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1 Al
1.1 AREE— B

Python —¥zfT 471U . 47k —4&154) (statement), —FE/7 (program) i
— BRI MR IGEF TR .

print O PREGHE AR RTER L, X MBI (output). 515 B SCAR — 4T

& (string).

print("Hello, world!")
print("I am learning Python")

o £ print () & HE—FT.
. %I?TU\E’ "N B B AR FAFER
o BT HAEMREITER A2 T,

Your first program: write - run - see

J 1] 1] Python runs
print("Hello") [— o e — Hello
source interpreter output

Exam tip: print shows a value; quotes mark a string; indentation is part of the syntax

Source code runs through the interpreter to produce output

1.2 ERSABRE

FERE (comment) DA # 3k, ZATH # EHNE S Python ZmE. HREESH A
F, FREREAHD; bTAEﬁI MRS IFT R

# This line is a note for humans
print ("Hi") # you can also comment at the end of a line

SR AR RAS L AR B 5 52
o (T REDEA S ST T 44 -
® !?'TT/\ /d*l«n/_J
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o WATAEFEIL A% FE Python w1, AT HYZEME (4iiE, indentation) A HFIkK
T FrbAZ RSk & 8RR (error).

1.3 BA. 4B, B

R AR ARG — R AR BA (input)— 403 — . Soi5 ) — L8, X
EMALRE, FRRER .

input O) PRECEEBUN AR SCA . B R IR BS54 H

name = input("What is your name? ")
print("Hello, " + name)

o input ) SR AL T 4.
o ALEARSCRFHE— AR (variable), IXFEPAURBLEEMEH T
o 4 input O iR[EIRFAFHR, AR EA0T, 2500 int (L) Bed,

HIRER

o ZICMG]*Fprint (Hello) A —14% 4 Hello B¢, il NameError(fy
PEER) . AT E G| 'S print ("Hello™)

o fTHZIT 1245 Python 04534 1EL54, &t IndentationError(4giF4E %) .

o DA input O R EIECE: B EZR BAAFE, BT AFEMUE A 5z B, 25
int (...) B,
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2 ZE. REASZEH
2.1 AFERSRYE

A5 (variable) j@&—MH (value) 4 F . R = RBIEE, XA /EIR(H (assignment).
LT BN, HEEA .

age = 17
name = "Mei"
price = 9.99

print(age, name, price)

WAL age PRAFE 17. (AL EOX MERMITE ] A XA 7, AR RN E:

age = 17
age = age + 1 # age is now 18
print(age)
name value
age > 17
name > "Mei"
price > 9.99

variable: name - value in memory

A A4 R 0 P 7 R —
o = RFETR IS, EWRBR AR R A 4T R
o BHISTH RIS, =L F ).

2.2 BT BRSERH

Python 4 Wi 3 S50 258, #850 (integer, int) 218 17 XEERIIEE. V7550
(float) =/ NS, Bil4n 9.99.

FHIXEEEFAT (operator) T4

Python #F X o H3Ci @



i

EERF HX (KR

il 3+
ik 3 -
3fe 3 *
B (HREaE) 7/
7/
7
2

H

~N N ¥ |+
(&)

/ LU
Hg ()
* % %
o / BRISRIF S L4 /2 2 2.0,
o // N Y% W—EH:17 // 52 3,17 % 5 12 2,

2.3 RIA SRR

Fik A (expression) ZAEMAEI ARG, FU 3 + 4 * 2. Python il 5 ry k=i
FPAEEE (x F0 / J6F + A -); IS ReLbIn)r EiEAE .

input O) R FAFER, BT AR A R B e . FE— ME N —Fh B4R 1 o5 —Fh, ny
VEZR AL (type conversion):

==
OOI—‘OO'OJOUI—"U'I ﬁ@

age = int("17") # text "17" -> number 17
price = float("9.99") # text -> 9.99
label = str(17) # number -> text "17"

print(age, price, label)

o int("abc") 2RI, FrPA R FARER ARG EF N SR .
o IRAFAM SR "age: " + 17 BEIRN); BEW "age: " + str(17).
2.4 THRESHR

1i/]E (Boolean) HAWANHUEZ —:True 5 False., —K & (comparison) £xi&[H]
— MR E.

BEA X
- &F
1= RE&T

<> N KT
<>= NFET | KTEHT

print(7 > 2) # True
print (3 == 3.0) # True
age = 20

Python #f X « A3



print(age >= 18) # True

] and. or. not ERELZA I

age = 20
print(age >= 13 and age <= 19) # True only for a teenager

IR

o/ RRSRE AL (float), & 4 / 2 M 2.0, FHERBEIH //.

o = Y === BRI, == A2 AW MEEEHE.

o JEFEAFERRAECFAM: "age: " + 5 &4l TypeError. SGH str(5) Fk,
o FREOFAAERL0.1 + 0.2 RIERFSET 0.3—— ABRF AL ==,

Python i X o H i



3 FAE
3.1 &5l

TR (string) 2515 BLISCAR . FAFAT (character) HA —MOLE, MAEE R
31 (index). H—1E52 0, A2 1.
R T A

word = "Python"

print(word[0]) # P (the first character)

print (word[2]) # t
print(len(word)) # 6 (how many characters)

o TTHUN 0 FFIR, FrPAR G — 1~ 5[/2& len(word) - 1.
o BRI MERRBAER S vord[-1] B —NF4F.
word = "Python"

print(word[-1]) # n
print(word[-2]) # o

o K| KRK&FHAHR (error)(—> IndexError).,

s = "HELLO"

IHI IEI ILI ILI IOI

0 1 2 3 4

§[0:3] - 'HEL' (stop is exclusive)'

Exam tip: slice is half-open [start, stop); omit ends for defaults; step is optional

s[start:stop] is a half-open window of characters

3.2 PIB

Y1 R (slice) BUFATHRA—B4)r . B word[start:end] . Y7 start, {HFE end
ZHIEIE.

word = "Python"
print(word[0:3]) # Pyt  (positiomns 0, 1, 2)

Python #f X  F3CkRK



print(word[2:5]) # tho

« AW start FoRA 0 JFUA; A end FoR—HEIKE.
word = "Python"

print(word[:3]) # Pyt
print(word[3:]) # hon

o FHEABFRAEK (step). word[::-1] &% (reverse) FAFH .

print ("Python"[::-1])  # nohtyP

3.3 FRPEFTEITRE
77 (method) BT HAEMRE. RS RIHE:

name = "mei chen"

print (name.upper()) # MEI CHEN
print(name.title()) # Mei Chen
print (len(name)) # 8

FAFER R RT AR (immutable): 75 VA 23R 8] —ASFF FA7E, 4R MZE A (original)
FRFER

name = "mei"
print (name.upper()) # MEI (the returned value)
print (name) # mei (the original is unchanged)
IR (AR I —AH{E):
T X UER iR
.upper ) / .lower() HMAEK/NG "Hi".lower () hi
.strip() KW=M " hi ".stripO hi
.replace(a, b) B s "cat".replace("c", "b") bat
-split(sep) Pr i d 2 "a,b".split(",") 'a', 'b']

A+ BT, X MAEPFRE (concatenation):

first = "Mei"
last = "Chen"
print(first + " " + last) # Mei Chen

Python ¥} X « HP3ChR <::>



3.4 f-SirE
E (Estring) & MERBEISCAR. 1E31BH £, FE 4.} AR,

name = "Mei"
age = 17
print(f"{name} is {age} years old") # Mei is 17 years old

o K5 B ATPAAEAT AT (expression).
o {value:.2f} &PUETLAZR| 2 £/ (decimal places).

price = 9.5

print(£"Two cost {price * 2}") # Two cost 19.0

print(f"Pi is about {3.14159:.2f}") # Pi is about 3.14
HIRHER

o FAFERABEE MG s[0] = "x" &HEE. BN

o M 0 TR 5 — DT s[-1], T s[len(s)] 2B FE.

o VlA sla:b] WF a, {HFE b ZEIE L.

o PR AR R BT AT s . upper O AN N AR TR

Python ¥} X « HP3ChR <::>



4 B
4.1 if / elif / else

FRFH A8 R4 U4 FF (condition) SHELAT, A IZFT4TE (indent) )
{1 TR B (colon) ZifE.

score = 72

if score >= 60:
print ("pass")

# pass

i elif(else-if) BB L ENL, H else Fm” HEMA M. Python Hizfre—
AHER 5> 3L (branch), 2K 5Bk A1)

score = 72

if score >= 80:
print("A")

elif score >= 60:
print ("B")

else:
print("fail")

# B

o M ==(5TF). '=(RSET). <. >, <=, >= WEI(H.

o —IKHE (comparison) 2452 — 1 /R{H (Boolean) True B{ False,

if condition?

y l \Fatlse...

True branch elif .. else

Exam tip: only one branch runs; conditions are checked top to bottom; indent the body

if / elif / else: only one branch runs

Python ¥} X « HP3ChR <::>



4.2 HAEHEMH

Jil and. or. not I, and FEBLH N Hior TFEAER—H N E ot JEAI/K
{EHUZ

age = 16
has_ticket = True
if age >= 18 and has_ticket:
print("entry allowed")
else:
print("entry refused")
# entry refused

o HIESiL)FHELE:(a or b) and c,

temp = 30

if temp > 25 and not temp > 35:
print ("warm but ok")

# warm but ok

WILER

o FE elif, NE else if,

o A if / elif [ else fTHPAE S : 45, THMiE ) sgs ik,
o if x = 5: &R4E FEBS ] ==,

o else JFMIANIREANE, KA if Fl elif AFRE(T.

Python ¥} X « HP3ChR



5 ZEfX
5.1 for P&¥5 range

IR (loop) £ TSIEITINI. for TRFFXFFH (sequence) HLATHEA T2 T —iK.
range(n) 4h 0 # n - 1 HOACF-

for i in range(5):
print (i)
# 0, then 1, 2, 3, 4 (each on its own line)

« range(a, b) M a | b(AMIE b),
. range(a, b, step) A4 (step).

for n in range(2, 11, 2):

print(n) #2468 10
for i in range(3): > body uses i
l each pass
i =0 i =1 i = 2

Exam tip: range(n) is 0 ... n-1; the loop variable takes one value per pass

for i in range(n): body runs with i = 0 ... n-1

5.2 RmaER

BAREA B — N EOR, TR Z B — A&, AAEE R
(update) ‘&, XHtEZRNN#EE (accumulator) L,

total = 0

for n in range(1l, 6):
total = total + n

print(total) # 15

o [ARRTRE R ABUE A 2 DA U R B AR

Python ¥} X « HP3ChR <::>



count = 0
for letter in "banana":
if letter == "a":
count = count + 1
print(count) # 3

5.3 while f§¥f

while TR RBEAMRR N EM — EER . 2E B AR FE 2L AR pY, 5 Bk s 1k
—— XM FERRYEER (infinite loop).

n=1

while n <= 3:
print(n)
n=n+1

#1123

o break &3 ZIEHIEI.

total = 0
while True:
total = total + 10
if total >= 30:
break
print(total) # 30

5.4 BREEH

—AMRERHCLE 53— AMIBER L, BER A IRER (nested loop). SMEEFR (outer loop)
RF—%, WETERR (inner loop) ERE5EHEIBA Tk .

for row in range(3):
line = ""
for col in range(3):

line = line + "x*"

print(line)

# oxkk

# oxkk

# oxkk

HIRER
o range(n) M 0 F|n - 1, NE 1 3] n— ZHLAYZE— (off-by-one) £51%,
o —i Y FR—HMITRE X IeiE R B T — R

Python #f X  F3CkRK



o while HUR T IRIEIA &, L& TOIRIEER .
o it E MPEIEAIEIEER N dR A ROART T R SHETE IR G R fF s TR .

Python i X o H i



6 FIFRE_4FR
6.1 3k

FIF (list) 78 [1 BAEWFRAFFZAE. B0 (item) FA RG] (A 0 IF46H).

scores = [88, 71, 95]

print (scores[0]) # 88
print(len(scores)) # 3

scores.append (60) # add to the end
print(scores) # [88, 71, 95, 60]

o HRTFIMBEKRATCEK scores[1] = 100,
o HEW AR, FAFERATT.

RREHPY)F T A
TR YER
a.append (x) TEREM L x
a.insert(i, x) EAE 1A x
a.remove (x) MERSE—1> x
a.pop() / a.pop(i) IR R Ml e fs—ANe &R /9 1A
a.sort() SR HE
sorted(a) iR B — B EHE RS
X in a X'%E§U§§Eim%?

len(a)., sum(a)., max(a). min(a) K/NFIPLHETE

fruits = ['a', 'b', 'c', 'd']

Ial Ibl Icl Idl

index 0 index 1 index 2 index 3

Exam tip: first item is index 0; last is len(list)-1; negative indices count from the end

List indices start at 0

Python i X o H i



6.2 BHIIR

Wi (traverse) S E 2B NV R TCE . for THFRTTAMME], AREERS].

scores = [88, 71, 95]
total = 0
for s in scores:
total = total + s
print(total) # 254

o MARFEIRTFETEZRG|N], /] enumerate,

for i, name in enumerate(["a", "b"]):
print(i, name) #0a / 1D

6.3 —ZEFIE (M)

THESIF (2D list) S SIRISIR—— —AHATHS LA A (erid). A

Z5|:grid[row] [col],

grid = [[1, 2, 3],

[4, 5, 6]]
print(grid[0] [2]) # 3
print(grid[1] [0]) # 4

o HHREEES (nested loop) Vil EE—H4 1

grid = [[1, 2], [3, 4]1]
for row in grid:
for value in row:
print(value, end=" ")
print () #1234

6.4 FUFMHFA

H F 55 (list comprehension) F —747 3k B8 #4) 7 —

item in sequence],

squares = [x * x for x in range(5)]
print (squares) # [0, 1, 4, 9, 16]

o I if RAREETR TR,

Python #f X « A3
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evens = [n for n in range(10) if n % 2 == 0]
print(evens) # [0, 2, 4, 6, 8]

6.5 JLHESRE

Judl (tuple) 25 B EE R . QB2 JEAREBNM — HERGFERERT—
ERE, R EMAA (unpack) B 242 FH,

point = (3, 4)
x, y = point # fiRH
print(x, y) # 34

i B AL [ P SER A R AR, IR ] —~Je4:

def min_max (nums) :
return min(nums), max(nums)

lo, hi = min_max([5, 2, 9])
print(lo, hi) #29

Sy (sot) BAIE Uk, T LAY RS & 2R, DL B G B
M (membership test).,

!

votes = ["red", "blue", "red", "green", "red"]
colours = set(votes)
print (len(colours)) # 3 (EECDER
print("blue" in colours) # True

W IAR

. %; a AL HIFNR: A2 TR M FE—PFR, —AT— A8 H a.copyO
g al:1,

o W —TItHRE al-1];allen(a)] &AL

« append HN—ANITE; BHHE—FIHRA extend BY +.

o M [[0]1*31%3 EMIEXBHIR—1TI =151 H . ZREHRZEI TR,

o HA—MITEMITHERNES:(5,), KE (8).

o EAWAM)T. WAHEKE, FrPAAGEH so] k&Y.
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7T T

71 S

FHiL (dictionary,dict) fR7FEHE (key)— fH (value) R E0H . AR Ao Bl 2 R 4H,
MAEE T FE RG]

student = {"name": "Mei", "score": 88}
print(student ["name"]) # Mei
print(student["score"]) # 88

7.1.1 IS ER
H—RE, SRERINE, BB AR

student = {"name": "Mei"}

student ["score"] = 88 # add a new key

student ["score"] = 90 # update the value
print(student) # {'name': 'Mei', 'score': 90}

7.1.2 HESEE
M in AR WP R, 808 . items O [i] 155 EAI{H.

student = {"name": "Mei", "score": 90}

print("score" in student) # True

for key, value in student.items():
print(key, "=", value)

# name = Mei

# score = 90

o MBEANTEAERT, . get (key, default) 2R [El—AERIAE (default)—— A4S .

student = {"name": "Mei"}
print (student.get("age", 0)) # O

WL —— SR ER I Z R

word = "banana"
counts = {}
for letter in word:
counts[letter] = counts.get(letter, 0) + 1
print(counts) # {'b': 1, 'a': 3, 'n': 2}

o HB—RIBR| AR, . get (letter, 0) &%b L 0, FIPAASH KeyError,

Python ¥} X « HP3ChR <::>



HRHER

o I dlkey] ARSI KeyError; SEH d.get (key) s W if key in
d,

o RS d[key] WS IRE — M.

o HDAURATZR, WINFAF BT —— JIFARE M.
key value
"Mei" — 17
"Sam" —_— 16
"Ana" S 18

Exam tip: ages["Mei"] looks up the value; keys must be unique and immutable

A dictionary maps each key to one value

Python #f % o H3ChK @



8 HRBEWMR

8.1 ENXSHMERH

PR (function) @—BrA 45, WRAEEMAMAI. A def & X (define) &, FH
ATV (call) B

def greet():
print("Hello!")

greet () # Hello!
greet () # Hello!

o HLI AR A TEAR IR B B0 A 3817

def double(x): |—» return x * 2 — double(5) -» 10

define body call

arguments in - result out

Exam tip: def creates the function; call runs it; return sends a value back to the caller

def defines; call runs; return sends a value back

8.2 ﬁlﬁlﬁ
BRELCFT LA return 3&[8] (return) —AME. I8 HALEAIAME.

def square(n):
return n * n

print(square(5)) # 25
print(square(3) + 1) # 10

o return & ZIZEWR KA. A return YpRZEI[H] None.,

Python ¥} X « HP3ChR <::>



8.3 BH. LBE5EME

2 (parameter) & def 4 F. Z (argument) ARG FHEH1E

def power(base, exp): # base, exp are parameters
return base ** exp

print (power (2, 3)) # 8 (2 and 3 are arguments)

TE R AN F S ) AR B Jm (local) ERIEIBRAFE. X ERHETEW
Y& FE (scope).

def £():
x = 10 # local to f
return x

print (£()) # 10

# print(x) here would be an error: x is not defined outside f
2 A AR EGME (default value), 8 i & A& R BB &

def greet(name, greeting="Hello"):

return greeting + ", " + name
print(greet("Mei")) # Hello, Mei
print(greet("Sam", "Welcome")) # Welcome, Sam

8.4 IR

S (procedural abstraction) B9 E T OB — 2 F 51 . VRIE PR
AFHEMIPERMEHE, MA ST EALIRMH .

def area_of_rectangle(w, h):
return w * h

print(area_of_rectangle(4, 5)) # 20

o FRECU— P, AR T, e R AU

8.5 HIHIA
L (module) J&— A2 E AR . B import R A (import) B .
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import random
random.seed (0) # makes the result repeatable

print(random.randint(1, 6)) # a dice roll

import math
print(math.sqrt(16)) # 4.0

HRAER

o WAE return, REUHIR A None., FTHI (print) Fla[E] (return) A& —[B 5,
o ANEHTAFRIERIAELN def £(x=[1) W] — N RAE AP 2 a5,
o PRERNTR A E AR TR SRR, TEANEE AN E

o H£O A&zt 25 £ LE5IHE.
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9 iR, RESWHK

9.1 HRSIR

PRI A= ROy at B . TR (syntax error) /% T Python HYHLIN, FF DARRA
FHEIEAT. BATAPRES (runtime error) FEIEATHAR R AL, HINGDAZ . B HAE R
(logic error) REIZAT, 144 A I .

# A runtime error, caught so this block still finishes:
try:
print (10 / 0)
except ZeroDivisionError:
print("cannot divide by zero")
# cannot divide by zero

o Python &FTEI—Bt[HIW (traceback), B/R7EMFE . MW LEE.

SyntaxError NameError TypeError IndexError
code shape name not wrong type index out
wrong defined of value of range

Exam tip: read the last line of the traceback first — it names the error and the line

Common Python errors: Syntax, Name, Type, Index

9.2 try / except / raise

HAT AR ) TS B vy, ISR E % W except £ 3K 57 & (exception) Jf 4b 2
(handle) &, A E AT

def to_int(text):
try:
return int(text)
except ValueError:
return 0O

print(to_int("42")) # 42
print(to_int("abc")) # O
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o FFREARNYZEAY (ValueError. ZeroDivisionError 5%).
o raise fIRECEM AR E DGR,

def set_age(age):
if age < O:
raise ValueError("age cannot be negative")
return age

try:
set_age(-1)

except ValueError as err:
print("error:", err)

# error: age cannot be negative

9.3 WiXSREHH

Mt (test) Hqﬂ@l‘/\gﬁﬂ% A IEA R, BEREFEEL, RS R
(edge case) A F. B KRIE.

def average(nums) :
if len(nums) == 0: # edge case: empty list
return O
return sum(nums) / len(nums)

print (average([2, 4, 6])) # 4.0
print (average([1)) # 0

o MIL (vobust) AIAUIEA A BEAYS AT AT B S UAEIAE B EA ]
HRER

o NEHNHKETH except:—— ZifiHk A4S %, BIUl except ValueError:,
o EIEEEIR (syntax error) Afﬁir?ﬁﬁﬁﬁ?jﬁqjiﬁ FrPASE & X 2t
o FMNADIAEN (AL F. RME), Age A ?Iﬁﬂﬁﬁ/ﬂilﬁfp

Python #f X « A3 <>



10 3tfF

10.1 BEEICAIH

SCARSCAY (text file) TE',XCZIK%T?E{%J:O Jfl open(name, mode) &, H iz
(mode) UM R EEA R T . HAMH with, BaHEAR I .

10.1.1 BA
B et H—ANECE, HE AR IH 2

with open('"notes.txt", "w") as f:
f.write("first line\n")
f.write("second line\n")

print ("saved") # saved

10.1.2 3B
R " (BRI KR, cread O fEEENSCHAEN— D FAFER IR ]

with open("notes.txt", "w") as f:
f.write("hello\nworld\n")

with open("notes.txt") as f:
print(f.read() .strip()) # hello / world

10.1.3 BAFEE
W Py SCE, —IRARE]—1T. .strip() &EER (remove) KIBAJHATSF (newline),

with open("data.txt", "w") as f:
f.write("Mei,88\nSam,71\n")
with open("data.txt") as f:
for line in f:
name, score = line.strip().split(",")
print(name, "scored", score)
# Mei scored 88
# Sam scored 71

10.1.4 B0
iz va" BN (append)—— BEFERBIRIN, MAKEEA NZ.

with open("log.txt", "w") as f:
f.write("line 1\n")

Python #f X  F3CkRK



with open("log.txt", "a") as f:
f.write("line 2\n")
with open("log.txt") as f:

print (f.read().strip())

HRER

# line 1 / line 2

B &30
np i;’@ (ﬁ!fjﬁ/k)
"5 (SEikE)

"a'  JEMN (FSmEIARR)

o —EERMCM, B with open(...) as f:, BESEEREMR.
o read ) HEEAN MY H—DFEAFERR R, FATREIVTE \n.

o It TS A S0 EHEIEIREM "at.

with open(...) as f: auto-closes

open(..

.) > read / write

close()

Exam tip: mode 'r' reads, 'w' writes (overwrites); prefer with so the file always closes

Python i X o H i
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11 HRE
11.1 BRGHME

vk (algorithm) J&—1y BEMR U ) B - WP BRI . 43 (decomposition) [T
SR —AN K 0] AR BT/ INT L BB R

# Algorithm: find the largest number in a list
def largest(nums):
best = nums[0]
for n in nums:
if n > best:
best = n
return best

print(largest([3, 9, 2, 71)) # 9

o % (abstraction) [ B2 ZMEA07T: IR E M largest(...), ASFEREE
LS

11.2 RBEERER

PRI (pseudocode) J& NHIEB . FNRMA SRS, BEEIEHREZ{. B
ANeWEtT.
SET best TO first number
FOR each number n
IF n > best THEN

SET best TO n
OUTPUT best

AR (Howchart) SEIRRERY Tl thof: AT —AI7HE, B4 HIF (decision) —
T, AL TR
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11.3 BHSFAR

BT (recursion) 28— MR EHD . BEFEE—PEMEHEE (base case)(—AME]
HRgE A, SLZR ), PAS— B IFIEE (recursive case) (‘B AEE /MY A _LIHH B
).

call stack

fact(l) -> 1 (base case)

fact(2) -> 2 * 1 =2

calls
returns

fact(3) -> 3 * 2 =6 v

call stack: newest frame on top - returns unwind
factorial(3) WH IR AR SE 5580, R AH B I3 [m]

def fact(n):
return 1 if n <= 1 else n * fact(n - 1)

print(fact(5)) # 120

o BRI TRV B (call stack) b, BB LI AR
IR

o IBIH (recursion) WA FUETEIE (base case), M2 TR HFH, #E@ L.
o DAY (pseudocode) HIEAEK] NeIEtT, (B AREIE L .
o SEHRFRESFE— A 2 FER NP IR, FEhFE R,
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12 BAREH

121 WRBEXI (ADT)

it T Er it (abstract data type, ADT) il —S08 s DA B 1 #4E, 58 Wiy 52
BArFF . ARE B R M T, MA@ e N AEE =K.

# A stack ADT, built on a list
= [1]

s.append (1) # add

s.append (2)

print(s.pop(O)) # 2 (remove the most recent)
12.2 %

B (stack) RJHESH (LIFO). fRIEICHRIEA (push) BT, BMARTIEEH (pop).

Stack (LIFO) Queue (FIFO)
push / pop
i (top)
30
I 10 20 30 l
20
dequeue enqueue
10 (front) (rear)

stack: LIFO - queue: FIFO
RMTERR IR (Gt ), SRS HIRFEER (eutsed)

stack = []
stack.append("a")
stack.append("b")
print(stack.pop()) # Db
print(stack.pop()) # a
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12.3 BAF
Ekﬁﬂ(queue)%%ﬁﬁiﬁﬁEtﬂ (FIFCUo ﬂﬁ%EEkﬁéf\WK(enqueue),Ak&k%iﬂj@\(dequeue)o

queue = []

queue.append("a") # enqueue
queue . append("b")

print(queue.pop(0)) # a (dequeue the front)
print(queue.pop(0)) # Db

12.4 4%

EE (linked list) &—HH7 4 (node) . BT SRR AR 1T —A7 S F5
% (pointer); )5 —4§ 1 None.

head

3 —L | 7 —\ —3| 9 et None

linked list: node - next - O(1) insert at head

HER : WA R ERAIR 10— R 6EE, S54RI None

n3 = {"data": 3, "next": None}

n2 = {"data": 2, "next": n3}

nl = {"data": 1, "next": n2}

node = nl

while node is not None: # traverse to the end

print(node["data"])
node = node["next"]
#1123
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12.5 ME&HE

753 (hash table) FIM;#R%L (hash function) JEEEMLE 2] —AM8, WA REVR
ARl —— X5 (collision). Python [1) dict WLEmafydR, A& .

key hash()

0
slot = hash(key) % 6 —
. 1 Mei
Mei —
2 collision
Sam —
3 Sam > Tom
Ana —
4 Ana
5

hash table: key = hash - bucket - average O(1) lookup

W A PR E BRRAT 21) — A P TRETR AR — A (hh5e)

table = {}

table["Mei"] = 88

table["Sam"] = 71

print(table["Mei"]) # 88 (fast lookup by key)
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12.6 —“XHEEW

T W HEM (binary search tree,BST) {#454 J7: BN AEZ TELE R S/, B0 4A
BB K. R B AR,

root

©
©
© ©

in-order traversal: 1 3 4 5 8
BST: left < node < right - search O(log n) if balanced

TR BN, BRI R A i

def insert(root, val):
if root is Nonme:
return {"val": val, "left": None, "right": None}
if val < root["val'"]:
root["left"] = insert(root["left"], wval)
else:
root["right"] = insert(root["right"], val)
return root

def inorder(root):
if root is None:
return []
return inorder(root["left"]) + [root["val"]l] + inorder(root["right"])

tree = None
for v in [5, 3, 8, 1, 4]:

tree = insert(tree, V)
print(inorder(tree)) # [1, 3, 4, 5, 8]
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12.7 B

K (graph) &—4Hl il (edge) ERMTI R (vertex). 4P (adjacency list)
A RBSE AR " R IR T

IICII: [IIBII, IIDII]’
@ "D: ["A", "C'],

graph: vertices + edges - BFS/DFS traverse

TR ARG B, AR E @B R E X

graph = {"A"Z ["B", an], ngn. ["A", IICII]’ ngn. ["B", "D"], npn. ["A”,

o "cv1}
for vertex in graph:
print(vertex, "->", graphl[vertex])
# A -> ['B', 'D'] (and so on for B, C, D)

HIRAER

otk (stack) ZISHESEH, RS (queue) JRSLHESEHE, AR .
* 7 pop BUHBANZ Y, Sk B2 AR
o TEHER (linked list) H, F¢2% head $REPILSE T ¢ 5 1 HEAHER.
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13 #=#R. HFES5HR

13.1 L&BERSHER

rk (search) FHRIRBNFEAEAEMHE ., ZPEE K (linear search) BN AN ITE,
JIt PAE XA 51 ARG 3K

def linear_search(items, target):
for i in range(len(items)):

if items[i] == target:
return i
return -1 # not found

print (linear_search([4, 8, 2, 9], 2)) # 2
o HR (binary search) P52, (AFRE—NBHFNIE. Bh—HHEE L.

def binary_search(items, target):
lo, hi = 0, len(items) - 1
while lo <= hi:
mid = (lo + hi) // 2
if items[mid] == target:
return mid
elif items[mid] < target:
lo = mid + 1
else:
hi = mid - 1
return -1

print(binary_search([1, 3, 5, 7, 91, 7)) # 3
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binary search for 16 (the array must be sorted)

step 1 2 5 8 12 | 16 | 23 | 38 | mid

12 < 16 -> search the right half

step 2 16 | 23 | 38 | mid = 23 > 16 -> search the left half
step 3 16 mid = 16 -> found at index 4
(61 [11 (21 [31 [4] [5] [6]

binary search: halve the range each step - O(log n)

o RE AR —— EHPTIE R O(log n)

13.2 HF (BWR5SEA)

HERF (sort) s iCICEHLMUFHEL . BiHER? (bubble sort) I (swap) T
ARTHIFHLBICER o

def bubble_sort(a):
a = al:] # work on a copy
for i in range(len(a)):
for j in range(len(a) - 1 - i):
if alj]l > al[j + 11:
aljl, alj + 11 = alj + 11, aljl
return a

print (bubble_sort([5, 2, 4, 11)) # [1, 2, 4, 5]

B AFHEF (insertion sort) —IRAE—ICERHEC HEGFAIES 2y, RSB O R AE [l
BT e

def insertion_sort(a):

a = al:] # FERIA LA
for i in range(l, len(a)):

key = alil

j=i-1

while j >= 0 and aljl > key: # K KMELF
alj + 1] = al[j]
j —-=
alj + 1]
return a

[

key # 1 key JRE=EA{V
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print(insertion_sort([5, 2, 4, 1]1)) # [1, 2, 4, 5]

o TEESAUEHE, H Python WE R sorted():

print (sorted([5, 2, 4, 1])) # [1, 2, 4, 5]

13.3 BIRHR

R (efficiency) MIFR: Mk AZKE, TAERERE K. ZIIHK O L% (Big-O)
AR E

50 A
o(1) as n grows: O(1) < O(logn) < O(n) < 0(n?)
= 0(log n)
40 A o(n)
— 0(n?)

steps

T T T
4 5 6 7 8 9 10
input size n

HEILE AR, AR i AU 1 DL

Big-O &% HIF

O(1) TR AR i
O(logn) X% /A&
O(n) At LA
Om?) Vi HiHF

def steps(n):
count = 0

# how many steps a linear scan takes

for i in range(n):
count = count + 1
return count
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print(steps(100)) # 100 -> 0(n)

13.4 FEHLESER

random FEHLEAEFEHIEL. FH— AT (seed) iLgER W EE . Fifll (simulation) &7
R Z R NI AT — DR

import random

random. seed (0)

rolls = [random.randint(1, 6) for _ in range(1000)]
print(rolls.count(6)) # about 1/6 of 1000

B AR

« —4#EF (binary search) HXTELHEFEMIFIFH K.

« K O(Big-O) ULiy 2 anfa3, A2t a;0m?) 10 v S AE /NG A
AT O(n).

« BEHEF (bubble sort) j& O(n?)—— 2] AT DA, HXS RN FEARNE o
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14 THENRSHEEA

14.1 REWNR

% (class) 3K, X4 (object) J2p B KM A ELARRPT (—A5Lp
(instance)). __init__ ;&M1& 5 (constructor), FoR &R NXT5 self s EXTH

K,

class Dog:
def __init__(self, name):
self .name = name # an attribute
def speak(self):
return self.name + " says woof"

d = Dog("Rex")
print(d.speak()) # Rex says woof

« name ZJFM: (attribute) (X5 %) ;speak £ (method)(—BI1E).
hn b __str__, 3iRE¥E ] print (obj) R4

class Dog:
def __init__(self, name):
self .name = name
def __str__(self):
return f"Dog named {self.namel}"

print (Dog("Rex")) # Dog named Rex

blueprint objects
class Dog: rex = Dog("Rex")
def init_ (...) >
def bark(...)

rex.bark()

Exam tip: class defines the type; calling ClassName(...) creates an object (instance)

A class is a blueprint; calling it creates an object
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14.2 46K, HRELE

4k (inheritance) ikF2& (subclass) & A3 (superclass). [ super ) ¥ H & ZK;
HE (override) — N ERMAEE .

class Animal:
def speak(self):
return "some sound"

class Cat(Animal):
def speak(self): # override
return "meow"

print(Cat() .speak()) # meow

B2 (encapsulation) HEEUHEMAE 7 ¥R S I 4 FHIIN— RN E R LA
(private) HJ.

class Account:
def __init__(self):
self._balance = 0 # private
def deposit(self, n):
self. balance += n
def balance(self):
return self._balance

a = Account()
a.deposit(50)
print(a.balance()) # 50

£ %% (polymorphism) fERLER—MEF. ZFiTh — BN RSBIT74HIE
i1 speak.

class Cat:
def speak(self):
return "meow"

class Cow:
def speak(self):

return "moo"

for animal in [Cat(), Cow()]:
print(animal.speak())  # meow, then moo
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14.3  EEER

183 (paradigm) 2 BT RAE. iFFERX (procedural) (RS 2 — 1% 55 25 JRH bR £
[ [ %4 (object-oriented) A E A IT VAL HEXTZR . B (declarative) £,
UL R B4, T2 E A (9478 SQL).

def total(nums): # procedural
t =0
for n in nums:
t +=n
return t
print(total([1, 2, 31)) # 6

print(sum([1, 2, 3])) # 6 (declarative: same result)

RS

o BNTTENE—ASUERER self,
o __init__ JARAIGIHRTR, BIER SN & H3hiztT.
o =PRI IRREA BB DA —1.
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15 FAEFR

15.1  HArE o

FLEF (bit) J2 BN 0 B 1. b (binary) /2PA 2 NIRIIEH: B — (IO {EAS 2
BRI (1. 2, 4, 8..)o TR (denary, PA 10 SHJE) @315 HH0EL.

8 4 2 1
1 1 1
8+4+1 = 13

binary: powers of 2 - bit k has weight 27k

TR 1101 FoR 8+ 4 + 1 = 13

print(bin(13)) # 0b1101
print(int("1101", 2)) # 13

o 8 AR —AFAY (byte)o BRI, BERNIE XU ) (overflow) (48
[ml).

x = 250
x = (x + 10) % 256 # one byte wraps at 256
print(x) # 4

+753EH] (hexadecimal,base 16) & &35 —dE i Bk = — o8k AL
FPUA 7. Python A 0x R+ skl

print (hex(255)) # Oxff

print (OxFF) # 255
print(int("ff", 16)) # 255
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15.2 HiEESH

JE4i (compression) LEEEAE /N, Tofi (lossless) HE4HLR B tﬂ/\HﬁfH, )?MM\%‘E?FE@%
W AR . AP (lossy) 4 ZAi—LL40 7y TR

NN
vy
H 7/No

JEAESAY (run-length encoding) j&—FPfEy B JC i 7 2 8—BiFfE (run)(EXE) 17
BCAEL + H 7

def rle(text):

out = ""
i=20
while i < len(text):
run = 1
while i + run < len(text) and text[i + run] == text[i]:
run += 1
out += str(run) + text[i]
i += run

return out
print (rle ("AAAABBBCCD"))  # 4A3B2C1D
HIRHER

o« n MHAF (bit) BEFF 2%xn MORNEIRME, JEEZ 0 £ 2%n - 1,
o AHUES (lossy) & Z 450y HIpkik )5t Jothii a4 (lossless) H] ARSIk 5
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16 FHHEMEE

16.1 fARIHESBIHER

T (computing) Wit T AN FA . AP, &l PRI RAE—iX
VB (design cycle) HLHRAY WL 5. W ot —— REZR.

o JERPERIT, Seff—/NEkar, M, FEZ .
o FEfy B AR 2CAR, 2 A A

16.2 HEEM

M (Internet) 42 “ PIZERIRIZE ” . BRGNS — DR (packet), EAT551
el 167 — PR EH PRk . MY (protocol) BySEEIFEM (B4 TCP/IP) 1kiX
— Y. WER—KEEEWN T, FdRamEr —5& XTTA (redundancy), &
HORZ S (fault tolerance).

IR 1 - B SR AR A 45 2 TR — SR A

2 YEH

HTTP &K I A1k M 11
TCP  AHE. vtk
P itk %
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16.3 FTSAHANHE

W7 (sequential) ACHS—IRM—2. F4T (parallel) WIAEZ DML (core) L[AIHHH
UL, FIRAAE R ANGE (speedup). Z3ffizt (distributed) THEAE TAE RN 2 &1t
BHLE, BN .

o HARITA FARREHA T A LS PREFH— AR

16.4  THEHIPW

VISLBEH A AL, AR EA . KT (digital divide) HRIF AEREA- AHBAEF-2%
ML 18 P AT EAVE 2 ST O R g L (blas) . EREERAIFU™ AL (intellectual
property) (VT ), JFR47 AATH9A ALt (personal data) AIFEEL (privacy).
WIS

o HHM (Internet) F1J74ER (World Wide Web) A2—[ml = Jr4e N H 2 a477E H.
Wz B — RS .
o HZAPIEAZ L (core) HATEALSS BedF ] A i 124 T a0 i A4 H
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17 GaaH

17.1 33/ E
/I (mini-project) IR IOIIAAL £ SILELIEE . —ALEGATH
AP AL, DARET DR ki AP RIERLRBUE S TR AS

17.1.1 BiH: T84

def average(marks):
if len(marks) ==
return O
return round(sum(marks) / len(marks), 1)

print (average([88, 71, 95, 60])) # 78.5

17.1.2 HH: Gt REA

def count_passes(marks, pass_mark=60) :
passes = 0
for m in marks: # iteration
if m >= pass_mark: # selection
passes += 1
return passes

print (count_passes([88, 50, 95, 60])) # 3

17.1.3 BiH: BiRE=

def merit(marks):
return [m for m in marks if m >= 80]

print(merit([88, 71, 95, 60])) # [88, 95]

AP BIEIE 2K —DHIER. — A ENES: (selection) FIEAL (lteratlon) [Pl 2t
& (procedure), PAJ—2845 A /il FIGADIHERIE X MBS —— SN
7, FHEEATHE X .

HIRHER

o /INEHH, BEEF TN, AR RS 2.
o JCESEREAEH, PRI — A — fr, RS A TR S AU
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Mini-project pipeline

data
list / file

function
loop + if

print
result

Exam tip: combine list + function + selection + loop + clear output— the Create task shape

Mini-project: data — function — printed result
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