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1 Al
L1 RESE—EF

Python —¥ztT—ATC . fF—47/2—7&if4] (statement). — ¥ (program) it
e H BTN KB T TR .

print O BREHESCARRTEFERE L, SXIAERI ) (output). 515 B SCAZ— 74T
& (string).

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

o f print ) #EHE 1T,
o GIEHRLE " WS B By S e, IR REROR AT
o BIF HAHEMRESITER A2 TE.

Your first program: write - run - see

Python runs

your code — Hello

print("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 ERSRBERE

HERE (comment) DA # JF3k. iZATH # JETHAYN AP Python 2. HRRESHA
B, HRERACUH; RSB R .

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

LA AR AR L AURD 3 5 352
o BEHBEVERN & ST IR 7

o BATREKIER.

Python 9 « F13CHT ®

o WEATAEAETT LA . AE Python o, 4T Y 25A% (41F, indentation) A7 KF5%K
B P AZ RIS & S 5 (error).

1'3 ﬁA\ M\ ﬁﬂj

REFFHEIE— R A B (input)— AbER — HH. SE58—88dE, X
EMALEE, RS .

input O RECEBUN PR SO . B BRI — R .

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

o input O KFRHHEAIE T 4
o JEEARSCARSFIE— AR (variable), XFELAERLAEME M E -
o P input O REIRREFATH, WRIRTERCT, B int (L) el

HEIRER

o TGS print (Hello) A4 —144 Hello M9748 &, Il NameError(fi
HEER) . WARFEES| S print ("Hello"),

o FTEZAT 12 Python 453 AELEH, 2l IndentationError (4 #FHT1%) -

o PAK input O RIS B EE IR BIEAF R, BT DATEMUE A 5k is S mT, 25EH
int(...) fEEFHH.
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2 R, RAHEEK
2.1 ZRS5RE

A5Hg (variable) J&2— A (value) B4 7. VR = AR, XM/EIRE (assignment) .

LT HELEN, H G

age = 17
name = "Mei"
price = 9.99

print(age, name, price)

DL age IRATE 17, TEARMTTHGZEXAMERHITER AT A4 7, DA AR 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

AV AR I I
o = R MY, CERE AR AT T
o BHWTTAMER TS, H ==L F30).
2.2 FF: BEEERH

Python 7 FFh S50 F 2. BB (integer, int) 214 17 LRI, 7550
(float) /NI, Biltn 9.99.

R EEEEAF (operator) I T4

Python #f X o H3Ck @

BERF HX BIF R
+ it 3+2 5
- ik 3-2 1
* I 3%2 6
/ B (MREmsEs) 7/2 3.5
/7 Ey0S 7//2 3
h By () 7%2 1
*ok = 2 %xx 3 8

/ BRI SR, A4 /22 200
o // M % ERMAT // 502 3,17 % 5 & 2,

2.3 FRAGRAFH

FA3 (expression) JEALMAEAYZRPY, BIUT 3 + 4 * 2. Python # il # &=~
TS (« A0/ J6F + A=) g S BELL T 54

input O 3R [FAFER, BT DAMCER2E Tl B 5e e . 08— MEL N —FP 2 BUAR B ) —Fp, ny
Ve (type conversion):

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") R, BT PAHFES ARG R 1Y SOA
o IBARMMSRM: "age: " + 17 BHHEN; BE "age: " + str(17).
2.4 THRES R

i/R{H (Boolean) RAAWAE{E Y —:True B False, —{KH % (comparison) £ [u]
— R ME.

BEAF aX
= T
= RET

<> NF /KT
<=>= UNFET | KTFST
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print(7 > 2) # True
print(3 == 3.0) # True
age = 20

print(age >= 18) # True

H and. or. not JERELZALLE:

age = 20

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

HIRER

o/ RORfRENE SR (oat), 8 4 / 2 d)2 2.0, FHEEEINH //.
o 8 = MUK === BIRME == AR AW ME R A AE

o EFFFRMBCF AN "age: " + 5 &HH TypeError. 4/ str(5) ik,

o PEEBOFARERL0.1 + 0.2 RIEEF%T 0.3

Python #f X « F13CHR

ANESFF AR ==

3 FiE

3.1 3

SR (string) 515 A ICA. GAFAE (character) HA— R, WIEE IR
51 (index). H—PRG1E 0, A2 1.
T 455 B — A

word = "Python"

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

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

o VHUN 0 TG, Briida— 1512 len(word) - 1.
o NMBERTINKERE RS vword(-1] B —1F4F-
word = "Python"

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

o R KRS 4R (error)(— IndexError),

s = "HELLO"

|H| |E| |L| |L| |0|

0 1 2 3 4

s[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
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3.2 YA F + MR, MRS (concatenation):

PIR (slice) BUFAFERI—HB45> . Gl word[start:end]l. YJ 7 start, {HFE end first = "Mei"
ZHIFEIL last = "Chen"
print(first + " " + last) # Mei Chen

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

print (word[2:5]) # tho 3.4 f—?ﬁ*

o W% start FRM 0 TFER; AWK end FoR—HEIKRE. EFAFE (Estring) FI&MERPHE SCA . FE5 1S /00 £, FA ... 3 ARk,
word = "Python" name = "Mei"

print (word[:3]) # Pyt age = 17

print (word[3:]) # hon print(£"{name} is {age} years old") # Mei is 17 years old

o HEANABFREK (step). word[::-1]1 &% (reverse) FAFER . o KRS AT UAEfTFK (expression).

o {value:.2f} &PUE T AT 2 (/MK (decimal places).
print("Python"[::-1])  # nohtyP

price = 9.5
S print (f"Two cost {price * 2}") # Two cost 19.0

3.3 $ﬁ$m—l§‘&g print(£"Pi is about {3.14159:.2f}") # Pi is about 3.14
7Y 2 AMBER RS K SRV T
J7ik (method) J2J& THAMER KA. IR AS RN E 2

Sy S — o SRR NS (0] = xS, SRR
print (name.title()) # Mei Chen « RGO THf: e —ArATR s[-11, 1M s[len(s)] .
print (len(name)) # 8 « Yk sla:b] 7 a, (BYE b ZHEMFIE.

o FAFHOT R ] 0 R B AR s upper O ANAE S5 SRS T
FAFER AT (immutable): {5 40R Bl —ANF 240 E, 4RI G (original)
=

.

name = "mei"

print (name.upper()) # MEI (the returned value)

print (name) # mei (the original is unchanged)

BT (BAERIR ]S E):

Tk =X B R
.upper ) / .lower() AKX /NE "Hi".lower () hi
.strip() K MEA% " hi ".strip( hi
-replace(a, b) B s "cat".replace("c", "b") bat
.split(sep) Tﬁﬁiﬂ%@ "a,b".split(",") [Ial, lbl]
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4 P
4.1 if / elif / else

P it SRR 4. HA Y451 (condition) HER}, BAZ 7460 (indent) fY
fRigHe, if X—FTPAES (colon) &5F.

score = 72

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

# pass

I elif (else-if) HEMIEZFHIL, H else FR” HEFAIL". Python Hizfr8—
ASHE7 S (branch), 2JEBEE A .

score = 72

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

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

else:
print("fail")

# B

o J ==(ZET) . 1=(RET) . <. >, <=, >= IMHE.

o —IKH# (comparison) £:153]|—/Mi/R{H (Boolean) True B{ False,

if condition? J

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 #f X « F13CHR @

4.2 HEEMH

A and. or. not L. and FFEBHA N E or T EAER— N Enot /R

{HIUZ -

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

o FAHES LY EERE: (2 or b) and c,

temp = 30

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

# warm but ok

HILER

o FE elif, g else if,

o BN if / elif / else fTERAE S : iR, T EAHESHiE .
o if x = 5: XRET — WREH ==.

o else JGMIAEREM, RA if 1 elif A RS,

Python #f X « F130



5 #ER
5.1 for P§FRY range

i (loop) 2 EH BT, for FEHXTIFS (sequence) BN TTEER — K.
range(n) 4 0 # n - 1 BEFE.

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

» range(a, b) M a #| b(~ELH b).
+ range(a, b, step) BRRIGI—EK (step).

for n in range(2, 11, 2):
print(n) #2468 10

for i in range(3): }0[

l each pass

body uses i

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 RingsEk

BAEIGA iz — AR, iR Z B e — N R, AR — R T
(update) B, X B Ngs (accumulator) fRx.

total = 0

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

print(total) # 15

o [ARERTTE T AR AT 2 DA TC R AT G &

Python #f X o H3Ck @

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

5.3 while 483

while fFERRBAMFORATNEUM— HHAE . B AR R T, 5 W Bk A IR
—— XM FEFRIEFR (infinite loop).

n=1

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

#123

o break &/ Z|EITIEIF.

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

5.4 HREJEE

— AMEMECE 55 — A EH A, R EEIR (nested loop). ANZEHEH (outer loop)
f5E—%E, WETEFF (inner loop) #RE T2 HEIEA Tk«

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

line = line + "x"

print(line)

# okkk

# okkk

#okkx

IR
e range(n) M 0 F|ln - 1, N2 13 n—— ZHHZE— (off-by-one) 4%,
o —iE AR —BMITE SRR ICER; B D — AR
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.+ while HUETHCRSRAE i, L2 TERRASF. 6 FlR5—gHE
o GRS SR PY; SERSIITT A e IR RIE T — K.
6.1 F%

FI (list) fE (1 BARMFERAFFZE. BEAICE (item) HA—AFKSG] (A 0 TFA).

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 HZRI|IMAFAIEE scores[1] = 100,
o YIRAT A KA, AT AT

KREH R HR LA
IE fER
a.append (x) FEREM L x
a.insert(i, x) TENLE 1 FHA x
a.remove (x) MEREE—1 x
a.pop() / a.pop(i) BRI R P 5 — ek /56 i A
a.sort() TR HbHE T
sorted(a) IR B — A Er i E e 5 3
X in a XE@J%{E[@?

len(a). sum(a). max(a). min(a) K/NFMHuETE

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

Ial Ibl Icl ldl

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
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6.2 JEIHFIR
P (traverse) FIFAE B MR IER . for MEIRAIAME], REEHTI.

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

o MAREINTEEZT|H}, ] enumerate.

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

6.3 “ZEFIE (PIH)

AR (2-D list) 27 SIRMHNIER"— A BATHI A A (erid). A
&K5|:gridlrow] [coll,

grid = [[1, 2, 3],

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

o JHIMENEH (nested loop) PiFJEE—AHEF .

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

6.4 FFREFK
A F S (list comprehension) i —47 5t B8 # & — 1~ #7 § #: [expression for

item in sequencel,

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

o kit JAAREMICE

Python #f X o H3Ck

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

6.5 JTTHEEA

JCAH (tuple) BHFES BIEEFF . QlEZ GAGEBN — HEREFERERET—
FHE, HAT M (unpack) B ZPNZFH.,

point = (3, 4)
X, y = point
print(x, y)

i B A [l PN R R KR, il [ — > Te AL

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

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

9o (set) FRAMERGE K, T ELUEAIOUT . & 0 & 2R TAL, DAk 1 L B
38 (membership test) .

=l

votes = ["red", "blue", "red", "green", "red"]
colours = set(votes)
print(len(colours)) # 3 (EREER)
print("blue" in colours) # True
HILGER
« b = a REEHIFNF: WADB T E IR, k—N5— M. H a.copyO

g oal:1.
o FE— N TTERE al-1];allen(a)] &ilif.
« append HiI—AITE; EHHES — IR extend If +.
o JH [[01%3]1%3 BMIE X EIR—1TH =51 . ZHERZITAE.
o WA PICRNICHENIES:(5,), K2 (5).
o EHEWHMF. BEAEEL, IAAEEM s0] KEK5].
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7T FH
7.1 FH

74 (dictionarydict) PRAFHE (key)— A (value) BMUN AN R I HEEK 25 4R AH,

A 2B LR 7RG -

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

711 FIMEEH
Z— M IRME, ARSI E, SR 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 RWESER
A in B AR RS, WA, SR . items O [R5 EEAIE.

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

print("score" in student) # True

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

# name = Mei

# score = 90

o CUECRIEIERY, . get (key, default) £xiREl— P ERIAE (default)—— ANERES .

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

FIL M2 —— SR EBELZ 2K

word = "banana"
counts = {}
for letter in word:
counts[letter] = counts.get(letter, 0) + 1
print (counts) @ 4B d, ‘&’z 8, "mis 2

Python ¥ o H130HE (21)

Python #f % « 130k

o YKL, . get (Letter, 0) &b I 0, fTPAARSH KeyError,

IR

o dlxey] BEBURFETEMB A KeyError; % d. get (key) HHIF if key in
d,

o PR dlkey] WRELHRIAM — B 1.

o HEUAUR RS, ISR R EECE —— SRR

key value
"Mei" 17
"Sam"  ——— 16
"Ana" —_— 18

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

A dictionary maps each key to one value



8 HESHMR

8.1 M5 MR

PREL (function) 2—BrA 4. WAL, H def & X (define) &, FH
ATV (call) B

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

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

o HTEA AR A AERE T R BN A I8 AT

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 JREME
PR DA return 3R] (return) —AME . P& AR ERABAE.

def square(n):
return n *x n

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

o return &3 AR EE. A return 1ERER M None,

Python ¥ o H130HE (23)

8.3 S¥. LS S5EMBE
£ (parameter) & def B4 F. £ (argument) SREHEHIE.

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

return base ** exp

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

BRI EAFAE .

TE PR B AR R R (local)
YE R (scope).,

def £(O):
x = 10 # local to f
return x

print(£()) # 10

# print(x) here would be an error: x is not defined outside f

JEZ ] AT BRIME (default value), U8 3 A& A B &

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

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

8.4 TEMR

RS (procedural abstraction) )72 B2 UG5 wAE — 1% FIG .
ZLFEMAFRMA T, MA R E EATIRMH .

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

print(area_of_rectangle(4, 5)) # 20

o BRI PR, AR AT R A

Python #f % « 130k
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8.5 HWHERA
B (module) &—4EEBURBR AW SC . H import A (import) B

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

LR

« WS return, FAUHIE[ None. THI (print) AR (return) &l
o RELHITASHIERIAEAN def £ (x= ] AF R AT L 2 [,
PR I8 LR SRR, SN R R E

o I EO A BTG 5 £ FUES .

Python #f 3 o #1130 @

9 HiR. RESWR

9.1 HREREA
RIS DL =R i, AR (syntax error) 32 T Python KL, FIFbL A

TeHEIBAT 3\_1715]‘]‘%&1;: (runtime error) B TR P KA, R AT . BRI
(logic error) REIZAT, {HA4E AR IRINE R .

# 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 &FTHI—E[nl#f (traceback), W R7EMFHLH Y. MM EEE.

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
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9.2 try / except / raise

HAT AU B T BEHE try. AR 2 W except 43K 573 (exception) JF-4b ¥
(handle) ‘&, TiIA A -

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

print(to_int ("42")) # 42
print(to_int("abc")) # 0

. ﬁﬁ%ﬁéiﬁﬁﬁ@?@ﬁﬁ(ValueError‘ ZeroDivisionError %?)o
o raise IRECEILLIRE TR,

def set_age(age):
if age < 0:
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 WSt

Mk (test) JHRA AT 2G4 M IEFE R, BZIEREN, B2 fEE
(edge case) AL F EEKIE.

def average(nums):
if len(nums) ==
return 0O
return sum(nums) / len(nums)

# edge case: empty list

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

o AL (vobust) HYAURDA 2 R A& REAYE AN I B 2 IUHEHIAE B E A
H IR

Python #f X o H3Ck @

o RENERFEN except:
o 1EVEER (syntax error) SYERET

— e s

IBATHI

TR RS R, BN except ValueError:.,
e, FriAdeigix s,

o BEMEAARED (BRA. T RKME), AREH IR R AR
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10 Xt
10.1 REXAIH

A A ﬁextfﬂe)TE]KZFﬂﬁi?%Eﬁﬁﬁijjo JT] open(name, mode) FTIE, Hirpfizl

(mode) PR ELLRE . AWM with, ELHRKH 1.

10.1.1 HA
B e HASESCE, FRBAEATIH N2
with open("notes.txt", "w") as f:

f.write("first line\n")
f.write("second line\n")
print("saved") # saved

10.1.2 FEE
B e (BRIA) KL, cread ) AN SCIEE AN FAF R ],

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 BATEEL

WSO, — AR 17, .stripO 2Z%ER (remove) RKEMHRITH (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

Python #f 3 o #1130

10.1.4 &
i ar JBIN (append)—— BEFEARRBEM, MATREREA NE .

with open("log.txt", "w") as f:
f.write("line 1\n")
with open("log.txt", "a") as f:
f.write("line 2\n")
with open("log.txt") as f:
print(f.read() .strip()) # line 1 / line 2

B X

e (BA)
w5 (ki)
ran RN (EMEER)

H IR

o —EFRMCME, BN with open(...) as f:, BLFREM.
o read ) HEEAN LMY — D FAFRR M, BITREIATE \n.
o J et ATH RS E S ZEMBEIREN "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

open — read/write — close (with auto-closes)
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11 BBt
11.1 BR50W%

S0k (algorithm) 2 —{() REARUL I U D BRYE B, /2 (decomposition) fY7E /8
AL AR FEIR ISR /N L BEE AR 7)o

# 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 Ji% (abstraction) {782 ZBEANHT: RE M largest(...), AUFHEREE
2B

112 SRBSHER

DGR (pseudocode) JE MFIREN . ANFIMA LI, HHERTRHZH . €
Aatosty.

SET best TO first number
FOR each number n
IF n > best THEN
SET best TO n
QUTPUT best

FAEE (Howchart) 8RRV H 3k BB HE, KW (decision) —
AT, MR FR T .

11.3 BHE5HEHPR

B (recursion) ZIHE—1THBOTHEBHCD . BEFRE—NEHEFIE (base case)(— /i
FE A, SLZBR A, DAK— N5 TE (recursive case) (‘B FE B /N A _EEH H
).

Python #f 3 o #1130 @

call stack

fact(l) -> 1 (base case)

Il
N

fact(2) -> 2 *1

calls
returns

1l
(o]

fact(3) -> 3 * 2

call stack: newest frame on top - returns unwind
factorial(3) WV AR AR T SE 55 1F, TR SR I 22 1]

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

print(fact(5)) # 120

o BAEETEHFEHE AR (call stack) b, EFE _EHE A R0
AR
o B (recursion) WA EMETETE (base case), 5 M TofR B, FEEJHFIAL.

« DhUHS (pseudocode) HI ALK RHEEtT, (HAE— S ERE R T L
o SRR A S TN, HE T E .
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12 FAREH

121 HEBERA (ADT)

TG R (abstract data type, ADT) ffjid— S8 5di DA KOG B (194845, 5 EMfTse
BTt fRdid ERERIER M, A2 e N AERR A

# A stack ADT, built on a list

s =[]

s.append (1) # add

s.append(2)

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

F (stack) ZJGHESEH (LIFO). fR4EILRHEA (push) BRI, MARTHE ) (pop).

Stack (LIFO) Queue (FIFO)

$ push / pop

(top)
30
10 20 30 l
20
dequeue enqueue
10 (front) (rear)

stack: LIFO - queue: FIFO
AT (fEiEdeth); BRI (Geitieit)

stack = []
stack.append("a")
stack.append("b")
print(stack.pop()) # b
print(stack.pop()) # a

Python #f 3 o #1130 @

12.3 BA%)
BAZ (queue) 2JGiHESeH (FIFO). ARTEBAEABN (enqueue), MBNE HBA (dequeue).

queue = []

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

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

12.4 4%

HER (linked list) J&2—HRH7 58 (node) o AT SERAFEIRAN— g ) R — N S+
%1 (pointer); fixfg—"-4511] None.

head

3 D I 7 —> 9 e——p None

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

R BT RARAFRARAN R 1 R — DAY AR, SRR 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

12.5 W&RE

W74 (hash table) FIIIA7S BAL (hash function) L HEWLSH ) — /il P4 T AEVE
il /NHl - XM (collision). Python [ dict #EEMAZE, FATEIRRHL.
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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 Ay BR RS A I B R 21— S B RT RETE AR — M (hh )
table = {}
table["Mei"] = 88

table["Sam"] = 71
print(table["Mei"]) # 88 (fast lookup by key)

12.6 —X#EEHR

X EW (binary search tree, BST) {#FH 7 WA THLERT 5/, B4

ZTHRCER. B —ER MR,

Python #f X o H3Ck

root

)
©
© ©

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

TR BRI A, BRI E A E A

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

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

12.7 A

K (graph) B—HH i (edge) ML, (vertex). 48 (adjacency list)
A PR R T " S AT
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graph = {

(:::) "A": ["B", "D"I,
"B": ["A", "C'],

"c: ["B", "D"],

"D": ["A", "C'],

@ ¥
graph: vertices + edges - BFS/DFS traverse

A TS A AL B, PARCE R AT RT3

graph = {HA'I: [lIBH’ I|DI|] s |IB|I: [llAll’ I|CI'] s |IC|l: [llBll’ I|DI|] s |ID|I: [!IAII,
. ncu]}
for vertex in graph:

print(vertex, "->", graph[vertex])
# A -> ['B', 'D'] (and so on for B, C, D)
HILHER

o H (stack) ZJFHSEH, S (queue) 2FeibsEi, JHRIE .
* £ pop S BAZ T, SeR AR A R A .
o TEHEF (linked list) W1, 5% head $REPHLSFT 97 & T HEARHER
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13 &R, P E5HR

13.1 REERG—HER

T (search) HRILEIFEAEAEM R . LAk (linear search) B EENTTE,
T PAE XA 51 R A R

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

Tr#EHk (binary search) HR1Z, HTFE—NBHFHIIK. B LILERITE.

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 mid = 23 > 16 -> search the left half
step 3 16

fer il [r2r 31 [41 51 [6]

mid = 16 -> found at index 4

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

T RE SRR —— SHPPSIR ER O(log n)

13.2 #F (BHRSEA)

HEP (sort) B2 fEICEILMUTHELF . B iHE (bubble sort) R A (swap) N7
AREIRILE TR .

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 aljl > alj + 1]:
aljl, alj + 1] = alj + 11, alj]
return a

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

Python #f 3 o #1130

AR (insertion sort) —UHE—DITRMHEC HEGFAYFR Y, FEAEAH o R A Wl
R T ER AL E:

def insertion_sort(a):

a=al:] # (ERIAS B8R
for i in range(1, len(a)):

key = alil

j=i-1

while j >= 0 and al[j] > key: # JUBKAMEAR
alj + 11 = alj]
j —-=
alj + 1]
return a

[

key # 18 key HUEAEfE

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

o MEESIAAGH, A Python PHEK sorted():

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

13.3 BHEHR

R (efficiency) Y2 HHAZKES, TAEREMRHK. RITAK O i (Big-O)
KB E .

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

steps

5 6 7 8 9 10
input size n

iy
N
w 4
Ey

HIEIRET, SRR AR R AT O

Python #f % « o3I



Big-O £Z#& #HIF

O(1) WAL AT
37

O(n) it RMEAE

O(m*)  FF By

2
s}
o
S
>
pcad
&

def steps(n): # how many steps a linear scan takes
count = 0
for i in range(n):
count = count + 1
return count

print (steps(100)) # 100 -> 0(n)

13.4  FEYLAESE

random IR PEAEFENIEL. F— AT (seed) iEZERATER . A4 (simulation) 247
R 2 W PRI R AL T — AR

import random

random.seed (0)

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

HEIER

o Zor#dk (binary search) HXTEHERPISIRA L.
« K O(Big-O) Uifty 2 m ] i3, A2 aibImsa);0(n?) #J7 % RAER /N A
AW REHRIE O(n).

« HIEHET (bubble sort) & O(n?)—— 22> WILA, {HXFRIRMRE.
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14 TEAXR G R

14.1 REWR

% (class) @KWK, X% (object) /& B @ R — D HAKKI (— LG
(instance)), __init__ EMIE L (constructor), ISR ERAXTE ;self HLENTH
NS

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

# an attribute

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

« name J2JEPE (attribute) (X5 _FH%UIRE);speak 425 (method)(—2h1E).

b __str__, ksl print (obj) ERfl4:

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

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 4K, EREED

#k7K (inheritance) k138 (subclass) & A (superclass). i super O AL,
#HE (override) —PNHERNAE .

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

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

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

B4 (encapsulation) IR BAE 7 IR 5 24 PRI — T RILFERERLA
(private) .

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

27 (polymorphism) W EBEE—N2F. 2T H AL EITAHIE

il 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

Python #f X o H3Ck

14.3 HEHER

73X (paradigm) 2 S RFHIRAE. IFEX (procedural) A2 — 1% 5 A0 R AR AL
T M XT4 (object-oriented) fCTBIEHIEAN T VEH LIRS . B (declarative) 4
BiA R, A 2B (5 F Sk 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, 31)) # 6 (declarative: same result)

HILER
o BATENE N SHAERE self,
o __init__ APRAIGATNR, QIEXSN & A 3hETT.

o [A—DRE IR RSH BB AT —
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15 FHRFR

15.1 iS5 36

EUAF (bit) 2 0 B 1o —HEH] (binary) JEPA 2 SHIRIEH]: A EADZ
EAAMIPIE (1, 2, 4, 8..)o T (denary, PA 10 SHJiE) 23 AT-F-# %L

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

binary: powers of 2 - bit k has weight 27k
THERIOAE 1101 TR 8+ 4 + 1 =13

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

o 8 AR —DTAY (byte)o MBCFACKI, [ E ML 58 2 (overflow) (42
).

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

+ 75k (hexadecimal,base 16) & Ja 52 7 il i B 07 50 —A oS HEd LA 47 AR
FUA—HERIAL. Python J 0x k7 sif:

print (hex(255)) # Oxff

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

Python ¥ o H130HE

15.2 $EmL

4 (compression) 1EEHEAS /N, ot (lossless) H4if B A — > EUgE, Fr AMRRERS I
Egﬁﬁéiﬁlﬁo A (lossy) HE4GH Z i —204077 BMEARKER —— BT A
e

IiFFEZS (run-length encoding) J&—FPfa] LAY TCH ¥ 8 —BUFRE (run) (X)) 17
JCAE + E .

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

HEIHER

o n ANEUER (bit) BEFE 2%%n BRI, JERELE 0 3] 2%xn - 1,
o HHUELE (lossy) &y HICIERIR,; TofiESE (lossless) Al DURSHAIEJR .
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16 RS

16.1 AARUHSBITER

VI5E (computing) U THSEUBRP I HIA . A0HE. ik SFRORRPERAE MR
B (design cycle) oty —— il 5. Wik, sok —— REZK,

o TR, S/, WA, PN S

o LR S BABAB Y A, RSP Bt 4.

16.2 HELM

HEMW (Internet) A& “ MZEAGMLE ”. B S — R (packet), ‘BAT15 51
L4, 16— P EHT PR A . MAEHMY (protocol) BIEEIFLI (it TCP/IP) ilix
—YlisiE ., WR AR T, BEAEER —4& EMITA4 (redundancy), B
RS (fault tolerance).

HHEM LR - AR A DI A Z Al — 2 A

2 YEH

HTTP &R EEMTT
TCP W, IFELA
P It 5 %

Python #f X « 130

16.3 HATSMHANE

iy (sequential) fURS—RML—2 . I47 (parallel) HHRAELZ AL (core) | [AHR
G L, WA RN (speedup), 437l (distributed) THEE TAESHE T £ G it
FHLE, BNz

o HARBTA SERREIAT: A LB PR Rl — S ISR

16.4 FHRPH

IR AAFAL, R EAL . By il (digital divide) $EEGE I IER AL BET-25
M BB BRAFATREAE > B K hafy b UL (bias) o SR B AL (intellectual
property) (1T, A AATHIA NEE (personal data) FIEAL (privacy).
AR

o HEER (Internet) FT4ER (World Wide Web) AN 2—[ml 2 J74E M H 2B .
DMz B — RS-
o HEZPERZL (core) HATEARSS G ] R BF2 1 T B A H
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17 LZHEH

17.1 BN/ E

—A~/NIH (mini-project) EEITH 2E M RUAEA G SR BB . —EMEER
HURF SRR R AL, PASAT B s i o Xt AP QIVERLR BT S B LS.

17.1.1 BiH: PB4

def average(marks) :
if len(marks) ==
return 0O
return round(sum(marks) / len(marks), 1)

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

17.1.2 WH: St R AS

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 WiH: MkEFNE

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

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

AP BIVEAES R —AFK. — D EIEEE (selection) AL (iteration) S i
T (procedure), PAK—LEH A St . BRI HARIE @ X FIES —— Jeluhg
R, FHEE TP

HIHR

o NEME, BEF I, ARG AT
o JEESEEENEH, FMKIEA - B — S, R A TR S A

Python #f X o H3Ck

Mini-project pipeline

data function print
list / file loop + if result

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

Mini-project: data — function — printed result
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