Representation of Letters
>>> ord("A"); bin(ord("A"))[2:]

65

’1000001 ’

>>> ord("B"); bin(ord("B"))[2:]

66

’1000010 ’

>>> ord("Z"); bin(ord("Z"))[2:]

90

’1011010 ’

>>> ord("a"); bin(ord("a"))[2:]

97

’1100001 ’

>>> ord("b"); bin(ord("b"))[2:]

98

’1100010 ’

>>> ord("z"); bin(ord("z"))[2:]

122

’1111010 ’

The built in function ord returns the Unicode encoding of a (single)
character (in decimal). Unicode, which we discuss next, is compatible
with ASCII.
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Representation of Characters: Unicode

With the increased popularity of computers and their usage in
multiple languages (mainly those not employing Latin alphabet, even
though á, â, ä, ã, å, à, ă, Å, etc. are also not expressible in ASCII), it
became clear that ASCII encoding is not expressive enough and
should be extended.

Demand for additional characters (e.g. various symbols that are not
punctuation marks) and letters (e.g. Cyrillic, Hebrew, Arabic, Greek),
possibly in the same piece of text, led to the 16 bit Unicode (and,
along the way, earlier encodings).

Chinese characters (and additional ones, e.g. Byzantine musical
symbols, if you really care) led to 20 bit Unicode.

14 / 19



Characters, Symbols and the Unicode Miracle

The following YouTube piece from Computerphile (9:36 minutes
long) adds some useful explanations and “historic” context to the
Unicode method of characters encoding.
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https://www.youtube.com/watch?v=MijmeoH9LT4&feature=youtu.be


Representation of Characters: Unicode (cont.)
Unicode is a variable length encoding: Different characters can be
encoded using a different number of bits. For example, ASCII
characters are encoded using one byte per character, and are
compatible with the 7 bits ASCII encoding (a leading zero is added).
Hebrew letters’ encodings, for example, are in the range 1488 (ℵ) to
1514 (tav, unfortunately unknown to LATEX), reflecting the 22+5=27
letters in the Hebrew alphabet.

Python employs Unicode. The built in function ord returns the
Unicode encoding of a (single) character (in decimal). The chr of an
encoding returns the corresponding character.

>>> ord(" ") # space

32

>>> ord("a")

97

>>> chr (97)

a

>>> ord("?") # aleph (LaTeX unfortunately is not fond of Hebrew)

1488
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Representation of Characters: Hebrew Letters in Unicode

Hebrew letters’ encodings, for example, are in the range 1488 (ℵ) to
1514 (tav, unfortunately unknown to LATEX), reflecting the 22+5=27
letters in the Hebrew alphabet.

The software used to produce these slides, LATEX, is not a great fan of
the language of the Bible. But IDLE has no such reservations:

>>> hebrew =[chr(i) for i in range (1488 ,1515)]

>>> print(hebrew)

[’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’,

’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’,

’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’, ’?’]
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From Characters to Unicode: Simple Code

def text2Unicode(text):

lst = []

for c in text:

lst = lst + [ord(c)]

return lst

def text2bits(text):

lst = []

for c in text:

lst = lst + [bin(ord(c))[2:]. zfill (8) ]

return lst
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Strings and Sequences: Additional Contexts

Plain text editing is one of the most popular applications (be it
troff, Notepad, Emacs, Word, LATEX, etc.).

Other than that, character, string, and word operations are important
in many other contexts. For example:

I Linguistics. For example, study letter frequencies across different
languahes over the same alphabet.

I Biological sequence operations. Here the text could be a
chromosome, a whole genome, or even a collection of genomes.
Given that the length of, say, the human genome, is
approximately 3 billion letters (A, C, G, T), efficiency may be
crucial (whereas for single proteins or genes, just hundreds or
thousands letters long, we could be slightly more tolerant).

I Musical information retrieval, where, for example, you may want
to whistle or hum into your smartphone, and have it retrieve the
most similar piece of music out of some large collection.
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