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B FIHD Y — M THHHETT: sorted) BZEIERIZITI T, 25 TR Frlzicy—rEnizy
A MR ENFET:

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

list.sort() XY v FZMULZLTHRILI LB TEEY, ZOHEZIVA e YTV —RRXEELET
(Z LT sorted & OEELZET 279 None ZIRL £73), ZL DA, THHDJEIE sorted() &HANR2
ERMETT - 2L, TLADY R MHARELRLGEE. DT TITHN X DIENTT,

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

>>> a

[1, 2, 3, 4, 5]

BWIMIZHH D T3, list.sort() XY v FIZY XA FMZOAERINTVWET, —F sorted() BEIIMTE
BEDAT S INEZIMTES,

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

2 Key %

list.sort() ¥ sorted() ITI& key T X —XpHD FF, THARHBZITIANIY X M OFERITH LT
PP SN BER (X3 LATREA 72 = 7 1) BHEET 587 X —X T,

B2, RTINS % K L 720 S8 EEIR o Al

>>> sorted("This is a test string from Andrew".split(), key=str.casefold)

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

key 285 X — X OMEIZBE IO LATEEA 7Y = 7 P TH o T, H—D5[8ze b, Y— 1Mz
52X —fHZETHDTRFUINVITERA, TOFIFNICEID Y - e@m#icfTAEd, F—HBIEAIL
= PN LTE o5 ) —HEFHOHENZ25TT,

I DBAHAR = VENLK ODDERDPLWEINREA VT I7ADENPEZF—L L TY—+F5I LT
‘j‘o lei&i‘:

>>> student_tuples = [
('john', 'A', 15),
('jane', 'B', 12),
('dave', 'B', 10),
-]
>>> sorted(student_tuples, key=lambda student: student[2]) # sort by age
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]




U727 =y 734200 EhzEH (named attributes) 25 2 TAH 7Y =27 MR L THENMEL 3,
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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),
-1
>>> sorted(student_objects, key=lambda student: student.age) # sort by age
[('dave', 'B', 10), ('jane', 'B', 12), ('john', 'A', 15)]

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.

oS5 . EORNZD o LR TERICRD £

>>> 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 £ 2 — LV OBEBIIERMOEFETOY — FEAREIC L £ 3. HIZIE. grade TY — b LTE 51T age
TY— ¥ 354!

>>> 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.

3



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

>>> 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', 'Abj¢rn', 'Eloise', 'Elana', 'Nubia', 'Nafiez', 'Zeke', 'Zoé&']

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

['Abe', 'Eloise', 'Nubia', 'Ndfiez', 'Zeke', 'Zoé&', 'Abjgrn', 'Elana']

4 FE & FIE

list.sort() ¥ sorted() DMA D reverse XTF7 X —&X% BHBEE LTZIMITIET, TOF7 X—&RiZ
EIEY — b 27508500 777 LTHHAZINET, AlZIX. ZEDT—X% age DHIETHEIZWEE:

>>> 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 V—LrDRERCLEENEY—

Y — ME, ZE (stable) TH2 I EPRIESNTVET, ZHUIL a— FOHIFAIL F—2D 55585, LA D
IEFE DR E D LWV S T 2EIRL X7,

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

ZOD blue DL aA— FRILADIEFZHEFE LT, ("blue', 1) 25 ('blue', 2) OHICHB I LICERLT
&N,

CORBLVWHEEHICE > TEHEOY — FZ2BEBENICHAEDEZ 2R TEET, HlRIE 2ET X%
grade DFEIEIZY — L. EHIT age DRMEIZY — b LEWEEIIKIE. £ age TY— b L. RIZ grade T
b9 —EY—-bFLET:

>>> 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)]

O, VRAIBLUTZ 14— FHEY — MEFDOX TV ZEBZ TN F v S—BBAMRILTE
£7,


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

>>> 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)]

Python Tl& Timsort 743V XADFHINTVT, FERIEBOY -+ 275N TEET. Zh
BEEDT—&2Ly v HOHLW2IEFR2ZDEZFHATEL25TY,

6 ¥aL—k-Y—k-7>FaL—Fk (DSU)
CDAT4FLEHUTD 3 20R7y 7B RATTIAIL— Y =7 ¥F7alL—}
(Decorate-Sort-Undecorate) & FHINTWET:

o ¥F. LEHRBYVARA MY — P LAEVIEFZHIET 2 LWETTaL—FLET,

o KT, 7AL—FLEVAMEY—FLET,

o RIRIZ, TaL—FEWMOERE, HLVIEFTILADEDOAZFOY X FEMED $3,

flziX, DSU 7 e —F%2FH L CT#ET— X% grade TY — b3 28546

>>> 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)]

DA T 4 A LBRTANTHERENCHBEINS7-DIELSEEL £ 5, RADOERMNHE SN, AUHE
WIS OEEMLE SN, UTHFEMKICEE X7,

FTaAL—FLEVARA MDA YT IR IR TOHRETEINZIDLEEIDDFVAN, 25T 3522 To0H
Wb F 3

o VI EEIWEDET - DL ODDEENFE L F—2HOBE. ZTALDIEFSY — P Ehiz) X
FTHHMERIEINE T,

o TLADERNHAIRELREREZR OB XA, BELRSLTaL — FENEXTILDJEFRIZZ L D
BE. ROD _ODBEETIHREZININSHTT, Hle LTITDY X MIEHEMKTERWEEREZ &
ZEMTEET,

ZDA T 4 F LDFIFIC Schwartzian transform 235 D £33, ZHUE Perl 7 v 275 < DM TH%A% Randal
L. Schwartz IZH A TWE T,

WE S Python @Y — M key BRI X2 AEZRELTWEDT, 2077 =y ZIFFRETL x5,



https://en.wikipedia.org/wiki/Timsort
https://en.wikipedia.org/wiki/Schwartzian_transform

7 LEBEEEX

V— DD DI RE R IR T F - E ST, 220D ANEZZIIED . ZOMHNNRIEF 231852 &
5 B R LU EAR Y WD E T,

BIZIX, KFFE 2003 Y UL, K OBEWH, FLH. K DEVLOMENNRIEF 2523, AU
X512, cmp(a, b) REDHEEEIZ L D/NEI Ve ZIZADEEZ, ANPEFELVWEEIZ 02, IHhREWVWE
BIREDEZEL X7,

oo s I VEETELPNZTILTY X L% Python KWESXHET & 2 ICHBEAKEHICTZ 2
MWELS DD ET, 720 2D API O—#e L THEBEKZIEELTVWE 74757 0bH D T, FHlZIX,
locale.strcoll() IXLEEEEET T,

ZD XD RGEITNT %725, Python WZHEEEE Z v 7L THF—BRE LTH X2 X5 CT 3%
functools.cmp_to_key ZIEHL TV E T,

{sorted(words, key=cmp_to_key(strcoll)) # locale-aware sort order J

8 BZbdIZLIFL

o BT —JLITIIEL72Y — b EITOITIE, F—BEUC locale. strxfrm() % 5 7o, FLEBIEIC 1ocale.
strcoll() ZffioTLZE WV, ZNBRBRERDIFZ. MUT7L7 7Ry b EffioTnie LTH, Xt
DPEZIX " TNV T 7Ry ME” OFKRT2DDNEDLEZEBHE0HTT,

o reverse 2XT XA —RIXY — bOREMERBET (TITHH, La—FOF-—DEFELWEHEETL DIETF
PR SNET ), MHVI EICZDOHEIFI T X — XML T reversed() B Z Z[EIffi5 Z & THEHK
THIENTEET:

>>> 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 V—I’EEUL, 2004 TV PEUETAE < ZHVWET, Lo T, 77 RIEEDY — ME
FEEMTZ2Z22EF 1t O AV REERTHIILTERTEET,

>>> 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
comparison methods be implemented. The total_ordering() decorator is provided to make that

task easier.


https://upload.wikimedia.org/wikipedia/commons/1/17/Balance_à_tabac_1850.JPG
https://peps.python.org/pep-0008/

o key AEIIY — b3 24TV 20 MIRET Z2REITH D VA key BARUIANEY V=217 7L R
THIEHTEET, FIRIIFAEOHBEIFHFFIREFEIN TV IHEE. ZH2FA L THlo¥4E D4
DVA+NZY—FFTBHIENTEET:

>>> 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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