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>>> sorted([5, 2, 3, 1, 4])
[1, 2, 3, 4, 5]
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>>> a = [5, 2, 3, 1, 4]
>>> a.sort()

>>> a

[1, 2, 3, 4, 5]
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>>> sorted({1: 'D', 2: 'B', 3: 'B', 4: 'E', 5: 'A'})
(1, 2, 3, 4, 5]
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>>> sorted("This is a test string from Andrew".split(), key=str.casefold)

['a', 'Andrew', 'from', 'is', 'string', 'test', 'This']

key X5 X — ZOMEIZBEBE I CHLAGEAX 7Y 2 7 v THo T, B—D51 8z b, V—riHAHII 3
F—EZETHDOTRHRITNUIVITERTA, ZOHINICED Y- 2EHEIATAET, F—BHEIEISAILa—- R
FLTE-B ) —EFEFRFHEINEZ 5T,

L BBIFHRE =N ODNDEENLEAINREA VT I7ADENLEF— LTY—F T35 TT, Hi
Z3:

>>> student_tuples = [
('john', 'A', 15),
('jane', 'B', 12),
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('dave', 'B', 10),
-1
>>> sorted(student_tuples, key=lambda student: student[2])
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]
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# sort by age
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>>> class Student:
def __init__(self, name, grade, age):
self .name = name
self.grade = grade
self.age = age
def __repr__(self):

return repr((self.name, self.grade, self.age))

>>> student_objects = [
Student (' john', 'A', 15),
Student('jane', 'B', 12),
Student('dave', 'B', 10),
-]

>>> sorted(student_objects, key=lambda student: student.age)

[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]

# sort by age

Objects with named attributes can be made by a regular class as shown above, or they can be instances of

dataclass or a named tuple.

3 Operator Module Functions and Partial Function Evaluation

The key function patterns shown above are very common, so Python provides convenience functions to

make accessor functions easier and faster. The operator module has itemgetter (), attrgetter(), and a

methodcaller () function.
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>>> from operator import itemgetter, attrgetter

>>> sorted(student_tuples, key=itemgetter(2))
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]

>>> sorted(student_objects, key=attrgetter('age'))
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]
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>>> sorted(student_tuples, key=itemgetter(1,2))
[('john', 'A', 15), ('dave', 'B', 10), ('jane', 'B', 12)]

>>> sorted(student_objects, key=attrgetter('grade', 'age'))
[('john', 'A', 15), ('dave', 'B', 10), ('jane', 'B', 12)]

The functools module provides another helpful tool for making key-functions. The partial() function

can reduce the arity of a multi-argument function making it suitable for use as a key-function.

>>> from functools import partial

>>> from unicodedata import normalize
>>> names = 'Zoé Abjgrn Nifiez Elana Zeke Abe Nubia Eloise'.split()

>>> sorted(names, key=partial(normalize, 'NFD'))

['Abe', 'Abjgrn', 'Eloise', 'Elana', 'Nubia', 'Nafiez', 'Zeke', 'Zoé']

>>> sorted(names, key=partial(normalize, 'NFC'))

['Abe', 'Eloise', 'Nubia', 'Nafiez', 'Zeke', 'Zoé&', 'Abjgrn’', 'Elana']
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>>> sorted(student_tuples, key=itemgetter(2), reverse=True)
[('john', 'A', 15), ('jane', 'B', 12), ('dave', 'B', 10)]

>>> sorted(student_objects, key=attrgetter('age'), reverse=True)
[('john', 'A', 15), ('jane', 'B', 12), ('dave', 'B', 10)]
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>>> data = [('red', 1), ('blue', 1), ('red', 2), ('blue', 2)]
>>> sorted(data, key=itemgetter(0))
[('blue', 1), ('blue', 2), ('red', 1), ('red', 2)]
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>>> s = sorted(student_objects, key=attrgetter('age')) # sort on secondary key
>>> sorted(s, key=attrgetter('grade'), reverse=True) # now sort on primary key, descending
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]
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>>> def multisort(xs, specs):
for key, reverse in reversed(specs):
xs.sort (key=attrgetter(key), reverse=reverse)

return xs

>>> multisort(list(student_objects), (('grade', True), ('age', False)))
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]
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>>> decorated = [(student.grade, i, student) for i, student in enumerate(student_objects)]
>>> decorated.sort()

>>> [student for grade, i, student in decorated] # undecorate

[("john', 'A', 15), ('jane', 'B', 12), ('dave', 'B', 10)]
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[sorted(words, key=cmp_to_key(strcoll)) # locale-aware sort order ]
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>>> data = [('red', 1), ('blue', 1), ('red', 2), ('blue', 2)]

>>> standard_way = sorted(data, key=itemgetter(0), reverse=True)
(KDR=12HE <)
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(AIDR=I 25 DfE X))
>>> double_reversed = list(reversed(sorted(reversed(data), key=itemgetter(0))))
>>> assert standard_way == double_reversed

>>> standard_way
[('red', 1), ('red', 2), ('blue', 1), ('blue', 2)]
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>>> Student.__lt__ = lambda self, other: self.age < other.age
>>> sorted(student_objects)
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]

However, note that < can fall back to using __gt__() if __1t__() is not implemented (see object.
__1t__Q) for details on the mechanics). To avoid surprises, PEP 8 recommends that all six com-
parison methods be implemented. The total_ordering() decorator is provided to make that task

easier.
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>>> students = ['dave', 'john', 'jane']
>>> newgrades = {'john': 'F', 'jane':'A', 'dave': 'C'}
>>> sorted(students, key=newgrades.__getitem__)

['jane', 'dave', 'john']

O Partial Sorts

Some applications require only some of the data to be ordered. The standard library provides several tools

that do less work than a full sort:

e min() and max() return the smallest and largest values, respectively. These functions make a single

pass over the input data and require almost no auxiliary memory.

e heapq.nsmallest() and heapq.nlargest() return the n smallest and largest values, respectively.
These functions make a single pass over the data keeping only n elements in memory at a time. For
values of n that are small relative to the number of inputs, these functions make far fewer comparisons

than a full sort.

e heapq.heappush() and heapq.heappop() create and maintain a partially sorted arrangement of data
that keeps the smallest element at position 0. These functions are suitable for implementing priority

queues which are commonly used for task scheduling.
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