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Biéu twong O’Reilly d3 dwgc dang ky nhan hiéu cho Tap doan O’Reilly Media,
Dao mot vong python (A Whirlwind Tour of Python), anh bia va nhitng nhan dién
thuwong mai lién quan thudc Tap doan O’Reilly Media.

M3&c du nha xuat ban va tac gid da nd lwc hét sirc dé dam bao su chinh xac cla
thong tin va hwdng dan trong an phdm nay, nhuwng nha xuat ban va tac gia tuir
ch8i moi trach nhiém ddi v&i nhirng 16i va thi€u sét, bao gdbm va khdng gidi han
trach nhiém déi vai nhirng thiét hai la két qua cda viéc dp dung hay phu thudc
vao an pham nay. Viéc sir dung théng tin va huwdng dan trong an pham nay luén
c6 nhitng rdi ro nhat dinh. Néu nhitng cau Iénh mau hay nhitng cong nghé chira
dung hodc mé ta trong an phdm nay phai tuin theo gidy phép m3 ngudén md
hodc quyén s& hitu tri tué cda chi thé khac thi ngudi dung cé trach nhiém tuan
thd nhirng gidy phép hodc/va quyén dé.
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Dao mot vong Python

Lo'i m& dau

Puwoc hinh thanh vao cudi nhitng ndm tdm muoi nhw la mét ngdn ngit giang day
va kich ban, Python d3 trd thanh moét cong cu thiét yéu cho nhiéu 1ap trinh vién,
k¥ su, nha nghién cru va nha khoa hoc dit liéu trong cac hoc vién va nganh cong
nghiép. La mdt nha thién van tap trung vao viéc xay dwng va thic day cac cong
cu m& mién phi cho nganh khoa hoc chuyén sau vé dit liéu, téi thay Python phu
hop mot cdch gan nhw hoan hao cho cac loai vAn dé ma t6i gdp phai hang ngay,
cho du d6 la viéc trich xuat y nghia tir cac bé dir liéu thién van I&n, thu thap va
chuyén ddi dit liéu ngudn cla trang Web hay tu déng hdéa cac nhiém vu nghién
ctru hang ngay.

Su hap dan cta Python dén tir sw don gian va vé dep cla nd, cling nhu sy tién
lgi cia hé sinh thai Ién gébm cdc cdng cu mién chuyén biét d3 dwoc xay dung
trong d6. Vi du, hau hét ciu lIénh Python trong tinh todn khoa hoc va khoa hoc
dit liéu duwoc xay dung xung quanh mot nhom cac goéi (package) hoan chinh va
hiru ich.

e NumPy cung cdp kha nang luvu trit va tinh todn hiéu qua cho cic mang dir
liu da chiéu.

e SciPy chira mét loat cac cdng cu s6 nhu tich phan va ndi suy.

e Pandas cung cdp mdt d6i twong DataFrame cung vdi cac phuong thirc
manh mé& dé diéu khién, loc, nhém va chuyén déi dit liéu.

e Matplotlib cung cdp mét giao dién hitu ich dé tao ra cdc phac hoa va ban
VE.

e Scikit-Learn cung cdp mot bd cdng cu thdng nhat dé dwa vao dir liéu cac
thuat todn cho phép may tinh kha nang tw hoc hoi.

e |Python/Jupyter cung cdp mét thiét bj dau cudi ndng cao va mdi trwdng
tuong tac may tinh hiru ich cho phan tich tham do, cling nhu tao ra cac tai
liéu tuong tac, thye thi. Vi du, ban thao cdia cuén sdch nay duoc soan hoan
toan vdi Jupyter notebook.




Khéng kém phan quan trong dé 1a mot sé lwgng Ién cac cdng cu va céc goi di
kém: néu cé mdt nhiém vu phan tich khoa hoc hodc dit liéu ma ban mudn thuec
hién, rat c6 thé cé ai d6 d3 viét san mét gi dé lam diéu d6 cho ban.

Tuy nhién, dé khai thac sirc manh cGa hé sinh thai khoa hoc dit liéu nay, trwdc
tién, doi hoi phai lam quen véi ngdn nglt Python. Toi thwdng bat gdp céc sinh
vién va dong nghiép cé nén tang (d6i khi la hiéu biét sadu rong) @ mot s6 ngén
ngl* nhv, MAT MATLAB, IDL, R, Java, C ++, v.v., vd mudn céd mét cai nhin ngan
gon nhwng toan dién vé ngdn nglr Python twong xirng véi trinh d6 hiéu biét cla
ho, hon la bat dau tir con s6 khdng. Cudn sach nay phu hop véi nhu cau dé.

DU vay, cudn sach nay khdng nham tdi viéc tré thanh mot cudn cdm nang toan
dién vé |ap trinh ndi chung hay ngdn ngit Python néi riéng; néu dé la thé ban
dang kiém tim, h3y th& diém qua mot s6 goi y tham khao duoc liét ké tai muc
“Tai nguyén cho viéc hoc thém” trang 98. Thay vao dé, cudn sich nay sé cung
cap nhirng kién thirc so khai vé cd phap va y nghia cta ching, kiéu di liéu tich
hop san (built-in data) va ciu truc, dinh nghia ham, ciu [énh diéu khién, va cac
khia canh khac cla ngdn ngi nay. Muc tiéu clta téi la mang dén cho déc gia mot
nén tang virng chac dé tir dé kham pha nhitng bé mdn khoa hoc may tinh nhu
da néi & trén.

S dung dong Iénh mau

Tai liéu b6 sung (m3 |énh mau, IPython notebooks, v.v.) déu cé thé tai vé tir
duwong dan https://github.com/jakevdp/WhirlwindTour OfPython/.

Cudn sach nay s& giip ban hoan thanh céng viéc cia minh. Nhin chung, ban ¢é
thé s&r dung nhitng doan m3 cd trong cudn sach nay vao trong chwong trinh hay
tai liéu cha minh. Ban khéng can phai xin phép chidng téi trir phi ban can sao chép
nhirng doan ma quan trong. Vi du, ban khéng can phai xin phép khi sir dung mot
hay nhiéu doan ma trong cuén sach nay vao chuwong trinh cia minh, ban hay
phan phéi CD-ROM chtra cac vi du tir sach O’Reilly, tra |&i cac cau hdi hay bang
cach vién dan tlr cudn sach nay. Nhuwng viéc két hop nhiéu doan ma quan trong
tlr cudn sdch nay vao ho so san pham cda ban can phai dwoc cho phép.

Chung toi danh gia cao sw ghi nhan, nhung khong bat budc. Mot su ghi nhan bao
gém tua dé, tén tac gid, nha xuat ban va m3 ISBN clGa cudn sach nay. Vi du: “A
Whirlwind Tour of Python by Jake VanderPlas (O’Reilly). Copyright 2016 O’Reilly
Media, Inc., 978-1-491-96465-1.”




Né&u ban cdm thay viéc st dung nhitng doan m3 cia minh nam ngoai nhitng su
cho phép & trén, dirng ngan ngai lién lac v&i chung tdi qua dia chi
permissions@oreilly.com.

Cai dat va mot sd van dé thuwc té

Viéc cai dat Python va bd thu vién cho phép tinh todn khoa hoc rat don gidn cho
du ban st dung Windows, Linux hay Mac OS X. Phan nay sé dua ra mot s can
nhac khi thiét 1ap may tinh.

Python 2 va Python 3

Cudn sach nay st dung cu phap cha Python 3, chira cic cai tién vé ngdn ngir
khong tuwong thich vai nhitng phién ban 2. x cia Python. Mac du Python 3.0 ra
mat [an dau vao ndm 2008, nhung phai mat rat 1au né maéi dwgc chap nhan, dic
biét 13 trong cdng déng cac nha khoa hoc va phat trién website. Ly do chinh la
can thoi gian dé cac gdi va bd cdng cu thiét yéu tuong thich vdi ngdn nglt mai.
Tuy nhién, tir ddu nam 2014, phién ban 6n dinh cha cac cong cu quan trong bac
nhat trong hé sinh thai khoa hoc dit liéu d3 hoan toan twong thich vadi ca Python
2 va 3, va do la ly do ma cudn sach nay s& dung cu phap Python 3. Du trong
truong hop dé, da s6 nhitng doan m3 trong cuén sach nay ciling sé hoat déng
ma khdng can phai chinh stra trén Python 2: trong truérng hop cé nhirng cld phap
khong tuong thich véi Py2, t6i s& c6 gang lwu y nd mot cach rd rang nhat.

Cai dat voi conda

Cé rat nhiéu cach dé cai dat Python, nhung cdch ma tdi muén dé xuat (ddc biét
néu ban mudn st dung nhirng cdng cu khoa hoc dit liéu nhw da néi & trén) I3
théng qua bd phan phdi da nén tdng Anaconda. Anaconda cé hai dang:

e Miniconda cung cdp mét trinh thong dich Python, cing v&i mét cdng cu
dong lénh goi |a conda hoat déng nhu mét trinh quan ly géi da nén tang
hwdng dén cac goi Python, twong ty nhu cdng cu apt hodc yum rat quen
thudc vdi ngudi dung Linux.

e Anaconda bao gém ca Python va conda, thém vao dé la mét bd cac goi
duwoc cai dat san hudng téi tinh todn khoa hoc.

T4t ca nhitng goi di kém theo Anaconda déu cé thé cai dat mot cach thi cong
trén Miniconda, vi ly do nay, t6i khuyé&n ban nén bat dau véi Miniconda.

Bat dau bang viéc tai xuéng va cai dat Miniconda (hdy chac rang ban chon dung
phién ban cho Python 3) va sau dé la cai dat IPython:




[~] $ conda install ipython-notebook

Dé biét thém thong tin vé conda, bao gdbm ca thong tin vé tao Iap va s& dung moi
truong conda, hdy tham khdo tai liéu vé Miniconda da duoc lién két & trén.

“Triét ly” cta Python

Nhitng ngudi yéu thich Python thudng cé thé nhanh chdng chi ra Python “tryc
quan”, “dep d&” hay “thd vi” ra sao. T6i c6 xu huéng déng vy, va ciling nhan ra
rang cai dep, truc quan, thi vi dé thudng di cung vai sy quen thudc. Nhung doi
vOi nhirng nguoi da quen vai nhitng ngdn ngir khac, nhirng nhan xét hoa my trén
hoi cé phan tw man. Tuy nhién, tdi hy vong rang néu ban cho Python mot co hdi,
ban sé thay duwoc nhirng ddu an dé dén tir dau.

Va néu ban that sy muén di sdu tim hiéu vé triét ly 1ap trinh, th& d3 thu hat
nhirng nguwdi mudn s dung thuan thuc strc manh [ap trinh cta Python, dé la mot
diéu thd vi nho nhé ton tai trong trinh théng dich Python. Hiy nhdm mat lai,
ngam nghi mot chut, va chay dong Iénh import this

In [1]: import this
The Zen of Python, by Tim Peters

Beautiful is better than ugly.
Explicit is better than implicit.
Simple is better than complex.
Complex is better than complicated.
Flat is better than nested.

Sparse is better than dense.
Readability counts.

Special cases aren't special enough to break the rules.
Although practicality beats purity.
Errors should never pass silently.
Unless explicitly silenced.

In the face of ambiguity, refuse the temptation to
guess.

There should be one--and preferably only one--obvious
way to do it.

Although that way may not be obvious at first unless
you're Dutch.

Now i1s better than never.

Although never is often better than *right* now.




If the implementation is hard to explain, it's a bad
idea.

If the implementation is easy to explain, it may be a
good idea.

Namespaces are one honking great idea--let's do more of
those!

Ban dich:

bPep tbt hon x&u.

R& rang tbét hon che day.

bon gidn tbt hon phic tap.

Phiic tap tbét hon rdc rbi.

Dan phdng tét hon 16ng nhau.

Thua tbt hon day.

Dé doc.

Trudng hop ddc biét cfing du phd v& quy téc.
M&c du thuc té dé bep nguyén ban.

Khéng bao gid lidng 1& bd qua 16i.

Tr phi da bat né im ling.

Trudc mdt diéu mo hd, tu chdi su cam db.
Nén cé mdét, va tdt nhidt 1a chi mdt cach dé lam diéu db.

Mdc du ban ddu né c6 thé sé& khdédng rd rang tru khi ban 1a
ngudi Ha Lan.

Bay gid tbét hon khdédng bao giod.

Mic du khéng bao gid thuong tdt hon “ngay” luc nay.

Néu khé cé thé gidi thich cdch thuc hién, dé 1a mét y
tudng toéi.

Néu dé dang gidi thich dugc, d6 cé6 thé 1a mét y tudng
hay.

Khéng gian tén la mbét y tudng tuyét voi, hdy lam ra
nhiéu hon!

V@i nhirng lwu y trén, hdy cung bat dau hanh trinh v&i ngdn ngit Python!
Céch dé khéi chay mét doan m3 Python

Python la mét ngdn ngit linh hoat, va cé rat nhiéu cach dé s&r dung nd tuy vao
tirng nhiém vu cu thé. Mot didu dé phan biét Python véi nhitng ngén ngir 1ap
trinh khac Ia nd la ngdn ngit théng dich (interpreted) cht khdng phai bién dich
(compiled). C6 nghia |a nd thuc thi tirng dong Iénh, diéu nay cho phép lap trinh




tuong tac theo mot cdch ma ta khdong thé lam tryc tiép déi véi nhirng ngdn ngit
bién dich nhu Fortran, C, hay Java. Phan nay s& gidi thiéu bdn cach chinh dé khéi
chay mot doan ma Python: trinh thong dich Python, trinh théng dich IPython,
thong qua cac tdp Iénh doc lap, hoac trong Jupyter notebook.

Trinh thong dich Python (Python interpreter)

Cach don gian nhat dé khdi chay mét doan m3 Python la thyc thi tirtng dong [énh
véi trinh théng dich Python. Trinh théng dich Python cé thé khéi dong bang cach
cai dat ngdn nglr Python (xem phan trudc) va nhap python vao méi trwdng dong
lénh (command prompt) (Terminal cta hé diéu hanh Mac OS X va Unix/Linux,
hoac irng dung Command Prompt cia Windows):

S python

Python 3.5.1 |Continuum Analytics, Inc.| (default, Dec
7...

Type "help", "copyright", "credits" or "license" for
more. ..

>>>

Vdi trinh théng dich nay, ban cé thé nhap va thuc thi tirng dong 1énh. Dudi day
la vi du st dung trinh théng dich nhu mét may tinh don gian, thuc hién cac phép
tinh va gan gia tri cho bién:

>>> 1 + 1
2
>>> X

>>> x * 3
15

Trinh thong dich Iam cho viéc chay thir cdc doan m3 Python nhd va cac chudi
hanh déng ngan tr& nén tién loi.

Trinh thong dich IPython (The IPython interpreter)

Néu danh nhiéu thoi gian vai trinh théng dich Python don gian, ban s& nhan thay
nd thiéu rat nhiéu tinh ndng cia mot méi trudng phat trién tich hop hoan chinh.
Mot trinh thdng dich thay thé cé tén la IPython duoc cai ddt cung véi Anaconda,
bao gdbm mdt loat cac cai tién thuan tién cho viéc théng dich Python co ban. Cé
thé khai dong bang cach nhap 1énh ipython vao méi trwdng dong Iénh:




S ipython Python 3.5.1 |Continuum Analytics, 1Inc.|
(default, Dec 7...

Type "copyright", "credits" or "license" for more
information.

IPython 4.0.0 -- An enhanced Interactive Python.

? -> Introduction and overview of IPython's
features.

squickref -> Quick reference.

help -> Python's own help system.

object? -> Details about 'object', use 'object??' for
extra...

In [17:

Diém khac nhau tryc quan nhat gilra trinh théng dich Python va trinh thdng dich
nang cao IPython nam & dau nhac |1énh: Python st dung dau >>> [am mac dinh,
trong khi IPython danh s6 cho dong Iénh (viduy, In [1] :). Nhwng bang cach nao
thi ching ta cling cé thé thuc thi tirng dong 1énh nhu binh thuwdng:

In [1]: 1 + 1
Out[l]: 2

In [3]: x * 3
Oout[3]: 15

Khéng chi dau vao duoc danh sé ma cd dau ra cling dwgc dénh s6. IPython con
cé san mot loat cac tinh ndng hitu ich khac; mot s6 goi y dé tim hiéu thém duorc
viét tai muc “Tai nguyén cho viéc hoc thém” trang 98.

Cac tap lénh Python doc lap

Chay tirng dong |&énh trong doan m3 Python cé thé hitu ich trong mot s6 trudng
hop, nhung d6i vai chuong trinh cé dd phire tap cao, sé thuan tién hon néu luu
doan m3 vao tap tin va thuc hién tat cd cung lic. Theo quy wéc, cac tap lénh
Python dwogc lwu trong cdc tap tin ¢ phan mé réng la .py. Vi du, hiy tao ra mot
tap Iénh cé tén test.py cd chira nhirng dong Iénh sau:




# file: test.py
print ("Running test.py")
x =5

print ("Result is", 3 * x)

DE khoi chay tap tin ndy, hdy dam bao rang né nam trong thu muc hién hanh va
nhap lénh python “tén tap tin” vao moéi trwong dong lénh:

S python test.py
Running test.py
Result is 15

Da4i véi nhirng chwong trinh phire tap hon, viéc tao cac tap [énh déc 1ap nhu thé
nay la diéu bat budc.

Jupyter notebook

Mot két hop hiru ich cla thiét bi dau cudi twong tac va tap |énh doc 1ap chinh la
Jupyter notebook, mot dinh dang tai liéu cho phép ma thuec thi, van ban duoc
dinh dang, d6 hoa va thadm chi cic tinh ndng twong tac két hgp thanh mot tai liéu
don nhat. Mac du khéi dau chi vai dinh dang Python, nhung né d3 duoc lam cho
tuwong thich véi mot s6 lwong 1én cdc ngdn ngit [ap trinh va hién 1a mét phan
thiét yéu cta Dv dn Jupyter (Jupyter Project). Cong cu nay hitu ich cd trén phuong
dién méi trwdng phat trién va chia sé cong viéc théng qua nhirng ban ghi cé gia
tri tinh todn va dinh hudng dit liéu 1a mot t6 hop cia m3, s6 liéu, dit liéu va van
ban.

Hwéng dan nhanh vé Cu phap ngon ngit Python

Python ban dau dwoc phat trién nhu mot ngdn ngit giang day, nhwng viéc dé st
dung va cu phap ro rang da gitp cho né dugc dén nhan bai nhitng ngudi mai va
ca nhirng chuyén gia. Ci phap Python rd rang t&¢i mirc mét s6 nguwdi goi nd la
“modt dang Gia m3 (pseudocode) cd thé thuc thi duoc”, va theo kinh nghiém cla
t6i thi viéc doc va hiéu mot tap [énh Python thwdng dé hon nhiéu so véi doc mot
tap lénh twong tw duoc viét trong C. Va ching ta sé bat dau thao luan vé cac tinh
nang chinh ctia Cu phap Python.

Ca4 phdp dm chi ciu tric cda ngdn ngit (nghia la nhirtng gi cdu thanh nén mot
chuong trinh chinh xac). Luc nay, chidng ta sé khong tap trung vao y nghia cla
ching (y nghia cla cac tir va ky hiéu trong ci phdap), nhung sé quay lai van dé
nay sau.




Xem xét vi du vé doan m3 dudi day:

In [1]: # thiét 1ap bién midpoint
midpoint = 5

# tao hai danh sdch trbng

lower = []; upper = []

# chia ddy sé thanh thidp va cao
for i in range(10):
if (i < midpoint):
lower.append (i)
else:

upper.append (1)

print ("lower:", lower)

print ("upper:", upper)

lower: [0, 1, 2, 3, 4]
upper: [5, 6, 7, 8, 9]

Tap lénh nay hoi ngd ngan, nhing né minh hoa ngan gon mét s6 khia canh quan
trong cla cl phdp Python. Hay xem qua nd thao luan vé mét s6 ddc diém cu phéap
cla Python.

Ghi chi dwoc danh dau béi dau #
Tap lénh bat dau bang mot ghi chu:
# thiét lap midpoint
Ghi chu trong Python duoc thé hién bang mot dau thang (#), va bat ky thir g
dirng sau dau thang trén dong dé déu bi trinh théng dich bd qua. Diéu nay cd

nghia la cé thé cd cac ghi chi déc |ap nhu trén, cling nhu cdc ghi chd trong mét
cau lénh. Vi du:

X += 2 # viét tdt cho x = x + 2

Python khong cé bat ky ct phdp nao cho cac ghi chl da dong, chang han nhu cu
phdp /* ... */ duwoc sl dung trong C va C ++, tuy nhién cdc chudi da dong




thudng duoc st dung dé thay thé cho céc ghi chi da dong (doc thém tai “Thao
tac chudi va biéu thire chinh quy” trang 76).

Cham durt cdu Iénh khi két thuc dong

Dong tiép theo trong tap 1énh la

midpoint = 5

Day la mét phép gén, trong do ta tao moét bién ¢ tén la midpoint va gan cho
nd gia tri 1a 5. C6 thé dé y rang k&t thic cla cau l1énh nay chinh 13 két thic cla
dong |énh. Piéu nay trai nguwoc vdi cac ngdn ngit nhu C va C ++, trong d6 moi cau
lénh phai két thic bang dau cham phay (;).

Trong Python, néu mudn mot cau lénh tiép tuc dén dong ti€p theo, cé thé sk
dung dau \ dé chira diéu nay:

In [2]: x =1+ 2 + 3 4+ 4 +\
5+ 6 + 7 4+ 8

Ciling ¢6 thé tiép tuc biéu thirc trén dong tiép theo trong ngodc don ma khéng
can st dung \ dé danh dau:

In [3]: x = (1 + 2 + 3 4+ 4 +
5+ 6 4+ 7 4+ 8)

Hau hét cadc hudng dan vé quy chuan Python déu dé xuat cach lam th& hai dé
ndi ti€p dong (trong ngodc don) hon la cach dau tién (s& dung dau \).
D3u cham phay c6 thé cham dirt mét cau lénh

Doi khi nd cé thé hiru ich dé dat nhiéu cau Iénh trén cung mot dong. Phan tiép
theo cla tap lénh la:

lower = []; upper = []
Vi du nay cho thay dau chdm phay (;) quen thudc trong C cé thé dwoc st dung

tuy y trong Python dé dat hai cdu l&énh trén cing mot dong. V& mat chirc nang,
né hoan toan tuwong dwong véi cach viét:

lower = []

upper = []
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S dung dau chdm phay dé dat nhiéu cau [énh trén cung mot dong thuwong khdng
duwoc khuyén khich trong hau hét cac hwdng dan vé quy chudn Python, mic du
do6i khi n6 cé vé kha thuan tién.

Thut lé: Van dé vé khoang trang!
Tiép theo, cung dén v&i khdi ma chinh:

for i in range(10):
if i < midpoint:
lower.append (i)
else:

upper.append (1)

DAy la mot ciu 1énh diéu khién téng hop bao gdm mot vong 13p va mét diéu kién
- ching ta s& xem xét cac loai cdu lénh nay mot chut. Bay gio, hdy xét dén mot
didu ma c6 18 13 tinh ndng gy tranh cdi nhat trong cu phap Python: khodng trang
cling c6 nghia!

Trong cdc ngdn ngilt 1ap trinh, mot khdi m3 1a mét tap hop clha céc cau 1énh nén
duoc coi la mot don vi. Vi du nhu trong C, cac khéi ma duoc biéu thi bang ngoic
nhon:

// C code
for (int 1=0; 1<100; i++)
{
// cdp didu ngodc nhon biéu thi khbi ma
total += 1i;

Trong Python, khdi ma duoc biéu thi bang cach thut [é:

for i in range(100):
# thut 1é biéu thi khdi ma
total += 1

Khoi ma luén dirng sau dau hai chdm (:) cla dong lién tredc dé.
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Viéc thut Ié gilp tao ra s dong nhat, dé doc ma nhiéu ngudi thay hap dan &
Python. Nhung né cé thé gdy nham |an cho nhitng ngudi khdng quen thudc; vi
du, hai doan ma sau sé cho ra két qua khdac nhau:

>>> if x < 4: >>> if x < 4:
y = x * 2 c. y = x * 2
print (x) ... print(x)

Trong doan ma bén trai, print (x) nam trong khéi thut & va s& chi dwoc thuc
hién néu x bé hon 4. Trong doan m3 trén bén phai, print (x) nam ngoai khéi,
va s& duoc thye hién bat ké gid trj cla x!

Viéc Python cho phép cac khoang trang cé nghia thuwdng gdy ngac nhién cho cac
l4p trinh vién d3 quen v&i cdc ngdn ngir khac, nhung trong thuec té, né co thé
giup doan m3 dong nhat va dé doc hon nhiéu so véi cac ngdn ngit khdng thuc
hién viéc thut cac khdi ma. Néu thay viéc s dung khoang trang cla Python I3
khong thé chap nhan duoc, tdi khuyén khich ban h3y dung th&r nhu toéi d3 1am,
ban cé thé s& danh gid cao né.

Cudi cung, nén lvu y rang lwong khoadng trang duoc st dung dé thut 1& cho cac
kh&i ma 13 tuy thudc vao ngudi dung, mién |a nd déng nhat trong toan bo tap
lénh. Theo quy wéc, hau hét cac hudng dan vé quy chuan déu khuyén nén thut
|& cho cac khdi ma bang bon khoang trang, va dé cling 1a quy wdc trong cudn
sach nay. Lwu y rang nhiéu trinh chinh stra vin ban nhv Emacs va Vim cé ché do
thut Ié bang b&n khodng trang cho Python mét cach ty dong.

Khoang trang nadm trong mot dong khéng quan trong

Mac du viéc khodng trdng cé nghia dung véi khoang trang dirng trurdc cac dong
(biéu thi mdt khdi m3), thi khoang trang trong cac dong ciia doan ma Python lai
khéng quan trong. Vi du, ca ba biéu thirc nay déu twong dwong nhau:

In [4]: x=1+2
x =1+ 2
X = 1 + 2

Lam dung tinh linh hoat nay cé thé dan dén cac van dé vé kha ndng doc m3 trong
thuc t&, lam dung khoadng trang thudng 1a mot trong nhirng biéu hién chinh cla
viéc lam xdo tron doan ma (ma mot s6 ngudi lam dé gidi tri). S& dung khodng
trdng mot cach hiéu qua cé thé gitip doan ma dé doc hon nhiéu, dic biét Ia trong
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trudng hop cdc todn tl&r ndi ti€p nhau, so sanh hai biéu thirc [y thira s6 mi 4am
sau:

x=10%**-2

va

x = 10 ** -2

Nhin qua ciing c6 thé thay cach th hai véi khodng trang dé doc hon nhiéu. Hau
hét cac hwdng dan vé quy chuan Python déu khuyén rang hay st dung mot
khoang trang xung quanh todn t&r nhi phan va khong nén dung khoang trang xung
quanh toan tlr don nguyén. Chung ta sé thao ludn thém vé cac todn tlr Python
trong phan “Ngit nghia Python co ban: Bién va cac d6i twgng” trang 15.

D3u ngodc do'n d€ phan nhém hoéc goi

Trong doan ma sau, ta thay hai cach s dung dau ngodc don. P3u tién, ching cé
thé dwoc sir dung theo céch dién hinh dé nhdm cac cau l1énh hay cac toan ti:

In [5]: 2 * (3 + 4)
Out [5]: 14

Chung ciing cé thé duoc dung dé chi ra mdt ham dang dugc goi. Trong doan m3
tiép theo, ham print () dung dé hién thj ndi dung ciia mot bién. Lénh goi ham
duwoc biéu thi bang mot cap dau ngodc don vai cac déi s6 cho ham & trong dé:

In [6]: print('first value:', 1)
first value: 1
In [/]: print('second value:', 2)

second value: 2

Mot s& ham c6 thé dwoc goi ma khdng can dén ddi 6, trong trudng hop d6 van
phai s dung cdp dau ngodc don dé biéu thi mot ham. Mot vi du cho diéu nay la
phuong thirc sort () cta danh sach:

In [8]: L = [4,2,3,1]
L.sort ()
print (L)
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Cap dau ( ) sau sort biéu thj rang ham sé& dugc thyc thi, va diéu d6 1a bat budc
du cé d6i sé hay khéng.

Lwu y véi ham print()

Ham print () la mot sy thay d6i gitra hai phién ban Python 2.x va Python 3.x.
Trong Python 2, print 1a mot ciu Iénh, nghia la cé thé viét:

# Chi danh cho Python 2!
>> print "first value:", 1

first value: 1

Vi mét ly do nao d6, nhitng nha phat trién d3 quyét dinh rang trong Python 3,
print () sé trd thanh mot ham, vi vay phai st* dung nhu sau:

# Chi danh cho Python 3!
>>> print ("first value:", 1)

first value: 1

Day la mét trong nhiéu cau tric khéng tuong thich nguoc gitra Python 2 va 3.
Trong qua trinh viét cudn sach nay, viéc bat gap nhirng vi du dwoc viét trén ca
hai phién ban rat thuwong xay ra, va su hién dién cla ciu lénh print thay vi
ham print () thuong la ddu hiéu dau tién cho thay do la doan m3 Python 2.

Két thuc va tiép tuc hoc hoi

Trén day 1a nhirtng tim hiéu ngdn gon vé cdc tinh ndng thiét yéu cla cu phap
Python; Muc dich cta nd la cung cdp mét bang tham chiéu toét khi doc ma trong
cac phan sau. Nhiéu [an toi da dé cap dén cac “hudéng dan vé quy chuan” Python,
th(r cé thé gitip cac nhom viét ma theo mot kiéu nhat quan. Hudng dan vé quy
chuan duoc st dung rong rai nhat trong Python duwoc goi la PEP8 va cé thé duoc
tim thay tai https://www.python.org/dev/peps/pep-0008/. Sé rat hitu ich néu
doc qua nd khi bat dau hoc Python! Cac quy chuin dwoc dé xuat chira dwng sy
khén ngoan cla nhiéu bac thay Python va hau hét cac dé xuat nay déu vuot qua
nhitng phan tich suw pham: d6 |a nhitng d& xuat dya trén kinh nghiém cé thé gidp
ban tranh dugc nhitng 16i va sai st trong ma cla minh.
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Ngi¥ nghia Python co ban: Bién va cac doi twong

Phan nay s& bat dau dé cap dén nhirng ngi nghia co ban cla ngdn ngit Python.
Trai nguwoc vai cu phdp d3 duwgc dé cap & phan trudc, ngit nghia cia mot ngdn
ngtt lién quan dén y nghia cta nhirng cau lénh. Nhw cach d3 thao ludn vé cd phap,
ta cling s& tim hiéu trudc vé mot sd cau tric nglt nghia trong Python gilp cho
ban cé mét khung tham chiéu tét hon dé hiéu dugc nhitng doan ma trong cac
phan sau.

Phan nay sé dé cap dén ngit nghia cla bién va cac déi twong, d6 1a nhirng cach
chinh ma ta s& dung dé luwu trit, tham chiéu va van hanh trén di liéu trong tap
|énh Python.

Bién Python la con tré

Gan bién trong Python rat dé dang chi bang cach dit tén bién bén trai ddu bang

(=):

# gén 4 cho bién x

x =4

Diéu nay cé vé don gidn, nhung néu ban hiéu sai vé cach todn tlr nay hoat dong
thi cdch hoat ddng clia Python s& ¢ vé khé hiéu. Ching ta s& nhanh chéng dao
sau vao do.

Trong nhiéu ngén nglt 1ap trinh, cac bién duoc coi la nhitng binh chira dé dat dir
liu vao. Vi du nhu khi viét vao C

// C code

int x = 4;

vé co ban, ban dang dinh nghia mét “binh chira dit liéu” c6 tén x va dat gia tri la
4 vao d6. Nguoc lai, trong Python, céc bién duorc coi la tdt nhat khi [am con tro
thay vi binh chira. Vi vay, trong Python, khi viét

x =4

vé co ban, ban dang dinh nghia mét con tro cé tén x tréd dén mot sé binh chira
khac mang gia tri 4. Lwu y mot hé qua cda diéu nay: béi vi cac bién Python chi trd
dén céc d6i twong khdc nhau, nén khéng can phai “khai bdo” bién, hay thdm chi
khéng can bién phai ludn trd dén cung mot loai thdng tin. Pay 1a ly do ma nguoi
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ta goi Python 1a mét ngdn ngir dong: tén bién cd thé trd dén bat ky loai ddi tuwong
nao. Vi vay, trong Python, cé thé lam nhirng viéc nhu:

In [1]: x =1 # x 1la sb nguyén
x = 'hello' # gio x la chudi
x = [1, 2, 31 # gio x la danh sdch

Trong khi ngudi s&r dung cé thé phai chi rd loai dit liéu trong khai bao (type-
safety) d6i véi nhirng ngdn ngit tinh giéng C,

int x = 4;

thi ngén ngi* dong nhu Python gitup ngudi dung viét nhanh va dé doc.

C6 mot hé qua cta cach ti€p can “bién la con trd” ma ban phai nhan thirc duoc.
Né&u cé hai tén bién clung chi dén mét d6i twong cé thé thay déi, thi viéc thay doi
bién nay ciing thay d6i bién kia! Vi du: hdy khdi tao va sira d6i danh séch:

In [2]: x = [1, 2, 3]

y = X

Ta vira tao hai bién 13 x va y cung chi d&n mot d6i tuong. Bdi vi thé, néu sira déi
danh sach théng qua mot trong hai tén cha nd, thi “danh sach kia” cling bi sira
ddi theo:

In [3]: print(y)

(1, 2, 3]
In [4]: x.append(4) # thém 4 vao danh sdch dugoc trdo bdi
X

print (y) # danh sdch dugoc trd bdi y cing thay
déi

(1, 2, 3, 4]

Viéc nay hodc ¢ thé hoi khé hiéu néu xem bién 1a cc binh chira dit liéu. Nhwng
néu nghi theo hudéng cac bién I3 con tro tdi cac d6i tuong, thi viée nay lai trd nén
hop Iy.

Ciing lwu y rang néu chung ta sir dung = dé gan gia tri khac cho x, thi diéu nay s&
khong anh hudng dén gia tri cha y. Phép gdn don gian chi |a thay d6i déi twong
ma bién tro tai.

In [5]: x = 'something else'
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print(y) # y khéng thay déi
(1, 2, 3, 4]

Mot lan nira, diéu nay hoan toan hop ly néu xem x va y |a con tro va todn tir =
nhu [& mét hanh déng thay d6i ddi twong ma cdi tén dé tro tai.

Ban c6 thé ty héi liéu y tudng con trd nay cé lam cho cdc phép todn sé hoc trong
Python khé theo ddi hay khéng, nhwng Python duworc thiét ké dé khéng gdp van
deé nay. S6, chudi, va cac kiéu dit lieu don gian la bat bién: ta khong thé thay déi
gid tri cha chuing, ta chi c6 thé thay d6i nhitng d6i twong ma bién tré dén. Vi du:
hoan toan an toan khi thyc hién phép tinh nhu sau:

In [6]: x = 10

x += 5 # thém 5 vao gia tri cua x, va gan lai

vao x
print("x =", x)
print("y =", y)

= 15

= 10

Khi goi x += 5, ta khong stra ddi gid tri cha “d6i twong 5” ma x dang trd vao, thay
vao dé, ta d3 thay d6i d6i twong x tré dén. Chinh vi ly do nay, gia tri cda y khdng
bi anh huwdang bdi phép tinh.

Moi thir déu la déi twong

Python la ngdn ngit l1ap trinh huéng d6i twong va trong Python moi thir déu 13
ddi twong. Hay cung tim hiéu y nghia cla nd 1a gi. Trudc do ta d3 biét bién don
gian 13 nhitng con tré, va tén bién khéng hé mang théng tin vé kiéu dit liéu. Diéu
nay dan dén viéc mot s& ngudi cé tuyén bé sai [am, rang Python 1a mot ngdn ngir
khdng cé kiéu di liéu. Nhwng thuc té thi khéng phai nhu vay! Xét vi du duwdi day:

In [7]: x =4
type (x)
Oout [7]: int

In [8]: x = 'hello'
type (x)
Out [8]: str
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In [9]: x = 3.14159
type (x)
Out [9]: float

Python van cé kiéu dit liéu; tuy nhién kiéu dit liéu trong Python khong lién két
vdi tén bién ma lién két vai chinh cac doi tuong.

V&i nhitng ngdn ngit 1ap trinh huwdng déi tvgng nhuw Python, mbi d&i tugng la
mot thuc thé chira dit liéu cung vai siéu dit liéu va\hodc chirc nang lién quan.
Trong Python, moi th déu |a déi tugng, c6 nghia la moi thuc thé déu c6 mét sé
siéu dit lieu (duoc goi la thudc tinh) va cac chirc nang lién quan (duoc goi la
phuwong thirc). Cac thudc tinh va phwong thirc nay dwoc truy cap thong qua cu
phap v&i ddu cham.

Vi du: trwdc d6 ta thay rang danh sach sé c6 phuong thirc append, phuwong
thirc nay sé thém mot muc vao danh sach va dugc truy cap thong qua cu phap
daucham (.):

In [10]: L = [1, 2, 3]
L.append (100)
print (L)

(1, 2, 3, 100]

Trong khi cac d6i twong ghép nhu danh sach cé cac thudc tinh va phuwong thirc
khong con xa la gi, thi diéu bat ngd 1a trong Python, ngay ca céc kiéu don gidn
cling ¢ cac thudc tinh va phuong thirc kém theo. Vi du, kiéu dit liéu s sé cé
thudc tinh real va imag mang dit liéu vé phan thyc va phan 3o clia mét gia tri s6
néu dé dugc xem la sé phirc:

In [11]: x = 4.5
print(x.real, "+", x.imag,

4.5 + 0.0

'il)

Phuong thire cling nhw thudc tinh, ngoai trir viéc do6 1a nhitng ham cd thé goi
théng qua mét cdp diu ngodc don. Vi du, S8 thue dadu phay déng (floating-point
numbers) cé phuong thirc tén la is integer dé& kiém tra xem gid tri d6 co
phai la s6 nguyén hay khong:

In [12]: x = 4.5

x.1ls integer ()
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Out [12]: False
In [13]: x = 4.0
x.1s integer ()
Out [13]: True
Khi noi rang moi thir trong Python d@éu |a d6i twong, thi nd thyc su c6 nghia moi
ther déu la d6i twong, ké ca thudc tinh va phuong thire cda ddi twong cling chinh
la d6i twong véi cac théng tin vé “kiéu dir liéu” (type) cla riéng minh:

In [14]: type(x.is integer)
Out [14]: builtin function or method

Ta s& thay rang lwa chon theo thiét k& moi thi déu Ia d6i twgng cla Python cho
phép mdt s6 ciu trdc ngdn ngilr rat thuln tién.

Ngit nghia Python co’ ban: Toan tur

Trong phan trudc, ta d3 bat dau xem xét nglt nghia cla cac bién va déi tuong
Python; phan nay ching ta sé di sdu vao ngit nghia cia cac toan tl&r khac nhau cé
trong ngdn ngit. D&n cudi phan nay, ban sé& cé cac cong cu co ban dé bat dau so
sanh va tinh toan trén dit liéu trong Python.

Phép tinh sd hoc

Python thuc hién bay todn ttr nhi phan co ban, hai trong sé dé cé thé gap doi lén
dé st dung nhu mot todn tlr don nguyén. Tat ca dugc tom tat trong bang sau:

Toan tur Tén M6 ta

a+b Coéng Téngavab

a—-b Tru Hiéuclhaavab

a*b Nhan Tichciaavab

a/b Chia hét Chiaachob

a//b Chia ldy phan nguyén Chia a cho b, bd phan thap phan
a%b Chia lay phan du Lay phan du cha phép chiaachob
a**b Ly thura Ly thira bac b cta a

-a S6 doi S6 doicla a

+a Cong don a khdng thay d6i (hiém khi str dung)

Nhirng todn tlr trén cé thé duoc si dung va két hgp theo nhiéu céch truc quan,
str dung dau ngoac don dé nhdm céc phép tinh. Vi du:
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In [1]: # cbng, tru, nhan
(4 + 8) * (6.5 = 3)
Out [1]: 42.0

Phép chia l1ay phan nguyén thuc chat la phép chia hét vai két qua cé phan thap
phan duoc bo di:

In [2]: # True division
print (11 / 2)

5.5

In [3]: # Floor division
print (11 // 2)

5

Toan tl chia Idy phan nguyén dwoc thém vao Python 3; nén luu y rang néu lam
viéc trong Python 2 thi toan t& chia (/) s& hoat ddéng nhu phép chia 1ay phan
nguyén ddi véi ki€u s6 nguyén va chia hét déi vai kiéu so thue dau phay déng.

Cudi cung, toi s& dé cap rang mot todn tlr s6 hoc thir tdam d3 dwoc thém vao
Python 3.5:todntlr a @ b, cd chirc ndng chira ma trdn cta a va b, dung dé st
dung trong cac géi dai s6 tuyén tinh khac nhau.

Phép toan thao tac bit

Ngoai cdc phép tinh s6 hoc, Python con cé céc todn tlr dé thuc hién cac phép
toan thao tac bit logic trén cac s6 nguyén. Ching it duoc s&t dung hon nhiéu so
vdi cac phép tinh s6 hoc, nhung né rat hitu ich khi biét rang ching ton tai. Sau
toan tir thao tac bit dugc tdm tit trong bang sau:

Toan tlr

a&b AND Céac bit duoc dinh nghiatrongcaavab

alb OR Cac bit duoc dinh nghia trong a hoac b
Cac bit duoc dinh nghia trong a hoac b

a’b XOR nhuwng khéng cung dugc dinh nghia trong
ca hai

a<<b Dich trai bit Dich cac bit cta a sang trai b don vi

a>>b Dich phai bit Dich cac bit cla a sang phai b don vi

~a NOT Dao nguwoc bit cla a
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Cac toan tlr thao tac bit nay chi cé y nghia vé mat biéu dién nhj phan cla s hoc
ma ta cé thé xem bang cach st dung ham tich hop bin:

In [4]: bin(10)
Out [4]: '0Ob1l010'
K&t qua cé tién t6 Ob, |a tién t6 biéu thi hé nhj phan. Cac chit s6 con lai chira rang
s8 10 dugc biéu dién dudi dang téng:
1.2340.22+1.2'+0.2°
Tuong tu, cd thé viét:
In [5]: bin(4)

Out [5]: '0OblOO'

Gi® hdy str dung toan tlr OR, ta c6 thé tim ra s6 dwoc té hop bit gitra 4 va 10

In [6]: 4 | 10
Out [o6]: 14
In [7]: bin(4 | 10)

Out [7]: '0Obll1lO0'

Cac todn t& thao tac bit ndy khéng ¢ hitu ich tirc thoi nhu cac todn tlr s6 hoc,
nhung s& rat hitu ich néu hiéu cach thirc ma né hoat déng. Cu thé, nhitng nguoi
st dung cac ngdn ngir khac doi khi sty dung XOR (a ~ b ) trong khi thuc sy phai la
IGy thira (a ** b ).

Phép gan

Ta d3 biét rang mot bién cé thé dwoc gan véi mot gia tri bang cach dung toan tir
“=" Vidu:
24

Cé6 thé str dung nhirng bién nay cling vdi nhitng todn tlr da tim hiéu & trén dé tao
ra cac biéu thirc. Vi du, dé cong thém 2 vao bién a ta lam nhu sau:
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In [9]: a + 2
Oout [9]: 26

Ta cling c6 thé cap nhat cho bién ndy mét gia tri mdi; trong trudng hop dé, ta céd
thé két hop phép cong va phép gdn nhwsaua = a + 2. Bd&iviviéc két hop
phép tinh s& hoc va phép gan rat thudng gap, Python cling bao gdbm nhitng toan
tlr tich hgp cho tat cd nhitng phép tinh s6 hoc:

In [10]: a += 2 # tuong duong voi a = a + 2
print(a)
26

Moi mot todn tlr nhi phan da tim hiéu & trén déu céd mot todn tlr gan tuong &ng
dwoc téom tat nhuw dudi day:

a +=b a —-=b a *= b a /=Db
//= b a %= b a **= Db a &= b
= Db a *“=b a <<= b a >>= b

Mobi phép tinh tuwong (rng déu cé mot phép gan theo sau: cé thé hiéu rang véi
moi todn tl&r # bat ky, biéu thirc a #= b sé twong duongvdia = a # b. DO
v3i nhirng d6i twong cé thé thay déi nhu danh sich, mang hodc DataFrame,
nhitng phép gan tang cwong nay that su mang lai nhirng khac biét tinh té so vadi
cach viét dai dong kia: chiing stra d6i nhirng n6i dung cé san thay vi tao ra nhitrng
déi twong madi dé chira két qua.

Phép so sanh

Mot dang phép todn rat hiru dung khac la phép so sanh nhirng gia tri khac nhau.
Python cung cdp mdt bd nhitng todn tl&r so sdnh trd vé gia tri kiéu Boolean 13
True va False. Nhitng phép so sanh duoc liét ké trong bang dudi day:

Toan tlr M6 ta
a== a bang b
al=b a khac b
a<b abéhonb
a>b alonhonb
a<=b a bé hon hodc bang b
a>=b a lén hon hodc bang b
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Nhirng todn tlr nay co thé két hop vdi todn tlr s6 hoc va toan tlr thao téc bit dé
thwe hién hau nhu khong gidi han nhirng phép thir s6 hoc. Vi du: ta c6 thé kiém
tra mot s& cé phai 1a s6 1& hay khdng bang cach kiém tra s& du clia phép chia cho
2 ¢ bang 1 khéng:

In [11]: # 25 1a s 1é
25 % 2 == 1

Out [11]: True

In [12]: # 66 la sb chén
66 % 2 == 1

Out [12]: False

Ta c6 thé xau chudi nhiéu phép so sanh dé kiém tra nhiéu quan hé phirc tap hon:

In [13]: # kiém tra a cé ndm gitta 15 va 30 hay khéng
a = 25
15 < a < 30

Out [13]: True

Hay thir dong ndo moét chut vai phép so sanh sau:

In [14]: -1 == ~0
Out [14]: True

Todn tlr ~ cé tdc dung ddo nguoc bit, va hién nhién I3 khi dao bit s 0 ta sé duorc
-1. Néu ban thic mac tai sao lai nhu vay, hdy tra ciru so d6 ma hoéa bu hai ma
Python s dung d& m3 hda s6 nguyén cdé dau va thir nghi xem chuyén gi s& xay
ra néu dao bit tat ca s6 nguyén theo cach nay.

Ham Boolean

Khi lam viéc vai kiéu dit liéu Boolean, Python cung cap nhirng todn tir dé két hop
nhiéu gid tri bang nhirng khai niém chuan cta “and”, “or” va “not”. That vay,
nhitng todn t&r nay dugc bidu dién bang nhitng t¥ and, or va not:

In [15]: x =4
(x < 6) and (x > 2)
Out [15]: True
In [16]: (x > 10) or (x % 2 == 0)
Out [lo]: True
In [17]: mnot (x < 6)
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Out [17]: False

Nhitng ngudi am hiéu vé dai s& Boolean cé thé nhan thay todn t&r XOR khéng
xuat hién; tat nhién, né cé thé duoc xay dwng theo nhiéu cach bang nhirng cau
lénh t6 hop cla cac todn tlr khac. Mat khdc, duwdi day 1a mot meo nhd dé cd thé
str dung XOR cula gia tri Boolean:

In [18]: # (x > 1) xor (x < 10)
(x > 1) !'= (x < 10)
Out [18]: False

Ham Boolean sé& tr& nén cyc ky hitu dung khi ta bat dau tim hiéu vé nhitng cdu
Iénh diéu khién nhu cdu l1énh diéu kién va cau lénh 13p.

Mét diéu déi lac gdy kho hiéu |a khi nao thi s& dung nhirng todn t&r Boolean
(and, or, not), vakhinao thi sl dung ciu toan tlr thao tac bit (s, |, ~).
Cau tra 1o nam ngay trong tén goi clia ching: toan tr Boolean dwoc st dung khi
mudn xac dinh cac gia tri Boolean (dung/sai) clia toan bd ciu Iénh. Phép toan
thao tac bit duwoc si dung khi muén lam viéc trén nhirng bit don |é hodc nhitrng
thanh phan cta cac déi twong trong mét van deé.

Toan tir dinh danh va toan ttr thanh vién

Giéng nhu and, or va not, Python ciling cé nhitng todn t& dang van xudi dé kiém
tra danh tinh va thanh vién duoc tdm tit trong bang dudi day:

aisb Pung néu a va b la hai d6i twong giéng hét nhau
aisnotb  Dungnéu ava b |3 hai d6i twgng khac nhau
ainb Pung néu a la mot phancdab

anotinb Dudng néu a khéng phai mot phan cha b

Toan tlr dinh danh: is va is not

Toan t& dinh danh is va is not dung dé kiém tra danh tinh cda déi twong.
Danh tinh clia d6i twong khac vai tinh ngang bang, ta cé thé thay qua vi du dudi
day:
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In [20]: a ==
Out [20]: True

In [21]: a is Db
Out [21]: False

In [22]: a is not D
Oout [22]: True

Thé nao la déi twgng giong hét nhau? Xem vi du sau:

In [23]: a = [1, 2, 3]
b = a
a is b

Out [23]: True

Su khac nhau gitra hai trudng hop trén 1a trong trwdng hop thi nhat, a va b trod
dén hai déi twong khdc nhau, trong khi & truong hop th hai chidng lai trd dén
cling mét déi twong. Nhuw ta da tim hiéu & nhirng phan trudc, bién trong Python
la con trd. Todn tlr is kiém tra liéu hai bién cd tré dén cung mot déi twong khdng,
thay vi kiém tra xem nhirng ddi twong do chira gia tri nao. V&i suy nghinay, trong
nhiéu treong hop, nguwdi madi thuong st dung is, nhwng thye sy y cda ho la ==.

Toan tlr thanh vién
Todn tlr thanh vién kiém tra quan hé trong cic ddi twong t6 hop. Vi du:

In [24]1: 1 in [1, 2, 3]

Oout [24]: True

In [25]: 2 not in [1, 2, 3]
Out [25]: False

Nhi*ng todn tlr thanh vién nay 1a mot vi du cla viéc Python dé st dung hon so
V@i cdc ngdn ngir bac thdp hon nhu C. Trong C, quan hé thuong dwgc xac dinh
bang cach xay dung thd cdng mdt vong lap qua toan bd danh sach va kiém tra
tinh ngang bang cla tirng gid tri. V&i Python, don gian chi can g ra nhirng diéu
mudn biét nhw cach viét van xudi trong ti€ng Anh.
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Ki€u dir liéu tich ho'p: Nhirng dir liéu don gidn

Khi tim hiéu vé bién va d&i tugng trong Python, ching ta d3 nhac dén viéc moi
ddi twong trong Python déu cé thong tin vé kiéu dit liéu kém theo. Bay gid ching
ta s& tom tat qua vé nhitng kiéu dit liéu don gidn dugc tich hop san do Python
cung cap. Ta noi “kiéu dir liéu don gidn” dé phan biét véi nhirng kiéu dit liéu t6
hop ma ta s& tim hiéu trong phan sau.

Ki€u di¥ liéu don gian cla Python duoc tom tat trong Bang 1-1.

Bang 1-1. Nhitng kiéu di¥ liéu vé huwdng cua Python

Kiéudi*liéu Vidu

int x=1 S8 nguyén

float x=1.0 S6 thue dau phay déng

complex x=1+2j S6phtrc (s6 cé phan thucva phan 3o)
bool x=True Boolean: Bung hoac Sai

str x =‘abc”  Chudi: ky ty va chir s6

NoneType x = None Biu dién d6i twong khong co gid tri

Ta s& diém qua mét lwot cac ki€u dit liéu nay.
SO nguyén

Kiéu dit liéu s6 co ban nhat 1a s6 nguyén. Moi chit s6 khdng cé dau thap phan
déu 13 s nguyén:

In [1]: x =1
type (x)
Out [1]: int

S6 nguyén trong Python thuc su cé mot chat khac biét so védi s6 nguyén trong
nhitng ngdén ngir nhu C. S6 nguyén trong C cd dd chinh xac ¢d dinh va thuong
Xuyén bj tran & moét sé gid tri (thwdng la gan 23! hodc 2%, phu thudc vao hé théng
cla ngudi dung). S8 nguyén trong Python cé d6 chinh xac twong déi, do vay nd
c6 thé thuc hién dugc nhirng tinh todn gay tran & nhirng ngén ngit khac:

In [2]: 2 ** 200

out [2]:
16069380442589902755419620923411626025222029937827928353
01376
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Mot tinh nang tién dung khdac cla sé nguyén trong Python |a mac dinh chuyén
k&t qua phép chia thanh kiéu s6 thuc ddu phdy dong:

In [3]: 5 / 2
Oout [3]: 2.5
Luu y day la mot tinh ndng cta Python 3, trong Python 2, cling nhu nhiéu ngdn
nglt tinh khdc nhu C, phép chia s6 nguyén s& bo di toan bd phan thip phan va
tra vé sé nguyén”

# bdc tinh cua Python 2

>>> 5 / 2

2

Trong Python 3, c6 thé s dung todn tl chia |dy phan nguyén dé thuc hién diéu
nay:

In [4]: 5 // 2
out [4]: 2

Cudi cung, lvu y rang midc du Python 2.x cé ca hai kiéu dif liéu 13 int va long
nhitng Python 3 d3 két hop dac tinh cda hai kiéu di¥ liéu nay thanh mot kiéu dir
liéu duy nhat 13 int.

S6 thwe dau phay dong

S8 thye dau phay déng co thé lwu trik phan s6. Ching cé thé dwoc biéu dién dudi
dang thap phan hodc dang sé mdi:

In [5]:x = 0.000005

y = 5e-06
print (x == vy)
True
In [6]: x = 1400000.00
y = 1.4e6
print (x == vy)
True

27



Duwdi dang s6 mi, ky kiéu e hay E c¢6 thé doc 1a “...nhAn muwdi md...”, nhu vay
1.4e6 duwoc hiéu la 1.4 x 108,

Mot s6 nguyén ¢ thé chuyén d6i thanh s6 thue véi ham tao déi twong float:

In [7]: £float(l)
Oout [7]: 1.0

Do chinh xac chia sé thuwc ddu phay dong

Mét didu can phai chi y vé s6 thue ddu phay dong d6 |a do chinh xac cda né ¢o
gidi han, dan dén viéc kiém tra su ngang bang cho ra két qua khong 6n dinh. Vi
du:

In [8]: 0.1 + 0.2 == 0.3
Out [8]: False

Tai sao lai cé trwong hop nay? Hda ra dé khong phai la dac tinh cia Python ma
do dinh dang chinh xdc ¢& dinh cla b lwu trir ddu phay ddong nhi phan duoc hau
hét - néu khéng ndi la tat ca, cadc nén tang may tinh khoa hoc st dung. Moi ngén
ngl? 1ap trinh st dung s6 thyc ddu phay dong déu luu trit ching véi mot sb lwong
bit ¢d dinh, va diéu nay dan dén mot s6 chit s6 chi dwoc biéu dién gan ding. Ta
c6 thé thay diéu nay bang cach in ba gia tri v&i d6 chinh xac cao:

In [9]: print("0.1 = {0:.17f}".format (0.1))
{0:.17f}" . format (0.2))
{O0:.17f}".format (0.3))
0.10000000000000001
0.20000000000000001
0.29999999999999999

print ("0.2

print ("0.3

Ta thudng quen véi ky hiéu s6 trong hé thap phan (co s 10), nén moi phan s6
phai dwoc biéu thi dwdi dang téng cac Ily thira cda 10:

1/8=1.101+2.10%+5.10°3

Vi cach biéu thi co sé 10 quen thudc, ta biéu thi sé nay duwdi dang thap phan
thong thudng la 0.125.

M4y tinh thuwong Iwu trir gid tri bang ky hiéu nhi phan, vi vdy méi s6 duoc biéu
thi dwdi dang tong cac iy thira cta 2:
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1/8=0.21+0.2%+1.23

V&i cach biéu dién co s6 2, ta cé thé viét 1a 0.0012, trong d6 s 2 biéu thij ky hiéu
nhi phan. Gia tri 0.125 = 0.001, cling dong thoi 13 mot s6 ma ca ky hiéu nhi phan
va thap phan cé thé biéu thi bang mot s chit s& hitu han.

V@i cach biéu thi co s6 10 quen thudc, cé thé ban d3 quen vdi viéc khdng thé
biéu thi mot s6 bang mdt sé chit s& hitu han. Vi du, chia 1 cho 3 trong hé thap
phan:

1/3 =0.33333333333...

D3y s6 3 sé tiép tuc kéo dai mii, cé nghia |a mudn biéu dién thuong s6 trén dung
nghia thi phai cadn v6 han chit so!

Tuwong tu, cé nhitng s6 biéu dién dwdi dang nhi phan ciing can vo han chit s8. Vi
du:

1/10=0.00011001100110011...,

Giéng nhu ky hiéu thap phan can vé han chit sé dé hoan toan biéu thj duoc phép
tinh 1/3 thi ky hiéu nhi phan ciing yéu cau vé han chit s& dé biéu thj phép tinh
1/10. Python cdt ngan viéc biéu dién nay & mirc 52 bit ngoai bit khac khéng dau
tién trén hau hét cac hé théng.

LSi lam tron vai cac gid tri dau phay dong 1a sai s6 khong thé tranh khoi khi lam
viéc vdi s6 thuec ddu phay déng. Cach t6t nhat dé doi pho vai diéu nay 1a ludn
nhé rang sé thuc dau phdy dong chi gan ddng, va khong bao gi® phu thudc vao
nhitng phép thir ngang bang vai cac gid tri ddu phay dong.

S6 phirc
S6 phirc 1a s6 vai phan thuc va phan do. Ta d3 tirng thay s6 nguyén va so thuc
trwdc do va cd thé sir dung ching dé cdu thanh mot s6 phirc:

In [107]: complex (1, 2)
Out [10]: (1+273)

Hodc ta c6 thé sir dung hau td j trong biéu thirc dé biéu thj phan o:

In [11]: 1 + 27
out [11]: (1+427)
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S8 phirc cd mét loat cac thudc tinh va phuwong thire thid vi ma ta ¢d thé trinh bay
ngan gon nhu sau:

In [12]: c =3 + 47

In [13]: <c.real # phdn thuc

Out [13]: 3.0

In [14]: c.imag # phdn &o

Out [14]: 4.0

In [15]: <c.conjugate() # sé phtc lién hop

out [15]: (3-47)

In [16]: abs(c) # M6 dun cta sb phuc--nghia la,
sqrt(c.real ** 2 + c.imag ** 2)

Out [1l6]: 5.0

Kiéu dir liéu chubi
Chubi trong Python duwoc tao ra béi cdp dau ngodc don hodc ngoic kép:

In [17]: message = "what do you like?"

response = 'spam'

Python cé rat nhiéu ham va phuong thirc cwe ky hitu dung dé thao tac véi chubi:

In [18]: # dé dai chudi
len (response)
Out [18]: 4

In [19): # Viét hoa chubdi. Xem thém str.lower()
response.upper ()
Out [19]: 'SPAM'

In [20]: # Viét hoa ky tu dau tién cua chudi. Xem thém
str.title()

message.capitalize ()
Out [20]: 'What do you like?'

In [21]1: # ndi chudi véi dau +
message + response

Out [21]: 'what do you like?spam’
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In [22]: # nbi chubdi nhiéu lén
5 * response

Out [22]: 'spamspamspamspamspam'

In [23]: # Truy xudt ky tu riéng 1é (chi muc bdt dau tu
0)

message [0]
Oout [23]: 'w'

PEé tim hiéu thém vé danh chi muc trong Python, hdy xem phan “Danh sich”
trang 33.

Ki€u di¥ liéu None

Python cé mét kiéu dit liéu dac biét |a NoneType, kiéu dit liéu nay chi cé mot gia
tri duy nhat: None. Vi du:

In [24]: type (None)
Out [24]: NoneType

Ki€u None duwoc s& dung & rat nhiéu noi, nhung cd 18 thong dung nhat 1a s&r dung
dé 1am gia trj trd vé mac dinh cda ham. Vi dy, ham print () trong Python 3
khong tra vé bat cr thi gi, nhung ta van cé thé 18y duoc gia tri:

In [25]: return value = print('abc')
abc
In [26]: print(return value)

None

Tuong tu nhw vy, bat ky ham nao trong Python khéng tra vé gid tri nao thi trong
thuc té sé tra vé None.

Kiéu Boolean

Kiéu dir liéu Boolean I3 kiéu dit liéu don gian vai hai gia tri kha di: True va False,
duoc tra vé bang cac todn tlr so sanh d3 tim hiéu trwdc do:

In [27]: result = (4 < 5)
result

Out [27]: True

In [28]: type (result)
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Oout [28]: bool

Lwu y rang gid tri Boolean cé phan biét chit hoa va chi¥ thudng: khéng giéng nhu
nhirng ngén ngit khac, True va False phai viét hoa chit cai dau!

In [29]: print(True, False)

True False

Boolean ciling c6 thé ciu thanh bang cach dung ham tao d6i twong bool () : gia
tri thudc bat ky ki€u dir liéu nao ciing c6 thé chuyén ddi thanh Boolean théng
qua cac quy tac cé thé dy doan duoc. Vi du, bat ky kiu s6 hoc nao déu Ia False
néu bang 0, nguoc lai 1a True:

In [30]: Dbool (2014)
Out [30]: True

In [31]: Dbool(0)

Out [31]: False

In [32]: Dbool(3.1415)
Out [32]: True

Viéc chuyén ddi Boolean cta None luén la False:

In [33]: Dbool (None)
Out [33]: False

Dai vdi chudi, két qua ham bool (s) ludn la False d6i vai chudi tréng va True voi
nhi*ng chudi khac:

In [34]: Dbool(""M)
Out [34]: False

In [35]: Dbool("abc")
Out [35]: True

D3&i vdi nhitng t6 hgp ma ta s& tim hiéu trong phan sau, viéc biéu dién dang
Boolean cho t6 hop tréng |13 False va vdi nhirng t6 hop con lai la True:

In [36]: Dbool([1l, 2, 31)
Out [36]: True

In [37]: Dbool([])

Out [37]: False
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Cau truc dir liéu tich hop

Ta d3 tim hiéu mot s6 kiéu dit liéu don gidn: int, float, complex, bool,
str, v.v.. Python cling cé mot s6 kiéu dit liéu hdn hop duoc tich hop san, hoat
déng nhu nhitng binh chira cho cac kiéu dir liéu khac. Nhitng ki€u hon hop d6 la:

Tén kiéu K[

list [1, 2, 3] T6 hop co thi ty

tuple (1,2, 3) T6 hop bat bién co thi tw

dict {‘a’:1,‘b’:2, ‘c’:3} T6 hop khdng cé thi tu cac cap khda, gia tri
set {1, 2, 3} T6 hop khdng cé thi tu cac gid tri duy nhat

Cac diu ngoac don, vuéng, nhon déu mang y nghia riéng biét, biéu thi loai t6 hop
nao s& duoc tao ra. Ta s& cung diém qua nhirng cau trdc dir liéu trén:

Danh sach (list)

Danh sach la kiéu dit liéu t6 hop cé thi tw va cd thé thay déi co ban trong Python.
NG cé thé dugc dinh nghia bang cach dit nhirng gia tri dwoc ngdn cach bang dau
phay vao gilta cap dau ngoac vudng, dudi day 13 danh sich nhitng s6 nguyén té:

Danh sach cé mét sd tinh chat va phwong thirc hitu ich. Mot s6 truong hop phd
bi€n va hitu ich hon ca.

In [2]: # PO dai cua danh sach
len (L)
Out [2]: 4
In [3]: # Nb6i gid tri vao cudi danh sdch

L.append(11)

L
Out [31: [2, 3, 5, 7, 11]
In [4]: # Thém danh sdch bd sung

L + [13, 17, 19]
Out [4]: [2, 3, 5, 7, 11, 13, 17, 19]

In [5]: # sort() phuong thiuc sdp xép
L =10(2,5 1, 6, 3, 4]
L.sort ()

L

Out [5]: [1, 2, 3, 4, 5, 6]
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Ngoai ra, con rat nhiéu phuong thire tich hgp san danh cho danh sach va déu cé
day du trong tai liéu Python truc tuyén.

Mac du cdc gid tri cha danh sdch duwgc dua ra trong nhirng vi du & trén déu cung
mot kiu dit liéu, thi mot trong nhirng tinh ndng manh mé& cla déi tuong hon
hop trong Python 13 ching cé thé chira dugc nhitng ddi tugng thudc bét ki kiéu
di¥ liéu nao. Vi du:

In [6]: L = [1, 'two', 3.14, [0, 3, 5]]

Tinh linh hoat nay chinh la hé qua cta hé théng ngdén ngir ddng. Phai rat dau dau
md&i cé thé tao ra mot hon hop nhu vay trong nhitng ngdén ngit dong nhu C. Ta
c6 thé thay danh siach tham chi con cé thé chira mot danh sach khac nhu [a mét
phan tl&r. Kiéu di¥ liéu linh hoat nhu vay |a mét trong nhirng dac tinh thiét yéu
giup viéc 1ap trinh vé&i Python nhanh chéng va dé dang hon nhiéu.

Ta d3 cung tim hiéu vé cac thao tac cua danh sach néi chung; mot phan quan
trong khac d6 la truy xuat vao cac phan tl&r bén trong né. Trong Python, nhirng
diéu nay duogc thye hién thdng qua Idp chi muc va trich xudt ma ching ta sé tim
hiéu ngay sau day.

Lap chi muc va trich xuat danh sach

Python cung cap quyén truy cap vao cac phan tl trong dit liéu hon hop thong
qua viéc Idp chi muc cho céc phan t&r don va chia nhé nhiéu phéan tlr. Ching ta sé
biét dwoc rang ca hai déu dugc bidu thi bang ci phap dau ngodc vudng. Quay
tré lai vdi danh sach sé nhirng nguyén té trudc do:

In [7]: L = [2, 3, 5, 7, 11]

Python st dung chi muc bdt déu tir sé 0 (zero-based), vi vay ta cé thé truy xuat
phan tlr thir nhat va th hai bang cach st dung ct phap sau:

In [8]: LI[O]
Out [8]: 2
In [9]: L[1]
Out [9]: 3

Phan tl cudi cung clia danh sach cé thé truy xuat bang s6 am, bat dau tir -1:

In [10]: L[-1]
Out [10]: 11
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In [12]: L[-2]
Out [12]: 7

Cé6 thé hinh dung so d6 chi muc nhu sau:

0 1 2 3 4 5
Cac gia tri trong danh sach dugc thé hién bang s6 I&n trong cac 6 vudng; chi muc

duwoc thé hién bang nhitng s6 nhd & trén va dudi. Trong trudng hop nay, L[2]
trd vé 5, vi d6 la gia tri lién ké tai chi muc 2.

Trong khi Idp chi muc |a phuong tién dé tim ra mot gia tri tlr danh sach, thi chia
nhé la phuong tién truy xuat nhiéu gia tri véi danh sach phu. St dung dau hai
cham dé danh dau diém bat dau va két thuc (khdng bao gom diém két thuc) cla
danh sach phu. Vi du, dé 1ay ba phan tir dau tién cha danh sach, ta c6 thé [am
nhu sau:

In [12]: L[O:3]
Out [12]: [2, 3, 5]

Lwu y vij tri cha 0 va 3 trong so d6 trudc dé va cdch ma thao tac chia nhé chi lay
cdc gid tri gitra cac chi s6. Gia st ching ta bd qua chi muc dau tién 13 0, ta cd thé
lam nhu sau:

In [13]: L[:3]
out [13]: [2, 3, 5]

Tuong tw, néu ta bd qua chi s cubi, nd sé dugc mac dinh la do dai cha danh
sach. Do d4, cé thé truy xuat ba phan tl cudi bang cach:

In [14]: L[-3:]
Out [14]: [5, 7, 11]

Cudi cung, cé thé chi dinh mdt s& nguyén thi 3 dé biéu thi cho d6 réng cla budc
nhay, vi du, d& chon nhitng phan tl cach nhau hai vj tri ta lam nhuv sau:
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In [15]: L[::2] # tuong duong voi L[0O:1en (L) :2]
Out [15]: [2, 5, 11]

Mot phién ban dac biét hiru ich cha viéc nay la chi dinh mét bwdc nhay am, né
sé dao nguoc danh sach lai:

In [16]: L[::-1]
Out [le]: [11, 7, 5, 3, 2]

C4 thao tac danh chi muc cling nhu chia nhd cé thé duwoc sir dung dé chinh sira
nhirng phan t& cling nhu truy xuat ching. Cad phép:

In [17]: L[O] = 100
print (L)
(100, 3, 5, 7, 11]

In [18]: L[1:3] = [55, 56]
print (L)
[100, 55, 56, 7, 11]

Mt cl phéap chia nhé tuong ty cling thuong duoc st dung trong nhiéu géi dinh
hudng khoa hoc dit liéu, bao gdm NumPy va Pandas (83 dugc nhdc dén & phan
mé& dau)

Chung ta vira tim hiéu vé danh sach trong Python va cdch truy xuat cac phan tl
trong kiéu di¥ liéu hdn hop cé thi tw, bay gio hiy cling dén véi ba kiéu dit liéu
hon hop con lai ma ta d3 dé cap trudc do.

Bo dit liéu (Tuple)!

BoO dit lieu kha twong dong véi danh sach, nhung dwoc dinh nghia bang cip dau
ngoac don thay vi ngoac vuong:

In [19]: t = (1, 2, 3)

Chung cling c6 thé duoc dinh nghia ma khéng can bat ky dau ngoac nao:

In [20]: £t =1, 2, 3
print (t)

A

L tuple va set d8u cd nghia 13 bd, nén tir day s& dung thuat ngir “bd dir liéu” cho tuple va “bd” cho set
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Giéng nhu danh sach, bo dit liéu cling cé d6 dai va nhitng phan tr c6 thé duogc
trich xuat bang 1ap chi muc vé&i ngodc vudng:

In [21]: len (t)
Out [21]: 3

In [22]: t[O0]
Oout [22]: 1

Tinh ndng chinh dé phan biét bd dir liéu d6 1a sw bét bién: cd nghia la mot khi
dugc tao ra, kich thuwdc va néi dung bén trong né khéng thé bi thay déi:

TypeError Traceback (most recent call last)
<ipython-input-23-141c76cb54a2> in <module> ()
---=> 1 t[1l] = 4

TypeError: 'tuple' object does not support item
assignment

AttributeError Traceback (most recent call last)
<ipython-input-24-e8bdl1632f9dd> in <module> ()
-—-——> 1 t.append(4)

AttributeError: 'tuple' object has no attribute 'append'

Bo dit lieu thwong dwoc st dung trong chuong trinh Python; mét trwong hop
phd bién dd la trong cdc ham cé nhiéu gid tri trd vé. Vi du, phuong thic
as_integer ratio() cla d&i twgng dau phdy dong trd vé mot tlr s6 va mau
sO; cdp gia tri nay tra vé duwdi dang mot bd dir liéu:

n [25]: x = 0.125
x.as_integer ratio()
out [25]: (1, 8)
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Nhirng gia tri tra vé nay cé thé duoc chi dinh mot cach riéng biét nhu sau:

In [26]: numerator, denominator = x.as integer ratio()
print (numerator / denominator)
0.125

Nhirng ly ludn vé viéc 1ap chi muc va chia nhd d3 tim hiéu trwdc d6 ciling hoat
doéng vai bo dir liéu, cung v&i mét nhdm cac phuwong thire khac. Tim doc Tai liéu
vé Cau truc di¥ liéu dé c6 mét danh sach cic phuong thirc day dd hon.

Tl dién (Dictionary)

T dién la t6 hop cwce ki linh hoat thé hién twong quan gilta cac cap khoa (key)
va gia tri (value), va cdu thanh nén tang cGia nhiéu hoat déng trong Python. Ching
dugc tao thong qua danh sach caccap khda: gid tri (key : value) dugc phan
tach bang dau phay dit trong cdp dau ngodc nhon:

In [27]: numbers = {'one':1, 'two':2, 'three':3}

Cac muc duoc truy xuat va chinh stra théng qua cu phép 1ap chi muc giéng nhw
danh sach va bd dit liéu, ngoai trir viéc chi muc khong bat dau tir s6 0 ma chinh
la khéa hop Ié trong nhat ky:

In [28]: # Truy xudt di 1liéu théng qua khda
numbers|['two']
out [28]: 2

Cac muc mdi cé thé thém vao tir dién bang cach s& dung chi muc:

In [29]: # Thém mdt cdp khda/gid tri
numbers|['ninety'] = 90
print (numbers)

{'three': 3, 'ninety': 90, 'two': 2, 'one': 1}

Luu y rang tir dién khong duy tri bat ci trat tu cd nghia nao cho cac théng s6 dau
vao ma ta ty quyét dinh trat ty do. Viéc khéng cé thi tu cho phép tir dién co thé
trién khai rat hiéu qua, do dé viéc truy xuat cac phan tlr ngau nhién rat nhanh
chéng, bat ké kich thuwdce cla tir dién (néu hirng thi vé cich thirc hoat ddng cda
nd, hdy doc vé khai niém bdng bdm (hash table)). Tai liéu Python cé mot danh
sach day da vé cac phuong thirc cda tir dién.
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BO (Set)

T6 hop co ban thi tu 1a b, trong d6 chira té6 hop cla nhitng muc ddc nhat va
khéng cé thir ty. Ching dinh nghia rat giéng danh sach va bé dir liéu, ngoai trir
viéc né dung cap dau ngoic nhon nhu tir dién:

In [30]: primes = {2, 3, 5, 7}
odds = {1, 3, 5, 7, 9}

Néu ban quen vdi tdp hop trong todn hoc, ban cling sé& quen vdi cdc phép hop,
giao, hiéu, hiéu déi xirng va cac phép toan khac. B6 trong Python ciling dwoc tich
hop san cac phép todn dé thdng qua cac phwong thirc hodc toan tir. Doi véi moi
phép toan, ching t6i sé dwa ra vi du cho ca hai cach:

In [31]: # hop: phan tu xudt hién & mét trong hai bd
primes | odds # todn tui
primes.union (odds) # phuong thuc tuong duong
Out [31]: {1, 2, 3, 5, 7, 9}

In [32]: # giao: phan ti xudt hién trong cd hai bd
primes & odds # todn tu

primes.intersection (odds) # phuong thuc tuong
duong

Out [32]: {3, 5, 7}
In [33]: # hiéu: phdn tu thudc bd primes nhung khéng
thudéc b odds

primes - odds # toan tu

primes.difference (odds) # phuong thiuc tuong
duong

Out [33]: {2}

In [34]: # hiéu dbi xung: phdn tu chi xudt hién & mdbt
trong hai bd
primes » odds # todan tu

primes.symmetric difference (odds) # phuong
thuc tuong duong

out [34]: {1, 2, 9}
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Con nhiéu phép toan va phuong thirc danh cho bé. Hay tham khdo tai liéu Python
truc tuyén dé cé dwoc danh sach hoan chinh.

Cau truc dir liéu chuyén biét

Python con cé mot sd cau tric dit liéu khac cd thé cé ich cho ban; ching cé thé
duoc tim thay trong mo-dun tich hop collections. M8-dun collections
duoc ghi chép day dd trong tai liéu Python truc tuyén, va ban cling cé thé doc
thém vé nhiéu déi twong khac nhau cé trong do.

Cu thé, tdi d3 cé dip tim thay nhirng diéu rat hiru ich dudi day:
collections.namedtuple

Gidng nhu bd dit liéu (tuple) nhwng maoi gid tri déu cé tén
collections.defaultdict

Giéng nhu tir dién nhwng nhitng khéa khéng xac dinh s& mang gia tri mac
dinh do nguoi dung chi dinh.

collections.OrderedDict
Giéng nhu tir dién nhung thi ty cdc khda duoc duy tri

Mot khi ban d3 biét vé cac ki€u dit liéu t6 hop chudn dugec tich hop san, viéc st
dung nhitng chirc ndng mé rdng nay rat trwc quan, va téi khuyén khich viéc doc
vé cach st dung cla chdng.

Luéng diéu khién (Control Flow)

Trong lap trinh, ludng diéu khién (Control Flow) la thi gitip cho céc chuong trinh
thuc sy hoat dong. Khdng cé nd, mot chwong trinh chi don gian 1a mét chudi cac
cau lénh duoc thue hién mot cach tuan ty. Vi ludng diéu khién, ban cé thé thuc
thi mét sé khdi ma nhat dinh mot cach cé diéu kién va/hodc ldp di lap lai: nhitng
kh&i ma co ban nay cé thé duwoc két hop vdi nhau dé tao ra cdc chuong trinh tinh
vil

Ta s& tim hiéu khai quat vé cdc cau lénh diéu kién (bao gdm if, elif va else)
va cac ciu lénh |dp (bao gbm for va while, cung véi dé |a break, continue,

va pass)

Cau lénh diéu kién: if, elif va else
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Cau lénh diéu kién, thuong duoc goi la cdu lénh if-then, cho phép 1ap trinh vién
thue thi cdc doan m3 nhat dinh phu thudc vao moét sé diéu kién Boolean. Dudi
day la mét vi du co ban cda cau I1énh diéu kién trong Python:

In [1]: x = =15

if x ==

print(x, "is zero")
elif x > O:

print(x, "is positive™)
elif x < O:

print(x, "is negative™)
else:

print(x, "is unlike anything I've ever
seen...")

-15 is negative

Dac biét lwu y viéc st dung dau hai cham (:) va khodng trang dé biéu thi cac
khéi m3 riéng biét.

Python cling s& dung i £ va e1se nhu trong cac ngdn ngit thuong thay khac; mot
tir khéa riéng biét ciand la e1i £, viét gon cha “else if”. Trong cdc ménh dé diéu
kién, elif va else la cdc khdi ma tuy chon; ngoaira, c6 thé tuy bién s6 lvgng
ciu lénh e1if nhw mong muén.

vong lap for

Vong 13p trong Python la cdch dé 13p lai viéc thyc thi mot s6 cau lénh. Vi duy, néu
mudn in ra tirng muc trong mdt danh sach, ta cé thé st dung vong ldp for:

In [2]: for N in [2, 3, 5, 7]:

print (N, end=' ') # in t4t cd 1lén cung mot
dong

2 357

Hay dé y dén sy don gian cla vong |3p for: ta tu chi dinh bién ma ta mudn s
dung, tdp hop ma ta muén chay vong l3p trén d6, va s& dung todn tlr in dé lién
két ching lai mot cach truc quan va dé doc. Chinh xac hon, d6i twong bén phai
todn thir in cé thé 1a bat c trinh 13p (iterator) nao trong Python.
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Mot trinh 13p ¢6 thé duoc hiéu nhu 1a mot tap suy rong, va ta sé tim hiéu vé
ching trong phan “Trinh 13p” & trang 57.

Vi du, mét trong nhirng trinh 13p thudng gdp nhat trong Python |a range, doi
tuong sé tao ra mét tp hop céc so:

In [3]: for i in range(10):

print (i, end=" ")
01 2345¢6 72829

Lwu y rang pham vi mac dinh cOa d8i twong bat dau tai 0, va theo quy wdc, diém
cudi chia pham vi d6 khéng duoc bao gbm trong dau ra. Doi twgng pham vi cling
c6 thé 13 nhirng gid tri phirc tap hon:

In [4]: # khodng tu 5 dén 10
list (range (5, 10))
out [4]: [5, 6, 7, 8, 9]

In [5]: # khodng tu 0 dén 10 vdi budc nhdy la 2
list (range (0, 10, 2))
out [5]: [0, 2, 4, 6, 8]

Ban cé thé dé y thay y nghia clia d6i s6 range rat giéng véi cd phap chia nhd ma
ta da tim hiéu trong phan “Danh sach” trang 33.

Lwu y rang tac dung cla range () la mot trong nhitng khac biét gitta Python 2
va Python 3: Trong Python 2, range () tao ra mot danh sach, trong khi véi
Python 3, range () tao ra mét déi tuong lap.

Vong lap while

Mét kiu vong 13p khdc trong Python la vong I3p while, né sé tién hanh 13p cho
dén khi thdoa man mot sé diéu kién:
In [6]: 1 =0
while i < 10:
print (i, end=' ")
i4+=1
01 2345%6 72829
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Da4i s6 cta vong lap while duoc xét nhu mot cau Iénh Boolean, va vong 3p s&
thuc thi cho dén khi cau 1énh mang gia tri |a False.

Tinh chinh vong l3p v&i break va continue

Cé hai cau lénh hitu ich dugc str dung trong vong |13p dé tinh chinh cdch ma ching
thuec thi:

e Caulénh break dé thoat hoan toan khoi vong lap
e Ciulénh continue dé bd qua phan con lai cha [an I3p hién tai va
ti€n dén lan |3p tiép theo.

Chuing c6 thé sir dung trong cd vong |3p for va while.

Dudi day 1a mot vi du st dung continue dé in ra mot chudi sé [&. Trong trwong
hop nay, chi can ciu lénh if-else la d3 cé thé cho ra két qud, nhwng déi luc
ciu |énh continue cé thé |a mét cach thuan tién hon dé dién t3 y tudng:

In [7]: for n in range (20) :
# kiém tra xem n ¢é chdn khéng
if n % 2 ==
continue
print (n, end=" ")

1357911 13 15 17 19

Dudi day la mét vi du vé ciu lénh break dugc st dung cho mét tac vu phirc tap
hon. Vong 1dp nay s& in ra tat ca chit s6 trong day Fibonacci cho dén mét gid tri
nhat dinh:

In [8]: a, b =10, 1
amax = 100
L =[]

while True:
(a, b) = (b, a + b)
if a > amax:
break

L.append (a)

print (L)
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(1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Hay chu y t&i vong Iap while True ma ching toi st dung, nd sé I3p mai mai trir
phi ta thém vao cau Iénh break!

Vong lap chira khéi m3 else

Mot cach lam hiém khi duoc st dung trong Python, d6 1a s&r dung cu lénh else
clng vdivong l13p for hodc while. Ching ta d3 tim hiéu vé khdi m3 else trudc
dd: nd s8 thye thi néu tat cd ciu lénh if va elif mang gid tri False. Vong lap
chira else ¢ 1a mét ciu 1énh kho hiéu hon ca trong Python; Téi s& xem né nhu |a
mot cdu lénh nobreak: cd nghia la khdi m3 else chi thuc thi néu vong ldp két
thic mét cach ty nhién, ma khong vudng phai cau lénh break.

Mot vi du vé viéc ¢ thé nd s8 hiru ich, xét qua trinh thuc hién (khong téi wu)
Sang nguyén té Eratosthenes, hay con dugc biét dén nhu ham tim sé nguyén té
dudi day:

for n in range (2, nmax):
for factor in L:
if n % factor ==
break
else: # khéng break
L.append (n)
print (L)
(2, 3, 5, 7, 11, 13, 17, 19, 23, 29]
Cau lénh else chi thuc thi néu khdng cé nhan t6 nao chia hét cho sé cho san.
Cau lénh else hoat dong tuong tu vaoi vong lap while.

Pinh nghia va sir dung Ham

Cho dén nay, tap Iénh cla chuing ta chi la nhirng khéi m3a don gidn. Mét cach dé
t6 chirc khdi ma Python va gitip cho chung dé doc cling nhu dé st dung lai 1a dua
yéu t8 quan trong vao cac ham (function) cé thé tai sir dung. Ta sé& tim hiéu khai
quat hai cach dé tao ra ham: cau Iénh def, hitu ich véi bat c loai ham nao, va
ciu lénh lambda, hitu ich vdi viéc tao ra nhirng ham khong tén ngan.
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Str dung Ham

Ham (Function) 1a nhitng nhém ma3 cé tén va cé thé goi bang cach s dung dau
ngodc don. Ta d3 bat gap ham trwdc dé. Vi duy, print trong Python 3 1a mot
ham:

In [1]: print('abc')

abc

print & day la tén ham, con “abc” 1a d6i s6 (argument) cha ham.

Ngoai ra con cé nhirng doi s6 duwgc dat tén véi mot tlr khda (keyword
arguments). M6t d6i s6 nhu vay cia ham print () (Python 3)la sep, d6isé nay
s& cho biét ky tu hay nhirng ky tu ndo duoc st dung dé phan tach cac muc:

In [2]: print(l, 2, 3)

12 3
In [3]: print(l, 2, 3, sep='--")
1--2--3

Khi hai loai d8i s6 duoc st dung cung nhau thi ddi s6 vdi tir khda phai nam &
cuoi.

Pinh nghia Ham

Ham tham chi con trd nén hitu ich hon khi ta tw dinh nghia ham cho riéng minh,
t6 chirc ham dé st dung nhiéu noi. Trong Python, ham dwoc dinh nghia bang cau
lénh def. Vi du, ta cé thé tdm gon lai doan ma vé diy Fibonacci ltc trwdc nhw
sau:

In [4]: def fibonacci (N):
L =[]
a, b=20, 1
while len (L) < N:
a, b=D>b, a+b
L.append (a)

return L

Gio' ta da co ham tén |3 fibonacci vdi mot d6i s6 N duy nhat, thye hién moét sé6
hanh ddng vai d6i s6 nay va trad vé mot gid tri; trong truedng hop nay la mot danh
sach N sé Fibonacci dau tién:
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In [5]: fibonaceci(10)
Out [51: [1, 1, 2, 3, 5, 8, 13, 21, 34, 55]

Néu d3 quen vai nhirng ngdn ngilr manh nhu C, ban sé& ngay lap tlrc chid y dén
viéc khdng hé cé thong tin vé kiéu dit liéu gan v&i dau vao va dau ra cla ham.
Ham trong Python cé thé tra vé bat ky d&i twong nao, don gidan hay hén hop,
diéu nay cé nghia la nhirng ciu tric cé thé khé véi ngdn ngit khdc thi lai rat don
gian vdi Python.

Vi du, nhiéu gid tri trd vé cung ltc don gian chi cadn ddt trong mot bé dir liéu dworc
phan ra bang dau phay:

In [6]: def real imag conj(val):
return val.real, val.imag, val.conjugate()
r, 1, ¢ = real imag conj (3 +.47)

print(r, i, <)

3.0 4.0 (3-43)

Gia tri mac dinh cha déi s6

Théng thudng vao lic dinh nghia ham, cd mét sé gid tri ma ta mudn sy dung
trong hdu hét moi trudng hop, nhung ta cling muén dé cho ngudi dung lwa chon
linh hoat. Trong trudng hop nay, ta cé thé st dung gid tri mdc dinh (default
values) cho d6i s6. Xét ham fibonacci ldc trudc. S& ra sao néu ta mudn ngudi
dung cé thé tuy chinh duoc nhitrng gia tri khéi dau cda day? Ta cé thé lam nhu
sau:

In [7]: def fibonacci (N, a=0, b=1l):
L =[]
while len(L) < N:
a, b=D>b, a+b
L.append(a)
return L

V&i mot doi s6 duy nhat, két qua clia phép goi ham van gidng hét nhu trudec:

In [8]: fibonacci (10)
Out [81: T[1, 1, 2, 3, 5, 8, 13, 21, 34, 55]
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Gidr ta c6 thé s dung I1énh goi ham dé tim hiéu mot sé thi, nhu 13 tac ddng khi
ta s&r dung nhirng gia tri khé&i dau mai:

In [9]: fibonacci (10, 0, 2)
Out [91: [2, 2, 4, o6, 10, 1lo6, 26, 42, 68, 110]

Gia trj cling c6 thé duogc chi dinh bang tén néu muén, trong trudng hop do, thi
tw clia cac gia tri duoc dat tén khong quan trong:

In [107]: fibonacci (10, b=3, a=1)
Out [10]1: [3, 4, 7, 11, 18, 29, 47, 76, 123, 199]

*args va **kwargs: Nhirng ddi sé linh hoat

Cé thé d6i ltc ban mudn viét mot ham ma lai khdng biét ngudi dung sé dua vao
bao nhiéu ddi s6. Trong trwdng hop nay, ban cé thé s& dung cac dang dac biét la
*args va **kwargs dé bao ham hét tat cd déi sé duoc dua vao. Xem vi du dudi
day:

In [11]: def catch_all (*args, **kwargs):
print ("args = ", args)

print ("kwargs = ", kwargs)

In [12]: catch all(l, 2, 3, a=4, b=b5)
args = (1, 2, 3)
kwargs = {'a': 4, 'b': 5}

In [13]: catech all('a', keyword=2)
args = ('a',)

kwargs = {'keyword': 2}

Tén goi args va kwargs & day khdng quan trong, ma 1a ky hiéu * dang trudc
ching. args and kwags chi |a tén cla bién thuwdng dugc dung theo quy udec, la
viét tat cla “arguments” va “keyword arguments”. Sy khac biét nam trong
nhitng ky hiéu hoa thi: mot dau * trwdc bién cé nghia la “trién khai nhu mot to
hop”, trong khi hai dau * trwdc bién cé nghia 13 “trién khai nhu mot tir dién”.
Trong thuc té, cu phap nay khéng chi dwoc sir dung trong viéc dinh nghia ham
ma con cd thé sir dung trong goi ham!

In [14]: inputs = (1, 2, 3)
keywords = {'pi': 3.14}
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catch all(*inputs, **keywords)

args = (1, 2, 3)
kwargs = {'pi': 3.14}

Ham an danh (lambda)

Trudc dé ta d3 tim hiéu khai quat vé cach dinh nghia ham phé bién nhat bang
ciu lénh de£. Ban s& c6 kha nang bat gap cach dinh nghia ngan gon khac 1a ham
st dung mot [an véi cu lénh 1lambda. N6 sé trong nhu thé nay:

In [15]: add = lambda x, y: x + vy
add (1, 2)
Out [15]: 3

Ham lambda nay twong duvong voi

In [16]: def add(x, vy):

return x + y

Vay tai sao lai str dung mot thir nhw vay? N6 xuat phat tir thye té rang moi the
déu la déi tuong trong Python, thadm chi ngay ca ham cling vay! C6 nghia |a ham
c6 thé dung nhw 13 d6i s6 cha ham khéc.

Dé vi du cho diéu nay, hay gia s ta c6 mét sb dit liéu duwoc lwu trong mot danh
sach tir dién:
In [17]: data =
[{'first':"Guido', 'last':'Van Rossum', 'YOB':19506},
{'first':'Grace', 'last':'Hopper', 'YOB':19006},
{"first':'Alan', '"last':'Turing', "YOBR':1912}]

Gid gia st ta mudn sap xé&p lai dit liéu nay, Python cé ham sorted dé lam diéu
do:

In [18]: sorted([2,4,3,5,1,6])
out [18]: [1, 2, 3, 4, 5, 6]
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Nhuwng tir dién khdng cé thir ty: ta cdn mot cdch dé chi cho ham biét |lam thé nao
dé sap xép dit liéu dé. Ta c6 thé lam dugc bang cach chi dinh ham key, khi truyén
cho ham d6 mdt muc thi né s& tra vé khéa sap x&p cho muc dé:

In [19]: # sdp xép theo thu tu alphabet cua tén
sorted (data, key=lambda item: item['first'])

Oout [19]:

[{'YOB': 1912, 'first': 'Alan', 'last': 'Turing'},
{'YOB': 1906, 'first': 'Grace', 'last': 'Hopper'},
{'YOB': 1956, 'first': 'Guido', 'last': 'Van Rossum'}]

In [20]: # sdp xép theo thu tu ndm sinh
sorted (data, key=lambda item: item['YOB'])

Out [20]:

[{'YOR': 1906, 'first': 'Grace', 'last': 'Hopper'},
{'YOB': 1912, 'first': 'Alan', 'last': 'Turing'},
{'"YOB': 1956, 'first': 'Guido', 'last': 'Van Rossum'}]

Ma&c du nhitng ham key nay cé thé tao ra theo cach thong thudng bang cti phap
def, nhung cu phap lambda t6 ra thuan tién hon cho nhitng ham ngan st dung
mot [an nhu vay.

L6i va Ngoai lé

Khéng can biét ki ndng |1ap trinh cla ban cao dén dau, sé& cé Iic ban mac phai
nhitng sai sét. Nhirng sai s6t nhu vay co ba kiéu co ban:

Léi cu phdp (Syntax error)
Loi xay ra khi doan m3 khdng hop 18 v&i Python (da s6 dé sira)
L6i thuec thi (Runtime error)

L&i xay ra khi ct phdp hop 1é nhung doan ma khong thé thuc thi, cé thé do
di¥ liéu dau vao cla ngudi dung khéng hop 1& (d6i khi dé stra)

L6i ngi¥ nghia (Semantic error)

L6i logic: ma thuc thi binh thwdng, nhwng két qua khong didng nhu mong
doi (thuwong rat khé dé xac dinh va slra chira)

Sau day chung ta s& tap trung vao cach dé x{r Iy 16i thyc thi. Ta sé thay rang
Python xtr ly cac I6i thue thi thong qua khung (framework) xt Iy ngoai 1é cta né.
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L6i thuc thi (Runtime error)

Né&u d3 tirng thyc hién doan m3 nao véi Python, ban cé thé d3 bat gdp nhitrng I6i
thue thi. Chidng cé thé xay ra theo nhiéu cach.

Vi du, néu cd tham chiéu vao mot bién khéng xac dinh:

NameError Traceback (most recent call last)

<ipython-input-3-e796bdcf24ff> in <module> ()
-——=> 1 print (Q)

NameError: name 'Q' is not defined

Hay ¢6 thuc hién moét thao tac khéng dwoc dinh nghia:

TypeError Traceback (most recent call last)

<ipython-input-4-aab9e8ededf7> in <module> ()
--——> 11 + 'abc'

TypeError: unsupported operand type(s) for +: 'int' and
'str!

Hay thuc hién mot phép tinh cé két qua khéng xac dinh vé mat toan hoc:

ZeroDivisionError Traceback (most recent
call last)

<ipython-input-5-ae0c5d243292> in <module> ()
-———> 12 /0

ZeroDivisionkError: division by zero
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Hay cd truy xuat vao mét té hgp phan tlr khdong ton tai:

IndexError Traceback (most recent call
last)

<ipython-input-6-06b6eblb8957> in <module> ()
1 L.=1[1, 2, 3]
-——=> 2 L[1000]

IndexError: list index out of range

Luwu y rang v&i moi trudng hop, Python khong don gian chi la thong bao rang d3
cd 16i xay ra, ma con cung cap mot ngoai lé bao gdm thong tin chinh xac vé nhitng
gi d3 xay ra cung v&i dong ma noi xay ra 16i. Co dwoc quyén truy cap vao 16i nhw
thé& nay l1a diéu vo cung hitu ich khi ¢ gang truy tim ngudn goc cla cac van dé
trong doan ma cua ban.

Nam bat ngoai lé: try va except

Codng cu chinh ma Python cung cap dé x& ly cac ngoai 1é thyc thi 1a ménh dé
try..except. Cau tric co ban cla né la:

In [5]:
try:

print("this gets executed first")
except:

print("this gets executed only if there is an
error™)

this gets executed first

Luu y rang khdi m3 thi hai & day khéng dwoc thyc thi bdi vi khdi m3 thi nhat
khong tra vé 16i ndo. Hay dit mot cau 1énh cé van dé vao khéi m3 try va xem
chuyén gi xay ra:

In [6]: try:
print ("let's try something:")

x =1/ 0 # ZeroDivisionError

51



except:

print ("something bad happened!")

let's try something:
something bad happened!

Ta c6 thé thay khi ¢b 16i xay ra trong ciu Iénh try (trong trudng hop nay la
ZeroDivisionError), 16i d3 dwgc phat hién, va cau lIénh except dugc thyc
thi.

Cach nay thuong dugc sir dung dé kiém tra dau vao cla ngudi dung trong ham
hay mdt doan m3 khac. Vi du, ta cé thé mudn cé mot ham bat 16i chia cho s6 0
va tra lai mot gia tri khac; cé thé 1a mot con s6 1dn thich hgp nhu 10%°°;

In [7]: def safe divide(a, b):
try:
return a / Db
except:
return 1E100
In [8]: safe divide (1, 2)
Out [8]: 0.5
In [9]: safe divide(2, 0)

Out [9]: 1le+100

DU vay van con mot van dé véi doan ma nay: chuyén gi sé xay ra khi mot ngoai
|& khac xuat hién? Vi du, day cd & khdong phai la diéu ma ta du tinh:

In [10]: safe divide(l, '2")
Out [10]: 1le+10

Phép chia m6t s& nguyén cho mdt chudi gay ra 16i TypeError ma doan ma cla
ching ta d3 bat duwogc va gia dinh d6 1a ZeroDivisionError! Vily do nay, t6t
hon hét |3 ndm bat cac ngoai 1& mot cach ré rang:

In [11]: def safe divide(a, Db):
try:
return a / b
except ZeroDivisionError:
return 1E100
In [12]: safe divide(l, 0)
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Out [12]: 1e+100
In [13]: safe divide(1l, '2")

TypeError Traceback (most recent call last)

<ipython-input-15-233laf6alacf> in <module> ()
-——-> 1 safe divide(1l, '2")

<ipython-input-13-10b5f0163af8> in safe divide(a, b)
1 def safe divide(a, b):

2 try:
-———> 3 return a / b
4 except ZeroDivisionError:
5 return 1E100
TypeError: unsupported operand type(s) for /: 'int' and

'str'!

B4y gi® ta chi bat mdi 16i chia cho s6 0 va bd qua tat ca cac 16i khac.
Pua ra ngoai lé: raise

Ta d3 thay duoc gid tri ma cac ngoai 1é mang lai khi s&r dung ngdn ngit Python.
N6 ciling co gia tri twong dwong khi dwa ra nhitng ngoai |é trong chinh m3 cla
ban, dé cho ngudi dung (ma trudce tién 1a chinh ban!) ¢ thé tim ra nguyén nhan
gay ra oi.

Cach dé ty dua ra nhitng ngoai |& 13 dung cau |énh raise. Vi du:

In [14]: raise RuntimeError ('"'my error message")

RuntimeError Traceback (most recent call last)

<ipython-input-16-c6ad4cled2f34> in <module> ()

-—-—-> 1 raise RuntimeError ("my error message")

RuntimeError: my error message
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Mot vi du dé thay viéc nay cé thé sé cd ich, hdy quay trd lai vdi ham fibonacci
ma ta da dinh nghia trudc do:

In [15]: def fibonacci (N):
L =[]
a, b=20, 1
while len(L) < N:
a, b=>b, a+b
L.append (a)
return L

Mot van dé tiém tang & day 13 gid tri dau vao cd thé &m. Hién tai diéu nay khong
gay ra bat c 16i nao trong ham culia ching ta, nhitng cé 18 ta s& mudn cho ngudi
dung biét rang s6 N am khong dwoc hd tro. Theo quy wdc, khi gdp nhitng 16i xuat
phat tir viéc gia tri tham s& khong hop 18, 16i ValueError s& duoc dua ra:

In [16]: def fibonacci (N):
if N < O:

raise ValueError ("N must be non-
negative")

L = []

a, b=20, 1

while len(L) < N:
a, b=Db, a+b
L.append(a)

return L

In [17]: fibonacci (10)
Out [17]: [1, 1, 2, 3, 5, 8, 13, 21, 34, 55]

In [18]: fibonacci (-10)

RuntimeError Traceback (most recent call
last)

<ipython-input-20-3d291499cfa’7> in <module> ()
-———> 1 fibonacci(-10)

<ipython-input-18-01d0cfl168d63> in fibonacci (N)
1 def fibonacci (N) :
2 if N < 0:
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-———-> 3 raise ValueError ("N must be non-

negative™)
4 L = []
5 a, b=20,1

ValueError: N must be non-negative

Gio thi ngudi dung d3 biét chinh xac tai sao dau vao khéng hop 1€, va tham chi
con cé thé sir dung khdi m3 try..except dé x{ ly nd!

In [19]: N = -10
try:
print("trying this...™")
print (fibonacci (N))
except ValueError:

print ("Bad value: need to do something
elsem)

trying this...

Bad value: need to do something else

Tim hi€u sdu hon vé ngoai Ié

Phan nay t6i mudn dé cap vé mdt sé trudng hop ma ban ¢ thé gép phai. Toi sé
khéng di sdu vao chi tiét vé cic trwdng hop nay va tai sao lai s& dung ching, thay
vao dé chi don gian cung cap cu phap dé ban cd thé ty tim hiéu thém.

Truy xuat thong bao 16i
D4i lic trong cdu l1énh try. . .except, ban muén thao tac vdi chinh cdc théng
bao 16i. Pieu nay cd thé duogc thyc hién vdi tir khéa as:

In [20]: try:
x=1/0
except ZeroDivisionError as err:
print ("Error class is: ", type(err))

print ("Error message is:", err)

Error class is: <class 'ZeroDivisionError'>
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Error message is: division by zero

V@i cach nay, ban cé thé diéu chinh nhitng tic vu x{r ly ngoai & trong ham cla
minh.

binh nghia ngoai lé

Ngoai cac ngoai lé cd san, cé thé tw dinh nghta cac ngoai |& thong qua Idp ké thira
(class inheritance). Vi du ban mudn c6 mét trudng hop dac biét cua
ValueError, ¢d thé lam nhu sau:

In [21]: class MySpecialError (ValueError) :
pass

raise MySpecialError ("here's the message")

MySpecialError Traceback (most recent call last)

<ipython-input-23-92c36e04a9d0> in <module> ()
2 pass
3

--—=-> 4 raise MySpecialError ("here's the message")

MySpecialError: here's the message

Doan ma dudi day cho phép khéi try..except chi bdt mot loai 16i:

In [22]: try:
print ("do something")

raise MySpecialError (" [informative error
message here]")

except MySpecialError:

print("do something else")

do something

do something else

Ban cé thé thay viéc nay hitu ich khi phat trién ma tuy chinh hon.

try...except...else...finally
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Ngoai try va except, ban con cé thé st dung tir khda else va finally dé
diéu chinh nhiéu hon viéc xt ly ngoai 1é. C4u tric co ban nhu sau:

In [23]: try:
print ("try something here")
except:
print("this happens only if it fails")
else:
print("this happens only if it succeeds")
finally:

print ("this happens no matter what")

try something here
this happens only if it succeeds

this happens no matter what

Céng dung cla else & day da qua rd rang, nhung con finally délam gi? Ménh
dé finally luén thyc thi bt ké diéu gi xdy ra: tdi thudng thay né dugc st dung
dé thwc hién don dep sau khi cdng viéc hoan thanh.

Trinh Iap (Iterator)

Théng thuwong, mot phan quan trong cla viéc phan tich dir liéu la 13p di 13p lai
mot phép tinh twong tw nhau mét cach ty ddng. Vi du, ban mudn chia nhirng cai
tén trong mot bang thanh ho va tén, hay chuyén déi ngay thang sang dinh dang
chuan. M6t trong nhirng huéng giai quyét cta Python cho van dé nay la cd phap
trinh Idp. Ta d3 tirng thay loai ci phap nay vdi trinh |3p range:

In [1]: for i in range(10):
print (i, end=" ")
0123459671829

Ta sé& di sdu hon mot chidt vé van dé nay. Trong Python 3, range khéng phai |a
mot danh sach, ma la mét thi dwoc goi la trinh Idp, va tim hiéu cach hoat dong
cta né |a chia khéa dé hiéu dugc mét lwong 1dn cadc ham Python hitu ich.

Lap thong qua danh sach

C6 18 cach dé nhat dé hidu vé trinh I3p 13 13p thdng qua mot danh sach. Xét vi du
dudi day:

57



In [2]: for value in [2, 4, 6, 8, 10]:
# thuc hién mét sb phép tinh
print(value + 1, end=' ")

357 911

Cu phép quen thudc for x in y cho phép ta lap lai mot s6 phép tinh v&i moi
gia tri cha danh sach. Trong thuc té, viéc ci phap nay rat giéng véi mo ta Tiéng
Anh (for [each] value in [the] list) cha nd |a mdt trong nhitng diéu gitp cho Python
tr® thanh mot ngdn ngit tric quan va dé s dung.

Nhuwng nhitng gid tri ma ta thay khong han 13 th& hoat dong. Khi viét mot doan
m3 nhu for val in L, trinh thdng dich Python s& kiém tra xem d6 c6 phai |13
mot giao dién trinh |3p (iterator interface) hay khéng. Ban cé thé ty minh kiém
tra bang ham tich hop iter:

In [3]: iter([2, 4, 6, 8, 101)
Out [3]: <list iterator at 0x104722400>

Chinh déi tuwgng ldp nay cung cdp ham theo yéu cau cha vong 13p for. Déituong
iter la mét binh chira cho phép truy xuat vao gia trj tiép theo mién né hop I8,
gid tri ndy cé thé duwa ra bang ham tich hop next:

In [4]: I = iter([2, 4, 6, 8, 101)
In [5]: print(next (I))

2
In [6]: print(next (I))
4
In [7]: print(next (I))
o

Vay muc dich cla cach tiép can gian ti€p nay la gi? Hoa ra diéu nay cuc ki hitu ich
khi cho phép Python thao tac v&i nhitng d6i twgng khdng phai danh séch nhu la
mot danh sach.

range(): Danh sach khdng phai lic nao ciing la danh sach

Cé 18 vi du phd bién nhat cha viéc 1ap gian ti€p trong Python 3 chinh 13 ham
range () (hay xrange () trong Python 2), ham nay khdng trd vé mét danh sach
ma la mét ddi twong range () dic biét:
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In [8]: range(10)
Out [8]: range (0, 10)

range cling giong nhu danh sach, la mét trinh lap

In [9]: iter(range(10))
Out [9]: <range iterator at 0x1045al1810>

Vi vdy Python hiéu va thao tac v&i né nhw Id mot danh sach:

In [10]: for i in range (10):
print (i, end='"' ")

012345067389

Lgi ich cla trinh |3p gian tiép la danh sdch day dd khéng bao gio dworc tao ra mét
cdch ré rang! Ta c6 thé thay rd duoc diéu nay khi thue hién mot phép tinh vadi
range, N6 cé thé khién bd nhd bi qud tai néu ta thuc sy tao ra né (lwu y rang
trong Python 2, range tao ra mét danh sach, vi vay viéc chay doan ma dudi day
khéng phai la y twdng tot!)

In [11]: N = 10 ** 12
for i in range (N) :
if i >= 10: break

print (i, end=', ')

Néu range thuc sy tao ra mét danh sach véi mét nghin ty gia tri, né sé ngén
hang chuc terabyte bé nhd may: moét su 1ang phi khi thyc té |a chidng ta bd qua
tat ca gia tri trir 10 gia tri dau tién!

Trong thuc té€, khéng cé ly do gi dé trinh 13p phai két thidc ca! Thu vién
intertools clia Python chta ham count, ham nay hoat dong nhuw mot khoang
vO han:

In [12]: from itertools import count

for i in count():
if i >= 10:
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break

print (i, end=', ")

Né&u ching ta khong cé |énh pha v& vong 1dp, nd s& dém mai cho dén khi bi lam
gian doan hay bi ngat mot cach thd cong (vi du nhu st dung ctrl-C).

Nhirng trinh 1ap hiru ich

CU phép trinh 13p nay gan nhu duoc st dung rat pho bién trong nhirng kiéu tich
hop cta Python cling nhuw nhiéu ddi twong khoa hoc cu thé ma ta sé tim hiéu
trong nhi*tng phan sau. Phan nay ching ta s& tim hiéu khai quat vé& nhiéu trinh
lap hitu ich hon nira trong Python.

enumerate

NEu ban khong chi mudn ldp lai nhitng gia tri trong mot mang, ma con mudn
theo ddi ca chi sé clia nd. Ban cd thé lam theo cach nay:

In [13]: L = [2, 4, 6, 8, 10]
for i in range(len(L)) :

print (i, L[i])

S w DD O
= 0 o DN

Ma&c du né van hoat déng, nhung Python cé cung cap mdt cu phap don gian hon
dé lam diéu nay la trinh 13p enumerate:

In [14]: for i, wval in enumerate (L) :

print (i, wval)

Sw ND PO
= oo o N
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DAy 13 mot cach “Python” hon dé liét ké nhirng chi s6 va gid tri trong mot danh
sach.

zip
Mot truong hop khac la ban cé nhiéu danh sdch va muén 13p chidng cung ldc. Tat
nhién 13 ban cé thé |3p thong qua chi s6 mdt cach khong “Python” chit nao nhw

trong vi tru ta d3 thay truwdc dé, hodc mot cach tét hon la s dung trinh 13p zip
dé ghép nhirng ddi twong |3p duoc:

In [15]: L = [2, 4, 6, 8, 10]
R=1[3, 6, 9, 12, 15]
for lval, rval in zip (L, R):
print(lval, rval)
2 3
4 6
6 9
8 12
10 15

B4t ké ¢ bao nhiéu déi tuong cling cé thé ghép lai vdi nhau, va néu ching c6 do
dai khac nhau thi d6i twong ngan nhat sé quyét dinh do dai cla zip.

map va filter

Trinh [3p map nhan mot ham va dp dung ndé cho nhirng gia tri trong mot trinh 13p:

In [16]: # tim 10 sbé chinh phuong diu tién
square = lambda x: x ** 2
for val in map(square, range(10)):

print(val, end=' ")
014 9 16 25 36 49 64 81

Trinh 13p filter cling twong ty nhw vay, ngoai trir viéc nd chi dp dung cho
nhirng gid tri ma ham loc trd vé True:

In [17]: # tim gid tri chia hét cho 2 trong pham vi 10
is even = lambda x: x $ 2 == 0
for val in filter(is even, range(1l0)):

print (val, end=' ")
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02 46 8

Ham map va filter, cung vdi ham reduce (trong m6-dun functools cUa
Python) la nhirng thanh phan co ban cta phong céch Ildp trinh ham, mét phong
cach lap trinh cé nhiéu ngudi ing hd mac du khéng phai Ia mot phong cach 1ap
trinh chiém wu thé trong thé gidi Python (xem vi du thu vién pytoolz).

Trinh 13p c6 chirc ndng nhw ddi s6 cia ham

?

Trong phan “*args va **kwargs: Nhirng d6i sé linh hoat” & trang 47. ta da biét
rang *args va **kwargs c6 thé duoc si dung dé dwa nhitng t6 hop va tur
dién vao cdc ham. Nhung thuc ra cl phdp *args khéng chi hoat dong vai té
hop ma vai bat ky trinh [dp nao:

In [18]: print(*range(10))
0123450672829

Vi vay, vi du ta cé thé gdi gon vi du vé trinh Iap map ldc trudc thanh:

In [19]: print(*map(lambda x: x ** 2, range(10)))
01 4 9 16 25 36 49 64 81

Tha thuat nay gidp ta tra 167 dwoc cau hoi lau doi trong nhitng dién dan hoc
Python: tai sao khéng cé ham unzip () cé tac dung trai nguocvdi ham zip () ?
N&u tap trung suy nghi mot chut, ban cé thé nhan ra rang trai nguoc véi zip ()
la... zip () ! Chia khéa chinh 13 zip () c6 thé ndi nhiéu s6 cla trinh Idp hodc t6
hop v&i nhau. Quan sat vi du sau:

In [20]: L1 = (1, 2, 3, 4)

L2 — ('a.', 'bl, Cl, ld')
In [21]1: z = zip (L1, L2)

print (*z)
(L, 'a') (2, 'b"') (3, 'c") (4, 'd")
In [22]: z = zip(L1l, L2)

new L1, new L2 = zip(*z)

print (new L1, new L2)
(L, 2, 3, 4) ('a', 'b', 'c', 'd')
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Suy nghi vé diéu nay mot ldc. Néu hiéu dugc tai sao né hoat dong thi ban d3 di
dugc mot quing xa trong hanh trinh tim hiéu trinh 13p Python!

Trinh lap chuyén dung: itertools

Ta d3 c6 céi nhin tdm tat vé trinh 13p v6 han: range, itertools.count trudc
day. Mo-dun itertools chita mot loat cac trinh 1ap hoan toan hituich; né dang
dé ban khdm phd xem nhitng g c6 thé dung duoc. Xét ham
itertools.permutations nhw mét vi du, né sé cho ra toan bd hodn vj cla
mot tap hop:

In [23]: from itertools import permutations

p = permutations (range (3))
print (*p)
(0, 1, 2) (0, 2, 1) (1, 0, 2) (1, 2, 0) (2, 0, 1) (2, 1,

0)

Tuong ty, ham itertools.combinations cho ra két qua |3 toan bd t6 hop
chira N gia tri cla mét danh sach:

In [24]: from itertools import combinations
c = combinations (range (4), 2)

print (*c)

Mot trinh [3p lién quan la product sé cho ra két qua la cac cdp gia tri cha hai
hay nhiéu déi twong lap:

In [25]: from itertools import product
p = product('ab', range(3))
print (*p)

Con rat nhiéu trinh 13p hiru ich cé trong itertools: danh sadch day dd cung vdi
cdc vi du cd thé tim thay tai tai liéu Python truc tuyén.

63



Danh sach tong quat (List Comprehensions)

Né&u ban doc ma Python d0 nhiéu, ban roi s& gap ciu tric ngan gon va hiéu qua
hon duwoc biét dén vdi cai tén danh sdch téng qudt (list comprehension). Pay la
mot tinh ndng cla Python ma téi dodn la ban sé thich néu ban chuwa bao gio dung
trwdc day, no sé trong nhu thé nay:

In [17]: [i1 for 1 in range (20) if i % 3 > 0]
Out [(11: [1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 1o, 17, 19]

K&t qua clia doan ma trén |a mét danh sach sé khdng phai boi s6 cda 3. Mac du
vi du nay cé vé hoi mo ho lic dau, nhwng khi d3 quen vdi su phat trién cda
Python, doc va viét ham tdng quéat s& tré thanh mét dac tinh.

Danh sach téng quat co ban

Danh sach tong quat 1a mot cach don gidn dé tdi gidn viéc tao danh sach cho
vong 13p for thanh mot dong ngan gon va dé doc. Vi du, dwdi day 1a mot vong 13p
tao ra mot danh sach 12 s6 chinh phuong dau tién:

In [2]: L = []
for n in range(12):

L.append(n ** 2)

Qut [2]: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121]

Danh sach téng quat twong dwong doan ma trén la:

In [3]: [n ** 2 for n in range (12)]
Out [31: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121]

Nhuw nhiéu cau Iénh Python khéc, ban gan nhu cé thé doc dwoc y nghia cau l1énh
nay nhuw mot van ban tiéng Anh: “tao mot danh sadch gdbm nhirng binh phwong
cla sd nvdinlén dén 12”.

CU phdp co bdn |3 [expr for var in iterablel], v@iexpr la bat ky biéu
thirc hop & nao, var |a tén bién, va iterable la bat ky d6i twong 13p nao trong
Python.
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L3p nhiéu [3n

Doi luc ban mudn tao mét danh sidch khdng chi vai moét ma 13 hai gid tri. D& 1am
diéu nay, don gian chi cdn thém mét cau lénh for vao biéu thirc téng quat:

In [4]: [(i, J) for i in range(?2) for j in range (3)]
Out [4]: [(O, O), (O, 1), (O, 2), (1, 0), (1, 1), (1,
2) ]

Chu y rang biéu thirc for thi hai hoat dong nhu mot ndi chi sé (interior index),
thay d6i nhanh nhat trong danh sach két qua. Loai cau tric nay c6 thé md rong
thanh ba, bén, hay tham chi nhiéu trinh 13p hon trong biéu thirc téng quat, tuy
nhién diéu nay s& khién doan ma mat di tinh dé doc vén cé.

Diéu kién trinh 13p

Ban c6 thé kiém soat vong 13p bang cach thém mot diéu kién vao cudi biéu thirc.
Trong vi du dau tién cta phan nay, ta d3 cho vong ldp chay qua toan bd so tir 1
dén 20 nhung bo di nhirng s6 1a boi sé cda 3. Hay cung xem lai vi du nay mét lan
nira:

o

In [5]: [val for val in range(20) if val % 3 > 0]
Out [51: [1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 1o, 17, 19]

Biéuthirc (i % 3 > 0) mang gia trj True trir khi val chia hét cho 3. M6t [an nita,
y nghia cla bidu thirc nay cd thé ngay lap tirc dién dat bang tiéng Anh: “Tao ra
mot danh sach nhirng gid tri cla cic so tir 1 dén 20 va khéng chia hét cho 3”.
Mot khi d3 quen véi diéu nay, day sé 1a cdch don gidn hon nhiéu dé viét va hiéu
so v@i cu phap vong lap tuvong duong:

In [6]: L = []
for val in range (20) :
if val % 3:

L.append (val)
Out [e]: [1, 2, 4, 5, 7, 8, 10, 11, 13, 14, 1lo¢, 17, 19]
Diéu kién gia tri

Né&u d3 tirng |ap trinh vdi C, ban cd thé quen vai diéu kién don dong duoc kich
hoat b&i toan tir ?:
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int absval = (val < 0) ? - : val

Python cling c6 cong cu twong ty, thuong dwoc s& dung nhiéu nhat trong danh
sach téng quat, ham lambda, va nhitng noi khac can dén mot biéu thirc don
gian:
In [7]: wval = -10
val if val >= 0 else -val
Out [7]: 10

Ta thay rang day |a mét ban sao don gidn tinh nang cla ham tich hop abs (),
nhung cau tridc cda né cho phép ban lam mét sé diéu tha vi véi danh sich téng
quéat. Diéu nay s& trd nén phirc tap, nhwng ban cé thé lam duoc nhitng diéu nhu:

In [8]: [val if val % 2 else -val

for val in range (20) if val % 3]

Out [(8]: (1, -2, -4, 5, 7, -8, =10, 11, 13, -14, -1o,
17, 19]

Luu y ché ngat dong trong danh sach téng quat ngay trudc bidu thirc for: diéu
nay hoan toan hop & trong Python, va thwdng 1a mot cach hay dé chia nho cac
danh sach dai gitip dé theo d&i hon. Hiy xem qua doan ma: nhitng gi ta dang lam
la tao ra mot danh sach, bd qua bdi sé cla 3 va lay s6 ddi nhirng so la bdi cia 2.

Mot khi d3 hiéu duoc co ché cla danh sich tong quat, sé rat don gian dé chuyén
qua nhitng dang tdng quat khac. Cu phap phan 1&n |a gidng nhau; diém khac nhau
duy nhat chinh 1a viéc ban s dung diu ngoic nao.

Vi du, v&i dau ngodc nhon, ban cé thé tao ra mét set véi b téng qudt:

In [9]: {n**2 for n in range (12)}
Qut [9]: {O, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121}

Nh& rang set 1a mot tap hop khong trung 13p. Bd téng quat cung tudn theo quy
tac nay va loai bd nhitng muc trung 13p:

In [107]: {a % 3 for a in range (1000)}
out [10]: {0, 1, 2}

V&i mot dieu chinh nhd, ban cd thé thém dau hai chdm (:) dé tao ra tw dién
tébng qudt:
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In [117: {n:n**2 for n in range (6)}
Qut [11]: {O0: O, 1: 1, 2: 4, 3: 9, 4: 16, 5: 25}

Cubi cuing, néu str dung dau ngodc don thay vi ngodc vuéng, ban sé cé dugc thir
c6 tén |a biéu thure trinh tao (generator expression):

In [12]: (n**2 for n in range (12))

Out [12]: <generator object <genexpr> at 0x1027a5ab50>

Mét biéu thirc trinh tao vé ban chat 1a mét danh séch téng quat ma nhitng phan
tlr trong dé duoc tao ra khi can thiét thay vi tao ra tat ca cung lic, va sw don gian
nay chinh la sirc manh cda tinh ndng ngén ng* ma ta sé tim hiéu & phan tiép
theo.

Trinh tao (Generators)

Chung ta s& di sau vao trinh tao Python, bao gébm nhitng biéu thirc trinh tao
(generator expressions) va ham trinh tao (generator functions).

Bi€u thirc trinh tao (Generator Expression)

Su khdc nhau gitra danh sich tong quat va biéu thirc trinh tao doi khi rat map
mo; phan nay ta sé tdm luoc nhirng khac biét gitra hai khai niém trén.

Danh sach téng quat sir dung ngoac vudng, trong khi biéu thirc trinh tao sir
dung ngoac don
DAy |a mét danh sach tdng quét tiéu biéu:

In [1]: [n ** 2 for n in range (12)]
OQut [1]1: [O, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121]

Con day la mot biéu thire trinh tao tiéu biéu:

In [2]: (n ** 2 for n in range(12))

Out [2]: <generator object <genexpr> at 0x104a60518>

DE y rang viéc in ra biéu thirc trinh tao khéng in ra nhitng ndi dung trong d6; mot
cadch dé in ra ndi dung cla mdt trinh tao 13 dwa né vao mdt ham tao list:

In [3]: G = (n ** 2 for n in range(12))
list (G)
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Out [3]: [0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121]

Danh sich 1a mot t6 ho'p cac gia tri, trong khi trinh tao 1a mét céng thirc dé xuat
ra ching

Khi tao mot danh sach, thue chat 1a ban dang tao ra mét td hop céc gia tri, va can
ton mét lvong bd nhd cho viéc d6. Trong khi d6 véi trinh tao ban, khéng phai
xay duwng mét danh sich cac gia tri ma |a cdng thirc dé xuat ra cac gia trj d6. C3
hai d8u c6 cung mot giao dién trinh [3p nhu ta cé thé thay dudi day:

In [4]: L = [n ** 2 for n in range(12)]
for val in L:
print (val, end=' ")
01 4 9 16 25 36 49 64 81 100 121

In [5]: G = (n ** 2 for n in range(12))
for val in G:
print(val, end="' ")
01 4 9 16 25 36 49 64 81 100 121

Su khéc biét 1a biéu thirc trinh tao khéng thuc sy tao ra cac gid tri cho dén khi
can thiét. biéu nay khéng chi tao sy hiéu qua vé mat bd nhé ma con hiéu qua vé
mat tinh todn! Cling d6ng nghia vdi viéc |a trong khi kich thwdce cda danh sach bj
gidi han bédi lvgng bd nhd kha dung thi kich thuwde cda biéu thirc trinh tao la vo
han!

Mot vi du vé mot biéu thirc trinh tao vo han cé thé dwoc tao ra bang cach sl
dung trinh [ap count dugc dinh nghia trong itertools:

In [6]: from itertools import count
count ()
Out [©6]: count (0)

In [7]: for i in count():
print (i, end="' ")
if i >= 10: break

01 2345¢6 78910

Trinh 13p count s& ti€p tuc d&m cho tdi khi dwoc 1énh dirng; diéu nay lam né trd
nén thuan tién trong viéc tao ra nhirng trinh tao chay vo han:
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In [8]:
factors = [2, 3, 5, 7]

G = (i for i in count() if all(i $ n > 0 for n in
factors))

for val in G:
print(val, end=' ")
if val > 40: break

1 11 13 17 19 23 29 31 37 41

C6 thé nhan thay rang néu mé réng danh sach cac yéu t6 mot cach thich hop, ta
sé& cd dugc mot trinh tao s6 nguyén td s dung thudt todan Sang nguyén to
Eratosthenes. Ta s& sém tim hiéu nhiéu hon vé van dé nay.

Danh sach c6 thé duwoc 13p nhiéu lan; biéu thirc trinh tao str dung mot lan

DAy la mot trong nhitng van dé tiém tang cla biéu thirc trinh tao. Véi danh sich,
ta c6 thé dé dang thuc hién viéc nay:

In [9]: L = [n ** 2 for n in range (12)]
for val in L:
print (val, end=' ")
print ()
for val in L:

print(val, end=' ")

014 9 16 25 36 49 64 81 100 121
014 9 16 25 36 49 64 81 100 121

Mot biéu thirc trinh 13p, ndi cdch khac, dwgc sir dung hét sau mét lan lap:

In [10]: G = (n ** 2 for n in range(12))
list (G)
OQut [10]: [0, 1, 4, 9, 16, 25, 36, 49, 064, 81, 100, 121]

In [11]: 1list(G)
Out [11]: T[]

Diéu nay cé thé rat hitu ich bdi vi vong I3p cé thé bj tam dirng va bat dau lai:
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In [12]: G = (n**2 for n in range(1l2))
for n in G:
print(n, end="' ")
if n > 30: break

print ("\ndoing something in between")

for n in G:

print(n, end="' ")

0149 16 25 36
doing something in between
49 64 81 100 121

Mot trudng hop hitu dung cda tinh ndng nay Ia khi lam viéc véi nhirng t6 hop dir
liéu trén 6 cirng; c6 nghta |a hoan toan cé thé dé dang phan tich ching theo tirng
dot va dé cho trinh tao quan ly nhitng dit liéu chua dwoc x{r ly.

Ham trinh tao (Generator Function): str dung yield

Ta d3 biét rang danh sach téng quat |a cach tot nhat dé tao ra nhirng danh sach
tuwong doi don gian, trong khi s&r dung vong 1dp for sé tot hon trong nhirng
trudng hop phirc tap hon. Piéu d6 cling dung vdi biéu thirc trinh tao: ta cd thé
tao ra nhirng trinh tao phtrc tap hon bang cach sir dung ham trinh tao (generator
function), tan dung kha nang ctia cdu lénh yield.

Duwdi day |a hai cadch dé cung tao ra mot danh sach:
In [13]: L1l = [n ** 2 for n in range (12)]
L2 = []

for n in range(12):
L2.append(n ** 2)

print (L1)
print (L2)

(0, 1, 4, 9, 1e, 25, 36, 49, 64, 81, 100, 121]
(0, 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121]
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Tuwong tu, dwdi day |a hai cdch dé xay dung trinh tao twong duong:

In [14]: G1 = (n ** 2 for n in range(12))

def gen{() :
for n in range(12):
yield n ** 2

G2 = gen{()
print (*G1)
print (*G2)

01 49 16 25 36 49 64 81 100 121
014 9 16 25 36 49 64 81 100 121

Ham trinh tao [a mét ham, ma thay vi st dung return dé tra vé gia tri trong mét
lan thi st dung yield dé xuadt ra mot chudi cac gid trj (co thé vo han). Nhu trong
bi€u thirc trinh tao, trang thai cta trinh tao dwoc bdo toan gitra nhirng vong lap
tirng phan, nhung néu muén mét khéi ddng lai trinh tao thi don gidn chi can goi
lai ham mét Ian nita.

Vi du: Trinh tao sé nguyén to

Day 13 vi du yéu thich cla toi vé ham trinh tao: mdt ham tao ra mot chudi khdng
gidi han nhirng s& nguyén t8. Mot thuat todn cé dién cho viéc nay la Sang nguyén
td Eratosthenes, né s& hoat ddng kiéu nhu sau:

In [15): # Tao danh sdch cdc phédn tu
L = [n for n in range (2, 40)]
print (L)
(2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, \
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, \
30, 31, 32, 33, 34, 35, 36, 37, 38, 39]

In [16]: # Loai bd tdt cd boi sb cua gid tri dau tién
L = [n for n in L if n == [0] or n % L[O] > O]
print (L)

(2, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, \
29, 31, 33, 35, 37, 39]
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In [17]: # Loai bd tdt cd boi sb cua gid tri thu hai
L = [n forn in L if n == L[1l] or n % LI[1] > O]
print (L)

(2, 3, 5, 7, 11, 13, 17, 19, 23, 25, 29, 31, 35, 37]

In [18]: # Loai bd tdt cd boi sb cua gid tri thu ba
L = [n fornin L if n == L[2] or n % L[2] > 0]
print (L)

(2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37]

Né&u 13p lai hanh déng nay dd s6 an trén mot danh sach d 1dn, ta cd thé xuit ra
bao nhiéu sé nguyén té ma ta mudn.

Hay goi gon Iap luan nay vao mét ham trinh tao:

In [19]: def gen primes (N):
"""Generate primes up to N"""
primes = set ()
for n in range (2, N):
if all(n $ p > 0 for p in primes):
primes.add (n)

yield n

print(*gen primes (70))
2 35 7 11 13 17 19 23 29 31 37 41 43 47 53 59 61 o7

T4t ca chi ¢ vay! Méc du day chic chan khong phai 1a cach thuc hién hiéu qua
cla thuat todn Sang nguyén té Eratosthenes, nd thé hién su tién lgi cda cu phap
ham trinh tao trong viéc xay dwng nhirng tap hop phirc tap hon.

Mo-dun va Goi

Mot tinh ndng cua Python gitp nd hitu dung véi moét lugng 1dn cac tac vu la céd
“bd céng cu di kém”, nghia |13 thw vién chudn cla Python chira nhitng cdng cu
htru dung cho mét lwgng 1&n tac vu. Trén hét, cd mot hé sinh thai réng Idn gom
cac cOng cu va goi clia bén thi ba cung cap vdi nhiéu chirc ndng chuyén biét hon.
Trong phan nay, ta s& tim hiéu viéc nhap cdc mé-dun thu vién chuln, nhitng cong
cu dé cai dat cdc mo-dun cda bén thir ba va mé ta vé cach dé tu tao ra nhitng
mo6-dun cuda riéng minh.
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Tai M6-dun: ciu lénh import

DE& tai cdc md-dun tich hop va md-dun tir bén th ba, Python cung c3p ciu lénh
import. C6 mdt s6 cach dé st dung ciu |énh ma ta s& dé cip ngan gon & day,
tlr cdch dwoc hau hét moi ngudi khuyén dung dén nhirng cach it duoc st dung.

Nhap mo-dun twong minh

Nhap tuong minh mot mo-dun gitr néi dung cua nd trong mot vung tén
(namespace). Vung tén sau dé dugc sit dung dé vién dan dén ndi dung cla nd
véi mot dau . nam gitra. Vi du, dudi day ta s& nhap vao mod-dun tich hgp math
va tinh sin cta s6 Pi:
In [1]: 4import math
math.cos (math.pi)
Out [1]: -1.0

Nhap mé-dun twéng minh bang tén Iéng

D3i véi nhitng mo-dun cé tén dai, viéc st dung tén day dd ciia moé-dun moi lan
truy xudt mét vai ndi dung rat bat tién. Vi ly do nay, ta thudng st dung cd phap
import ... as ... détaoramdttén léng (alias) ngan gon cho vung tén. Vi
du, géi NumPy (S8 hoc Python), mot géi tir bén th& ba phé bién hitu dung cho
khoa hoc dit liéu, dugc nhap vao dudi tén léng la np theo quy uwdc:

In [2]: dimport numpy as np
np.cos (np.pi)
Out [2]: =1.0

Nhap twong minh ndi dung moé-dun

Da4i ldc thay vi nhap vung tén mé-dun, ban chi mudn nhap mot sé muc trong dé.
Diéu nay cd thé thyc hién vdicl phdp from ... import ....Viduy,tacothé
chi nhap ham cos va hang s6 pi t* mé-dun math:

In [3]: from math import cos, pi
cos (pi)
Oout [3]: -1.
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Nhap bao ham néi dung mo-dun

Cubi cung, trwdng hop nay déi lic hiru ich cho viéc nhap toan bé ndi dung cua
mo-dun vao mot vung tén dia phuong (local namespace). Piéu nay cd thé thuc
hién v@i cl phap from ... import *:

In [4]: from math import *
sin(pi) ** 2 + cos(pi) ** 2
Oout [4]: 1.0

CU phéap nay nén dugc sir dung han ché. Van dé |a cach nhap nay daéi ltic co thé
ghi dé 1én tén ham ma ban khoéng c6 chud y, va do bao ham cuta céu [énh gay kho
khan trong viéc xac dinh nhirng ndi dung d3 bj thay dai.

Vi du, Python cé mdt ham tich hop sum cé thé dung cho nhiéu phép tinh khéc
nhau:

In [5]: help(sum)

Help on built-in function sum in module
builtins:

sum(...)

sum(iterable[, start]) -> wvalue

Return the sum of an iterable of numbers
(NOT strings) plus the value of parameter
'start' (which defaults to 0).

When the iterable is empty, return start.

Ham nay c6 thé str dung dé tinh téng clia mot tap hop, bat dau véi mot gia tri cu
thé (-1 trong vi du dudi day):

In [6]: sum (range (5), -1)
Out [o6]: 9

Gio hdy quan sat két qua khi ta thyc hién goi cing mét ham sau khi nhap * tir
numpy:

In [7]: £from numpy import *
In [8]: sum (range (5), -1)
Out [8]: 10
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K&t qua bi léch 1 don vi! Ly do |a ciu |énh import * thay thé ham tich hop sum
v&i ham numpy . sum, v&i mot ky hiéu 1&i goi (call signature) khac: véi ham sum,
ta tinh téng gid tri trong range (5) céng thém -1; véi ham numpy . sum, ta tinh
téng gia tri trong range (5) doc theo truc cudi cung (duwgc bidu thj bang -1). Day
la trudrng hop cd thé phat sinh néu khdng cin than khi dung import *, chinh vi
ly do nay ma tét nhat nén han ché st dung nd trir khi ban biét rd minh dang lam
gi.

Nhap tir Thu vién chuan Python

Thuw vién chuan cta Python chira rat nhiéu mo-dun tich hop hiru dung cé thé tiép
can moét cach day du trong tai liéu Python. Bat ky mdé-dun nao trong sé d6 déu
c6 thé dwoc nhap vao véi cau lénh import, sau khi tim hiéu bang ham tro gitp
d3 duoc thado ludn & nhitng phan trudc. Dudi day |a danh sach khéng day du
mot s6 md-dun ma ban cé thé mudn tim hiéu:

Cac cong cu dé giao tiép vdi hé diéu hanh, bao gom diéu

05 vasys hwdng cac cau tric thu muc tép va thuc thi cac lénh shell
math va cmath Cac ham todn hoc va phép toadn vai sé thuc va sé phic
itertools Cvéc c\éng cu dé xay dung va twong tac véi cac trinh vong
|ap va trinh tao

functools Cac cong cu ho tro 1ap trinh ham
random Cac cong cu tao s6 gid ngau nhién

. Cac cong cu dé duy tri d6i twgng: luu d6i twgng va tai déi
pickle tuong tir 6 cirng
json va csv Cac céng cu dé doc nhirng tép dinh dang JSON va CSV
urllib Cac céng cu dé thuc hién glri yéu cau HTTP va nhitng yéu

cau web khdac.

Ban c6 thé tim thém théng tin vé nhirtng mo-dun nay va nhiéu hon nita trong tai
liéu thu vién chuan cGa Python: https://docs.python.org/3/library/.

Nhap mo-dun twr bén thir ba

Mot trong nhirng diéu lam cho Python trd nén hitu ich, ddc biét trong thé gidi
khoa hoc dit liéu, l1a hé sinh thai cda cdc mo-dun tir bén thir ba. Ching cé thé
duwogc nhap nhuw nhitng moé-dun tich hop, nhung triwdc tién cac mo-dun phai duoc
cai dat trén hé théng. S6 dang ky tiéu chuan cho cdc md-dun nhu vay [a Chi sd
goi Python (viét tat 1a PyPl ), c6 san tai dia chi http://pypi.python.org/. D& thuan
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tién, Python cé kém theo mot chwong trinh goi 1a pip (viét tat dé quy cta “pip
installs packages”), s& tw dong tim nap nhitng géi dwgc phat hanh va céng bé
trén PyPI (néu s dung Python 2, pip phai dwgc cai dat riéng). Vi du: néu mudn
néu muén cai dit supersmoother, tat cd nhitng gi can lam la nhap ndi dung
sau vao dong lénh:

S pip install supersmoother

M3 ngubn cla goéi s& duoc ty dong tai xuéng tir kho lwu trir PyPI va goi duoc cai
dat trong dwdng dan chuan cla Python (gid dinh rang ban cé quyén cai dat trén
may tinh dang st dung).

Dé biét thém thong tin vé PyPI va trinh cai dat pip, hdy tham khao tai liéu tai
http://pypi.python.org/.

Thao tac chudi va biéu thirc chinh quy

Mot diém sang clia ngdn ngilt Python |a thao tac véi chudi. Phan nay sé trinh bay
mot s6 phuong thic tich hop lién quan dén chudi va cac phép dinh dang cla
Python, trudc khi chuyén sang hwdng dan vé cac biéu thire chinh quy (regular
expression). Cac thao tac chudi nhw vay thudng xuyén xuat hién trong linh vuc
khoa hoc dit liéu va |a mét lgi thé I&n cha Python trong linh vire nay.

Chubi trong Python cé thé dinh nghta bang cach sir dung diu nhay don hoic
nhay kép (chirc nang twong dwong nhau):

In [1]: x = 'a string'
y.= "a string"
X::y

Out [1l]: True

Ngoai ra, c6 thé dinh nghta chubi da dong bang cu phap ba dau nhay:

In [2]: multiline = """
one
two

three

wiwwn

Cung diém qua mot s& cong cu thao tac chudi trong Python.
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Thao tac chudi don gian trong Python

D3i vdi thao tac co ban trén chudi, cac phuong thire tich hop cla Python cé thé
cuc ky tién lgi. Néu cé d3 tirng lam viéc véi C hodc mot ngdn ngit cap thap khéc,
ban cé thé s& thay su don gian cla cdc phuong thire Python cuc ky méi mé. Ta
da duoc gidi thiéu vé kiéu chudi clia Python va moét s6 cac phuong thirc trudc
do; & phan nay ta tim hiéu sdu hon mot chut.

Dinh dang chubi: Piéu chinh hinh thirc

Python gitp dé dang hon trong viéc diéu chinh hinh thirc cda chudi. O day ta sé
xem xét cac phuong thitc upper (), lower (), capitalize(), title(),
va swap case (), st dung chudi 1&6n xdn sau day lam vi du:

In [3]: fox = "tHe gUICk bROWn fOx."

D& chuyén ddi toan bd chudi thanh chit hoa hay chir thudng, cé thé st dung
phuwong thirc upper () hoac lower () twong ng:

In [4]: fox.upper ()
Out [4]: '"THE QUICK BROWN FOX.'
In [5]: fox.lower ()

Out [5]: 'the quick brown fox.'

Mot kiéu dinh dang phd bién 1a viét hoa chit cai dau tién ctia moi tir, hodc 1a chit
cdi dau tién cha moi cau. Diéu nay cd thé duogc thuc hién vdi cdc phuong thire
title() vacapitalize():

In [6]: fox.title()
Out [6]: "The Quick Brown Fox.'
In [7]: fox.capitalize()

Out [7]: 'The quick brown fox.'

Céc hinh thirc c6 thé dwoc hoan ddi bang phuong thirc swapcase () :

In [8]: fox.swapcase ()
Out [8]: 'ThE QuicK BrowN FoX.'
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Dinh dang chudi: Thém va x6a khoang trang

M6t nhu cau phé bién khéc 1a loai bd khoang trang (hodc cac ky tw khac) nam &
dau hodc cudi chudi. Phuong phap co ban dé loai bd cac ky tu 1a phuong thirc
strip (), loai bd khodng trang & dau va cudi dong:

In [9]: line =" this i1s the content !
line.strip ()
Out [9]: 'this is the content'

DE& xda khoadng trang chi & bén phai hodc bén trai, hdy st dung rstrip () hodc
lstrip (), twong ng:

In [10]: 1line.rstrip()

Out [107]: ' this is the content'
In [117: line.lstrip ()

Out [11]: 'this is the content

Dé xda cac ky tu khong phai khoang trang, cé thé duwa ky tw mong mudén vao
trong phuong thirc strip ():

In [12]: num = "000000000000435™"
num.strip('0")
Out [12]: '435"

Nguoc lai vdi thao tac nay, viéc thém khoang trang hodc cac ky tu khac vao chudi
c6 thé duogc thuc hién bang cach sl dung cdc phuong thic centre (),
1just () va rjust ().

Vi du: ta c6 thé st dung phuong thirc centre () dé cin gitta mot chudi trong
mot lvgng khoang trang cho trudec:

In [13]: line = "this is the content"
line.center (30)
Out [13]: ' this is the content !

Tuwongty, 1just () va rjust () s& can trdi hodc cdn phai chudi trong mot luong
khoang trang cho trudec:

In [14]: 1line.ljust (30)
Out [14]: 'this is the content !

78



In [15]: line.rjust (30)
Out [15]: ' this is the content'

C6 thé dua vao cac phuong thirc trén bat ky ky tu nao dé 1ap day khoadng trang.
Vidu:

In [16]: "435".rjust (10, '0")
Out [1l6]: '0000000435"

B&i vi dién s6 khong |a mdt nhu cau phd bién, Python cling cung cdp zfill (),
la mot phuong thirc dic biét dém vao bén phai chudi mot diy sé khong:

In [17]: '"435'.z£f1i11(10)
Out [17]: '0000000435"

Tim va thay thé cac chubi con

Néu mudn tim mot ky ty nao dé trong mot chudi, nhitng phuong thirc
find()/rfind (), index () /rindex () va replace () la nhitng phuong thirc
tich hgp tét nhat .

find () va index () rat giéng nhau, & chd ching déu tim ki€m mdt ky tu hodc
chudi con xuat hién dau tién trong mot chudi va trad vé chi muc cla né
In [18]: 1line = 'the gquick brown fox Jjumped over a lazy
dog'
line.find('fox")
Out [18]: 16
In [19]: 1line.index('fox'")

Out [19]: 16

Sy khac biét duy nhat gitta find () va index () la hoat dong cia ching khi
khong tim thay chudi can tim kiém; £ind () trd vé -1, trong khi index () tra vé
ValueError:

In [20]: line.find('bear")
Out [20]: -1

In [21]: line.index('bear')

ValueError Traceback (most recent call last)
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<ipython-input-21-4cbe6ee9b0eb> in <module>() ----> 1
line.index ('bear')

ValueError: substring not found

Phuwong thitc rfind () va rindex () cling hoat dong tuong tuw, ngoai trir viéc
ching bat dau tim ki€m tir cudi chr khéng phai dau chubi:

In [22]: line.rfind('a'")
Oout [22]: 35

D3i vai trrdang hop kiém tra mot chudi con cd nam & dau hodc cudi chudi, Python
cung cap cac phuwong thirc startedwith () va endswith ():

In [23]: line.endswith ('dog'")
Out [23]: True

In [24]: line.startswith('fox")
Out [24]: False

DE thay thé mot chudi da cho bang mdt chudi mdi, cé thé st dung phwong thire
replace (). Hay thay thé ‘brown’ véi ‘red’ trong vi du sau:

In [25]: 1line.replace('brown', 'red')

Out [25]: '"the quick red fox jumped over a lazy dog'

Ham repalce () trd vé mot chudi mdiva thay thé tat cd cac chudi xac dinh bang
chudi dau vao.
In [26]: line.replace('o', '—--")

Out [26]: 'the quick br--wn f--x jumped --ver a lazy d—
gl

DE tiép can mdt cach linh hoat hon véi chirc nang replace (), hdy doc vé biéu
thirc chinh quy trong “Khép mau linh hoat vé&i Biéu thirc chinh quy” trang 83.
Chia tach va phan vung chubi

Né&u mudn tim mot chudi con va sau d6 tach chudi dwa trén vi tri clia nd, phuong
thirc partition () va/hodc split () la hai cdng cu phu hop. C3 hai sé tra vé
mot tap hop cac chudi con.
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Phuwong thirc partition () trd vé mot bd dit liéu vai ba phan tl: chudi con
truwdc dirng trude vi tri (chudi) phan tach dau tién, chudi phan tach va chudi con
dudng sao no:

In [27]: line.partition('fox")
Out [27]: ('the quick brown ', 'fox', ' jumped over a
lazy dog')

Phwong thirc rpartition () cling twong ty, nhwng bat dau tim kiém tir bén
phai chudi.

Phuwong thirc split () c6 18 hitu ich hon; né tim tat ca cac chubi phan tach va
trd vé cac chudi con dirng gitta. Mac dinh né s& phan tach dua trén nhwng khodng
trang, tra vé danh sach nhitng tir don 1é trong mot chudi:

In [28]: line.split ()
Out [28]: ['the', 'quick', 'brown', 'fox', 'jumped', \

'over', 'a', 'lazy', 'dog']

Mot phuong thirc lién quan la splitlines () sé phantach dua trén nhirng dau
ngat dong . Hay lam diéu nay véi mot bai tho haiku phd bién dwoc cho 1a clia nha
tho thé ky 17, Matsuo Basho:

In [29]: haiku = """matsushima-vya
aah matsushima-va

matsushima-ya"™""
haiku.splitlines ()

['matsushima-ya', 'aah matsushima-ya', 'matsushima-ya']

Lwu y rang néu mudn hoan tac phuwong thirc split (), cé thé sir dung phwong
thirc join () , phuwong thirc nay trd vé mot chudi dwoc xay dwng tir mot chudi
phan tach va mét doi twong lap:

In [30]: '-='_ Join(['1', '2', '3'])
Out [30]: '"1--2--3"

M6t cu phap phé bién 13 st dung ky tu dac biét \n (ngat dong) dé khoi phuc cac
dong da bi phan tach trudc do:
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In [31]: print("\n".join(['matsushima-ya', 'aah
matsushima-vya',

'matsushima-ya'l))

matsushima-vya
aah matsushima-ya

matsushima-vya

Chudi dinh dang

Trong cac phuong thirc tredc, ta da hoc cach trich xuat cac gia tri tir chudi va
dinh dang chudi theo y mudn. Mot cong dung khac clia nhitng phuong thirc
chudi 1a biéu dién gia tri cha nhitng kiéu dit liéu khac duwéi dang chubi. Tat nhién,
c6 thé st dung ham str () dé biéu dién chudi; vi du:
In [32]: pi = 3.14159
str(pi)
Out [32]: '3.14159"

V&i nhitng dinh dang phirc tap hon, cé thé st dung phép tinh véi chudi nhu d3
tim hiéu & phan “Ngit nghia Python co ban: Todn tl&” trang 19:

In [33]: "The value of pi is " + str(pi)
Out [33]: 'The value of pi is 3.14159"

Mot cach linh hoat hon dé l1am diéu nay 1a si dung nhitng chudi dinh dang
(format string), d6 1a nhi*ng chudi chita cac diém dic biét duwoc danh dau (biéu
thi bang dadu ngodc nhon) ma gia tri chudi dinh dang s& dugc chén vao. Pay la
mot vi du:

In [34]: "The value of pi is {}".format (pi)
Out [34]: 'The value of pi is 3.14159"

Bén trong diém {} dwgc danh diu cé thé bao gdbm théng tin chinh xac vé nhirng
th& ban mudn chén. Néu dua vao dé mot chit s, nd sé tham chiéu dén chi muc
clCia d4i s6 can chén:

In [35]:

"""EFirst letter: {0}. Last letter: {1}.""".format ('A',

| Z 1 )

Out [35]: 'First letter: A. Last letter: z.'
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Né&u duwa vao mot chudi, nd s& tham chiéu dén tir khoa cla bat ky d6i s6 duwoc
dat tén nao:

In [306]:

""U"EFirst: {first}. Last: {last}.""".format (last='Z",
first="'A")

Out [36]: 'First: A. Last: z.'

Cudi cung, ddi vdi nhitng dau vao la sd, cé thé dua vao nhirng m3 dinh dang dé
kiém sodt cach chuyén ddi gid tri thanh chudi. Vi du: dé in mot sé dwdi dang dau
phdy dong vai ba chit sé sau dau thap phéan, cé thé lam nhu sau:

In [37]: "oi = {0:.3f}".format (pi)
Out [37]: 'pi = 3.142"

Nhu d3 biét, sé & day 0 dé cip dén chi sé cla gia tri dwgc chén. Dau : danh dau
m3 dinh dang ma chudi s& tuan theo. . 3f ma hda dd chinh xdc mong mudn: Ba
chit s& sau diu thap phan, dinh dang dau phay déng.

Kiéu dién ta dinh dang nay rat linh hoat va cac vi du & day hau nhu chi la mot
phan nhé trong s6 cac tuy chon dinh dang cé san. Dé biét thém vé ci phap cla
nhi*ng chudi dinh dang, tham khao phan “Format Specification” trong tai liéu
Python truc tuyén.

Khé'p mau linh hoat véi Biéu thire chinh quy

Cac phuong thirc cha ki€éu str trong Python cung cap mot bd cdng cu manh mé
dé dinh dang, phan tach va x{r Iy di¥ liéu chudi. Nhung tham chi con cé cac cong
cu manh hon trong mé-dun biéu thire chinh quy (regular expression) tich hop cua
Python. Biéu thirc chinh quy la mot chid d@ rat rong; c6 nhitng cuén sdch ma toan
bd ndi dung chi viét vé chi dé nay (bao gdbm Lam chi biéu thire chinh quy, Tai
ban lan thi 3 cla Jeffrey E.F. Friedl), vi vay khé cd thé bao quét hét chi trong mét
tiéu muc.

Muc tiéu cua tdi la cung cap cho ban khdi niém vé cac loai van dé cé thé dugc
giai quyét bang cach st dung cac biéu thirc chinh quy, cling nhw 1am sao dé st
dung ching trong Python. Téi s& dé xuit mét so tai liéu tham khao dé tim hiéu
thém vé van dé nay tai “Tai nguyén cho viéc hoc thém” trang 98.

V@ co ban, biéu thirc chinh quy 1a mot phwong thire khdp méu linh hoat (flexible
pattern matching) trong chudi. N&u thudng xuyén st dung méi trwdng dong
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lénh, cé I8 ban d3 quen vai kiéu khdp mau linh hoat nay qua ky tw * hoat dong
nhu mot ky ty dai dién. Vi du: ta cd thé liét ké tat ca céc s6 ghi chép IPython (tép
c6 phan mé rong .ipynb) ma trong tén cé chira chudi “Python” bang cach st dung
ky tw * d€ dai dién cho tat ca nhirng ky tu khac:

In [38]: !1ls *Python*.ipynb

Ol-How-to-Run-Python-Code.ipynb 02-Basic-Python-
Syntax.ipynb

'~

Céc biéu thire chinh quy khai quat hda y twdng vé “ky ty dai dién” nay thanh mét
loat nhirng ct phap khép chudi linh hoat. Cac biéu thirc chinh quy trong Python
duoc chira trong mo-dun tich hop re; moét vi du don gidn, s dung né dé sao
chép chirc nang clia phwong thirc split ():

In [39]: import re
regex = re.compile('\s+")
regex.split (line)
Out [39]: ['the', 'quick', 'brown', 'fox', 'jumped',6 \

'over', 'a', 'lazy', 'dog']

DAau tién ta d3 bién dich mot biéu thire chinh quy, sau d6 s& dung né dé phén
tdch mot chudi. Gidng nhu phuong thirc split () cla Python tra vé mot danh
sach tat cd cac chubi con & gilta cac khoang trang, phwong thirc split () cla
biéu thitc chinh quy tra vé mdt danh sach tat ca cac chudi con & gitta nhitng két
qua khép véi mau dau vao.

Trong truong hop nay, dau vao \s+: \s la mot ky tu dac biét khép véi bat ky
khoang trang nao (dau cach, khodng tréng (tab), ngat dong, v.v.) va dau + la ky
ty dién ta rang thuc thé dirng trwdc nd cé thé xuat hién mét hodc nhiéu Ién. Do
dd, biéu thirc chinh quy nay khdp véi bat ky chudi con nao bao gdm mot hoic
nhiéu khoang trang.

Phuong thirc split () & day vé co ban la mot ham tién dung duoc xay dung
dwa trén hoat déng khdp méu nay; phuong thirc co ban hon la match () s& cho
biét liéu phan dau cla chudi cé khép véi mau hay khong:
In [40]: for s in [" ", "abc ", " abc"]:
if regex.match(s) :
print(repr(s), "matches")
else:

print (repr(s), "does not match")
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! ' matches
'abc ' does not match

! abc' matches

Gidng nhu split (), cé nhitng ham tién dung twong ty dé tim ra két qua khdp
dau tién (nhw str.index () hodc str.find ()) hodc dé tim ki€m va thay thé
(nhv str.replace ()). Ta s& st dung lai chudi trudc do:

In [41]: line = 'the quick brown fox jumped over a lazy

dog'

V&i vi du nay, ta cé thé thay rang phuwong thirc regex . search () hoat déng rat
giong str.index () hay str.find():

In [42]: 1line.index('fox'")

Out [42]: 16

In [43]: regex = re.compile('fox')
match = regex.search (line)

match.start ()
Out [43]: 16

Tuong ty, phuong thirc regex . sub () hoat dong gibng nhw str.replace():

In [44]: line.replace('fox', 'BEAR')

Out [44]: 'the gquick brown BEAR jumped over a lazy dog'
In [45]: regex.sub('BEAR', line)

Out [45]: 'the quick brown BEAR jumped over a lazy dog'

Nghi rong ra mot chut thi cac hoat déng khac véi chudi cling cé thé dugc thé
hién bang cac biéu thirc chinh quy.
MGt vi du phirc tap hon

Ban cé thé thac mac rang, tai sao lai st dung nhitng ct phap dai dong va phirc
tap cla cac bidu thirc chinh quy thay vi cac phuong thirc chudi don gidn va truc
quan hon? Uu diém 13 biéu thirc chinh quy linh hoat hon rat nhiéu.

Ta s& xét mot vi du phirc tap hon: loc dia chi email. T6i s& bat dau bang cach viét
mot biéu thire chinh quy (hoi khé hiéu), va sau d6 dién ta nhitrng gi dang dién ra:
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In [46]: email = re.compile ('\w+@\w+\.[a-z]{3}")

V@i doan ma nay, ta cd thé nhanh chéng trich xuat nhirng thir trong giéng dia chi
email tir mot dong trong tai liéu:

In [47]: text = "To email Guido, try guido@python.org \
or the older address guidolgoogle.com."
email.findall (text)

Out [47]: ['guido@python.org', 'guidol@google.com']

(Lwu y rang nhi*ng dia chi nay hoan toan dugc dyng nén; cé & cé nhiéu cach t6t
hon dé lién lac véi Guido).

Ta c6 thé lam duoc nhiéu hon, nhu 1a thay thé nhitng dia chi email nay bang mot
chudi khac dé an dia chi trong dau ra:

In [48]: email.sub('--@--.--", text)
Out [48]: 'To email Guido, try —-—-@--.-- or the older
address —--@--.--."

Cudi cung, lru y rang néu thyc sw mudn loc duoc tdt cd dia chi email, biéu thirc
chinh quy trudc dé la qua don gian. Vi du, nd chi khdp véi cac dia chi duoc tao
thanh tir cac ky tu chi¥ va sd két thiac véi mot trong nhirng tén mién phé bién. Vi
vay, néu trong dia chi cé mot ddu chdm nhu duwdi day déng nghia véi viéc ta chi
tim duwoc mot phan cta né:

In [49]: email.findall ('barack.obama@whitehouse.gov')

Out [49]: ['obama@whitehouse.gov']

Diéu nay cho thay nhirng biéu thirc chinh quy cé thé gay khé khan nhu thé nao
néu khéng can than! Néu tim kiém trén mang, ban cé thé tim thady mét sé goiy
vé nhirng biéu thirc chinh quy khdp véi tdt cd email hop &, nhwng ching sé khé
hiéu hon rat nhiéu so véi nhitng biéu thirc don gian dugc s& dung & day!

Cu phap biéu thirc chinh quy co’ ban

CU phép cda biéu thirc chinh quy 1a mét chd dé qud réng cho phan nay. Tuy nhién,
théng thao mot phan nhd cling cd thé tao nén anh hudng I&n: Toi s& gidi thiéu
mot s6 cau tric co ban va cung cdp moét sé ngudn hoan chinh hon dé ban ¢ thé
tim hiéu thém. Hy vong rang nhitng kién thirc khai quat dwdi day sé gitup ban st
dung tai nguyén mot cach hiéu qua.
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Chubi don gian dwoc khép truc tiép

Né&u xay dwng mdt bidu thirc chinh quy véi mot chudi nhirng ky tw va chit s8, nd
s& khép véi chinh chubi d6:

In [50]: regex = re.compile('ion')
regex.findall ('Great Expectations')
Oout [50]: ['ion']

Mot s6 ky tw mang y nghia dac biét

Trong khi nhitng chit cdi hodc chit s6 don gidn khdp truc ti€p thi mot sé it ky tw
mang nhitrng y nghia d&c biét trong biéu thirc chinh quy. Bao gém:

~es o+ 2 0y LT N0

Ta s& s&m tim hiéu vé y nghta cla mot s6 ky ty trong d6. Truwdc dd, ban nén biét
rang néu mudn khép truc ti€p véi nhirng ky tu nay, ban cé thé bé qua y nghia
clia ching bang dau gach chéo nguoc (\):

In [51]: regex = re.compile(r'\$")
regex.findall ("the cost is $20")
Out [51]: ['$']

Chi* r dirng dau trong r '\ $' biéu thi mdt chudi thé, trong nhitng chudi Python
théng thuwdng, dau gach chéo nguwoc duoc st dung dé biéu thi nhirng ky tu dic
biét. Vi duy, khoang trong (tab) duoc biéu dién bang \t:

In [52]: print('a\tb\tc')

a b C

Su thay thé& d6 khong dwoc thuc hién trong mot chudi thé:

In [53]: print(r'a\tb\tc")
a\tb\tc

Vi ly do nay, khi str dung dau gach chéo nguoc trong mot biéu thire chinh quy thi
nén s& dung mdt chudi tho.
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Ky tw dic biét c6 thé khép véi nhém ky tw

Trong nhirng biéu thirc chinh quy, ngoai viéc cé thé bd qua y nghia cda nhirng ky
ty dac biét dé bién chidng thanh nhitng ky tu thuong, thi ky tw \ con cd thé duoc
sir dung dé trao cho nhitrng ky ty thwdng mot y nghia dac biét. Nhirng ky tw dac
biét nay khép véi cdc nhdm ky ty xdc dinh ma ta d3 thay trwdc day. Trong doan
m3 loc dia chi email lUc trudc, ta da s& dung ky tu \w, day |a mot dau hiéu dac
biét khdp v&i bat ky ky tw chit va s6 ndo. Twong ty nhu vay, trong vi du don gidn
vé split (),tacling d3 gdp \s, mot dau hiéu dac biét biéu thi moi ky tw khodng
trdng.

K&t hop ching lai vdi nhau, ta cd thé tao ra mdt biéu thirc chinh quy khép vdi
hai chi¥ cdi/chi¥ s6 cé khodng trang nam gidra:

In [54]: regex = re.compile(r'\w\s\w')
regex.findall ('the fox is 9 years old')
Out [54]: ['e £', 'x 1i', 's 9', 's o']

Vi du nay bat dau cho thay sirc manh va tinh linh hoat cla cac biéu thirc chinh
quy.

Bang sau liét ké mot so ky ty hitu ich:

\d Kh&p tat ca ky tu chit s6

\D Kh&p tat ca ky tu khong phai chir s6

\s Khép tat cd khodng trang

\S Khép tat ca ky tw khdng phai khoang trang
\w Kh&p tat ca ky tu chit s6

\W  Khép tat ca ky tu khéng phai chit s6

DPay khong phai 1a mot danh sdch hodc md ta day du; dé biét thém chi tiét, hdy
xem tai liéu vé cu phdp biéu thire chinh quy trong Python.

D3u ngodc vudng khép véi cdc nhém ky tu tuy chinh.

N&u cac nhédm ky tu dung san khong dd cu thé cho ban, cé thé st dung dau ngodc
vudng dé chi dinh bat ky bd ky tw nao ma ban mudn. Vi du: doan m3 sau s& khép
vdi tat cd nguyén dm viét thuong:
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In [55]: regex = re.compile('[aeiou]")
regex.split ('consequential')
Out [55]: [Vcl, 'HS', lq|, "l lnt|, VV, ll']

Tuwong tu, cé thé sir dung diu gach ngang dé chi dinh mot pham vi: viduy, [a-z]
s& khdp vai bat ky chit cai viét thuong naova [1-3] s& khdp véi 1, 2 hodc 3. Vi
du, ban cé thé can trich xuat tir mot tai liéu nhirng ma s6 cu thé gdm mot chit in
hoa va mét chit sé dirng sau. CS thé lam nhu sau:

In [56]: regex = re.compile('[A-Z][0-9]")
regex.findall ('1043879, G2, H6'")
Out [56]: ['G2', 'Ho6']

Ky tw dai dién khép véi nhirng ky tw 1ap di lap lai.

Gia si ban mudn loc ra nhi*rng chudi gdm ba ky tu chit s6 lién tié€p, co thé viét:
\w\w\w. B&i vi day la nhu cdu phd bién nén cé mét cu phap dé khép véi nhirng
ky tu 13p di 13p lai: ngodc nhon chira s6 & bén trong:

In [57]: regex = re.compile(r'\w{3}")

regex.findall ('The guick brown fox'")
Out [57]: ['The', 'qui', 'bro', 'fox']

Ngoai ra con cé nhirng ky tw danh dau khdp vai bat ky so [an 13p nao. Vi du, ky
tu + biéu thj nhitng gi dirng trwdc néd s& duogc lap lai modt hodc nhiéu lan:
In [58]: regex = re.compile(r'\w+")

regex.findall ('The guick brown fox'")
Out [58]: ['The', 'quick', 'brown', 'fox']

Dudi day la bang cac dau hiéu 13p cé san dé st dung trong cac biéu thic chinh
quy:

Kytw MO ta Vi du

? Thyc thé dirng trwdc khép 0 hodc 1 an ab? khép vdi a hoac ab
* Thyc thé dirng trwdc khép 0 hodc nhiéu [an ab* khdp vdi a, ab ,abb, abbb
+ Thyc thé dirng trwde khép 1 hodc nhiéu lan ab+ khdp vdi ab, abb, abbb... nhung

khéng phai a
{n} Thyc thé dirng trwde khép n [an ab{2} khép véi abb

89



{m,n} Thuc thé dirng trudc khdp m téin lan ab{2,3} khdp vai abb hoac abbb

Véi nhirng kién thirc co ban nay, hdy quay trd lai bd loc email cdia chung ta:

In [59]: email = re.compile(r'\w+@\w+\.[a-z]{3}")

Gid ta d3 hiéu dugc y nghia cda doan ma nay: ta mudn mét hodc nhiéu ky tu chir
s6 (\w+), ti€p theo |a dau (@), tiép theo la mot hodc nhiéu ky ty chit s6 (\w+),
tiép theo la mot ddm cham (\. - Luu y su can thiét cta dau gach chéo nguoc),
tiép theo la ba chir cdi viét thuong.

N&u mudn sra d6i doan ma nay dé khép vai dia chi email cda Obama, ta cé thé
lam bang cach st dung ky hiéu ddu ngodc vudng:

In [60]: email2 = re.compile(r'[\w.]+@\w+\.[a-z]{3}")
email2.findall ('barack.obama@whitehouse.gov')

Out [60]: ['barack.obama@whitehouse.gov']

Ta d3 thay d6i \w+ thanh [\w. ]+, nhw vy nd s& khép véi tat ca ky tw chir s6
hodc dau cham. Vdi biéu thirc nay, né cé thé khdp vdi nhiéu loai dia chi email
hon (mac du khdng phai tat ca - liéu ban cd thé chi ra thiu sét cla biéu thire nay
khong?)

D3u ngodc don chi ra cdc nhém can trich xuat.

D3i véi cac biéu thire chinh quy téng hop nhu biéu thirc loc email trén, ta thuong
mudn trich xuat cdc thanh phan cta chidng hon la toan bd két qua. Diéu nay cé
thé duoc thyc hién bang cach st dung dau ngodc don dé nhdm két qua:

In [61]: email3 = re.compile(r' ([\w.]+)Q@ (\w+)\. ([a-
z]{3}) ")
In [62]: text = "To email Guido, try guido@python.org"\

"or the older address
guidol@google.com."

email3.findall (text)
Oout [62]:
[ ('guido', 'python', 'org'), ('guido', 'google', 'com')]

Nhu ta thay, viéc nhém nay trich xuat ra mdt danh sich cac thanh phan con cda
dia chi email.
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Ta c6 thé dt tén cho cac thanh phan dwoc trich xuat bang cl phap (?P<name>),
trong trudng hop dé, cdc nhom cé thé duoc trich xuat dudi dang tir dién Python:

In [63]:

emaild = re.compile(r' (?P<user>[\w.]+) @ (?P<domain>\w+) "\
"\. (?P<suffix>[a-z]{3})")

match = emaild4.match ('guido@python.org')

match.groupdict ()

Out [63]: {'domain': 'python', 'suffix': 'org', 'user':
'guido'}
K&t hop nhitng y tudng trén (cling nhu mot s6 cu phap regexp manh mé khac
chuwa dé cap & day) cho phép trich mét cach xuat linh hoat va nhanh chéng théng
tin tir cac chudi trong Python.

Mot sd tai nguyén vé biéu thirc chinh quy

Nhirng kién thire d3 tim hiéu trén day chi la mot phan rat nho cta chd dé rong
|&n nay. Néu mudn tim hiéu thém, toi s& dé xuat cac tai nguyén sau:

Tai liéu vé gdi re cua Python

T6i nhan thay rang minh nhanh chéng quén di cach s dung cac biéu thirc
thong thuorng moi [an st dung ching. Bay gio khi d3 cé nén tang vitng
chac, t6i nhan ra trang nay |a mot tai nguyén vo cung quy gid dé on lai y
nghia cla tirng ky tw hodc chudi cu thé trong mot biéu thirc chinh quy.

Tai lidu chinh th&c cha Python vé biéu thirc chinh quy (Regular Expression
HOWTO)

Mot céch ti€p can chi tiét hon vé biéu thirc chinh quy
Lam chd biéu thirc chinh quy (Mastering Regular Expressions - O’Reilly, 2006)

Mot cudn sdch hon 500 trang vé chi dé nay. Néu mudn mot tai liéu thuc
sy hoan chinh vé chd dé nay, day la tai nguyén cho ban.

DE biét mdt s6 vi dy vé thao tac chudi va biéu thire chinh quy dang hoat dong &
quy md I&n hon, tham khao “Pandas: Dinh hudng dit liéu theo cot duwgc gan
nhan” trang 94, tai dé ching ta xem xét ap dung céc loai biéu thirc ndy trén cac
bang di¥ liéu chudi trong géi Pandas.
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M4t cdi nhin tdng quat vé nhirng cong cu khoa hoc di¥ liéu

Néu muén cé mot budc dém va di xa hon trong viéc s&r dung Python trong tinh
toan khoa hoc va khoa hoc dit liéu, cé6 mot s6 goi sé lam diéu dé trd nén dé dang
hon. Phan nay s& gidi thiéu, dua ra cai nhin téng quat vé mot vai cdng cu quan
trong hon va cho ban mot khai niém vé tinh (ng dung cGa ching. Néu dang sl
dung méi trwdng Anaconda hodc Miniconda d3 dwoc dé xuat tir dau cudn sach
nay, ban cé thé cai dit nhirng géi lién quan bang dong |énh dudi day:

S conda install numpy scipy pandas matplotlib scikit-

learn

Hay Ian lwot diém qua tirng cong cu trong s6 dé.
NumPy: S& hoc Python

NumPy cung cdp mdt cich hiéu qud dé lvu trir va thao tac cdc mang day dac da
chiéu trong Python. Cac tinh ndng quan trong cia NumPy |a:

N6 cung cdp mot ciu tric ndarray, cho phép lwu trit va thao tac hiéu qua céc
véc-to, ma tran va cac bd dit liéu chiéu cao hon.

N6 cung cap mot cl phap dé doc va hiéu qua cho viéc van hanh trén dit liéu nay,
tlr s6 hoc phan tlr don gidan cho dén cac phép toan dai sb tuyén tinh phirc tap
hon.

Trong trwdng hop don gidn nhat, mang NumPy trong rat gidbng danh sach Python.
Vi du, day 1a mét mang chira s6 trong pham vi tir 1 dén 9 (so sdnh v&i ham tich
hop range () cla Python):

In [1]: import numpy as np
X = np.arange(l, 10)
X

Out [1]: array([l, 2, 3, 4, 5, 6, 7, 8, 9])

Mang trong NumPy cung cap ca kho luu trir di¥ liéu hiéu qua, cling nhu céc phép
tinh hiéu qua trén di¥ liéu. Vi du, dé€ binh phuong tirng phan tr ciia mang, ta cé
thé dp dung toan tl&r ** tryc tiép vao mang:

In [2]: x ** 2
Out [2]: array([ 1, 4, 9, 16, 25, 36, 49, 64, 81])
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So sadnh diéu nay vdi danh sach téng quat kiéu Python rudm ra hon cho cung
mot két qua:

In [3]: [val ** 2 for val in range(l, 10)]
Out [31: [1, 4, 9, 1o, 25, 36, 49, o064, 81]

Khdng giéng nhu danh sach Python (bi gi¢i han & mét chiéu), madng NumPy cé
thé |a mang da chiéu. Vi du, & day ching ta sé dinh hinh lai mang x thanh mot
mang 3x3:

In [4]: M = x.reshape((3, 3))
M
Out [4]: array([[1, 2, 31,

Mang hai chiéu la mét dai dién cta ma trédn va NumPy biét cach thyc hién hiéu
qua céc thao tac dién hinh trén ma tran. Vi du: ban ¢ thé tinh ma trdn chuyén
vi bang cach st dung . T:

In [5]: M.T

Out [5]: array([[1, 4, 71,
(2, 5, 8],
[3, 6, 911)

hodc tich vector ma tran bang np.dot:
In [6]: np.dot(M, [5, 6, 71])
Out [6]: array([ 38, 92, 146])
va tham chi ca nhirng phép tinh phirc tap hon nhu phan tach tri riéng:

In [7]: np.linalg.eigvals (M)

Out [7]: array([ 1.61168440e+01, -1.11684397e+00,
1.30367773e-1517)

Thao tac dai s6 tuyén tinh nhu vay lam co s& cho nhiéu phéan tich dit liéu hién
dai, dac biét khi néi dén céc linh vieec hoc may va khai thac dit liéu.

DE& biét thém théng tin vé NumPy, xem “Tai nguyén cho viéc hoc thém” trang 98.

93



Pandas: Di¥ liéu dinh hwéng theo cot dwo'c gan nhan

Pandas |a mdt géi méi hon nhiéu so vdi NumPy, va trén thuc té né duoc xay
dwng dua trén d6. Nhitng gi Pandas cung cap |a mot giao dién duoc gan nhan
cho dit liéu da chiéu, duéi dang d6i twong DataFrame sé tao cdm gidc quen thudc
v&i nguwoi dung R va cac ngdn ngir lién quan. DataFrames trong Pandas trong
giéng nhu thé nay:

In [8]:
import pandas as pd
df = pd.DataFrame ({'label': ['A', 'B', 'C', 'A', 'B',

'c',
'value': [1, 2, 3, 4, 5, 611})

df
Out [8]: label wvalue

0 A 1

1 B 2

2 C 3

3 A 4

4 B 5

5 C 6

Giao dién Pandas cho phép ban thuc hién nhitng viéc nhu chon cét theo tén:

In [9]: df['label']
Oout [9]: A

oo W N R o
Q w »r QW

Name: label, dtype: object

Ap dung hoat dong chudi l1én cac muc cla chubi:

In [10]: df['label']l.str.lower ()

Out [10]: O a
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Name: label, dtype: object

Tinh téng va&i cdc muc s6 hoc:

In [11]: df['value'].sum()
Oout [11]: 21

V3, ¢6 |8 quan trong nhat, thuc hién cac phép néi va nhém kiéu co sé dit liéu mot
cach hiéu qua:

In [12]: df.groupby('label') .sumf()

Oout [12]: value
Label
A 5
B 7
C 9

Trong mot dong, ta d3 tinh tong cla tat ca cac d6i twong cung chia sé mét nhan,
dai dong hon (va kém hiéu qua hon nhiéu) so vai cach st dung cac cdng cu duwgc
cung cap trong NumPy va Python.

Dé& biét thém théng tin vé viéc st dung Pandas, hdy xem cac tai nguyén duoc liét
ké trong “Tai nguyén cho viéc hoc thém” trang 98.

Matplotlib: khoa hoc truc quan theo phong cach MATLAB

Matplotlib hién 1a géi khoa hoc truc quan phé bién nhat trong Python. Ngay ca
nhitng ngudi dé xwdng cling thira nhan rang giao dién ctia né déi khi qua ruem
ra, nhung nd 1a moét thu vién manh mé dé tao ra mot loat biéu do.

DE& sir dung Matplotlib, ta cé thé bat dau bang cach bat ché& do s6 ghi chép (dé
st dung trong Jupyter notebook) va sau dé nhap géi vao duditénplt:

In [13]: # khéi chay néu st dung Jupyter notebook
smatplotlib notebook

In [14]:

import matplotlib.pyplot as plt

plt.style.use('ggplot') # tao biéu dbé theo kiéu R trong
ggplot
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Bay gi®, hay dé cung nhau tao ra mot sd dit liéu (tat nhién la mang NumPy) va vé
két qua:

In [15]: x = np.linspace (0, 10) # pham vi gia tri ta O
dén 10
Yy = np.sin(x) # sin cua nhiing gia tri
plt.plot(x, Vv); # biéu dbé dudng

Né&u chay doan ma nay truc ti€p, ban s& thdy mét biéu db cé thé twong tac duoc
cho phép ban xoay, thu phdng va cudn dé kham pha di liéu.

DAy la vi du don gian nhat vé biéu d6 Matplotlib; d€ biét vé pham vi réng 1&n cla
cac loai biéu d6 cé san, hay xem trong thu vién truc tuyén Matplotlib, cling nhu
cac tai liéu tham khao khac dugc liét ké trong “Tai nguyén cho viéc hoc thém”
trang 98.

SciPy: Python khoa hoc

SciPy la mot tap hop cdc ham khoa hoc duoc xay dung trén NumPy. Ban dau né
nhu mét tp hop céc trinh bao boc Python duoc biét dén l1a thu vién Fortran ndi
ti€ng dung dé tinh toan s& hoc va d3 phat trién tir d6. Géi dugc sap x&p nhu mot
tap hop cdc mo-dun con, mdi mo-dun thue hién mot sd 1&p thuat todn s6 hoc.
DAy la mét vi du khéng day du vé mét sé mo-dun quan trong khoa hoc dir liéu:
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scipy.fftpack Bién d6i Fourier nhanh

scipy.integrate Thuét todn sd hoc

scipy.interpolate N&i suy s6 hoc

scipy.linalg Ham dai sé tuyén tinh

scipy.opt T&i wu héa sd lwong cac chirc nang
scipy.spzzy Lwu trir ma tran thwa va dai sé tuyén tinh
scipy.stats Ham phan tich théng ké

Vi du: hdy xét ndi suy duong cong tron ciia mot sé dir liéu:
In [16]: from scipy import interpolate
# chon 8 diém trong khodng gitta 0 va 10

X = np.linspace (0, 10, 8)

Yy = np.sin(x)

# tao moét ham ndi suy bdc ba

func = interpolate.interpld(x, vy, kind='cubic')

# néi suy trén moét ludi vdéi 1.000 diém
X _interp = np.linspace(0, 10, 1000)

y interp = func(x interp)

# vé dbd thji tu két qua
plt.figure() # d6 thi méi
plt.plot(x, vy, 'o'")
plt.plot(x interp, y interp);
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Nhirng gi ching ta thay la mot ndi suy tron gitta cac diém.
Cac gai khoa hoc di liéu khac

Puoc xay dung dua trén cac cong cu nay la moét loat cac goi khoa hoc dir liéu
khac, bao gdbm céc cong cu chung nhu Scikit-Learn cho hoc mdy, Scikit-Image dé
phan tich hinh dnh va StatsModels cho md hinh théng ké, cling nhu cac goi danh
riéng cho mién nhu AstroPy cho thién van hoc va vat ly thién van, NiPy cho hinh
anh than kinh, va nhiéu hon nira.

DU c6 gap phai loai van dé khoa hoc, s& hoc hay thdng ké, luén ¢ thé cé mot goi
Python ngoai kia cé thé gitp ban giai quyét né.

Tai nguyén cho viéc hoc thém

Phan nay sé két thuc chuyén tham quan cta ching ta véi ngdén ngit Python. T6i
hy vong |a néu ban doc dén day, ban da c6 mét khai niém vé ct phap, ngit nghia,
hoat dong va chirc nang thiét yéu dwgc cung cap bdi ngdn ngir Python, cling nhw
mot s6 khai niém vé pham vi cda cong cu va ciu tric ma ma ban cé thé kham
pha thém.

T6i d3 cd gang bao quat cac phan va cu phap trong ngdn ngit Python sé hitu ich
cho mét nha khoa hoc dit liéu st dung Python, nhuwng day khdong phai la mot

98



hudng dan hoan chinh. Néu ban mudn tim hiéu sdu hon vé ngdn ngit Python va
cach s&r dung né mét cach hiéu qua, thi day [a mot so tai nguyén ma toi dé xuat:

Théng thao Python (Fluent Python) cua Luciano Ramalho

DAy 1a moét cudn sach O 'Reilly tuyét vai tim hiéu céc théi quen va phong
cdch t8t nhat cho Python, bao gdm ca viéc tan dung ti da thu vién chuan.

Bdt dau vdi Python (Dive Into Python) cua Mark Pilgrim

Day 1a mot cudn sach truc tuyén mién phi cung cdp hwédng dan co ban vé
ngon ngit Python.

Kho luyén Python (Learn Python the Hard Way) cta Zed Shaw

AN

Cudn sach nay ti€p can theo cich “hoc tlr thuc tién” va tap trung vao viéc
phat trién th cd thé |1a ki nang hitu ich nhat cia mét 1ap trinh vién: Tim
kiém moi thr ma ban khéng biét bang Google.

Tai liéu tham khdo thiét yéu vé Python (Python Essential Reference) cta David
Beazley

Con quadi vat 700 trang nay duoc viét rat tot va bao gobm hau hét moi tha
can biét vé ngdn ngir Python va cac thu vién tich hop cla nd. P& cé mot
hudng dan tap trung vao &ng dung Python, hdy tim doc Sdch céng thurc
Python (Python Cookbook) clia Beazley .

DE& tim hiéu thém vé cic cong cu Python cho khoa hoc dit liéu va tinh todn khoa
hoc, t6i khuyén ban nén doc cdc cudn sach sau:

Cdm nang khoa hoc di liéu Python (The Python Data Science Handbook) cla
chinh toi

Cudn sach nay bat dau chinh xac tai noi cong trinh nay dirng lai, va cung
cap mot huwdng dan toan dién céc cong cu thiét yéu trong hang ha sa s
cdc cdng cu khoa hoc dit liéu cda Python, tir viéc khai thac va diéu khién
dit liéu cho dén hoc may.

Tinh todn hiéu qua trong Vit ly (Effective Computation in Physics) cua Katie Huff
va Anthony Scopatz

Cudn sach nay cé thé dp dung cho nhitng ngudi khong & trong thé gidi
nghién clru vat ly. Day 1a hudng dan tirng budc, co ban vé dién toan khoa
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hoc, bao gdbm phan gidi thiéu tuyét voi vé nhiéu coéng cu dwgc dé cap trong
cudn sach nay.

Phdn tich di¥ liéu vai Python (Python for Data Analysis) cua Wes McKinney, cha
dé cta gdi Pandas

Cudn sach nay ndi chi tiét vé thu vién Pandas, cling nhw cung cap théng
tin hiru ich vé mot s6 cdng cu khdc cho phép né.

Cudi cling, dé cd cdi nhin réng hon vuot ra khdi cudn sach nay, téi dé xuat nhirng
th sau:

Tai nguyén Python cua O’Reilly

O 'Reilly c6 mét sé cudn sach tuyét voi vé Python va céc chd dé chuyén
nganh trong thé gidi Python.

PyCon, SciPy va PyData

Cac hoi nghj PyCon, SciPy va PyData thu hut hang ngan ngudi tham dy moi
nam va lwu tri¥ phan |&n cac chwong trinh ctia ho moi ndm duwdi dang video
trwe tuyén mién phi. Nhitng thi nay da bién thanh mot bd tai nguyén dang
kinh ngac dé tim hiéu vé Python, céc géi Python va céc chd dé lién quan.
Hay tim kiém video cla ca bai thuyét trinh va bai hwéng dan: cac bai thuyét
trinh thwdng ngan hon, diém qua cac gdi méi hoac giao dién méi cho cac
goi cli. Cac huwdng dan cé thé Ién tdi vai gidy, bao gdm viéc s& dung cac cong
cu duwoc dé cap & day cling nhu nhirng céng cu khac.
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Gidi thiéu vé tac gia

Jake VanderPlas 13 mot nguwdi dung va nha phat trién |du ndm cta khoa hoc
Python. Ong hién dang lam gidm d6c nghién ctu lién nganh tai Dai hoc
Washington, thuc hién du an nghién cru thién van hoc cla riéng minh va danh
thoi gian tu van cho cdc nha khoa hoc dia phwong tir nhiéu Ilinh vuec.

Poi loi cung ban doc

Ban dich nay dugc cung cdp mién phi tai trituenhantao.io 13 trang web chia sé
théng tin, ki€n thirc, kinh nghiém hoc tip va trién khai cdc chuong trinh va du 4n
st dung tri tué nhan tao trén thé gidi. Ching tdi cd gang hét minh trong viéc
truyén tai cac kién thirc duwdi dang don gidn va thyc t€ nhat, véi ngdn ngir dé
hi€u nhat déi vdi tat cd moi ngudi. Chung tdi vui mirng gidi thiéu dén ban cuén
sach “Dao mét vong Python” cla tac gia Jake VanderPlas. Hi vong sau quyén
sach nay cac ban cé thé ty trang bi cho minh nhirng kién thirc va ki ndng can
thiét dé s&r dung thanh tao ngdn ngit day quyén nang — Python. D&i vdi nhirng
ban quan tdm dén Tri tué nhan tao, quyén sich nay la ban dap dé ban cé thé linh
héi t6t hon nhitng chd dé chuyén siu cla linh vwc nay. Hay thuwdng xuyén truy
cip va ung hd website cla ching téi https://trituenhantao.io dé ching ta cé
nhirng cau chuyén thu vi hon cac ban nhé!
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