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1 Khai quat chung

1.1 Cac ngon ngu script la gi

Céac ngdn ngit 1ap trinh nhu C va C++ cho phép 1p trinh vién viét ma 1énh & mic do rit chi tiét va mang lai
toc do thuc hién nhanh chéng. Tuy nhién trong hau hét cac ting dung thuc tién, tbc do thuc hién khong phai
1a yéu t6 quan trong, va trong nhiéu trudng hop, ngudi st dung sin sang viét ma lénh biang mot ngon ngit
cAp cao hon. Chang han, véi cac chuong trinh xit 1 file vin ban, don vi c¢d ban trong C/C++ 12 ki tu, con véi
nhiing ngdn ngit nhu Perl va Python thi d6 1a cac dong vén ban va cac tif trong mdi dong. Di nhién 1a ¢6 thé
Xt 1i cac dong vin ban va cic tif trong C/C++, nhung ta cin cb gang nhiéu hon néu mudn dat dugc mot két
qua tuong tu.

Thuc ra thut ngt “scripting language” (ngdn ngt kich bdn) chua tiing dudc dinh nghia chinh thiic, nhung
sau day 1a mot sd dic diém cida no:

e dudc sit dung thuong xuyén trong linh vuc quan tri hé théng, 1ap trinh Web va “m6 hinh ho4 hé thong”
va tinh chinh phan mém theo yéu cau ngudi st dung ngay trong qu4 trinh san xuit phan mém.

e khai bdo bién mot cach tu nhién (véi cac bién nguyén, diu phiy dong va chudi ki tu thudng rat it hoiic
khong c6 su khéc biét). Cac mang c6 thé tron 1dn cac kiéu bién khac nhau, chang han kiéu nguyén va
ki€u chudi ki tu. Cac ham c6 thé tra gid tri ki€u mang (thay vi scalar). Cac kiéu mang ndy c6 thé ding
lam chi s& dém trong cac vong lip v.v...

e nhiéu cic phép tinh cip cao dudc xay dung sin trong ngdn ngi, chang han két ndi chudi ki tu va
push/pop cac stack.

e dudc thong dich thay vi bién dich thanh cac ngdn ngt may.

1.2 Tai sao nén dung Python?

Ngay nay ngon ngit kich ban phd bién nhét c6 1& 1a Perl. Tuy vdy, van c6 nhiéu ngudi, trong d6 c6 tic gia, ua
chudng Python hon vi ngdn ngit nay rd rang va tinh té hon. Pi véi nhiing ngudi phat trién hé thdng Google
thi Python 12 ngdn ngit rt quen thuoc.

Nhitng ngudi ting hd Python, thuong dudc goi 1a cac Pythonista, cho rang ngdn ngii niy trong sing va tién
dung dén miic ta ¢6 thé diing n6 cho moi khau 1ap trinh chit khong riéng gi viét script. Ho tin riang Python
hay hon C va C++EI C4 nhan t6i cho rang ngudi ta d& cao C++; mot s thanh phan clia ngdn ngit nay khong
khép v6i nhau. Java 12 ngdn ngit hay hon, nhung né yéu ciu mdi bién phai c6 mot ki€u nhit dinh. Pic diém
nay, theo toi, da ting do phifc tap trong viéc 1ap trinh. Toi rat vui khi thdy Eric Raymond, mot ngudi ndi
tiéng trong gidi phat trién phan mém ma ngudn md ciing khiang dinh nhiing diu tuong ty v& C++, Java va
Python.

'Mbt ngoai 1& cin nhic lai 1a ta khéng xét dén chuong trinh yéu ciu tde do cao.



2 Hudéng dan st dung tai liéu

2.1 Kién thic co ban can cé

Bt ki ai v6i mot chit kinh nghiém 14p trinh déu c6 thé tiép can dugc nhitng noi dung dugc trinh bay trong
tai liéu.

Tai liéu m6 ddu véi phin Hudng ddi tugng |7} thuan tién cho ngudi c6 kién thiic co ban vé ngon ngi 14p trinh
huéng dbi tuong nhu C++ hoic Java. Néu thiéu phan kién thic nay, ban van c6 thé doc cic phan nay, mic
dii ¢6 thé phai cham hon so v6i nhiing ngudi biét C++ hoic Java; ban chi can ndm chic nhiing vi du thay vi
cac thuat ngt.

S& c6 mot ddi chd toi sé trinh bay riéng néu mdy ban st dung hé diéu hanh Unix. Nhung thuc té kién thiic
Unix ciing khong can thiét vi ban c6 thé dung Python trén ca Windows va Macintosh chi khong riéng gi
Unix.

2.2 Hudng tiép cin

Hudng tiép can cla ta § day tuong d6i khac so véi phan 16n cac sach (hay cic trang web huéng din) vé
Python. Céch tiép can thong thudng 12 trinh bay ting chi tiét tir diu dén cudi. Chang han nhu viéc liét ké hét
tAt ca cdc gid tri ciia mot tham sb trong mot cau 1énh Python.

Trong tai liéu toi tranh dung cach nay. Mot 1an nita, muc tiéu 1a cho phép ngudi doc c6 thé nhanh chéng nim
bat dude nén tang ctia Python, tif d6 ¢ thé tim hiéu siu vao mdt vin dé cu thé theo nhu cau.

2.3 Nhitng phan nao cin doc va doc khi nao

Theo t6i, ban nén bit diu doc phan key, sau d6 sit dung thit Python. Trudc hét thit nghiém thao tac v6i diu
nhic 1énh Python (Phan ddu nhdc 1énh). Sau d6 thi tu tay viét mot s chuong trinh ngan; dé c6 thé 1a cic
chuong trinh hoan toan méi, hodc chi thay ddi mot chit tif nhitng chuong trinh trong cdc phan tiép theo cia
tai lieu. [

Diéu nay sé gidp ban hiéu cich ding ngdn ngit mot cach cu thé hon. Néu muc dich chinh ctia ban khi st
dung Python 1a viét nhitng doan ma ngin ma khong can st dung thu vién Python, Nhu vy c6 1& ciing di.
Tuy vay, phan 16n ngudi doc cAn nghién cifu thém véi ki€u thiic co ban vé cic dic diém 1ap trinh hudng dbi
tuong va cac mé-dun/goi chuong trinh Python. Vi vay tiép theo ban nén doc Phin

D6 12 nén tang rit chac d€ ban sit dung tot Python. Cubi ciing, ban c6 thé sé nhan thiy rang nhiéu 1ap trinh
vién Python st dung nhiing dic di€ém lap trinh theo ham ctia Python, va ban ciing mudn hiéu chuong trinh
ctia ngudi khac hoic c6 thé mudn chinh minh sit dung diic di€ém nay. Néu viy, phan |14 chinh 12 noi ban bat
dau.

buing quén céc phu luc! Nhitng phu luc quan trong 1a[A]va[A.3]

*File ngudn cia chuong trinh cé thé download tai dia chi http://heather.cs.ucdavis.edu/~matloff/Python/
PythonIntro.tex, do dé ban khdng can phai ty tay gb chuong trinh. Ban c6 thé soan thao mot ban sao ctia file nay, luu lai
nhitng dong 1énh ctia chuong trinh ma ban can, hoic ding chudt thuc hién copy-paste dbi véi nhitng huéng din c6 lién quan.

Nhung néu ban muén ty tay gé noi dung nhitng chuong trinh vi du nay thi can dam bao g chinh xac nhiing gi c6 trong tai liéu,
dic biét 1a cic chd thut ddu dong. Diéu nay rit quan trong, sau ndy ta sé ban dén.


http://heather.cs.ucdavis.edu/~matloff/Python/PythonIntro.tex
http://heather.cs.ucdavis.edu/~matloff/Python/PythonIntro.tex

Toi ciing c6 mot s tai liéu huéng dan 1ap trinh Python theo muc dich cu thé chang han: 1ap trinh mang, kiéu
lip / chudi sb phat sinh...Xem thém http://heather.cs.ucdavis.edu/~matloff/python.
html.

3 Mot vi du hudng dan trong 5 phiit
3.1 Ma lénh cta chuong trinh vi du

Du6i day 1a mot doan chuong trinh ngan, don gian. Gi sit ta cAn tinh gia tri ctia ham
X

g(x) = 1_ 2

ting v6i x = 0.1, 0.2, ..., 0.9. P& thuc hién diéu nay, c6 thé dung doan chuong trinh nhu sau:

for 1 in range (10) :
x = 0.1*1
print x
print x/ (1-x*x)

Iwu vao mét file, chang han fme.py, sau dé chay chuong trinh bang cich gé 1énh sau tai ddu nhac hé thong
(trong Windows, ban c6 thé double-click vao tén file)

python fme.py

Két qua cho ra ¢6 dang nhu sau:
.0
.0
.1
10101010101
.2
.208333333333
.3
.32967032967
.4
.47619047619
.5
.666666666667
.6
.9375
.7
.37254901961
.8
L 22222222222

.9
.73684210526

S O N OB OO OO OO0 O OO oo oo o o
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3.2 Kiéu dir liéu dang danh sach (list)

Chuong trinh néu trén hoat dong nhu thé nao? Trudc hét, ham range() cia Python chinh 12 mot vi du vé mot
list (mang 1 chiéu) | mic dit vé hinh thic khong 16 rang 1dm. Véi Python, list déng vai trd c6 ban, cho nén
khi giip phai tir “list” & tai liéu nay, ban nén hiéu né 1 cAu tric dif liéu ki€u nhu mang thay vi mot dinh nghia
tif vung trong Tiéng Anh.

Ham range() ctia Python tra lai két qui mot list gdm céc s6 nguyén lién tiép, trong trudng hop vi du néu trén
110, 1,2,3,4,5,6,7,8,9]. Chi y ring ddy la cach viét chinh thifc ciia list trong Python. List gdm mdt chudi
cdc dbi tugng (c6 thé 1a di moi kiéu chit khong riéng chi kiéu s6, dugce phan cach béi cac diu phdy gitta cip
ngoac vudng.

Nhu vy, cau 1énh for trong vi du k€ trén tuong tu vdi:
for i in [0,1,2,3,4,5,6,7,8,9]:
Chic ban ciing doan dudc, 1énh nay thuc hién mdi vong lip 10 1an, 1dn du tiéni =0, sau d6 lai=1,...

Python ciing c6 ciu triic 1ip while (cho du khong céuntil). Ngoai ra, 1énh break gidng nhu trong C/C++
cho phép sém thoat khoi vong lip. Chang han:

>>> x = 5
>>> while 1:
x += 1
if x == 8:
print x
break
8

3.3 Khéi 1énh trong Python

Bay git hdy chi y dén diu hai chAm tudng nhu vo dung & cudi dong 1énh for, ndi bat dau ctia mbi khdi 1énh.
Khac v6i cac ngon ngit ki€u nhu C/C++ va ngay ca Perl déu sit dung cip ngoic nhon d€ gi6i han khoi 1énh,
Python st dung dAu hai chdm va cach viét thut dau dong tiép theo dé€ 1am viéc nay. Gid toi sé dung du hai
chdm dé€ thong tin dén bd dich 1énh Python,

Chao bd dich 1énh Python, ban khoé chii? Téi mudn bao cho ban bién rang, biang cach thém vao
déu hai chim nay, mot khbi 1énh méi dudc bat dau & dong tiép theo. Toi thut ddu dong d6 ciing
nhu hai dong tiép theo, d€ bao cho ban bién ring ba dong nay hdp thanh mot khéi 1énh.

Trong tai liéu nay toi viét thut dong mot khoang cach bang 3 chit cai (khong nhét thiét 1a 3, mién 1a thong
nhit). Chang han, néu toi phai Vié

33 day c6 thé tam goi la “mang”, tuy nhién sau nay ban sé thiy chiing con linh hoat hon kiéu dit liéu twong tu clia cic ngdn ngit
C/C++.
(0] day g() la mot ham da dinh nghia nhu & vi du trén.



for 1 in range (10) :
print 0.1*1
print g(0.1*1i)

thi bo dich 1énh Python sé& thong bdo 15i, néi ring tdi mac 16i ct ph;ipE] Chung ta chi dugc phép thut cot
thém mot 14n nita néu c6 mot khbi 1énh con thudce khdi 1énh khac, chang han:

for 1 in range (10) :
if 1i%2 == 1:
print 0.1%*1i
print g(0.1*1)

O day toi chi in ra nhitng gi tuong ting véi i 1a s6 18 ciia % 1a todn ti“mod”, gibng nhu trong C/C++EI

Bén canh d6, cin chd y nhiing cau 1énh Python kiéu nhu print a or b or ¢, néu biéu thiic a ding (tiic 1a khac
0) thi chi minh né dudc in ra con b va ¢ thi khong; diéu nay thudng thiy & Python. Ciing cAn nhic lai, chd y
d4u hai chim & cubi 1énh if, va hai dong 1énh print dudc viét thut cot so véi dong Iénh if.

Bén canh d6 ciing can chi ¥ ring khic v6i C/C++/Perl, khong ¢6 diu hai chAm & cubi cac cau I1énh binh
thudng ctia Python. Mdi dong 12 mot cu 1énh méi. Néu ban can viét mot dong dai, c6 thé dung dau sé ngudc
nhu dudi day:

3.4 Python ciing ¢6 ché dd go lénh tueng tac

Mot dic diém rat hay ctia Python 1a kha ning hoat dong v6i ché do tuong tic (dong 1énh). Thudng thi ban
ciing khong dung né khi 1ap trinh, nhung d6 1a mot cach tién 1gi, nhanh chong thit ma 1énh dé€ xem né hoat
dong ra sao. Khi ban khong chic vé tic dung ctia mot thit gi d6 ¢ thé ban sé néi “Phai thit né xem sao!”, va
ché do tuong tac dong 1énh cho phép lam viéc nay nhanh chéng, dé dang.

Trong tai liéu nay, ching ta ciing st dung kiéu tuong tac dong 1énh nay nhu mét cach minh hoa nhanh chéng
cho mot dic diém caa Python.

Thay vi chay chuong trinh tit diu nhic hé thong (batch mode - chay toan bo chuong trinh mdt 1an), ta c6 thé
g0 1énh d€ may thuc hién dudi ché do tuong tac:

% python

>>> for i in range(10):
x = 0.1*1
print x
print x/ (l-x*x)

>Hay ghi nhé: Nhiing ngudi méi bat dau si dung Python thudng bi méc 16i kiéu nhu thé nay.

SHau hét céc toan it thudng ding ctia C déu c6 trong Python, ké ci todn ti so sinh bing (==) nhu ban thiy. Con ki hiéu 0x
danh cho hé s6 16, va ciing gibng nhw FORTRAN, ki hiéu ** danh cho ham mii. Bén canh d6 1énh ifc thé kem theo else nhu thong
thudng, va ban c6 thé viét gon else if thanh elif. Céc toan tit Boolean gdbm c6 and, or va not.



.0
.0
.1
10101010101
.2
.208333333333
.3
.32967032967
.4
.476195047619
.5
.666666666667
.6
.9375
L7
.37254901961
.8
.22222222222
.9

. 73684210526
>>>

S O N OB OO OO OO OO OO 0o oo oo .

O day toi khéi dong Python, dAu nhic tucng tic >>> xudt hién. Sau d6 toi chi viéc gd cdc 1énh vao, timg
dong mot. Bt cii lic nao khi tdi & trong mot khdi 1énh thi dau nhic ¢6 dang dac biét, “...”. Va khi t6i go mot
dong tréng & cubi ma 1énh thi mdy hiéu ring t6i nhap xong cac dong 1énh va bit dau chay/

Trong khi & ché do tuong tac 1énh, ban c6 thé tim cac cau 1énh dudc go vao lan trudc bang cac phim miii tén
1én xudng, khong can go lai.

D& thoat khoi ché do dong 1énh, 4n Ctrl-D (Ctrl-Z trong Windows).

In ty dong: Trong ché do tuong tic dong 1énh, khi ta tham chiéu hoiic tao méi mot déi tuong, hoic ngay ca
mot biéu thiic ma chua cin gin tén bién cho né thi gia tri clia biéu thiic sé dugc in ra (khdng can go lénh
print). Chﬁng han:

>>> for i in range(4):
3*1

O o0 W O -

"Ché d6 tuong tic 1énh cho phép chiing ta thic hién timg dong lénh Python va tinh todn gia tri timg biéu thic don 18. O day,
chiing ta gb vao va thuc hién mot 1énh Lip for. Ché do tuong tic 1énh khong cho phép chiing ta g6 vao cd mdt chuong trinh. V& mit
ki thuat, thuc ra ta vin c6 thé thuc hién diéu nay bang cich bit dau bing mot dong 1énh kiéu nhu “if 1:”, dua ca chuong trinh vao
mot cau 1énh if 16n, nhung du sao thi day cling khong phai 1a cach thuan tién d€ g6 ndi dung ctia mét chuong trinh 16n.

8V6i Pythonwin 1a Ctrl+miii tén.



Mot 1an nita, chi y la diéu nay ciing diing véi dbi tugng néi chung, khong chi véi biéu thiic, vi du

>>> open (’'x’)
<open file "x’, mode ’'r’ at 0x40lalaaO>

O day ta mé file x, tic 1a tao mdi mot dbi tugng kiéu file. Vi chiing ta chua gan tén bién (chéng han f) cho
né, f=open (’ x’ ) (d€ sau nay con goi dén), dbi tuong file dudc in ra.

3.5 Dung Python nhu mét may tinh bo tai

Diéu nly c6 nghia 14 ngoai cic cong dung khac ra, Python c6 thé dudc sit dung nhu mot mdy tinh tién dung
(ma toi cling thudng dung nhu vdy). Chang han d€ tinh 105% ciia s6 88.88 1a bao nhiéu, tdi c6 thé go

% python

>>> 1.05%88.88
93.323999999999998

Ta c6 thé chuyén d6i nhanh chéng gitia hé thap phan va hé dém 16:

>>> 0x12

18

>>> hex (18)
"0x12’

Néu can cac ham todn hoc, trudc hét ta phai nhap (import) thu vién todn clia Python. diéu nay gidng véi khai
bdo #include ctia C/C++ trong ma ngudn dé két ndi thu vién véi ma mdy. Sau d6 chiing ta can goi tén cic
ham theo sau tén clia thu vién. Chang han, cdc ham sqrt() and sin() phai dugc din trude bsi mathﬂ

>>> import math

>>> math.sqrt (88)
9.3808315196468595
>>> math.sin(2.5)
0.59847214410395655

4 Mot vi du huéng dan trong 10 phiit

4.1 Ma lénh cuta vi du

Chuong trinh nay doc vao 1 file vin ban ma tén file dugc nhap vao dau nhic 1énh, sau dé in ra s6 dong va
s6 tir trong file do:

“Mbt phuong phap tranh viét tit math diing trudc sé dugc trinh bay trong phan [10.1.2)
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# doc vao file text cé tén trong tham sbé dong lénh,
# va bdo cdo sbé dong va sb tlu trong file

import sys

def checkline():
global 1
global wordcount
w = l.split ()
wordcount += len (w)

wordcount = 0

f = open(sys.argv([1l])

flines = f.readlines /()

linecount = len(flines)

for 1 in flines:
checkline ()

print linecount, wordcount

Ching han, file chuong trinh c6 tén 13 tme.py, va ta c6 mot file text x v6i ndi dung:

This is an
example of a
text file.

(File nay c6 5 dong, trong d6 dong dau va dong cubi déu tréng.)

Néu chay chuong trinh véi file néi trén, ta nhan dudc két qua:

python tme.py x
58

Nhin bé ngoai, dang ma Iénh trong giébng nhu ctia C/C++. Trudc tién 1a 1énh import, tuong tu véi #include
(v6i su lién két tuong dng liic bién dich), nhu da néi & trén. Tiép theo 1a dinh nghia mot ham, sau d6 1a phan
chuong trinh chinh. V& co ban, dy 1a mdt cich nhin dé hiéu nhung hay ghi nhé rang bo dich 1énh Python sé
Xt 1 cdc cau 1énh theo thit ty, bit du tit dAu chuong trinh. Chéng han, khi dich 1énh import, c6 thé sé kéem
theo viéc thuc hién mot sb cac cau 1énh khic, néu nhu mo-dun dudc import c6 mot sb6 ciu 1énh tu do trong
d6 (diéu nay sé& dé cap sau). Viéc xit li cau 1énh def khong thuc hién 1énh gi ngay, thay vao d6 chi 1a khai
bao ham c6 thé dugc thuc hién

V6i vi du thi hai ndy, ta c6 thé thém mot s6 dic diém mdi so v6i vi du dau tién:

e sii dung cic tham sb dong 1énh

e cd ché xt i file

11



e thém vé cac list

dinh nghia ham

nhép thu vién

Pham vi ctia bién

Céc dic diém nay dudc gidi thiéu trong cdc phan tiép theo:
Cic tham s6 dong 1énh

Tru6e hét, hiy xét dén sys.argv. Python gidi thiéu mot mod-dun (module) (thu vién) tén 1a sys, ma mot trong
nhitng thanh vin ctia n6 1 bién argv. Thuc ra argv 12 mot danh sdch, gibng nhu mot thanh phan c6 tén tuong
ty trong C/C++ Phan tif 0 ctia danh sich chinh 12 tén file 1énh, trong trudng hop nay 1a tme.py, va cic
phan tif tiép theo dudc viét theo quy tic nhu C/C++. Trong vi du nay, khi ta chay chuong trinh véi file tén 1a
x thi sys.argv[1] chinh 1a chudi ’x’ (c4c chudi trong Python thudng dugc dit trong diu nhdy don). Béi
vi thu vién (md-dun) sys khong dudc nhap tu dong khi Python khéi dong, ta cin phai import né.

Trong cd C/C++ 14n Python, cdc tham s6 dong 1énh tat nhién 1a cac chudi ki tu. Néu ta can cic con sb thi
phai dung 1énh d6i. Chang han, muén cé s6 nguyén ta ding int () (v6i C la atoi () ) Véi s6 thuc ta
ddi bang float ()

4.2 Gidi thiéu vé xt li file
Ham open() ciing giéng nhu trong C/C++. N6 c6 nhiém vu tao ra mot déi tuong f thudc 16p file.

Ham readlines () ctal6p file trd vé gid tri mot danh sdch chiia cic dong trong file d6. Mbi dong 1a
mot chudi ki t, mbi chubi nhu vy 12 mot phan ti cla danh sdch. Bi vi file nay c6 5 dong nén gid tri dugc
tra lai tt ham readlines () la mot danh sdch g6m 5 phﬁn ta

[7’,’This is an’,’example of a’,’text file’,’’]

(O cudi mbi chudi néu trén déu c6 mot ki tu xuéng dong, dit khéng dudce hién thi cu thé)

5 Khai bao hay khong khai bao, Pham vi, Ham, v.v...

5.1 Khéng c6 phan khai bao

Trong Python, cdc bién khong dugc khai bdo. Mbi bién dudc tao thanh khi c6 1énh gin dau tién cho né.
Chang han, trong chuong trinh tme . py néu trén, bién £1ines khong ton tai cho tin liic cau Iénh:

flines = f.readlines /()

19Tuy vay, trong Python khéng c6 ca arge nhu trong C/C++. Python, mot ngdn ngit hudng dbi tugng, coi danh sich nhu nhiing
dbi tugng. Do vay, sb phin i clia danh sich ciing gin ludn vao trong dbi tugng d6. Néu can biét sb phan tii clia argy, ta c6 thé ding
len(argyv).

"int () cfia Python nhu floor () ciia C/C++

12Trong C/C++, dung atof, hodc sscanft ()
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dugc thuc hién.

Hon nita, mot bién chua dudc gan gid tri gi thi né nhan gia tri None (ta c6 thé gan None cho mot bién, hoiic
ding None dé kiém tra bién bing 1énh i £, v.v...).

5.2 Bién toan cuc va bién cuc b0

Thuc ra Python khong hé c6 bién toan cuc theo ding nghia nhu C/C++, tiic 12 pham vi ctia bién 12 ca chuong
trinh. Chiing ta sé ban vé diéu nay sau trong phan [10.1.5| nhung & day ta gia st ma ngudn chi géi gon trong
mot file .py. Trong trudng hop nay, Python c6 bién toan cuc rat giébng véi C/C++.

Python cb ging suy dién pham vi ctia mot bién dua trén vi tri clia né trong ma Iénh. Néu nhu mot ham bao
gdm bét ké mi 1énh ndo ma gan gid tri cho mot bién, thi bién d6 dudc coi 1a cuc bo. Bsi viy, trong doan ma
Iénh c6 ham checkline (), Python sé cho rﬁng 1 va wordcount 12 céc bién cuc b6 ciia checkline (),
néu ta khong néi o gi thém (bang tli khoa global, sé dé cip sau).

Viée st dung céc bién toan cuc sé gian hod nhiing gi néu ra & ddy, va ca nhan toi tin ring nhitng 13i chi trich
vé céc bién toan cuc 13 khong dang tin cdy. (Xem http://heather.cs.ucdavis.edu/~matloff/
globals.htmll) Trén thuc t& mot trong nhiing 1énh vuc chinh cta lap trinh, threads, viéc st dung cic
bién toan cuc rit quan trong (bt budc).

Tuy vay, ban c6 thé it nhit 12 mudn nhém lai tit ca cdc bién toan cuc thanh mot Idp, nhu toi 1am. Xem Phu
luc

Pinh nghia ham; trong Python c6 kiéu bién khong?

Di nhién tit khoa def dung d€ dinh nghia ham. Mot lan nita ban can chi y ring d4u hai chAm va cach viét
thut diu dong dudc sit dung nham tao ra mot khdi 1énh & trong phan noi dung ctia ham. Mot ham c6 thé tra
vé gi tri bang cach dung tit khoa return, chang han:

return 8888

Tuy nhién, d€ phu hgp véi tinh chat ctia Python, ham ciing khong ¢6 mot kiéu xac dinh cho dit né c6 tra vé
mot gid tri va dbi tugng tra vé c6 thé 1a bét cif loai nao: sb nguyén, danh sach, ...

6 Mdt s6 ham cé san trong Python

Ham len cho s6 ludng cdc phan tii c6 trong mot danh sdch, trong trudng hop vi du néu trén 1a s6 dong trong
file (vi readlines () tra vé mot list ma mdi phan tif 12 mot dong trong file do).

Phuong thifc split() 12 mot thanh phan trong 16p string Mot trudng hdp thudng gip 1a chia cat mot chudi
ki tu thanh danh sach gdm nhiing tit don léE-I Do dé néu ta ¢6 1 1a *This is an’, dung Iénh checkline ()
thi danh sach w sé 1a ['This’,’is’,’an’]. (Néu trong trudng hop dong dau tién 1a dong tréng thi danh sich w sé
1 danh séch tréng, [].)

Kiéu ciia bién / gid tri

3C4c ham thanh phin ciia mét 16p dudc goi 1a phuong thiic.
“D4u céch dugc mic dinh st dung nhu ki tu chia cit, mic dit cac ki tu/chudi khéc ciing ¢ thé déng vai trd nay.
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La mdt ngdn ngit kich ban dién hinh, Python khong khai bdo nhiing kiéu bién (nguyén, thuc) nhu trong
C/C++. Tuy vy, bo dich 1énh Python ciing theo doi kiéu ctia tAt ca cac dbi tugng trong bd nhd.

Cic kiéu bién trong Python gdm céc ki hiéu sb (con goi 1a vé hudng), diy (danh sach hoic tuple) va céc tit
dién (s& dudgc trinh bay trong phan [6.2.3)), cdc 16p, cdc ham, v.v...

6.1 Cac chuoi so véi cac gia tri so

Khéc véi Perl, Python c6 su phan biét gitta ki€u sb va chudi ki tu biéu dién s6 d6. Cac ham eval() va str() c6
thé dugc st dung dé€ chuyén ddi qua lai. Chang han:

>>> 2 + 1.5
Traceback (most recent call last):
File "<stdin>", line 1, in ?
TypeError: unsupported operand type(s) for +: ’int’ and ’str’
>>> 2 + eval(’1.5")
3.5
>>> str(2 + eval(’1.57))
r3.57

Ngoai ra con c6 int() d& chuyén d6i tit dang chudi sang s6 nguyén, va float(), d€ chuyén ddi tir dang chudi
sang sb thuc.

>>> n = int (' 32")

>>> n

32

>>> x = float (’5.28")
>>> x

5.2800000000000002

Xem thém phan ??

Cic danh sich 1a trudng hop dic biét ctia ddy, ching déu c6 ki€u mang nhung con mot sb diéu khac biét.
Tuy vAy cin chii ¥ cic di€ém chung sau (mot sb sé dudc giai thich ngay dudi day) déu c6 thé dudc ap dung
cho bt ki kiéu day nao:

viéc st dung cip ngodc vudng dé chi dinh ting phan tit riéng 1 (ching han x[i]
e ham c6 sin len() sé cho s6 phan tii c6 trong diy E]
e céc phép toan dang ldt cdt (d€ chiét xuat diy con).

e st dung + va * dé thuc hién ghép nbi va nhan ban.

SHam nay ciing c6 thé ap dung cho kiéu tir dién.
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6.2 Danh sach (mang)

Nhu da néi trude, cac danh sach dudc biéu thi bang cip ngodc vudng va cac diu phay. Chang han, Cau Iénh:
x = [4,5,12]

s€ gdn x cho mdt mang 3 phan ti x4c dinh.

Cac mang c6 thé diéu chinh kich thudc, bing cach dung cic ham append() (bS sung) hoic extend() (md
rong) clia 16p list. Chang han, sau ciu 1énh trén néu ta viét tiép:

X .append (-2)

thi x sé c6 gid tri bang [4,5,12,-2].

Mot sb toan tit khic ciing c6 thé 4p dung cho danh sich, mot s6 trong d6 dudc minh hoa trong doan 1énh
sau:

>>> x = [5,12,13,200]
>>> x

[5, 12, 13, 200]

>>> x.append(-2)

>>> x

[5, 12, 13, 200, -2]
>>> del x[2]

>>> x

[5, 12, 200, -2]

>>> z = x[1:3] # “‘cdt 1l4t’’ mdng: cédc phdn to tu 1 dén 3-1=2
>>> 7

[12, 200]

>>> yy = [3,4,5,12,13]

>>> yy[3:] # tht cd cdc phdn t® bit diu tu tht tu 3 trd di
(12, 13]

>>> yy[:3] # tét cd cdc phin t¥ tu dau cho dén trudc phdn tw
tha 3

[3, 4, 5]

>>> yy[-1] # nghia 1a ‘1 phén t tinh tu diu bén phdi’’

13

>>> x.insert (2,28) # dién thém 28 vao vi tri 2

>>> x

[5, 12, 28, 200, -2]

>>> 28 in x # kiém tra phdn t¥ cé thudc mdng khédng, 1l=céd, 0=khéng
1

>>> 13 in x

0

>>> x.index (28) # tim vi tri cta phdn t& cé tén tuong tng trong
danh sach)
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2
>>> x.remove (200)

# khac so véi

‘‘delete’’, vi ndé vi chi ra gid tri

phan t& can xdéa thay vi vi tri ctha nd

>>> x

[5, 12, 28, -2]

>>> w = x + [1,"ghi"] # ghép cdc danh sé&ch v&i nhau

>>> W

(5, 12, 28, -2, 1, "ghi’]

>>> qz = 3*[1,2,3] # 1l&p lai cédc phan t®& cta danh sach
>>> gz

(1, 2, 3, 1, 2, 3, 1, 2, 3]

>>> x = [1,2,3]

>>> x.extend ([4,5])

>>> %

(1, 2, 3, 4, 5]

>>> y = x.pop(0) # xod va trd lai gid tri vua xod khdi danh séach
>>> vy

1

>>> x

(2, 3, 4, 5]

Chiing ta ciing c6 thé thiy toan ttin trong vi du trén dudc ding trong mot vong lip for.

Mot danh sich c6 thé bao gdm cac thanh phan khéc loai, thim chi ca cdc danh sich khac.

Cich 1ap trinh thong dung ctia Python bao gdm mdt s6“meo Python” lién quan dén kiéu day, chang han mot
cach don gian trio ddi gia tri hai bién x va y:

>>>
>>>
>>>
>>>
12

>>>

Cac mang nhiéu chiéu c6 thé dugec mo ta nhu mot danh sach gdm cac danh sach bén trong né, chang han:

>>> x []

>>> x.append([1,2])
>>> x

(11, 271

>>> x.append([3,41])
>>> x
(11,
>>> x
4

(3,
1]

21, 4]]
(11T
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6.2.1 Cac Tuple

Tuple ciing gibng nhu cdc diy, nhung 12 loai khdong hodn vi duoc, nghia 1a khong thé thay ddi dugc. Ching
dudc ngodc tron thay vi ngodc Vuéng

Ta c6 thé dung cac phép todn tuong tu nhu phan truée ddi véi tuple, tri cic todn tif gy nén su thay ddi tuple.
Do d6 chang han:

x = (1,2,"abc’)

print x[1] # in sb 2

print len(x) # in sb 3

x.pop () # khéng thuc hién dugc do lam thay déi tuple

Mot ham rat hitu dung 1a zip, cho phép xau chudi cdc thanh phan tuong ting tlf cdc danh sach khac nhau dé
tao thanh moét tuple mdi, chéng han

>>> zip([1,2],["a’","b"],[168,168])
((x, "a’, 168), (2, 'b", 168)]

6.2.2 Chuéi ki tir

Chudi ki tu chinh 1a tuple ctia cc phan td ki tu. Tuy nhién ching dudc viét gitta cip du nhay kép thay vi
cip ngodc tron, va c6 kha ning linh hoat hon so véi mot tuple tuong ng. Chang han:

>>> x = "abcde’

>>> x[2]

Icl

>>> x[2] = 'q’ # khéng cé hiéu luc véi chudi, vi tinh khéng thé thay dbi

Traceback (most recent call last):
File "<stdin>", line 1, in ?
TypeError: object doesn’t support item assignment
>>> x = x[0:2] + 'q" + x[3:5]
>>> x
"abgde’

(Ban c6 thé hdi tai sao 1énh gan cubi cling
>>> x = x[0:2] + "g" + x[3:5]
khong vi pham tinh khong thé thay ddi. Li do 1a x thuc su 1a mot con trd va ta chi don gian 1a tré né dén mot

chudi ki ty méi dugc tao thanh tif cac chudi cii. Xem thém phan [8])

Nhu di luu ¥, chudi c6 nhiéu tinh ning hon 1 tuple gdm cac ki tu

16C3p ngodc tron chi bit bude trong trudng hgp dé tranh gay nham 14n, chdng han nhu céc tham s trong ham. Mot diu phay c6
thé sit dung trong trudng hop tuple rdng, nghia 1a (,).
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>>> x.index ('d’) # nhu mong doi

3

>>> 'd’ in x # nhu mong doi

1

>>> x.index (‘cd’) # mdét bat ngd thu vi
2

Nhu viy ching ta thdy dugc, ham index ctia 16p str dugc overload, va do d6 linh hoat hon.

C6 nhiéu cac ham tién dung khdc trong 16p str. Chang han, ta thiy da ham split() & phan trudc. Ham ngudc
ctia n6 1a join(). Khi dung ham nay v6i mot chudi, va kém theo mét loat cic chudi tham bién khac, két qua
thu dugc s& 12 mot loat cic chudi ki tu tham bién dugc néi vi nhau bing chudi ban dau[]

>>> ' ——='_Join([’abc’,’'de’, ' xyz’1])
"abc-———-de—-——xyz’

>>> g = '"\\n’.join(("abc’,’'de’, " xyz’))
>>> g

"abc\\nde\\nxyz’

>>> print g

abc

de

XY Z

Mot s6 vi du tiép theo]™|

>>> x = "abc’

>>> x.upper ()

"ABC’

>>> ’"abc’.upper ()

"ABC’

>>> ’abc’.center (5) # cdn gilta chudi trong mdét khodng réng 5 ki tu
" abc '

Lép str dugc dung sin trong cdc phién ban méi ctia Python. Véi cdc phién ban cii ban can thém cau 1énh:
import string

L6p string nay dén gid van ton tai, va 16p mdi str khong hoan toan sao chép tir né.

6.2.3 Sap xép

Ham sort() ctia Python c6 thé dugc ap dung cho bt cti kiéu ddy nao. Véi céc kiéu khong phai vo hudng, ta
diing ham so sanh tra lai cac gi4 tri 4m, bang 0 hoic duong, bing cac ki hiéu <, = or >. Sau diy la minh
hoa trong d6 mdt mang gém cac mang dudc sap xép theo phan tif thit hai.

Vi du duéi day cho thy cich diing “méi” ctia join(). Ngay nay cac phuong thitc x 1i chudi 12 thanh phan sin c6 ctia Python.
Xem thém so sanh gilta “méi” va “ct” dudi day.
'8C6 rit nhiu ham xit If chudi ki tu trong mo-dun re (“regular expression”).
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>>> x = [[1,4]1,15,2]1]
>>> x
(01, 41, [5, 2]]
>>> x.sort ()
>>> x
([1, 41, [5, 2]]
>>> def g(u,v):
return uf[l]-vI[1]

>>> x.sort (g)
>>> x
[([5, 21, [1, 4]]

(Dung ham “lambda” c6 thé thuc hién d& dang hon. Xem thém phan )

Kiéu Tir dién

Tit dién Ia cic mang lién két. Phin sau sé ban dén nghia ki thuat clia n6; nhung trén quan di€ém 1ap trinh
thuan tdy, nghia 13 ta c6 thé thiét 1ap mot mang véi chi sb khong can 1a s6 nguyén. Cau 1énh

x = {’abc’:12,’'sailing’ :"away’ }

gan x cho mot méang 2 phan ti véi x[’abe’] bing 12 va x[’sailing’] bing *away’. Ta néi ring ’abe’ va
’sailing’ 12 cic khoa (key), con 12 va *away’ 1a cic gid tri (value). Cac khéa c6 thé 12 bét cii dbi tuong nao
thudc loai khong bién ddi, nhu s6, tuple hodc chudil| Viéc sit dung khéa la céc tuple tuong dbi phd bién
trong cac chuong trinh Python, va ban can chi ¥ ring ta c6 thé tin dung kha niing nay.

Xét su xa, x § ddy c6 thé 1a mot mang 4 phan ti va viéc thuc hién 1énh kiéu nhu
w = x[’sailing’]

s& yéu cau bo dich 1énh Python duyét qua mang d6 dé€ tim tir khoa ’sailing’. Néu tién hanh theo cach tim kiéu
tuyén tinh s& cham, cho nén ciu triic bén trong sé c6 dang bang hash. Pay 1a 1i do tai sao kiéu tir dién ctia
Python (tuong tu Perl) thuc ra dudc goi la hash.

Sau day 1a cic vi du stt dung mot s6 ham thanh vién ctia 16p tir dién:

>>> x = {’"abc’:12,’sailing’ :’away’ }
>>> x[’'abc’ ]

12

>>> y = x.keys ()

>>> vy

["abc’, ’sailing’]

>>> z = x.values|()

>>> 7

“Bay gits ban c6 thé hiéu tai sao Python lai phan biét giita tuple va danh sich. Néu cho phép cic khéa thay ddi thi thuc su sé gay
20, va c6 thé dan t6i chuong trinh c6 chiia nhiéu 15i.
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[12, "away’]

x['uv’'] = 2

>>> x

{rabc’: 12, ’'uv’: 2, ’'sailing’: "away’}

Chii y cach ta b6 sung thém phan td mot vao x & vi tri gan cudi.

Nhdp s6 liéu tic ban phim

Ham raw_input() sé cho hién ra ddu nhic va doc vao gia tri ma ta go tit ban phim. Chang han:
name = raw_input ("enter a name: ")

s& xuat hién “enter a name:”, Sau d6 doc chif ta gd vao, va luu noi dung nay vao bién name. Chu y rang dit
liéu ngudi dung nhap vao dudc tra lai dusi dang chudi, va can phai chuyén ddi néu nhu ta mubn nhap sb.

Trong trudng hop khong mudn c6 diu nhic, chi can khong chi dinh né:

>>> y = raw_input ()
3

>>> vy

131

6.24 Tac dung cia __name__

Trong mdt s6 trudng hop, ta rat cin biét mot mo-dun c6 phai dudc chay truc tiép khong hay 13 thong qua
import. Diéu niy c6 thé xdc dinh dugc bang cach dung bién c6 sin __name__ ctia Python nhu sau.

Bit cif khi nao bo dich 1énh Python dang hoat dong thi né dudc goi 1a chuong trinh cip cao nhét (top-level

program). Chang han néu ban go

o)

% python x.py

thi ma 1énh trong x.py 1a chuong trinh cip cao nhit. Tuong tu nhu viy, néu ban dang chay & ché do tuong
tac dong 1énh, thi 1énh ban truc tiép go vao ciing 1a chuong trinh cAp cao nhét.

Déi v6i bd dich 1énh thi chuong trinh tuong tic dugc goi la __main__, con mo-dun hién dang dudc chay goi
la __name__. Do d6 mudn kiéu tra mot mo-dun c6 phai dudc chay khong hay 1a dude nhap (import) tif cau
1énh khéc, ta phéi kiéu tra xem __name__ c6 phai 1a __main__ hay khong.

Chrflng han, ta thém cau Iénh:

print name

vao vi du dau tién, trong phan 3.1|cta file fme.py:
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print _ name __
for 1 in range (10):
x = 0.1*1
print x
print x/(1-x*x)

Hay chay chuong trinh nay 2 1an. Lan dau ta chay né truc tiép:

% python fme.py
main _

[ ) o|

.10101010101

O O O O O

[\

0.208333333333
0.3
0.32967032967
[phan két qud con lai khéng viét ra day]

Bay gio xem diéu gi s& xay ra néu ta chay né tif moi trudng tuong tac dong 1énh:

>>> _ name ___

" __main __'

>>> import fme

fme

.0

.0

.1

.10101010101

.2

.208333333333

.3

.32967032967
[phan k&t qud con lai khéng viét ra day]

0
0
0
0
0
0
0
0

Céau 1énh trong mo-dun ctia chung ta
print _ name _
lan thd nhit sé inra __main__, nhung lan thit hai sé in ra fme.

Thong thudng (theo théi quen trong 1ap trinh C), mdi “chuong trinh chinh” dudc tap hdp vao trong mot ham
tén 12 main(). Ta sé thay d6i vi du trén theo cach nay thanh file fme2.py:
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def main () :
for 1 in range (10):
x = 0.1*1
print x
print x/(l-x*x)

if name == ' _ main -
main ()

Lgi ich cla cach 1am nay la khi ta nhdp m6-dun nay, ma 1énh sé khong dudc thuc hién ngay. Thay vao do,
fme2.main() phai dugc goi, hoac la bi”mg nhiéu mo-dun hoic 1a bﬁng bd dich Iénh tuong tac. Truong hop
thit hai dudc minh hoa bing vi du sau:

>>> import fme2
>>> fme2.main ()
.0

.0

.1
.10101010101
.2
.208333333333
.3
.32967032967
.4
.47619047619

O O O O O O O o o O

Bén canh céc diém khéc, diéu nay rit quan trong trong viéc st dung cdc cong cu gd 16i (Section . Do do
hiy tao théi quen thudng xuyén thiét 1ap truy cip vao main() nhu vy trong chuong trinh.

7 Léap trinh hudng dbi tuweng (Object-Oriented Programming), OOP

Déi 1ap véi Perl, ban than Python da c6 tinh hudng ddi tuong ngay trong gbc ré. Do d6 né c6 giao dién hudng
dbi tugng (OOP) rd hon, dep hon.
Vi du ma lénh chudng trinh

Ta sé minh hoa bing viéc xdy dung mot 16p c6 nhiém vu xi 1i file vin ban. Sau day 1a noi dung file tfe.py:

class textfile:

ntfiles = 0 # dém sbé dbi tuong file text
def _ init _ (self, fname) :
textfile.ntfiles += 1
self.name = fname # tn
self.fh = open(fname) # ‘‘handle’’ cua file
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self.lines = self.fh.readlines /()
self.nlines len(self.lines) # sb dong
self.nwords 0 # sb& chi
self.wordcount ()
def wordcount (self) :
"dem so chu trong file"
for 1 in self.lines:
w = l.split ()
self.nwords += len (w)
def grep(self,target):
"dem tat ca cac dong co chua chu can tim"
for 1 in self.lines:
if 1.find(target) >= O0:
print 1

a = textfile(’'x’)
b textfile('y’)
print "So file text duoc mo la", textfile.ntfiles
print "Sau day la mot so thong tin ve chung (ten, so dong, so chu):
for £ in [a,Db]:
print f.name, f.nlines, f.nwords
a.grep ("example’)

Ngoai file x dudc st dung trong phan [4| & trén, tdi ciing c6 file y gom 2 dong. Sau day 1a két qua thu dugc
khi chay chuong trinh:

% python tfe.py

So file text duoc mo la 2

Sau day la mot so thong tin ve chung (ten, so dong, so chu):
x 5 8

y 25

example of a

7.1 Tu khoa “‘self”

Hay cling xem xét 16p textfile. Pidu dau tién can luu y 1a su xuét hién cta tit khéa self, v6i nghia 1a thuc thé
hién hanh ctia 16p, tuong tu nhu this di v6i C++ va Java. Do dé self 1a mot con trd tdi thuc thé hién tai ctia
16p.

7.2 Céc bién thuc thé

Trong thuat ngi clia 14p trinh huéng dbi tugng, mot bién thuc thé x ctia mot 16p 12 mot bién thanh vién ma
v6i né mot thuc thé clia 16p c6 mot gia tri riéng bién ctia bién d6. Trong thé gi6i ctia C++ va Java, ban biét
dén ching dudi tén bién khong tinh (non-static). Thudt ngit bién thurc thé’la mot thuat ngit chung trong 1ap
trinh huéng ddi tuong, khong phai 1a riéng cho tiing ngdn ngit
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D€ thiy dudc chiing hoat dong nhu thé nao dbi véi Python, trude hét hay nhé lai 1a mdi bién ctia Python
dugc hinh thanh khi ta gin cho né mot gid tri. Bi vdy, mot bién thuc thé trong mot 16p ctia Python cling
khong ton tai cho dén tan khi né dudc gan gia tri.

self.name = fname # tén

dugc thuc hién, bién thanh vién name cho thuc thé hién tai cta 16p dudc tao ra, va né dudc gin gi4 tri da
dinh san.

Céc bién 16p
Mot bién 16p v, c6 chung gia tri dbi véi tat ca cac thuc thé trong 16p d6 V| dugc thiét ké theo cach ctia mot

s6 tham chiéu vao v trong ma ngudn, phia bén trong 16p nhung khong phai 1a trong bit ¢t phuong thiic nao
cua 16p d6. Vi du nhu doan ma trén:

ntfiles = 0 # d&ém sbé dbi tuong file vian ban

Chi ¥ rang mbi bién 16p v ctia mot 16p u duge tham chiéu véi dang w.v trong pham vi cdc phuong thic cia
16p d6 va trong cac doan ma bén ngoai pham vi I6p. V6i doan ma bén trong 16p nhung ngoai phuong thuc,
c6 thé viét gon tham chiéu 1a v. Bay gid hdy danh chiit thdi gian ra soat lai doan chuong trinh trén, va xem
céc vi du v& diéu nay vé6i bién ntfiles ctia chiing ta.

7.2.1 Tao lép va xoa 16p
Ham khdi tao 16p phai c6 tén 1a __init()__. Tham bién self 1a bit budc, va sau dé ban cé thé tham chiéu
tham bién khéc, nhu t6i trinh bay trong vi du trén, 12 mot tén fileEfI

Ham x6a 16p 1a __del()__. Chi y rang ham nay chi dudc thuc hién khi viéc thu gom rac trong bo nhé da
hoan tit, nghia 12 khi toan bo cac bién trd téi dbi tugng da bi mat.

7.3 Cac phuong thitc véi thuc thé
Phuong thifc wordcount() 12 mdt phuong thifc thuc thé theo nghia dudc 4p dung riéng cho mot ddi tuong
cho trude cia lc'ip

Khéc véi C++ va Java v6i this 12 mot tham bién ngam dinh cho cic phuong thic thic thi Python lai 1am
sang to quan hé nay mot cach thong minh; tham bién self 12 bat budc.

Mot 1an nita, trong thé gidi ctia C++ va Java, né dudc biét dén véi tén bién rinh.

Vi dy nay ta dit doan ma vao phin dau ciia 16p, nhung thuc t& né ¢6 thé ding & cudi 16p, hodc giita hai phucng thitc, mién 1a
khong phai & trong mot phucng thife nao. Trong trudng hdp dit trong mot phuong thiic, ntfiles s& dudc coi nhu mot bién dia phuong
trong phuong thic d6, day 1a diéu ta hoan toan khéng mong muén.

22Tham bién self 12 bit budc, nhung tén ciia né ¢ thé khac. Khac véi C++/Java, self khong phai 1a mot tén danh riéng (tit khéa).
Ban c6 thé st dung bét cti tén goi nao mién 1a phai thdng nhit, nhu trong phuong thiic __init()__ & vi du duéi ddy. Nhung vé hinh
thifc s& khong hay néu ta st dung tir khéc.

Mot 1an nita, trong thuét ngit ctia C++/Java, ddy 12 nhitng phuong thitc khéng-finh.
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7.4 Docstring

C6 mot chudi ki tu trong ddu nhdy kép, “xéc dinh sb chit trong file”, ngay phan dau ctia wordcount(). N6
dudc goi la docstring. Day 1a mot dang chu thich, nhung c6 tac dung khi chuong trinh dugc thuc hién, do d6
c6 thé dudc st dung v6i muc dich ki€u nhu g6 16i. Bén canh d6 né cho phép ngudi dung chi c6 trong tay céc
method dudi dang bién dich (khong phai ma ngudn), chang han nhu trong phin mém thuong mai, kha ning
truy cip dén “chi thich.” Sau diy 1a mot vi du vé cach truy cép, st dung file tf.py néu trén:

>>> import tf
>>> tf.textfile.wordcount. __doc
"dem so chu trong file’

Mot docstring thudng kéo dai trén vai dong; do vay ta dung diu 3 nhdy dé tao loai chudi nay.
Phuong thiic grep() 1a mot phuong thiic thuc thé khac, cdi nay kém véi tham bién self bén canh n6

Can néi thém 1a c4c tham bién phuong thiic trong Python chi c6 thé truyén theo gid tri, theo nghia ctia C thi
cdc ham c6 tac dung phu dbi véi tham s6 chi khi tham s6 1a con trd (Python khong c6 kiéu con tré theo diing
nghia, nhng né c6 cdc tham chiéu, xem phan|8])

Cén chii y rang grep() tin dung mdt trong s6 cac phép toan chudi ctia Python, d6 1a find(). N6 tim kiém
chudi tham bién bén trong chudi d6i tugng, sau d6 tra lai chudi s6 c6 1an xuit hién dau tién, hay -1 néu
khong tim thﬁy@

7.5 Cac phuong thire 16p

Trudc phién ban 2.2, Python khong hd trg chinh thiic cic phuong thic 16p, nghia 1a cac phuong thic khong
4p dung cho tling ddi tuong cu thé ctia 16p. Nay Python c6 hai cich (hoi khac nhau) thuc hién viéc nay, d6 1a
st dung c4c ham staticmethod() va classmethod(). Toi sé trinh bay cach st dung cui ham thi nhét, v6i vi
du mé rong ma 1énh trong phan [7|d6i véi 16p textfile:

class textfile:
def totfiles():

print "tong so file text la", textfile.ntfiles
totfiles = staticmethod(totfiles)

# & trong phdn "main"

textfile.totfiles ()

Chii y ring cdc phuong thiic 16p khong c6 tham bién self.

24Chudi ciing c6 thé dugc xit 1i nhw mot danh sich cac ki tu. Chang han, ’geometry’ c6 thé coi la mot danh sach gdm 8 phin ti
va dung find() véi chudi con *met’ sé& cho két qua 1a 3.
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Cén chi y rang phuong thiic nay c6 thé dudc goi ngay ca khi khong c6 thuc thé nao ctia 16p textfile. Trong
vi du néu ra & day, 0 s& 12 két qua dudc in ra, vi khong c6 file nao duge dém [

7.6 Cac 16p suy dién

Tinh ké thira 12 mot phan quan trong trong triét li ctia Python. Mot cau 1énh kiéu nhu

class b(a):

khéi tao dinh nghia mot 16p con b ctia mot 16p a. Ta ciing ¢6 thé thuc hién ké thita nhiéu 1an.

Chu y ring khi constructor ctia mot 16p suy dién dudc goi thi constructor ctia 16p co s6 lai khong dude goi

cung. Néu ban mudn kich hoat constructor ciia 16p nay, ban phéi tu 1am 13y, chang han

class b(a):

def _ _init _ (self,xinit): # constructor cua 1ép b
self.x = xinit # dinh nghia va khdéi tao mét bién thuc thé x
a. __init __ (self) # goi constructor cua 1ldp co sd

Theo céc vin ban hudng dan chinh thiic ctia Python thi“[Theo cdch nhin cia C++] cac phuong thic cta
Python déu thuc su 1a 40.” Néu ban mubn mé rong thay vi ghi dé 1én mot phuong thiic ctia 16p co s8, ban c6
thé tham chiéu dén 16p co s6 biang cach thém vao phia trudc tén ciia 16p cd sd, nhu trong vi du dang xét, 1a
a.__init__(self).

7.7 Mot luuy vé 16p

MGéi thuc thé 16p trong Python hoat dong nhu mét tir dién. Chang han, trong chuong trinh tfe.py & trén, dbi
tugng b dudc thuc hién nhu mot tir dién.

Ngoai cdc diém khdc ra, diéu nay ciing c6 nghia 13 ban c6 thé thém céc bién thanh phan vio thuc thé 16p
trong Itic chuong trinh dang chay, nghia 1a rit lau sau khi tao ra thuc thé. Chang han, trong phan “main” ctia
chuong trinh, ta c6 thé c6 mot cau 1énh kiéu nhu:

b.name = ’"zzz’

8 Tam quan trong cia viéc hi¢u dude tham chiéu dbi tugng

Mot bién dudc gan gid tri ¢6 dang thay ddi dudc thuc chit 1a mot con trd t6i dbi tugng da cho. Chang han,
xét doan 1énh sau:

BChi y rang s6 0 khac véi gia tri None clia Python. Ngay ca khi ta chua tao céc thuc thé ctia 16p textfile, ma lénh nt files =
0 van sé dudc thuc hién khi ta 1an du chay chuong trinh. Nhu da dé cap dén tir trude, bd dich 1énh Python thuc hién file tir dong
thif nhét trd di. Khi n6 dich @én dong class textfile: thi tiép theo sé thuc hién mot ma 1énh bén ngoai cic phuong thiic trong
dinh nghia 16p.
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>>> x = [1,2,3]

>>> y = x # x va y bady gio déu chi téi [1,2,3]
>>> x[2] = 5 # diéu nay cdé nghia 1a y[2] cling chuyén thanh 5 !
>>> y[2]

5

>>> x = [1,2]

>>> y = x

>>> vy

(1, 2]

>>> x = [3,4]

>>> vy

(1, 2]

Trong doan dau chuong trinh, x va y déu la cdc tham chiéu dén mot danh sach, mot dbi tugng kiéu thay ddi
dugc. Cau Iénh

x[2] =5
thay d6i mot phan ctia d6i tuong d6, nhung x van chi téi di tugng nay. Mit khéc, v6i doan 1énh
x = [3,4]

bay gid x lai tu thay ddi, khi d6 né chi t6i mot dbi tuong khac, trong khi y vén chi téi ddi tugng ban dau.

Néu nhu trong vi du trén ta chi muén copy tham chiéu ctia danh sach tif x t6i y, ta c6 thé dung cach cit lat,
chéng han

Nhu vay y va x sé& chi t6i cac ddi tuong khac nhau, va khi d6 mic du céc dbi tuong nay tam thdi c6 cling gia
tri nhung néu déi tuong dudc trd bdi x c6 thay ddi thi dbi tudng trd bdi y sé khong thay ddi.

Mot vin dé quan trong tuong tu nay sinh véi cic tham bién trong 1énh goi ham. BAt ki tham bién nao trd t&i
mot dbi tugng loai c6 thé thay ddi thi né c6 thé thay ddi gia tri ctia ddi tugng ti bén trong ctia ham, ching
han:

>>> def f(a):

>>> x = 5
>>> f(x)
>>> x

>>> def g(a):
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>>> y = [5]

>>> g(y)
>>> vy

[10]

Céc tén ham ciing 13 tham chiéu dén cac d6i tuong. Thif ma chiing ta vAn nghi 13 tén ham thuc chit chinh 13
mot con tré—loai thay d6i dugc—trd téi ma 1énh ctia ham d6. Chang han,

>>> def £():
print 1

>>> def g():
print 2

>>> £ ()

>>> g ()

>>> [frg] = [erf]
>>> £ ()

>>> g ()

C6 thé xéa cac dbi tugng biang 1énh del.

Néu ban mubn thuc hanh thém vé céc ki hiéu nay, hiy xem phan

9 So sanh cac doi tugng

Ta c6 thé dung todn tit < d€ so sanh cic day, chang han

if x < y:

Dbi véi cac danh sach x and y, viéc so sanh Ia theo tiing thanh phan 1an ludt tif trai qua phai. Chang han,

>>> [12,'tuv’] < [12,'xyz’]
True

>>> [5,'xyz’] > [12,'tuv’]
False

TAt nhién véi céc chudi ciing 12 ddy nén ta ciing c6 thé so sdnh chiing:
>>> "abc’ < ’tuv’
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True
>>> xyz’ < 'tuv’
False
>>> "xyz’ = "tuv’

True

C6 thé thuc hién so sanh véi cac d6i tugng khong phai day, nhu cac thuc thé 16p, bang cach dinh nghia mot
ham __emp()__ trong 16p do.

Ta c6 thé sip xép tinh vi hon bang cach két hop ham sort() ciia Python v6i mot ham dung riéng cmp().

10 Cac mo-dun va goi chuong trinh

Ban da nghe thutng xuyén ring nguyén tic quan trong trong thiét ké phan mém la viét ma 1énh theo hinh
thiic “mo-dun”, nghia 13 chia nhd né thanh cac thanh phan khéc nhau, tif trén xudng, va 1am cho ma Iénh c6
thé dugc st dung lai, chiang han viét n6 theo cach tong quat dé€ vé& sau nay ban hodc ngudi khic cé thé tin
dung lai chiing trong mot s& chuong trinh khac. Khong giéng vdi cac kiéu lam phan mém trang giang dai
hai, cach nay méi la thuc sy ding din! :-)

10.1 Mo-dun

Mot mé-dun 13 mot tap hop cac 16p, cac ham thu vién, v.v... vio trong mot file. Khac véi Perl, khong can
thuc hién gi thém dé chuyén mot file thanh mot mo-dun. Bét k€ file ndo cling phan mé rong .py déu 1a

mo-dun

10.1.1 Vi du ma lénh chuong trinh

1;,1/2lm vi du hay 1i;1/2 1i;1/2 textfile ti; 1/2vi duta Im 1;1/2trn. Bay giG ta 1;,1/2 ni;1/2vo mot file ring,
tf.py, vi;1/2 ndi dung sau:

# file tf.py

class textfile:

ntfiles = 0 # dém sbé dbi tuong file text

def _ _init _ (self, fname) :
textfile.ntfiles += 1
self.name = fname # tén
self.fh = open(fname) # handle cua file
self.lines = self.fh.readlines()
self.nlines = len(self.lines) # sb dong
self.nwords = 0 # sb chi
self.wordcount ()

2Chu y riing tén file ciing phéi bit ddu bing mot chit cdi, khong phai chit s6 hay ki tu nao khéc.
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def wordcount (self) :
"dém sb chit trong file"
for 1 in self.lines:
w = l.split ()
self.nwords += len (w)
def grep(self, target) :
"in ra tat cd cac dong chita ch® can tim"
for 1 in self.lines:
if 1.find(target) >= 0:
print 1

(Chii y rang mic di md-dun clia ta & ddy chi bao gdm mot 16p, nhung thuc té ta van c6 thé c6 vai 16p, cong
thém cdc bién toan cuc, ma Iénh chay dugc ma khong nidm trong bit cif ham nao, v.v...) File chuong trinh
thi tftest.py, bay gid s€ c6 dang:

# file tftest.py

import tf
a = tf.textfile('x")
b = tf.textfile('y’)

print "sé luong file text dang md 1la:", tf.textfile.ntfiles
print "Sau day 1la mét sb théng tin vé chung (tén, sb dong, sbé tu):"
for £ in [a,b]:
print f.name, f.nlines, f.nwords
a.grep ("example’)

10.1.2 Lénh import lam viéc thé nao?

Bo dich 1énh Python khi thdy 1énh import tf, sé tim ndi dung cda file tf.py. [*’| Bit ki ma 1énh nao trong
tf.py, néu c6 thé chay dudc sé dudc thuc hién, trong trudng hop nay la:

ntfiles = 0 # dém sb d6i tuong file text

(M3 1énh thuc hién & trong mo-dun cé thé sé khong niam trong cic 16p. Hay xem diéu gi sé xay ra néu ta
thuc hién import fme2 trong mot vi du phan duéi day.)

Sau d6 khi bd dich 1énh gip tham chiéu dén tf.textfile, n6 sé tim muc c6 tén la textfile nim trong mo-dun
tf, nghia 13 ndm trong file tf.py, va sau d6 s& thuc hién xi 1i.

Mot cach 1am khéc c6 thé 1a:

from tf import textfile

a = textfile('x’)

Y"Trong trudng hop nay, ta cé thé chuyén hai file vio ciing mét thu muc, nhung sau nay sé chi dinh dudng dén tim kiém.
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b = textfile('y’)
print "sé file v&n badn dang mé 1a", textfile.ntfiles
print "Sau day 1la mdét sb théng tin vé chung (tén, sb dong, sb chi:"
for £ in [a,Db]:
print f.name, f.nlines, f.nwords
a.grep ('example’)

Bing cich nay ta phai go it hon, béi thay vi“tf.textfile”, ta chi go “textfile”, lam cho ma lénh dd rdi. Nhung
ciing c6 tranh luan rang cach nay sé khong an toan (diéu gi sé xay ra néu tftest.py ctia mot s6 muc khac cling
tén textfile?) va khong rd rang (vi tri ban dau cla textfiles trong tf c6 thé sé gitp ta phan dinh 16 hon trong
truong hdp cac chuong trinh 16n).

Cau 1énh
from tf import *

s& nhap tAt cA moi thif trong tf.py theo céch nay.

Trong bt ki trudng hdp nao, bing céch tach riéng 16p textfile, ta ting cudng mo-dun héa ma lénh tao diéu
kién cho viéc tai st dung sau nay.

10.1.3 Ma lénh dudc bién dich

Tuong tu trudng hop cia Java, bo dich 1énh Python sé bién dich ma lénh vé dang bytecode cho mdy 4o
Python. Néu nhu mi Iénh dugc import thi ma 1énh dich dugc Iuu vao file v6i dudi .pye, do d6 ta khong phai
dich lai 1an nita.

Vi cac md-dun ciing 1a cdc ddi tugng nén tén clia cac bién, ham, 16p, v.v... ciia mdi md-dun ciing 1a céc thudc

tinh ctia mo-dun d6. Do véy chiing dudc Iuu lai trong file .pyc, va sé dugc hién thi, chang han, khi ban dung
ham dir() trong md-dun d6 (Xem phan [A.3.1)).

10.1.4 Céc van dé hén hop

Cac dong 1énh “tu do” (khdng thuéc ham nao) trong mo-dun sé dugc thuc hién ngay khi mo-dun dugc nhap.
Mo-dun 1a dbi tugng. Chiing c6 thé dugc st dung nhu cic tham sb cho cdc ham, tra lai gid tri tif ham...
Danh sach sys.modules cho thay tit ci cic mo-dun da nhap vao chuong trinh dang chay.

10.1.5 Chu y vé bién toan cuc

Python khong thuc su hd trg cac bién toan cuc nhu C/C++. Mot mo-dun dudc nhip ciia Python sé& khong c6
quyén truy cap t6i cdc bién toan cuc trong md-dun ra 1énh nhép.

Chang han, ta xét hai file x.py va y.py.

# x.py
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import y
def £():
global x

X = 6

def main{() :

global x
x =3
£
v-g()
if _ name == ' _ main __’': main()
and y.py:
# y.py
def g():
global x
x += 1

Bién x trong X.py van xuét hién xuyén sudt mo-dun x.py, nhung khong phai trong y.py. Trén thuc té dong
Iénh

trong file thif hai s& gay ra 15i “global name ’x’ is not defined.” (bién toan cuc *x’ khong dudc dinh nghia).

Thuc su 12 bién toan cuc trong mo-dun chi 12 mot thudc tinh (nghia 1a mot thuc thé thanh vién) cia mo-dun
d6 ciing nhu vai trd ctia mot bién 16p trong pham vi 16p do6.

10.2 Che gidu dit liéu

Python khong c6 dang che gidu dit liéu ndo tuong tu nhu private va construct nhu trong C++. Tuy vy né
ciing hd trg mot phan viéc kiéu nay.

Néu ban thém vao mdt dau gach thip phia trudc tén bién trong mdt mo-dun thi bién d6 sé khong dudc nhap
trong trudng hop ta dung 1énh from...import. Chang han néu mo-dun tf.py trong phan|10.1.1{ctia mot bién
z, thi cau 1énh:

from tf import *

sé c6 nghia la z dudgc truy cip truc tiép thay vi phai viét tf.z. Mt khac, néu ta dit tén bién nay 12 _z thi cau
1énh trén sé khong lam cho bién nay c6 kha ning dudc truy cap theo _z nifa; chiing ta phai viét tf._z. Di
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nhién 1a bién van c6 thé dugc nhin thiy ngoai mo-dun nhung bing cach yéu cau tién t6 tf. ta c6 thé tranh gy
nham 14n véi nhiing bién c6 tén gidbng né trong ciac md-dun khic dugce nhap cling.

Hai diu gach thap s& cho mangling, v6i mdi d4u gach thap cong véi tén ctia mo-dun phia trudc.

10.3 Cac goi chuong trinh

Nhu da dé cip & trén, ta c6 thé dua nhiéu 16p vao trong cling mdt mo-dun, néu nhu céc 16p c6 quan hé chit
ché. Suy rong ra cho trudng hop néu c6 mot vai mo-dun cé quan hé véi nhau. Khi ndi dung ctia ching khong
gan bo chit ché ta c6 thé téng ching vao mot mo-dun rét 16n, nhung néu ching ¢6 quan hé cin thiét phai
nhap theo mot cach nao khéc thi 1an nay c6 thé sit dung géi chuwong trinh.

Chazmg han, ban mubn viét mot sb thu vién hd tr¢ cho phan mém Internet no i;1/2 vita viét. Ban c6 mot
mo-dun web.py v6i cic 1énh viét cho cic chuong trinh thuc hién truy cip web va mot mo-dun khic, em.py
12 phan mém thao tic véi e-mail. Thay vi két hop ching trong mot mo-dun 16n, ban c6 thé dit chiing riéng
trong 2 file & trong ciing thu muc, chang han net.

Mubn 1am cho thu muc trd thanh mot géi chuong trinh, chi can mét file ¢6 tén __init__.py trong thu muc
d6. File nay c6 thé dé tréng, hoidic gdom mot sd 1énh khdi tao trong trudng hop cic chuong trinh phiic tap hon.

Mubdn nhap cdc md-dun nay, ban viét 1énh kiéu nhu:
import net.web

Gip 1énh nay, bd thong dich Python sé tim file c6 tén web.py nim trong thu muc net. Thu muc net trong
trudng hop nay phai nam trong mot dudng dan tim kiém (search path) ciia Python. Chang han néu net c6 vi
tri la:

/u/v/net

thi thu muc /u/v can dit trong dudng dan tim kiém cta Python. Trudng hdp dung hé diéu hanh Unix véi C
shell, ban ¢6 thé go 1énh:

setenv PYTHONPATH /u/v
Néu ban c6 mot sb thu muc dic biét kiu nay, hiy xau chudi chiing lai phan cach bing cac diu hai chdm:
setenv PYTHONPATH /u/v:/aa/bb/cc

Thu muc hién hanh dudc Iuu trit trong sys.path. N6 lai bao gdm mot danh sach cic chudi, mdi chudi 1a mot
thu muc, phan cich bdi diu hai chAm. Ban c6 thé in chiing hodc dung Iénh thay ddi chiing, cling nhu cic
bién khacZ

Céc thu muc géi thudng c6 cic thu muc con, thu muc con ctia con va cti thé. Mdi thu muc nhu vy phéi c6
mot file __init__.py.

BLuu y ring trude hét cAn phai nhap sys.
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11 X 1i 16i

Ciing can néi rang cac ham ¢ san va thu vién ciia Python khong c6 kiéu 15i nhu C, tra lai ma 1énh d€ kiém
tra xem chiing c6 chay thong hay khong. Thay vao d6 ban cin sit dung cd ché bat ngoai 1¢ try/except, ching
han:

try:
f = open(sys.argv[1l])
except:
print 'Léi mé file:’,sys.argv[l]

Céc ngoai 1¢ khong chi gom thao tac véi file. Hiy xem doan ma sau:

try:

i=25

y = x[1]
except:

print ’Khéng cé chi sé’, i

12 Phan hén hop

12.1 Chay ma lénh Python ma khéng c6 truc tiép mé bd thong dich

Chang han ban can mé file x.py. Tit diu dén gid ta da xem xét cach chay né bang 1énh
% python x.py

Nhng néu trong dong dau tién ctia file x.py ban viét:

\#! /usr/bin/python

va st dung 1énh chmod ctia Unix d€ tao ra file x.py chay dudc, thi c6 thé chay x.py bang cach chi can g

[o)

% X.py

diéu nay rét can thiét, chang han trong trudng hop goi chuong trinh tit mot trang Web.

Hay hon nita, ban c¢6 thé bat Unix tim vi tri ctia Python trong mdi trudng bang cach dit cau 1énh sau vao
dong dau cda file x.py:

#! /usr/bin/env python

Céch nay linh hoat hon, vi cdc hé diéu hanh khic nhau c6 thé xép Python vio nhitng thu muc khic nhau.

**Phén nay chi danh riéng cho hé diéu hanh Unix.
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12.2 In két qua khong cé dau xudéng dong hoiic diu trong

Khi go 1énh print, mdy sé tv dong in mot ddu xudng dong. Nhiam loai bé n6, hiy thém vio cudi ciu 1énh
mot diu phdy, chang han:

print 5, # chua in ra gi cé
print 12 # bay gio in ra ’5 12’ tiép d6 1la diu xubng dong

Thong thudng ta ding print v6i diu phay trong mot vong lip. Cudi cuing sau khi thuc hién vong lip in chudi
két qua, mubn xubng dong chi can thém maot 1énh print khong.

Lénh print tu dong phan tach cac phin ti bang d4u cach. Nham triét tiéu diu cach d6 hay dung toan ti ndi
chudi, +, va c6 thé 1a ham str(), vi du

x = 'a’

y =3

print x+str(y) # in ra a3’

Bén canh do6 str(None) sé€ cho ra None.

12.3 Pinh dang chudi

Python hd trd kiéu “printf()” ctia C, vi du

print "cac thwra sb ctia 15 1a %d and %d" $ (3,5)
sé cho ta

cdc thua sb cta 15 1la 3 va 5

Chi y cach viét *(3,5)’ thay vi ’3,5’. Trong trudng hop sau, todn tif % sé& nghi ring cic todn hang clia né chi
1a 3, trong khi né cAn mot tuple gdm hai phan tit. Hiy nhd ring trong moi truong hop khong gy hiéu 1am
thi ciip ngoic cia tuple c6 thé dudc bd di, nhung tiéc 1a trudng hop nay lai khong nhu vay.

Céch dinh dang nay hay, nhung ngoai Iénh in n6 con tién dung hon trong cdc cong viéc xt 1i chudi néi chung.
Trong céu 1énh:

print "cac thwa sb chia 15 1la %d va %d" % (3,5)

phan

"cdc thtra sb cua 15 1a %d va %d" % (3,5)
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1a mot toan ti chudi, nd tao ra modt chudi méi; 1énh print chi don gian 1a in ra chudi méi do.

Chang han:

>>> x = "%d tudi" $ 12

Bién x bay gio 1a chudi *12 tudi’.

Day 1a mot cach thudng ding va rét hiéu qua [’
12.4 Cac tham bién c6 tén trong ham

Xét ham sau day:

# ne.py; minh hoa cho cdc tham bién cé tén

def namedexample (x,y=2,z="abc’):
print x,y,z

O day x 1a mot tham bién thudng, con y va z 1a cac tham bién cd tén. Piéu d6 c6 nghia la néu chiing khong
dudgc chi 16 trong 1énh goi ham thi chiing sé 13 cdc gia tri mic dinh 1an lugt 12 2 va *abc’. Néu ta mubn gan
gia tri cu thé cho ching khi goi ham, ta phai néu tén chiing. Dudi day 1a vi du vé mot sb cach goi ham nay:

# testne.py; minh hoa cho cdc tham bié&n cé tén
import ne
ne.namedexample (5)

ne.namedexample (5, z=12)
ne.namedexample (5, y=3, z=12)

Va sau day 1a két qua dudc in ra:

o

python testne.py
2 abc

o

o o
w N
[
NN

Diéu nay thuc su c6 ich trong cdc trudng hop khi ta cAn mot ham véi nhiéu tham bién nhung tham bién lai
thuong c6 cung mot gia tri

Mot sb 1ap trinh vién C/C++ ¢ thé nhén thiy cich nay giéng nhu 1énh sprintf() cia thu vién C.
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13 Vi du ve cac cau tric dur liéu trong Python
Duéi day 1a mot 16p c6 nhiém vu xt 1i mdt ciy nhi phan.

# bintree.py, mét mé-dun qudn 1li cdc cdy nhi phan di sip xép, céac
# gid tri duoc luu cé dang bat ki mién 1a tdén tai mdt quan hé sidp xép

# Vi du nay chi giéi thiéu 1lénh nhdm chén thém va in cdy nhi phén,
# nhung ban cé thé bd sung lénh xdéa, v.v...

class treenode:

def _ _init _ (self,v):
self.value = v;
self.left = None;
self.right = None;

def ins(self,nd): # chén thém nhanh nd vao cay cé gbc dit tai self
m = nd.value
if m < self.value:

if self.left == None:
self.left = nd
else:
self.left.ins (nd)
else:
if self.right == None:
self.right = nd
else:
self.right.ins (nd)
def prnt(self): # in cldy con cé gbc tai self
if self.value == None: return
if self.left != None: self.left.prnt ()
print self.value
if self.right != None: self.right.prnt ()

class tree:
def _ init _ (self):
self.root = None
def insrt (self,m):

newnode = treenode (m)

if self.root == None:
self.root = newnode
return

self.root.ins (newnode)

Va sau day la doan chay thi

# trybtl.py: chay thtt file bintree.py
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# usage: python trybt.py cac_so_can_dien_vao

import sys
import bintree

def main() :
tr = bintree.tree

)
for n in sys.argv[l:]:

tr.insrt (int (n))
tr.root.prnt ()

if name == ' _ main 7. main ()

Mot diéu hay ctia Python 12 ta c6 thé st dung lai ma Iénh cho cic dbi tuong khong phai ki€u sd mién 1a
chiing c6 thé so sanh dugc. (Hiy nhd lai phan @) Do vay, ta ¢ thé dp dung céc 16p tree va treenode mot
céch tuong tu véi ki€u chudbi:

# trybt2.py: chay thtt file bintree.py
# usage: python trybt.py cac_chuoi_can_them

import sys
import bintree
def main () :
tr = bintree.tree()
for s in sys.argv[l:]:
tr.insrt (s)

tr.root.prnt ()

if name == ' _ main : main ()

% python trybt2.py abc tuv 12

hay tham chi 1a

# trybt3.py: chay tht file bintree.py
import bintree

def main () :
tr = bintree.tree()

38



tr.insrt I xyz’'])

([12
tr.insrt ([15, " xyz"])
tr.insrt ([12

( 2/

tr.insrt

Ttuv’ )
"y' 1)
tr.insrt ([20,"aaa’])
tr.root.prnt ()

— — — —

if __name __ == ' _ main __’: main{()
% python trybt3.py

(2, "y"]

[12, '"tuv’]

[12, ’"xyz']

[15, "xyz']

[ ]

13.1 St dung cac kiéu ci phap diic biét
Trong vi du cla ph?m dang chu y 1a dong 1énh sau:
for £ in [a,b]:

trong d6 a va b 1a cic ddi tugng kiéu file vin ban. Piéu nay cho thiy thuc té cic phan tif cda danh sich
khong nhét thiét phai c6 kiéu vo huéng Quan trong hon, né cho thiy phuong phap st dung Python hiéu
qua sé gitp ta tranh khoi cac vong ldp ki€u c6 dién va cac phép todn trén mang nhu trong C. Chinh diéu nay
gitip cho ma Iénh trd nén 16 rang, sang stia va day 1a mot uu diém thuc sy ctia Python.

N6i chung ban khong nén sit dung vong lip for kiéu C/C++ — nghia 1a mot bién chi sb chang han, j dugc
ki€m tra so véi gidi han trén, nhu j < 10, va viéc ting bién nay sau mdi vong lip (chang han j++).
Thuc su 1a ban ¢6 thé tranh cdc vong lip dang minh bach, va ban nén lam Nhu viy mdi khi c6 thé dugc.

Chang han, doan 1énh

self.lines = self.fh.readlines /()
self.nlines = len(self.lines)

trong cting mdt chuong trinh sé sang stia hon nhiéu so vé6i cach viét nhu trong C, vén gan véi viéc ding mot
vong lip. Vong lip nay sé in 1an lut tiing dong trong file, va ting bién nlines sau mdi vong laflp

Mot cach khéac cling rit hay nham tranh cic vong lip 1a sit dung dic di€ém lap trinh ham ctia Python, dudgc
ban dén trong phan

Tan dung cic ci phap riéng ctia Python, theo céc Pythonista, 1a cich giai quyét vin dé theo kiéu Python
(Pythonic).

31Va chiing ciing khong nhét thiét phai c6 kiéu giéng nhau. C6 thé tron 14n nhiéu kiéu trong ciing mot danh sach.
32 Ban ciing cin luu ¥ cach tham chiéu t6i mot d6i tugng khdc tif trong mot doi tugng self.fh.
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14 Cac dic diém caa lap trinh ham

Cic dic diém nay cho ta cach giai quyét vin dé nhanh chong va kin ké du ring ta vin c6 thé giai quyét theo
cic cach khac co ban hon, nhung ma 1énh sé khong ngan gon va dé viét, dé sifa bang.

Ngoai dic di€ém dau tién ké ra & day (cdc ham Lambda), thi cic dic diém con lai sé triét tiéu su xuit hién
tudng minh clia cic vong lip va cdc chi dinh dén tiing phan ti trong diy. Nhu da néu trong phan|13.1] diéu
nay lam cho ma Iénh sang sta hon.

14.1 Cac ham Lambda

Cac ham Lambda gidp ta c6 cach méi dinh nghia cdc ham rat ngan. Chiing gitip ban tranh lam r6i ma lénh
véi nhitng dong 1énh chi dugc goi ding ¢é mot 1an. Chang han:

>>> g = lambda u:u*u
>>> g (4)
16

Hay chii y rang ddy KHONG phii la cach st dung dién hinh ctia cac ham lambda; d6 chi 1a mdt minh hoa
cho cui phap. Thudng ngudi sit dung ham lambda khong dinh nghia né 1€ loi nhu vay; thay vao d6 1a bén
trong cac ham nhu map() va filter() nhu dudi day.

Sau dy 12 mot vi du khéc thuc té hon, viét lai vi du sip xép trong phan

>>> x = [[1,4]1,15,21]

>>> x

[([1, 41, I[5, 2]]

>>> x.sort ()

>>> x

(01, 41, [5, 2]]

>>> x.sort (lambda u,v: ull]-v[1])
>>> x

([5, 21, [1, 4]]

Dang tong quét ciia ham lambda la:
lambda thamBién 1, thamBién 2, ...: biéuThtc

Vay 12 n6 cho phép ta dua vio nhiéu tham bién, tuy viy phan than ham chi dugc phép 1a mot biéu thiic ma
thoi.

14.2 Mapping

Ham map() c6 tac dung chuyén déi tit mot chudi nay sang chudi khac bing cach dp dung cing mdt ham 1an
lugt dbi v6i moi phan tit trong day, vi du:
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>>> z = map (len, ["abc", "clouds","rain"])
>>> gz
[3, 6, 4]

Nhu vay 1a véi cach nay ching ta da tranh phéi viét ra mot vong lip for, do d6 ma 1énh sé sang stia hon mot
chuit, d& doc va viét hon[?|

Trong vi du néu trén ta da st dung ham c6 san, len(). Ta ciing c¢6 thé sit dung ham minh tu viét; diéu nay
thuong dudc thuc hién qua ham lambda, chfmg han:

>>> x = [1,2,3]

>>> y = map (lambda z: z*z, X)
>>> vy

(1, 4, 9]

Viéc bat budc than ham lambda chi dudc ¢6 mot biéu thifc 12 mot didu kién kha han ché, chang han né khong
cho phép sti dung céu tric if-then-else. Néu ban thuc sy mudn 1am nhu vay, ban c6 thé st dung meo. Vi du
nhu ban mudn

if u > 2: u=2>5
ta c6 thé 1am nhu sau:

>>> x = [1,2,3]

>>> g = lambda u: (u > 2) * 5 + (u <= 2) * u
>>> map (g, x)

[1, 2, 5]

R6 rang ddy khong phai 12 mot bién phdp kha thi trit nhitng trudng hop don gian. Ddi véi cic trudng hop
phiic tap, chiing ta c6 thé sit dung mot ham khong phai lambda. Chang han, sau dy 1a mot cach céi tién cho
chuong trinh trong phan

import sys

def checkline(l):
global wordcount
w = l.split ()
wordcount += len (w)

wordcount = 0

f = open(sys.argv([1l])

flines = f.readlines|()

linecount = len(flines)

map (checkline, flines) # thay thé vong 1l8p ’for’ cii
print linecount, wordcount

Mot 1an nita chi y ring néu ta khong gan cho z, danh sich [3,6,4] van s& dugc in ra. Trong ché d6 tuong tac 1énh, bét ki biéu
thic nao cia Python ma khong phai 1énh gan déu in ra gia tri ctia két qua.
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Chi y rang 1 bay gid 1a mot tham bién cho checkline().

Di nhién 1a doan ma nay c6 thé dudc rit ngan thém, v6i phan trung tim ctia chuong trinh chinh néi trén dudc
ddi thanh:

map (checkline, open(sys.argv[l]) .readlines)

Nhung diéu nay sé& dan dén viéc doc va g6 rdi chuong trinh rat khé khin.

143 Loc

Ham filter() hoat dong giéng nhu map(), chi khic 14 n6 liy nhiing phan ti trong diy thda man mot diéu
kién nhit dinh. Ham ap dung filter() phai tra gia tri boolean (true hoic false). Chang han:

>>> x = [5,12,-2,13]

>>> y = filter(lambda z: z > 0, x)
>>> vy

[5, 12, 13]

Mot lan nita, diéu nay cho phép ta tranh viét vong for va mot 1énh if.

14.4 List Comprehension

Diéu nay cho phép ta riit ngin mot vong lip for ma cho két qua 1a mot danh sach. Lay vi du:

>>> x = [(1,-1), (12,5), (8,16)]
>>> vy = [(v,u) for (u,v) in x]
>>> vy

[(=1, 1), (5, 12), (16, 8)]

Viét thé nay sé& gon hon so véi diu tién 12 gan [] cho y, sau d6 1a vong lip for ma trong d6 ta goi y.append()

14.5 Chiét giam

Ham reduce() dudc st dung dé thuc hién cong don hodic mot phép toan sb hoc kiéu nhu vy dbi véi toan bd
danh sach. Chang han,

>>> x = reduce(lambda x,y: x+y, range (b))
>>> x
10

O day range(5) di nhién 1a [0,1,2,3,4]. Trudc hét, ham reduce() cong hai phan ti diu tién cia [0,1,2,3,4],
tic 1a 0 dong vai tro x va 1 dong vai tro y. Tong cla ching la 1. Sau d6 thi tong do, 1, lai dong vai trd cia
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X va phan ti tiép theo cta [0,1,2,3,4], tic 1a 2, déng vai trd clia y, chiing cho ta két qua 1a 3, va cid nhu vay.
Cubi cung reduce() hoan thanh xong nhiém vu ctia né v tra lai két qué 1a 10.

Mot 1an nita, didu nay ciing cho phép ta tranh mot vong lip for, cling véi mot cau 1énh khdi tao x biang 0
trudc vong for.

15 Cac biéu thitc phat sinh

Gdi nh6 lai rang mot 10i thé 16n clia thé 1ip 1a ta c6 thé thudng xuyén st dung chiing ma khong tao ra mot
danh sich 16n trong bo nhé. Céc biéu thic phat sinh méi dudc gi6i thiéu trong Python 2.4, cho ta su cai tién
tuong tu dbi véi list comprehension.

Xét vi du ngan sau day, trong d6 ta on lai list comprehension va gi6i thiéu cac biéu thic phat sinh.

>>> x

>>> [1 for 1 in x]

(1, 2, 4, 12, 5]

>>> [1 for 1 in x if 1 > 4]
[12, 5]

>>> sum(i for i in x 1if i > 4)
17

>>> min(i for i in x 1if i > 4)
5

= [1,2,4,12,5]

N6i céach khéc, mot biéu thic phat sinh c6 cuing dang nhu mét list comprehension, chi khac & hai diém sau:

e biéu thifc dugc ndm trong cip ngoic tron thay vi ngodc vudng

e ham nao ap dung dugc cho céc thé 13p ciing c6 thé dugc ap dung cho biéu thitd™|
Tién thé can néi, ham min() ciing c6 thé dudc st dung v6i cac tham bién thong thudng:

>>> min (5,12, 3)

3

>>> vy = [5,12,4]
>>> min (y)

4

Hon nifa, né con c6 thé dugc st dung d6i véi bat cii thi gi so sanh dudc theo thi tu trudc-sau:

>>> min (‘def’,’ cxyg’)

’cxyg’

>>> min([4,"abc’]1,1[8,5],13,200])
[3, 200]

Di nhién 12 max() ciing tuong tu. Néu ta két hop ching lai trong cdc bi€u thdc phét sinh thi sé rit c6 10i.

**Chi ¥ ring cip ngodc tron xung quanh biéu thifc ciing déng vai trd ngodc cho ham.
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A Goloi
Ban diing nén gd 16i bang cach chi thém cdc dong 1énh print vao trong chudng trinh. Thay vao d6, hay st
dung cong cu gd 16i. Néu ban khong thudng xuyén st dung cong cu ndy thi sé phai 14p trinh rit khé khin

va ton nhiéu thsi gian. Xem bai trinh bay cda tdi tai dia chi http://heather.cs.ucdavis.edu/
~matloff/debug.htmll

A.1 Cong cu gd 16i san ¢6 trong Python, PDB

Bo gd 16i san c6 trong Python, PDB, tuong dbi so khai, nhung tdi van néu ra dudi day theo su ting dan miic
dd httu dung:

e Dang co ban

e Dang co ban ting cudng st dung thém macro c6 chién ludc

e Dang co ban két hop vé6i bo g6 16i dd hoa DDD.
A.1.1 Dang co ban
Ban sé tim thdy PDB trong thu muc con lib trong hé théng file Python. Chang han, trén hé diéu hanh Unix,
n6 c6 thé 6 mot chd nhu 1a /usr/lib/python2.2, /usr/local/lib/python2.4,v.v... D€ g6 16i mot script x.py, hay

g0 lénh:

)

% /usr/lib/python2.2/pdb.py x.py

(Néu nhu x.py c6 cac tham s6 dong Iénh, chiing phéi dudc dit sau tén x.py trén dong 1énh.)

Di nhién 12 vi ban sé& st dung PDB nhiéu, t6t hon 14 hiy dit cho né bi danh (vi du trong Unix):
alias pdb /usr/lib/python2.2/pdb.py

nhu vy ban chi can viét mot cich don gian

% pdb x.py

Mot khi ban da & trong PDB, hay dit diém diing dau tién, chang han & dong 12:

b 12

Ane (“continue”), bang cach nay ban vao file X.py va ditng lai & chd cé diém dimg. Sau d6 tiép tuc nhu binh
thuong, v6i cac thao tic tuong tu nhu GDB@]

3 Trong mét sb trudng hop, cac 1énh nay sé khong hoat dong cho dén tan khi ban thuc su vao bén trong ma ngudn can gd 16i.
Chéng han, néu gé 1 (“list” cac dong) qua sém sé gay ra thong bao 16i.
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b (“break”) : dit mot di€ém diing

tbreak : dit mot di€ém-ding-mot-1an

1 (“list”) : liét k& mot sb dong trong ma ngudn

n (“next”) : nhay dén dong tiép theo, bd qua ma 1énh trén dong hién tai

s (“subroutine”) : nhdy dén dong tiép theo nhung c6 duyét qua tiing 1énh ctia ham

¢ (“continue™) : tiép tuc thuc hién cho dén tan khi gip diém ditng méi

w (“where”) : nhan bdo cdo vé tinh trang stack

u (“up”) : di chuyén 1én mot mic trong stack, chang han dé truy vin mot bién dia phuong tai dé

d (“down”) : di chuyén xudéng mot mic trong stack

j (“jump”) : nhdy dén mot dong khac ma khéng can thiép dén ma Iénh dugc thuc hién

h (“help”) : xem huéng dan truc tuyén (ngdn gon) (chang han h b d€ xem hudng din v& ciu lénh b.
Don gian hon, go h d€ xem danh sach toan bd céc 1énh.

q (“quit”) : thoat khoi PDB

Ban nén dung 1énh help pdb it nhit mot 1an. N6 sé cho biét toan bo thong tin vé cac tinh ning khac nhau
cua PDB.

Khi vao PDB, diu nhic (Pdb) xuét hién.

Néu ban c¢6 mot chuong trinh gdm nhiéu file, cac diém diing sé c6 dang module_tén:sb_TT_dong.
Chang han, ban ¢ chuong trinh chinh la x.py, va né nhép file y.py. Ban thiét 1ap mot diém diing & dong thi
8 trong file y.py nhu sau:

(Pdb) b y:8

D vdy, can chi y rang diéu nay chi thuc hién dugc khi y thuc su dudc nhép ti x.

Chi y rang khi dang chay PDB, ban ciing dong thdi chay Python trong ché do6 tuong tic dong 1énh. Do d6,
ban c6 thé go bét ki dong 1énh Python nao trén diu nhic ctia PDB. Ban c6 thé dit cic bién, goi ham, v.v...
Diéu nay rat c6 1oi trong mot vai trudng hop sé dugc chi ra sau day.

Ching han, di PDB di c6 1énh p nhim in ra gid tri clia c4c bién va biéu thifc, thudng thi n6 khong cin thiét.
Vi sao? Trong ché d6 tuong tac 1énh ctia Python ta chi can go tén cia bién hay biéu thiic 1a két qua sé& dugc
hién thi trén man hinh—gibéng hét nhu 1énh p di 1am. Nhu vy, ta khong can phai go ‘p’.

Vay 1a néu x.py bao gdbm mdt bién ww va khi chay PDB; thay vi gb

(Pdb) p ww

ban chi can g6
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va gia tri cia ww s€ dudc in ra trén man hinh

Néu ban c6 chuong trinh v6i mot cau tric dit liéu phic tap, ban c6 thé viét mot ham dé in ra man hinh toan
bd cac phan khéc nhau cda cAu tric d6. Sau nay, vi PDB cho phép ban thuc hién bat ki cau 1énh Python nao
tir ddu nhic PDB, ban c6 thé don gian 1a goi ham d6 tir ddu nhic, tit d6 ¢6 thé in dudc mot cach cu thé hon
ddi véi tiing ing dung.

Sau khi chuong trinh ctia ban két thiic hoic 12 trong PDB hay mot 15i thuc hién, ban c6 thé chay lai né ma
khong can thodt khdi PDB—diéu niy quan trong khi ban khong mubn mét cic diém diing-bdi viéc 4n ¢. Chd
y rang ban c6 thé thudng xuyén (du khong phai ludn ludn) bat budc chuong trinh phai két thiic, thong qua
1énh j, nhiy dén mot cau 1énh nao d6 & cudi chuong trinh, va sau d6 4n ¢. Hon nita, néu tiép sau d6 ban da
stta d6i ma 1énh thi nhiing sita d6i nay sé dugc phan anh trong PDB ]

A.1.2 Luu y vé cac 1énh Next va Step

Néu ban ra 1énh cho PDB thuc hién Step don kiéu nhu n khi dang diing trén mot dong 1énh Python c6 nhiéu
thao tic, ban can phai lip lai 1énh n nhiéu 1an (hoic thiét 14p mot diém diing tam thdi dé nhdy qua dong do).

Thi du,

for 1 in range (10) :

thuc hién hai nhiém vu. Thif nhit 13 goi ham range(), va sau d6 dit bién i, bdi vay ban can phdi ra 1énh n hai
lan.

Thé con 1énh nay thi sao?

y = [(y,x) for (x,y) in x]

Néu chéng han x ¢6 10 phan tit thi ban phai thuc hién 1énh n 10 1an! O day chéc chin 1a ban mudn thiét 1ap
mot diém ding tam thoi dé gidi quyét van dé.

A.1.3 St dung Macro cua PDB

R6 rang la dic tinh qua don gian ctia PDB ¢6 thé dudce khic phuc mot phan bing cach tan dung Iénh alias.
Ca nhan t6i khuyén khich ding 1énh nay. Chéang han, ban go

alias c c;;1

3%Tuy vay, néu tén ctia bién lai tring vi mot 1énh ctia PDB (hoic tit viét tit ciia nd), thi 1énh nay sé dugc thuc hién. Thi du, néu
ban c6 bién n, thi viéc gd n s& cho két qua 1a thuc hién lénh n[ext] thay vi 12 in ra gid tri ciia n. D€ in dugc gid tri nay, ban phai gb
pn.

STPDB, nhu da thiy, chi 1a mot chuong trinh Python. Khi ban khdi dong lai, né sé nhép lai ma ngudn ctia ban.

Bén canh d6, 1 do cic diém diing ctia ban dugc luu lai 14 vi ching ciing 12 cdc bién trong PDB. Cu thé hon, ching dudc Iuu trong
bién than vién c6 tén breaks trong 16p Pdb thudc pdb.py. Bién nay dudc thiét 1ap nhu mot tir dién, véi cdc khéa 12 tén clia céc file
ngudn .py, va cac muc la cic danh sich clia diém ding.
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Bing cach nay, mdi khi db lai tai mot diém diing, ban sé tu dong thiy doan ma tiép theo. Pic di€ém nay khic
phuc rit nhiéu cho khiém khuyét vé mit giao dién d6 hoa ctia PDB.

Diéu nay thuc té quan trong dén ndi ban nén dit né va file khéi dong PDB, trong Unix c6 tén 1a $HOME/.pdbrcEgI

Bﬁng céch nay alias luon c6 hiéu nghiém. Ban ciing c6 thé 1am tuong tu dbi véi cac 1énh n va s:

alias ¢ c;;1

alias n n;;1

alias s s;;1

Trong PDB ciing c6 mdt 1énh unalias.

Ban c6 thé viét cac macro khac danh riéng cho cac chuong trinh dang dugc g 16i. Chang han, mét 1an nita
hay gia du riang ban c6 mot bién tén 12 ww & trong X.py, va ban mudn kiém tra gia tri ctia né mdi lan chuong
trinh gd 16i tam ding, & cac diém ding chang han. Mubn vay ta thay ddi bi danh (alias) trén thanh:

alias ¢ c;;1;;ww

Ban c6 thé viét bi danh cho bt ki 1énh Python nao, bao gdm ca cic tham sd. Ching han trong ma ngudn ctia

ban c6 16p C, mot trong cac bién thanh vién ctia n6 1a V. Gi st c6 mot danh sach L bao gom céc dbi tuong
trong 16p C. Nhu vy ta c6 thé€ ¢c6 mot bi danh ki€u nhu:

(Pdb) alias pl for I in L: print I.V

Pé dinh nghia mdi bi danh, ta c6 thé c6 cac tham sd, dugc tham chiéu dén béi: %1, (%2 v.v...

Hoic, ban ciing c¢6 thé dinh nghia mot ham nhiim muc dich g& 16i trong chuong trinh ngudn, ching han
Dbg(), va sau d6 tao mot bi danh dé 1an sau d phai go:

alias dbg Dbg/()

A.14 Sudung _ dict__
Trong phan dudi day, ta sé cho thiy rang néu ¢ 1a mot dbi tuong thudc mot 16p nao do, thi gé o.__dict__

s€ in ra toan bo cic bién thanh vién trong dbi tugng nay. Ban c6 thé két hop dic diém nay véi chic ning dit
bi danh ctia PDB, chang han:

alias c c;;1;;0 dict

A.2 S dung PDB véi DDD

DDD, ¢6 sin trong nhiéu hé théng Unix (va c6 thé download tu do néu hé théng ctia ban chua c6 né), 1a mot
giao dién dd hoa cho nhiéu chuong trinh g& 18i, chang han GDB (cho C/C++), JDB (cho Java), trinh g& 15i
c6 san trong Perl, v.v... N6 con c6 thé dung cho PDB ctia Python, gitip ta nAng cao hiéu qué khi 1am viéc.

3 Python ciing sé kiém tra su ton tai ciia mot file nhu vdy trong thu muc hién thoi.
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A.2.1 Chuin bi

Ung dung déu tién ctia DDD cho PDB dugc Richard Wolff thuc hién. Ong da chinh siia file pdb.py nhim
muc dich nay, tao thanh file PDB mdi c6 tén pydb.py. Ban diu danh cho Python 1.5, tuy nhién sau nay
Richard di cung cAp ban cip nhat quy bau bao gom ciéc file sau day:

http://heather.cs.ucdavis.edu/~matloff/Python/DDD/pydb.py
http://heather.cs.ucdavis.edu/~matloff/Python/DDD/pydbcmd.py
http://heather.cs.ucdavis.edu/~matloff/Python/DDD/pydbsupt .py

Dit hai file vao mot chd nao d6 trong thu muc tim kiém ctia ban, chang han /usr/bin. Pam bao riang ban cho
chiing quyén thuc hién.

A.2.2 Khéi dong DDD va mé chueng trinh

D¢ bat dau, chang han gd 13i file fme2.py trong Phan trude hét hay didm bao ring main() dudc thiét
1ap nhu dudc trinh bay trong phan dé.

Khi ban kich hoat DDD, hay bao né st dung PYDB:

ddd --debugger /usr/bin/pydb.py

Sau d6 trong cira sd dong 1énh ctia DDD, tiic 12 cifa s& dong 1énh con ctia PDB (gan phia dudi cling), go:

(pdb) file fme2.py

hodc chon File | Open Source va click dip chudt vao tén file.

Sau nay, khi can stta d6i ma ngudn, ban hiy gé 1énh
(pdb) file fme2.py

Hoic chon File | Open Source hay File | Open Recent va click ddp vao tén file. Cc di€ém diing trong 1an
chay cubi cling sé dudc giit nguyén.

A.2.3  Cac diém ding
Khi dit mot diém ding, click phai chudt vao dau d6 trong khoang tréng ctia dong trong ma ngudn ctia ban

va chon Set Breakpoint (hodc Set Temporary Breakpoint (dit diém diing tam thdi) hodc Continue to Until
Here (tiép tuc dén tan day), tuy tiing trudng hgp).
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A.2.4 Chay chuong trinh nguf;n cua ban

D€ chay, hay chon Program | Run, dién céc thong s trong chuong trinh clia ban (néu c6) vao hop “Run with
Argument”, va click Run trong ctia s6 d6. Ban sé dugc dé nghi 4n tiép Continue, ma ban c6 thé lam bang
cach 4n Program | Run |, nhung tién Igi hon ca 1a click vao Continue trong ctia s& nhd c¢6 nhiém vu tém tat
dong 1énh. (Tuy vay dung st dung 1énh Run & do).

Sau d6 ban c6 thé click Next, Step, Cont v.v... D4u trd dén dong 1énh dang dudc thuc hién sé c6 hinh chit ‘T’,
mic di hdi md néu nhu con trd chudt khdng nam trong pham vi ma ngudn ciia ctia sé DDD.

Ciing can n6i thém, ban diing goi sys.argv trong doan ma lénh diing tu do ctia mot 16p. Khi chuong trinh
ctia ban 1an dAu dugc nap, moi doan ma 1énh diing tu do trong 16p sé dudc thuc hién. Nhung bdi vi cac tham
s6 dong 1énh van chua dudc nap nén két qua 12 c6 16i “index out of range” (thd tu vudt ngoai khoing cho
phép). Hay tranh didu nay bing cdc dua ma 1énh c6 chifa sys.argv hoic 1a vio trong mot ham cia 16p, hoic
12 ra han phia ngoai 16p.

A.2.5 Theo doi cac bién
Ban c6 thé xem gid tri ctia mdt bién bang céach di con trd chuot téi bat ki chd nao c6 tén bién d6 trong ctia s&
ma ngudn.

Nhu di dé cap dén trong Phan [A.1.4, néu o 12 mot ddi tugng ctia mot 16p nao do, thi viéc go o.__dict__ sé
in ra toan bo cdc bién thanh vién trong 16p nay. Trong DDD, ban c6 thé 1am diéu nay dé dang hon nhu sau.
Don gian 1a dit biéu thic d6 sau dau chi thich:

# o. __dict __

va sau d6 mdi khi mubn xem xét gia tri cac bién thanh vién cida o, hiy dua con tré chudt dén biéu thiic dé
trong dau chu thich!

Tan dung céc dic di€ém ctia DDD, ta c6 thé cho hién thi mot bién mot céch lién tuc. Pon gidn 1a click phai
chudt 1én bat ki chd nao c6 bién d6, va sau d6 chon Display.

A.2.6 Cac van dé hon hop
Dugc phit trién véi y dinh ban dau danh cho C/C++, DDD khong phéi ludn phit hgp véi Python. Nhung vi
DDD chuyén ddi c4c 1énh ma ban click thanh cdc 1énh cho PDB, nhu ban thiy trong cilia s& dong 1énh cia

DDD; nén bt ci viéc ndo ban khong thé thuc hién véi DDD, ban déu c6 thé gb cac 1énh PDB vao ctia s&
dong 1énh.

Ciing can n6i thém 1a PYDB, phién ban stia d6i cia PDB dugc dung trong DDD, khong c6 1énh alias.

A.2.7 Mot sb hé trg g6 16i cé san trong Python

C6 mot s6 ham ¢6 sén ctia Python ma ban c6 thé thiy hitu dung trong qua trinh gd 18i.
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A.2.8 Thudctinh __dict___

Hay nhé lai ring cic thuc thé 16p dugc van hanh nhu nhiing tit dién. Néu c6 mot thuc thé 16p tén 1a i, ban
c6 thé xem tir dién clia n6 thong qua i.__dict__. N6 sé cho thiy gid tri clia toan bo cac bién thanh vién trong
16p.

A.29 Ham id()

Doi liic ban can biét dia chi thuc té ctia mot dbi tugng nao d6 trong bo nhé. Chang han, ¢6 hai bién ma ban
nghi ring chiing cuing chi dén mot déi tugng, nhung khong chic chin. Phuong thiic id() sé cho ban dia chi
ctia ddi tugng. Chang han:

>>> x = [1,2,3]
>>> id (x)
-1084935956
>>> id(x[1])
137809316

(Pling bin khoin vé dia chi am, vi thuc té 12 dia chi nay c6 s6 qua 16n va dudc coi 12 mot sd nguyén bu (two’s
complement)).

A.2.10 Céc cong cu/ IDE g6 16i khac

B0 g6 161 Winpdb mdi The new Winpdb debugger(www.digitalpeers.com/pythondebugger/ )PEI
c6 vé rat tot. Pic biét 12 dbi véi toi vi né dudc dua trén mot bo g6 16i cii hon ¢6 tén 13 RPDB vén xir 1i cac
thread cta Python rét tot. Tuy vy, tai liéu ctia Winpdb, dén tin thang 1 nim 2006 con rat so sai, va tdi
chua c6 dip d& ding né. Hay tim ban cip nhat (néu c6), tai http://heather.cs.ucdavis.edu/
~matloff/rpdb.html.

Ca nhan t6i khong thich cac méi trudng phat trién tich hgp (IDE). Ching thudng téi rat chim va thudng
khong cho toi dung chuong trinh soan thdo van ban ua thich@] va theo quan diém cta tdi cac IDE khong c6
tiing 4y chifc ning. Tuy vay, néu ban thich IDE thi sau diy 12 mot s6 goi y:

Ban c6 thé mudn thit IDLE, cong cu IDE kém sin vdi g6i Python, du ring toi thiy né c6 nhiéu khiém
khuyét. Nhung ngoai ra toi ciing nghe y kién tot vé cac IDE mién phi sau: Boa Constructor, http://
boa-constructor. sourceforge . net /; Eclipse vdi phan md rong Python, http: //www.python.
org/moin/EclipsePythonIntegration; vaJEdit,http://www. jedit.org/L T6i cé mot bai
viét huéng din vé Eclipse tai http://heather.cs.ucdavis.edu/~matloff/eclipse.html.
Con trong s6 cac phan mém thuong mai, tdi ludn uva chuéng Wing Edit, http://wingware.com/
wingide/platforms, cdng cu ma toi st dung mdt thoi gian ngén cho Java.

¥Khéng nhu tén goi ciia nd, cong cu nay khong chi danh riéng cho cic mdy chay Microsoft Windows.
“OT5i ding vim, nhung diéu ciin ban 1a t6i mubn diing mot chuong trinh soan thio cho tit ¢ moi viéc—Iap trinh, soan théo,
e-mail, phét trién trang Web, v.v...
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A.3  Tailiéu truc tuyén
A.3.1 Ham dir()

dir() 12 mot ham rit tién dung cho phép ta xem nhanh nhiing thanh phan c6 trong mot dbi tuong hodic ham.
Ban nén st dung né thudng xuyén
Dé minh hoa, trong vi du ctia Phin (7| chiang han chiing ta diing lai & dong:

print "Sé file van bdn dang md la: ", textfile.ntfiles

Sau d6 dot nhién ching ta mudn kiém tra mot sé diéu véi ham dir(), chang han:

(Pdb) dir ()

[7a’ b’ ]

(Pdb) dir(textfile)
[’

_doc__ ', ’'_init__ ", '_module__', ’'grep’, ’'wordcount’, ’'ntfiles’]
Ngay sau khi ban kh&i dong Python, c6 rat nhiéu thi da dugc tai. Ching ta hiy xem:

>>> dir ()

[/__builtins_ ', ’'__doc_ ', ’'_ _name_ ']

>>> dir(__builtins_ )

['/ArithmeticError’, ’'AssertionError’, ’'AttributeError’,
"DeprecationWarning’, ’'EOFError’, ’'Ellipsis’, ’'EnvironmentError’,
"Exception’, ’'False’, ’'FloatingPointError’, ’'FutureWarning’, ’'IOError’,
"ImportError’, ’IndentationError’, ’'IndexError’, ’'KeyError’,
"KeyboardInterrupt’, ’'LookupError’, ’'MemoryError’, ’NameError’, ’None’,
"NotImplemented’, ’'NotImplementedError’, ’'OSError’, ’'OverflowError’,
"OverflowWarning’, ’PendingDeprecationWarning’, ’'ReferenceError’,
"RuntimeError’, ’'RuntimeWarning’, ’StandardError’, ’StopIlteration’,
"SyntaxError’, ’SyntaxWarning’, ’SystemError’, ’SystemExit’, ’TabError’,
"True’, 'TypeError’, ’'UnboundLocalError’, ’'UnicodeDecodeError’,
"UnicodeEncodeError’, ’'UnicodeError’, ’'UnicodeTranslateError’,
"UserWarning’, ’'ValueError’, ’'Warning’, ’'ZeroDivisionError’, ’'_',

' _debug_ ', ’'_doc_ ', ’'__import_ ', '__name_ ', "abs’, "apply’,
"basestring’, ’'bool’, ’'buffer’, ’callable’, ’'chr’, ’'classmethod’, ’'cmp’,
"coerce’, ’'compile’, 'complex’, ’'copyright’, ’‘credits’, ’'delattr’,
'dict’, ’'dir’, ’'divmod’, ’'enumerate’, ’'eval’, ’'execfile’, ’'exit’,

rfile’, 'filter’, ’'float’, ’'frozenset’, ’'getattr’, ’"globals’, ’'hasattr’,
"hash’, ’"help’, ’"hex’, ’id’, ’input’, ’int’, ’intern’, ’'isinstance’,
"issubclass’, ’'iter’, ’'len’, ’'license’, ’'list’, ’'locals’, ’long’, ’'map’,

"max’

"min’, ’'object’, ’'oct’, ’open’, ’‘ord’, 'pow’, ’'property’, ’'quit’,
"range’, ’'raw_input’, ’‘reduce’, ’'reload’, ’'repr’, ’'reversed’, ’'round’,
"'set’, ’'setattr’, ’slice’, ’sorted’, ’staticmethod’, ’str’, ’‘sum’,
"super’, ’'tuple’, 'type’, ’'unichr’, ’'unicode’, ’vars’, ’‘xrange’, ’zip’]
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Vay d6, c6 mot danh sich tit ca cac ham c6 sin va nhiing thudc tinh khdc ma ban théy!
Néu ban mubn biét nhitng ham nao va thudc tinh nao khac c6 trong kiéu tir dién:

>>> dir (dict)

[’ class_ ', '_cmp_ ', ’_ contains_ ', '__delattr_ ', ’'_ delitem_ ',
4

_doc__'", "_eq ", ' ge__ ', '_getattribute__ ', ’'__getitem__ ',
" gt ', ' _hash_ ', '__init_ ', ’'__iter_ ", ' le_ ", '__len_ ',

r_ 1t ', '_ne_ ', '_new_ ', '__reduce_ ', ’'__ _reduce_ex_ ',

' _repr_ ', '__setattr_ ', ’_ setitem_ ', '__str ', 'clear’, ’'copy’,
"fromkeys’, 'get’, ’'has_key’, ’'items’, ’iteritems’, ’iterkeys’,
"itervalues’, ’'keys’, ’'pop’, ’'popitem’, ’'setdefault’, ’'update’,
'values'’ ]

Gia du ching ta muén tim xem cdc phuong thiic va thudc tinh nao gin véi kiéu chudi. Nhu ban da biét qua
phan|6.2.2] chudi di tré thanh mot 16p c6 sén trong Python, bdi vay ta khong thé go:

>>> dir (string)
Ma thay vao d6 phai ding mot déi tuong chudi bat ki:

>>> dir("’)
["_add_', ’'__class_ ', ’'_ contains_ ', ’'_ delattr_ ', ’'_ _doc_ ',
' _eq ', '_ge_ ', '_ _getattribute_ ', ’'_ getitem ', ’'_ getnewargs_ ',

' __getslice_ ', '_gt__ ', '_hash__’, ' init_ ", ' le_ ", ' len_ ',

’ 1t ', '_mod__', '_mul__", ' ne_ ", ' new__ ", ' reduce__ ',
! reduce_ex_ ", ' repr__ ', '_rmod__ ', '_rmul__', ' setattr_ ',
! str_ ', ’'capitalize’, ’center’, ’'count’, ’'decode’, ’encode’,

"endswith’, ’expandtabs’, ’'find’, ’'index’, ’isalnum’, ’isalpha’,

fisdigit’, ’"islower’, ’‘isspace’, ’"istitle’, ’'isupper’, ' join’, ’"1ljust’,
"lower’, ’lstrip’, ’'replace’, ’'rfind’, ’'rindex’, ’'rjust’, ’'rsplit’,
"rstrip’, ’'split’, ’'splitlines’, ’‘startswith’, ’'strip’, ’swapcase’,
'title’, ’'translate’, ’'upper’, 'zfill’]

A.3.2 Ham help()

Chéng han, hay tim hiéu vé phuong thitc pop() ctia danh sach:
>>> help (list.pop)

Help on method_descriptor:

pop (...)

L.pop([index]) —-> item —-- remove and return item at index (default
last)
(END)
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va phuong thic center() ctia chudi:

>>> help (’’.center)
Help on function center:

center (s, width)
center (s, width) -> string

Return a center version of s, in a field of the specified
width. padded with spaces as needed. The string is never
truncated.

An ’q’ dé thoat khéi trang huéng dan.

Ban ciing c6 thé 14y thong tin bang céch sit dung pydoc tai diu nhic 1énh ciia Unix, chang han:

% pydoc string.center
[...nhu trén]

A.4  Giai thich vé bién phap x Ii bién cta 16p cii

Trudc khi Python ra phién ban 2.2, khong ¢6 mdt hd trd ndo danh cho cac phuong thic ctia 16p. Nhung c6 mot
bién phap xu 1i don gian dudc trinh bay § http://aspn.activestate.com/ASPN/Cookbook/
Python/Recipe/52304.

Bay git vi Python di cho phép céc phuong thic clia 16p (thuc té 1a hai loai), ching ta khong cin mot bién
phép xit 1i nhu viy trong 1ap trinh, nhung né 1a vi du hay cho ta thiy nguyén tic hoat dong ctia tham chiéu
ddi tugng nhu thé nao. Ching ta hiy tim hiéu diéu nay:

Trong chudng trinh tfe.py ciia phan 7] c6 thé thém

class ClassMethod:
def _ _init_ (self,MethodName) :
self. call = MethodName

class textfile:
(lots of stuff omitted)
def printntfiles():
print textfile.ntfiles
tmp = ClassMethod (printntfiles)
printntfiles = tmp

textfile.printntfiles ()

(Téi da thém vio mot dong—dong véi mot phép gan cho tmp—dé rd rang hon, nhu ban sé thiy sau nay.)

Nhé lai trong phan (8] cic ham trong Python déu la céc (con trd dén) cac ddi tudng, ciing gidng nhu bat ci
thit gi khac, va do dé déu c6 thé gan duge. Ching han, trong doan ma dudi day:
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>>> def f(x):
return x*x

>>> g = £

>>> g (3)

9

f thuc chit chi 12 mot con trd dén mot “déi tuong ham”, vi vy néu ta gan f cho g, thi g ciing chi dén d6i
tugng do, va do vay g ciing la ham cung tinh nang.

Miit khéc, ciing can luu y rang cic thuc thé 16p déu c6 thé goi dudc. D6 chinh la phuong thitc __call_ (),
phan ngam dinh ctia tit ca moi 16p. Do d6 don gian 1a chiing ta vo nhu thuc thé 16p 12 mdt ham, va sau d6 goi
n6. Khi d6, phuong thiic __call__() sé dudc kich hoat dbi véi self (nghia 12 thuc thé 16p ma ching ta dang
“g0i”) vi bat ki tham sd nao dudc nhap vao. Phuong thic _ call__() dugc mic dinh la réng, nhung chiing
ta ¢6 thé cho mot thong sb va sit dung theo muc dich riéng.

Thi du, file ngudn sau diy c6 tén 1 yyy.py:

class u:
def _ _init_ (self):
self.r = 8
def _ call_ (self,z):
return self.r*z

def main{() :
a = u()
print a(5)
a.r = 13

print a(5)

if name == main__ ' :
main ()

python yyy.py
40
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Bay gid hiy xem dong 1énh sau diy trong file ngudn da 4p dung bién phap x 1i:
tmp = ClassMethod (printntfiles)

N6 c6 tac dung tao ra mdt thuc thé ctia 16p ClassMethod va gan n6 cho tmp. Tham s6 1a printntfiles, bsi
vy dong 1énh kién tao:

self. call = MethodName
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sé c6 nghia 1a tmp.__call__ dudc dit cho printntfiles. Hay tam quén di riang ca tmp.__call__ va printntfiles
déu 12 ham; chi chi y 13 chiing ta ¢4 gan mot con trd (printntfiles) cho céi kia (tmp.__call_).

Tuy vay ca hai céi nay di nhién déu 1 ham, va do d6 tmp.__call__ bay gio alf mot con trd t6i ma ctia ham
ban dau printntfiles, tic 12 t6i ma:

print textfile.ntfiles
Va dong tiép theo
printntfiles = tmp

c6 nghia 12 bién printntfiles bay gio khong con chi dén ma 1énh ctia né nita! Thay vao d6, né chi dén mot
thuc thé cta 16p ClassMethod.

Hay nhd ring, by gid printntfiles ban than n6 1a mot bién 16p & trong 16p textfile, nghia 1a n6 c6 tén day
du textfile.printntfiles. Ban dau n6 1a mot ham, nhung vi bét cif thii gi déu c6 thé gan dudc, nén bay git né
chi don gin 12 mot bién, chi dén mot thuc thé ciia 16p ClassMethod.

Diéu can néi 1a néu ta goi textfile.printntfiles—ma ta c6 thé thuc hién dudc, vi moi 16p ctia Python déu
“goi dugc”!—thi ta da kich hoat phuong thic __call__() cla thuc thé d6. Va phuong thdc nay, nhu da thiy
& trén, chi dén ma ngudn gbc ban dau ctia ham printntfiles, nghia la:

print textfile.ntfiles

Do vay ma doan ma dé sé dugc thuc hién!

Tom lai mét 1€nh ¢6 cu phap nhu mot 16i goi phuong thiic cia mot 16p, nhu
textfile.printntfiles ()

thuc té sé déng vai tro nhu mot phuong thiic 16p, dui rang trong Python khong c¢6 hinh thic nay.

A.5 Dua tht ca cac bién toan cuc vao trong mét 16p
Nhu da néi trong phan |5} thay vi st dung tit khoa global, chiing ta cé thé 1am rd rang va c6 td chiic hon bang

cach nhém tit ci cic bién toan cuc vao mét 16p. O day, trong file tmeg.py, ta sé 1am nhu vdy, mét céi tién
so vdi file tme.py:

# doc vao file text cé tén da ducc chi dinh trong dong 1énh,
# va théng bdo sb dong va sbd tu céd trong file

import sys

def checkline () :
glb.linecount += 1
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w = glb.l.split ()
glb.wordcount += len (w)

class glb:
linecount = 0
wordcount = 0
1 =11
f = open(sys.argv[1l])
for glb.l in f.readlines():
checkline ()

print glb.linecount, glb.wordcount

Chu y r.:?lng khi chuong trinh dugc chay 1an dau, 16p glb sé dudc thuc hién, va thim chi truéc ca khi khéi
dong main().
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