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Image & Animation hiziit s

B+ ARER?

EURE—MYINGI8ER, XE/NGIEFRAGER (Pixel)
- BNMEEES3MEESE: 4 (R) . %& (G) . & (B) , 1M 9EEBEN0~255
- BBAIEFE—"YHERE, MRRERTEE LA, x?rm AR, yHilE TR
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Image & Animation hiziit s

B [ERLITRRS

o MRER (0, 0O)NTEBRAELS
« x HIMABIK, v MR MEK
- BNMERECHEALIIPTNE— (x, v)UE

. ENGIERRRRRE— MEEIERE, THEITAR (x, v) B
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Image & Animation EEALLY

B PythonsPRIEGLE
« PythonFEFHEIGAIEZE: Pillow
* Tmage ;= Pillow FPRUZILZE, HTFIFFIEREERIER
* show () JIiERT]3 ﬁ%ﬁi)&%@‘kﬁéa% oS EHR

from PIL import Image

-~

img = Image.open('cat.jpg')

1mg.show ()
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B PythonsrRIEIRGMIE—NS
« {5 Pillow HY ImageEnhance 1RIRAJLUFEEE
- DERENREEFSERU— < 1 EF
« RIS

from PIL import Image, ImageEnhance

IR
S
Ji
Mt

img = Image.open('cat.jpg')

enhancer = ImageEnhance.Brightness (1mg)

darker img = enhancer.enhance(0.5) # =ERBRERAEFRN—F

darker 1mg.show ()
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B PythonsRIEIRAE—IRE
- REEGRREERERE, La¥
e PillowHBRJL\BEHFHInageOps.grayscale A3
- BERTEGSreirIFutE
o« MRS

from PIL import ImageOps

gray = ImageOps.grayscale (1mqg)

gray.show ()
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B PythonHEGME—REVT BiEE
- (VRBLOIEEE, IREG. BENO
- (B2 BHENMEE=, FhAZRGEHE

IR

L

image = 1mg.convert ("RGB")
width, height = 1mage.size
pixels = 1mage.load/()

for y 1n range (height):
for x 1n range (width) :
r, g, b = pixels|[x, V]
img.putpixel ((x, y), (r, 0, 0))
1mg.show ()
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B PythonFRIEIRGIE—RGENLE
. ENGHESIGEIETTLAMER Pillow AY transpose Fi%
* Image.FLIP LEFT RIGHT AJSEI/KFHE&
« HHTED:

mirrored = 1mg.transpose (Image.FLIP LEFT RIGHT)

-

/1

mirrored.show ()
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—— R ShEss
« £ resize() INFERN, rotate() SCINhEEE
« rotate (BE) &%+ RIRBTEHHEEEIR
o HUCES:
img.resize ((150, 150)).show() # 4&/N\EER~

B PythondRIEGLL

L

img.rotate (45) .show () # |IAEHhERE45E
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B PythonFHIEGAMNE—FREERSEGRE K
- MRAFEEEENFEHRE, FESRAEMEEGPXIMNGRE
o XRE:

cat = Image.open("cat.jpg") .resize((300, 300))
pixels = cat.load()
+ BEAEERXE: FRERSHNXEERAGE
for y 1n range (cat):
for x 1n range(cat.width) :
r, g, b = pixels[x, V]
avg = (r + g + b) / 3
if avg > 180: #+ B=E
pixels([x, y] = (0, 255, 0)

L
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B PythonRIEGLGE—FEERSEBREK

- MRAFEEEENFEHRE, FESRAEMEEGPXIMNGRE
o XRE:

pixels bg = flower.load()
for y 1n range (cat.height):
for x 1n range(cat.width) :
r, g, b = pixels fglx, V]
avg = (r + g + b) / 3 T
if g > avg * 1.5 and g > 150: # SBLHTE, MAGEE
pixels fgl[x, y] = pixels bgl[x, VY]

L




Image & Animation hiziit s

H PythonI::lEl’\JE)J@%EIM"E'—itkin’cer/\,’J

» DJEEEREEFEGABTZ R aSER
+ (£ tkinter WEHRAPRY canvas BJLASLINGNERIER
+ SEZOERETE:

- BUfEE%L: canvas = Canvas (width, height)

o GIEEFZIN: canvas.create oval(), create rectangle ()

o 1IFHIFBEN: canvas.move (shape, dx, dy)

o SCAYRIFR: canvas.update() + time.sleep (JBIfR)
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B PythonA

I E Stkinter/ M

HENHIARRE—NMFEEY "IOBHER
- BIREH - HIE—EEYE - BXERH - ki
tkinter EPythonBwHIGUITEE, NiFHfmCanvasi(E

— N il £k
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BRI IRT BIREIR A B

=

—
—

&

BALE, SEMENERER

i it Mk f
0% ‘/
5 SIT/
ISSENSCHAFT UND TECHNIK

ZHEJIANG UNIVERSITAT FUR
w




. . i it i & f
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B PythonsRIENEHIE Stkinters 143

* tkinterdl{FRIECREERNE
import tkinter as tk
root = tk.Tk()
canvas = tk.Canvas(...)
shape = canvas.create oval(...)
canvas.move (shape, dx, dy)
canvas.after (20, ...)

root.mainloop ()
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Image & Animation

B PythonrPEIENEHIEStkinter/ M43
. SOEHIVERG:

tkinter tk
time

root - tk.Tk()
canvas = tk.Canvas(root, width-600, height=400, bg-'white")

canvas.pack()

points (50, 150, 200, 350)
shape - canvas.create_oval(+points, fill-'purple')

dx, dy Sy &
def animate():
dx, dy
canvas.move(shape, dx, dy)

x1l, yl, x2, y2 canvas.coords(shape)

X2 600
dx dx

y2 400 yl
dy dy

canvas.after(20, animate)
animate()
root.mainloop()
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B PythonRyENEF{EStkinter )43
S
import tkinter as tk # B A Tkinter iR
root = tk.Tk()

« BIEFBEONSER root, BB Tkinter FEFFAER,

HETNANSESE
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B PythonhEIENEIHIE Stkinter M2
o« ZI:

canvas = tk.Canvas (root, width=600, height=400, bg='white')

« AFEEM root HGIE— BEBiff, X/ 600x400 BE, SEEAEHE

canvas.pack ()

(BENA=ER)

\
Xpt

« {H pack() AEEERRINHE
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B PythonRyENEF{EStkinter/ )43
o« 55
points = (50, 150, 200, 350)

« EX—MUITE points, FTEEIMEREFBIA LR (50, 150) FEAT
B (200, 350)

shape = canvas.create oval (*points, fill='purple')

. BIE—MEE, MENEE, FHR shape NSA 0
MESBUENTE S EF

—

« *points f#E, P
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B PythonhIENEIFIEStkinter/ M43
o« ZI:
dx, dy = 5, 3

» EXEBMFPMHEEKEAR (x38) FEEDRA (V) BaRREES
- IJLIEEN "EEAE"

def animate() :

¢ EMX—EIERREL animate (), ZRESEES—IMEH
5 SLIEIR

Il)tr

g, FERE
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B PythonsRIENEHIE Stkinters 43

o« I
global dx, dy

- FRAEERHAEAREINBRIZE dx ] dy

canvas.move (shape, dx, dy)

- BEF shape IGHENEEMRZE (dx, dy) #&a

- BHIRNERERE
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B PythonhEIENEIHIE Stkinter M2
o« ZI:

x1l, yl, x2, y2 = canvas.coords (shape)

o IRENHEIER. shape HBYIAHRIEAR
- IREINZE (ELkx, Ly, ATFx, AFy)

- BAFFIEESHNE 7aR
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B PythonsRIENEHIE Stkinters 43

o« 55
1f x2 >= 600 or x1 <= 0:

dx = —-dx
. WRERANETERENR, SEMINFO, HER dx
I 7KSESGE”
1f y2 >= 400 or vyl <= 0:

. I, HETETAR, U EERE
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B PythonhEIENEIHIE Stkinter M2
o« ZI:

canvas.after (20, animate)

« WE20=ZMWEE/XIER animate ()

- SCHIFNERIARIKRE, AREEEOEXS%IE
+ REYBRP50MBIRIFTER (1000ms / 20ms ~ 50fps)
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Image & Animation hEakes

B PythonsRIENEHIE Stkinters 43

. 7551
animate ()
+ [EEIEIEIER, JAB—IX animate () HAEREIS
root.mainloop ()
» B8] Tkinter HIFEEHEIR
- ERFEREESGHEPRE (BOXE. BirRES)

llnl

+ B GUI EFHIIEITA
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B PythonhIENEIFIEStkinter/ M43
- R SVINERbERNE

range (BALL_COUNT) :

X random. randint (50, WIDTH - 50)
y = random.randint(50, HEIGHT - 50)
dx random.choice([-4, -3, 3, 4])
dy random.choice([-4, -3, 3, 4])
color random.choice(['red', 'green', 'blue', 'purple', 'orange'l)
ball_id canvas.create_oval(

X BALL_RADIUS, y BALL_RADIUS,
X BALL_RADIUS, y BALL_RADIUS,
fi

ll=color, outline=""

)
balls.append({'id': ball_id, 'dx': dx, 'dy': dy})
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B PythonBE&SohE LS

« EGRAIEERD
IHRGESRGBILS, =18 Pillow E{ERAME
- SCHIEGEERAT. BERE. HEHRSE

Il'r

| TLL

« FJEFERD
- Z(FA tkinter BIEEHMSER

- SEMEANZHIEESEPNEE
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B SR\ (FHAPythoni#{ TSI ALMNE

ERFAENESRERTI A ISLRERRIS
- EEASCISZFHRiEaIIE
FREBRILUR SHFFRF
- NAZR:
« NAEURIMGIES BT
- (SREHINS DT
- HINIRIE SRS
- IESEE




s it kg
Text Process i n g - ZHEIANG U

B SHEERAL
. EFRERIERR, KEstr, Rl

0 J[=
startswith (s) FITESLUIENFEFL
endswith (s) Flr RS LUENFERERE
title () FrEERIEeFEXE
capitalize () BEZAKE, HR/N\G
z£111 (n) AMFFEFFEREAN n
center (n, char) PBYs%, A char EFRE] n KE
"python".zfill (8) ~ '00python’

"hello".centexr (9, '-"') —~ '—=hello—--"



Text Processing =ity

B FRIEBRERAE
- DEISHEIRE
*+ split () # join() RXATLIEFHIF=T
+ split () HFEFBRDEINFIR
+ join() RHIREHAFFER
text = "this 1s a test”
words = text.split() # ['this', 'is', 'a', 'test’]

rejoin = "-"_.join (words) # 'this-is-a-test'




Text Processing =ity

5k
+ FREHKSER

\%&

e VA 4 —n
B 165

’

find (sub) IREIER IR E

rfind (sub) A= Z%JE_}KHBHL,E"MQE

msg = "banana banana”

print (msg.replace("na", "NA")) # baNANA banana

+ SRTNAERER. WEFRKER

L




Text Processing =ity

B =5ESMEE

o KNBEWESIREW

upper () EEPERIRNKRE
lower () L EER NG
title () IS EEEA S NS
swapcase () NUNSI=E:!

s = "hello WORLD"

print (s.swapcase()) # 'HELLO world'

* SNAFE—IRAR AR S5




FFFFFFFFFFFFFFFFFFFFFFFFFF

B =FFESRAEE
o FRFBRFAEGE (REFRRE)
isalpha () EAENFE
isdigit () BEOENHF
isalnum() EEREFEEEF
isspace () EARETHFR

print ("ABC123".isalnum()) # True

print (" ".isspace()) # True
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Text Processing

ASCIFRTERFH (3£957)

bt I Ml v T T RS | NER) | BRZ || TR R | ks | B
. =474 h E— Q : 0010 0000 | 32 20 | (space) | 0100 0000 | 64 40 @ || 01100000 96 60 :
%1 v /| |EJ ,& . I£ 0010 0001 | 33 21 ! 0100 0001 | 65 41 A |/ 0100001 97 61 a
0010 0010 | 34 22 " 0100 0010 | 66 42 B ||onoooio 98 62 b
0010 0011 | 35 23 # 0100 0011 = 67 43 Cc |/ ommooon | 99 63 c
Py ?f&_ﬁAS C I I é H:Hﬁg Eg i—gj:ﬁ 0010 0100 | 36 24 $ 0100 0100 | 68 44 D || 01100100 100 64 d
0010 0101 | 37 25 % 0100 0101 = 69 45 E || 01100101 101 65 e
0010 0110 | 38 26 & 0100 0110 = 70 46 F || 01100110 | 102 66 f
== E |—‘—|k/?é é 0010 0111 | 39 27 ' 0100 0111 | 71 47 | o |lomoom | 103 | 67 | g
i AS C I I E]ﬂi ZIKEI‘J %1?—)'1-_‘:15 ﬁg /%,;E 00101000 | 40 28 ( 0100 1000 | 72 48 H || 01101000 @ 104 68 h
0010 1001 | 41 29 ) 0100 1001 | 73 49 I || 01101001 | 105 69 i
. —— A ;E& * 00101010 | 42 2A * 01001010 = 74 4A J || om0 1010 | 106 6A j
® O rd ( Ch a r ) . %1?’ N IE;& 00101011 | 43 2B o 01001011 = 75 48 K || oo1011 | 107 6B k
0010 1100 | 44 2C , 0100 1100 = 76 4c L | 0101100 108 6C I
0010 1101 | 45 2D = 0100 1101 = 77 4D M || 0110 1101 | 109 6D m
PY C h r ( i n t ) : %g%’ N ?fg_ 0010 1110 | 46 2E . 0100 1110 | 78 4E N || 01101110 | 110 6E n
0010 M | 47 2F / 0100 MM | 79 4F o |l ononm | 6F o
00110000 | 48 30 0 01010000 | 80 50 P ||omoooo 112 70 P
' v v 00110001 | 49 31 1 01010001 | 81 51 Q |/ o1mooo1 M3 7 q
i p ]f l 1’1 t ( O r d ( A ) ) # 6 5 00110010 | 50 32 2 01010010 | 82 52 R || o1moo0 114 72 r
0010011 | 51 33 3 01010011 83 53 s || omoon | m5 73 s
00110100 | 52 34 4 01010100 84 54 T | omoio 116 74 t
[ p r j_ n t ( C h r ( 9 7 ) ) :H: ! a ! 00110101 | 53 35 5 01010101 | 85 55 u || omotor | 17 75 u
00MO0N0 | 54 36 6 01010110 86 56 v | omono 18 76 v
00110111 | 55 37 7 01010111 | 87 57 w | omoim | 119 77 w
00111000 | 56 38 8 01011000 = 88 58 X || o1m1000 120 78 x
00111001 | 57 39 9 01011001 | 89 59 Y | omm1001 | 121 79 y
00111010 | 58 3A 2 01011010 = 90 5A z || om1o10 @ 122 7A z
0011101 | 59 3B ; 01011011 | 91 58 [ || omion | 123 7B {
00111100 | 60 3C < 01011100 | 92 5C \ || ommoo | 124 7C |
00111101 | 61 3D = 01011101 | 93 5D 1 | ommnor | 125 7D }
0011110 | 62 3E > 01011110 | 94 5E A omo | 126 7E ~
001 1111 | 63 3F ? 01011111 | 95 5F
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B FEEERAE

. R SN

def caesar encrypt (text, shift):
result = "'
for ch 1in text:
1f ch.isalpha():

base = ord('A') i1f ch.isupper () else ord('a')
result += chr((ord(ch) - base + shift) % 26 + base)
else:

result += ch
return result

* caesar encrypt("Hello", 2) - Jgnng
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Text Processin g bw'%

B SRR

+ FRIEBLRSHERF
+ FRIBLUBIRT
PY 1 A 1 < 1 B 1 < 1 Z 1 < 1 a 1 < 1 b 1

» XoXKING, XKEERI, ZFEINFLLER

B (lexicographic order)

~

print ("apple" < "banana') # True
print ("Zebra" < "apple") # True
print ("Abc" == "abc") # False

- BTHIR. BR. 1nHEGES

L



o it £
Text Processing hEALss

B SRR
© NSRRI LI RRE, RERRARIZRN S

def reverse words (sentence) :

words = sentence.split ()

return ' '.joilin(reversed (words))

reverse words ("hello world python™)

"oython world hello"
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Text Processin g Aot

B SRR
* GEITREERBN: WIANA, BHERIERINIEnT

def keyword count (text):
words = text.lower () .split()

return {w: words.count(w) for w 1n set (words) }

keyword count ("this 1s a test this 1s only a test")
{'this': 2, '1s': 2, 'a': 2, 'test': 2, 'only': 1}

BISoHh. BEHEE

* A

L
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Text Processin g WW&

B SRR
+ KIRFREEANA: BANE, BHKXNEREN. KERFEREIXA

import string

def clean text (text):
return text.translate (
str.maketrans('', '', string.punctuation)
) . lower ()
clean text ("Hello, world!")

"hello world"
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Text Processin g WW&

W SR TERSERY,
o f&llemail ERFERETN :

def 1s valid emaill (s):

return "@" 1n s and "." 1n s and s.index('@') <

s.rindex('.")

e VATl =

e s.rindex () # FHEPREHINEZRAAIindex

* is valid email ("abc@lxyz.com") # True

* is valid email ("abc@xyzcom") # False
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Text Processing hEALss

B SARQCIEECE
y TEHXSZMZEJE%

def get extension(filename):

parts = filename.split('."')
return parts[-1] 1f len(parts) > 1 else "'

* get extension("photo.jpg") - "jpg"

* get extension ("README") — ""




Text Processing =ity

B SRR

. HIMEIS R
. EFEFEE—H (RERSTHTS)

def 1s palindrome (s) :

clean = '"'.join(c for ¢ i1n s 1f c.isalnum()) .lower ()

return clean == clean[::-1]

* 1s palindrome ("A man, a plan, a canal, Panamal!") -2 True
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Text Processing hEALss

B SUARGMESLA
- BRI
def longest word(text):

words = text.split()

return max (words, key=len)

* longest word("a fox jumps over a lazy dog") =2 "jumps"

+ BEEXANEEDHT
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B IARA
* ﬁEEiﬁﬂfiﬂiﬁiﬁﬁz

def group by length (text):

LT

ISLY,

words = text.split()
groups = {}
for word in words:
groups.setdefault (len(word), []) .append(word)
return groups

* group by length("the cat jumped over the fence")
- {3: ["the", "cat"], 6: ["Jumped"], 4: ["over"], 5: ["fence"]}
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B U ARYMEES:
- ERFEFEREESRRMNESRIERIE

« FRICERSHEEALN
« HERMNARNAEFZE
- VRS
- XFHESER
-« EZERILAS|ZE
P &/hBFE/F I SIIEES
- HEEMENHEZ SRR
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B S ESIRSHIE S SERE

2y RN EFEENGE
2 R E SRS IIAREFO N FE
o Ml

=
=1

=
=1

.« FFRAPEEFH
- FHPEIFIR
- FHPESFH
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Neste d Data EHEAG INVERSITT FUR

B N+ AR(ERRESIRSN?

A LAERBRE IR
o ZTEIERAFIEE (PythonE
o« ETHIESANEFME (WJSON)
MEXRNAFRZHER (—IISEXNSRARR)
« R

-1+

THIRASIE)

- WEAPI. FAFEE. IRRINSE
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Nested Data i A B2

B RmEYx
« List of lists
matrix = [[1, 2/ 3]/ (4, 95, 6]/ [/, 8/ 91]

print (matrix[1][2]) # #H: 6

- matrixNTHEEEH (FBFE) , HEHEPWRELIAE (3, 3)F=
« XmatrixPERMRIEITTEABRE, BIXIE MEEZE—ERS AL TE
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Nested Data i A B2

=i
J

1 1
7N

L A
B o=

 Dictionary of dictionaries

student = {

"name": "Anna'",

"scores": {"math": 90, "english": 85}

}
print (student["scores"] ["english"]) # HitH 85
« FHvalueALIRFEEIERE
+ FKElvalueHIIIERFHE K ke y FHAHITHE
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Neste d Data b aihareig

N=PaSNr=b =
B EoeE

« List of dictionaries
students = |
{"name": "Tom", "score": 92},
{"name": "Lucy", "score": 88}
]
print (students[0] ["name"]) # Hit
=] [T IISEE Y= Sy

Tom

LL

Ale,

—

* MmAT
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Neste d Data b aihareig

N=PaSry b~
B EoeE

 Dictionary of lists
gradebook = {
"Tom": [88, 92, 85],
"Lucy": [90, 91, 89]
}
print (gradebook ["Lucy"][1]) # 4 91

YIEBIRIRFHEME

. BETEAAE

T

-




%wﬂ&k&

Nested Data hi i e L

m

%Hﬂ-‘:—x

 Dictionary of lists of dictionaries

data = {

}
pr

"students": |
{"name": "Alice", "grades": {"math": 80, "cs": 90}},

{"name": "Bob", "grades": {"math": 70, "cs": 85}}

int (data["students"][1] ["grades"]["cs"]) # ¥ 85

- REGSERNART IR EAEEREERRESIRSH
-
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Neste d Data

B S EHIESRED
e J@Alist of lists:

matrix = [[1, 2], [3, 4]1]
for row 1n matrix:
for 1tem 1in row:
print (1tem)
e J@Hdictionary of lists:
for name, scores 1n gradebook.items () :

print (name, max (scores))



iﬁ 4&}0‘%
Nested Data i A B2

B SREHIEAREE

B key-valuedH{T/E:, FERERELSS:

ages = {"Tom": 20, "Jerry": 25, "Bob": 20}

reversed dict = {}
for name, age 1n ages.items() :

reversed dict.setdefault (age, []) .append (name)

print (reversed dict)

# ®WiH: {20: ['Tom', 'Bob'], 25: ['Jerry’]}
o FvalueffflkeyBIEFEZ M keyAlgexIMNBEIAIvalue, FlistiRF




Nested Data

ZHEJIANG UNIVERSITAT FUR

B JSONSPythonBRELESILIHIIREY
.+ JSONIEZ: AFFRFERS B IRESIREY
+ JEENISONEUE Py thonfREEL

import Json

/=

with open('data.json') as f:

data = json.load(f)

with open('data.json') as f:

json.dump (data, £f)
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WISSENSCHAFT UND TECHNIK

B RELURSAISLH

« KEEUE
weather = {
"Monday": {"temp": 20, "humidity": 0.6},
"Tuesday": {"temp": 22, "humidity": 0.7}
}

for day, info 1n weather.items|() :

print (day, ";EJE: n, info [ "temp"] )
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Neste d Data

SIREFIRIS)

Dt

B fx]

* ﬂi’: = %&.uﬁ

markers = |

{"name": "Park", "pos": [25.12, 55.15]},
{"name": "Mall", "pos": [25.20, 55.27]}

]

for marker 1n markers:

print (marker["name"], "{{F: ", str(marker ["pos"]))
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e S e a a ZHEJIANG UNIVERSITAT FUR
WISSENSCHAFT UND TECHNIK

REEURGS RIS
* OpenAT KIEAIHIRETE

response =

result["choices"] [0] ["message"]

["content”]

"model": "gpt-40-2024-08-06",
"request_id": "req_ded8ab984ec4bf840f37566c1011c417",
"usage": {
"total_tokens": 31,
"completion_tokens": 18,
"prompt_tokens": 13
8
"top_p": 1.0,
"temperature": 1.0,
"metadata": {},
"choices": [
{
"index": 0,
"message": {
"content": "Hello! I'm ChatGPT, your assistant.",
"role": "assistant"
},

"finish_reason": "stop"
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- Bl EFEIFApYFibonacciFiL
# 1ERR{BE{ERENEITSEIN
def fib(n):

1f n <= 1:
return n

return fib(n-1) + fib(n-2)
. ERTFHERSTIRE
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memo = {}

def fast fib(n):
1f n 1n memo:
return memo[n]
1f n <= 1:
return n
memo [n] = fast fib(n-1) + fast fib(n-2)
return memo [n]

- (ERICIZERIZEXER, ZEHRATE]
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* PythonE& time fRR: WE—EAABHITRISHIAIEEFE

import time

start = time.time ()
# BENERIAEE
end = time.time ()

print ( 17Hﬂ§] ', end - start, "*h"

e time.time () REIZEIETEEE (1970LASRAIFLEL)




Timing and Counting mEnss

LTHIRER

S ARSI BER A
- 0 REREEX

def ¢ to f(c):

B ErERTERIER

. |

return ¢ * 9.0 / 5 + 32
start = time.time ()
c to f£(37)
print("$%$t ", time.time () - start)
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def mysum(x) :

. |

total = 0
for 1 1n range(x+1):
total += 1
return total
« AR 100, 1000, 10000
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def square(n) :

sgsum = 0
for 1 1n range(n) :
for jJ 1n range(n):
sgsum += 1
return sgsum
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def ¢ to f(c):

return ¢ * 9.0 / 5 4+ 32

- BMEE: SeE (1), BRE (D), ImE (1) > Birsd
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def mysum (x) :

total = 0 # 1
for 1 in range(x+1): # x+1 IR
total += i 4 x+1 IR
return total # 1
BREE: 1+ (x+1)*2 + 1 = 2x + 4

© HHERK, f50(n) (HESFRESHWASHHIRRE A —IREIERE)
-
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def square(n) :

sgsum = 0
for 1 1n range(n) :
for jJ 1n range(n):
sgsum += 1
return sgsum

BHERIEE: n*n JRINE = 0 (n?) NESERESHASEHRIRR N IRIEEREN
-
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def mysum (x) :

total = 0 # 1
for 1 in range(x+1): # x+1 IR
total += i ¥ x+1 IR
return total # 1
« IXESHI: nX{EIR

« EiEEZYE: O (n)
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def mysum fast (n):

return n * (n + 1) // 2
o BIANSEBIKT AT —IXTEER (2B N EEIRE)
« BRET: 0(n) - 0(1) (BZNHEICEE, JLIZREEIN)
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def triple loop(n):
count = 0
for 1 1n range(n) :
for J 1n range(n) :
for k 1in range(n) :
count += 1
return count
- BT 0o RINE - BERERE: 0(n?)
O
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See you next week !




