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Andrew Dalke F1 Raymond Hettinger

Python {1 £ 1) 4 — B BV 1 1ist.sort () Jriknl PAJEHE (in-place) HEJ¥ #% #3 51), oA — i [E) g 1y
sorted () BRI AHEF AT IEMRAD (4 (iterable) [EV 7 — (R B 47 4r 1R 51 .

TR SUFE), FARZR G Python HEFF ZORHIY 4 T8 ik

1 EREHERF
B T RASHE]: NEREI sorted () BRI, & @M (BT A1)

>>> sorted([5, 2, 3, 1, 4])
[1, 2, 3, 4, 5]




PRULAT LA 1ist.sore O Jrik, BEEHHITHS) (ERIE vone DGRV ). ElH G sorted ()

RAGA Ty HURARA T LR R SRS R, EaMca 8.

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

>>> a

(L, 2, 3, 4, 5]

B—H2ZERE 1ist.sort () HIEHAEFRLERS) L, 1M sorted ) A DAEZATAT AT B4

>>> sorted({1: 'D', 2: 'B', 3: 'B', 4: 'E', 5: 'A'})

[1, 2, 3, 4, 5]

2 #F (key functions)

list.sort () jT%E%ﬂsorted()\ min (). max (). heapg.nsmallest () lﬁlﬁeapq.nlargest() EEEQ%B%?

— {28 key W PAFEE R0 (BHE RTPEI {4 (callable) ), Ho@r e AR R ER 51 TR LI T B Ry
BIUNEEH str.casefold () ARMURNIEA K/ NES A FH EL 3

>>> sorted("This is a test string from Andrew".split (),
[ta', 'test', 'This']

key=str.casefold)

'Andrew', 'from', 'is', 'string',

S key (AR — RSN (BCHE AT Y0) | ELE (e X4 52 B — 5 | S ol 3 — (1 2He e 1
. PRE3 o AR EIE e U G i —k, BT DASE (R e 2 e o

— il SRR AE HE A (A IRp T — A el R S e VR, Bl

>>> student_tuples = [

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

o
>>> sorted(student_tuples,
'B', 10),

# R BB

key=lambda student:
'B', 12),

student [2])

[('dave', ('jane', ('john', 'A', 15)]

HH IR] R A T AEAT 4 YRR, il

>>> 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),

-1
>>> sorted (student_objects,
'B', 10),

key=lambda student: # R B R T

'B', 12),

student . age)

[ ("dave', ('"jane', ("john', 'A', 15)]

J

FA i B P T A b7 1 75 s — R s, SR MM AT DAJZ dataclass HELHIEL

J&—1# named tuple.
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3 Operator FHAFE X LI RIBHER, (partial function) §F{L

iR SR AL AR R R, BTRA Python $& 44 T 07 (58 174 o =X 490 24 A7 HCHE fi B HLPRG# . operator AAH
ﬁ itemgetter (). attrgetter() & methodcaller () @ﬁﬂ%@ﬁq o

o 1 3 4 i e T 6 091 B 5 ] S L e

>>> 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)]

operator A1 KA AFF L EIHER, BIAISEH grade HEFF T age HET:

>>> 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)]

Bl funcrools $ML T 5 —AEMEG R G H TH. partial O &I AEIDZ 5] ek =i 5| #
H o, OO A R e R

>>> from functools import partial

>>> from unicodedata import normalize
>>> names = 'Zo& Abjprn Nufiez Elana Zeke Abe Nubia Eloise'.split ()

>>> sorted(names, key=partial (normalize, 'NED'))
['Abe', 'Abj@rn’, 'Eloise', 'Elana', 'Nubia', 'Nuafez', 'Zeke', 'Zo&']

>>> sorted(names, key=partial (normalize, 'NEC'))
['Abe', 'Eloise', 'Nubia', 'Nuiez', 'Zeke',K 'Zoé&', 'Abjzrn', 'Elana']

4 FF & E]

list.sort () fil sorted() #BA —1H boolean Y reverse F A F R 25 B EIHEF . 151 U054 £ 4 Rk
¥ age % EIHE -

>>> 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)]

5 HFBEMELIEHF
HEF IR TEN, EBRE A SER MR, IR A T

>>> data = [('red', 1), ('blue', 1), ('red', 2), ('blue', 2)]
>>> sorted(data, key=itemgetter (0))
[('blue', 1), ('blue', 2), ('red', 1), ('red', 2)

T DAYE B0 W R BEES 2 Dlue, T EHERARKMIER, Bl (‘blue', 1) fA#EFE ('blue', 2)
BT



https://en.wikipedia.org/wiki/Arity
https://en.wikipedia.org/wiki/Arity
https://en.wikipedia.org/wiki/Sorting_algorithm#Stability

T F SE AP AR R T DA — A (7 At [E Ay . U038 524 Yo grade M EHHEF PR age
OHEMER . AT LASE N age #1FF— i 1 grade HFFF— ki

>>> s = sorted(student_objects, key=attrgetter('age')) # ﬁiﬂﬁﬁ(%@%?ﬁﬁ?
>>> sorted (s, key=attrgetter('grade'), reverse=True) # fﬁlﬁ?fx{(%f E%ﬁ%{féﬁﬂ‘ f?
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]

i AT DA {8 (1 26 e 5K (wrapper function), 3252 — 18 H3 51 Je 2 AR (2 THE BN SC AR )5 | o, ARhiE
i BHE R 238 -

>>> 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',6 False)))
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]

Python [EJfii F ¥y Timsort 5%, HEREF A ERERIC A MIET, ATAARCEHE ST .

6 dtef-HEFF-F2RRiteh (decorate-sort-undecorate)

3 M R I AR 2 DR [EV A T DA = iy -
o G, RS & (decorated) bR ELHT ACHE B HE P A -
o TR, HE SRR
o iR, HEpReE, ERUIETEL RS EREY .
B0 _E I EN 7 5UR LA grade HEFy 24 ¥k

>>> decorated = [ (student.grade, i, student) for i, student in enumerate (student_objects)]
>>> decorated.sort ()

>>> [student for grade, i, student in decorated] # %l%ﬁ%ﬁlrﬁ

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

iE iy Ao B EC AL K I 7 SIE)S (lexicographically) ZE LR, S FUBER — I H , W2k —BRTT
s e, [ERKIETE

TERTA TEE MRS A C e s o) EA R ES R 20, (EUE R A 8 o -
o HOPEr R RUER - MR EE B AR, B R T R R IE)Y -

o JBURTEH RS2 i DALY, R Elfe 2 6 M 80w 5 H gt B e il ) SeAH IR o il
JE b 5 T DAED 5 BE B T A Y ()

B B B — 1 44 572 Schwartzian transform, J2HyJi® Randal L. Schwartz 3355 1 J5 ¥ 4E Perl £2:5E 5l
1A A% o

ifii HE] Python FyHEFF S ML T8RS, SR KFL M BE ML T .

7 LLE I (comparison functions)

A ek X — AR FP B (EL, B ek R 3 v 1 A T ) AR 3R

BN CRY LEB M B AR A AR IR 7 - S, AR S . I, 1802 cmp (a, D) SERRIVELELR
A BN 0 AU A ] s R BRI

T E R S R AR R B B Lk 2. A 2 o R 4Rt e R AR E)H APT 345y,
Bl 1ocale.strcoll () FLE—1H LB K,

[E) T i 25 LE 4%, Python 424} functools.cmp_to_key ACEIHE MR, R TT DA 1S ek AR -



https://en.wikipedia.org/wiki/Timsort
https://en.wikipedia.org/wiki/Schwartzian_transform
https://upload.wikimedia.org/wikipedia/commons/1/17/Balance_à_tabac_1850.JPG

[sorted(words, key=cmp_to_key (strcoll)) # M EZ W4 )7 E 7

8 Strategies For Unorderable Types and Values

A number of type and value issues can arise when sorting. Here are some strategies that can help:

« Convert non-comparable input types to strings prior to sorting:

>>> data = ['twelve', '11', 10]
>>> sorted(map(str, data))
['10', '11', 'twelve']

This is needed because most cross-type comparisons raise a TypeError.

« Remove special values prior to sorting:

>>> from math import isnan

>>> from itertools import filterfalse
>>> data = [3.3, float('man'), 1.1, 2.2]
>>> sorted(filterfalse(isnan, data))
[1.1, 2.2, 3.3]

This is needed because the IEEE-754 standard specifies that, "Every NaN shall compare unordered with everything,
including itself.”

Likewise, None can be stripped from datasets as well:

>>> data = [3.3, None, 1.1, 2.2]
>>> sorted(x for x in data if x is not None)
(1.1, 2.2, 3.3]

This is needed because None is not comparable to other types.

o Convert mapping types into sorted item lists before sorting:

>>> data = [{'a': 1}, {'b': 2}]
>>> sorted(data, key=lambda d: sorted(d.items()))
[{'a': 1}, {'b': 2}]

This is needed because dict-to-dict comparisons raise a TypeError.

o Convert set types into sorted lists before sorting:

>>> data = [{'a', 'b', 'c'}, {'b', 'c', 'd'}]
>>> sorted (map (sorted, data))
[['a', 'o', 'c'l, ['b', 'c', 'd']]

This is needed because the elements contained in set types do not have a deterministic order. For example,
list({'a', 'b'}) may produceeither ['a', 'b'lor ['b', 'a'l.

9 MIFFEA

o BT AETHMR A HIEE 2R (locale aware) [HETF A DA 1ocale.strxfrm () HAESERK I, 8L 1locale.
strcoll () FEHIR . SHEMUE IR, WIEFEARF STt AR R 76, 5 [
7 ) HEP 45 R A A H T

o reverse SR G ERFHE AR R (RIAG R [R) 68 1 R SRR IFRIEY ) o A2, ANIEH 2
Bt ] DA R R Wil {HE)EM reversed () MK



https://en.wikipedia.org/wiki/IEEE_754

>>> data = [('red', 1), ('blue', 1), ('red', 2), ('blue', 2)

>>> standard _way = sorted(data, key=itemgetter (0), reverse=True)

>>> 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)]

o HEFFHEEr i < sRELE AR F, PRI B T i A HE 2 Fe e A R B, HBs
F_1t O H¥E:

>>> Student._ 1t = lambda self, other: self.age < other.age
>>> sorted(student_objects)
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]

SR, FEHEE, W1t O EAPEER:, < aJRARNE (fall back) ] gt () (A BAHAT EHY
AN G HGS R object .1t () ). [T R EINEEE PEP 8 BT /TR Hos ol BT 2wk
AR, Hfifigs total_ordering () WAt FH AT 7 s [ B,

o R O TG B RO SRR 00 o S R st il AP IR, B SR B2 il ol A A
ST, B R AT 2R HR R — M1 U ) B 4% HR 1) -

>>> students = ['dave', 'john', 'jane']

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

10 SREHHERF

Ao AR TR EHEE O R Bk B8 oA SRR (A A e B HE Y B AA ) 2 T T
e min () PAJ max () @5 E) RME G/ IME K KAE . 13 26 08 2@ i A R T— R (0 FL#6F- 475
L ERAISY
e heapqg.nsmallest () DA heapg.nlargest () €4 rE[A]f#H n e/ IME e e KA. B LR E s
AHEAT— R EE H— K R g8 n TR . SR SR A BB n (E, S
OETH e L e B B S £ .
* heapq.heappush () Fl heapq.heappop () & &7 [FAERF— B 0HE T 1 ERHED , A/ M Te R
PRRFTEQLE 0. 32U ek =il A A B AR & T s HERR A RS EER)


https://peps.python.org/pep-0008/
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