LECTURE 4 - HANDOUT

Conditions, Loops and Functions

Every slide from the lecture, with what was said over it. The slides are rendered natively — the
text is selectable, searchable, and prints cleanly.
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SHANGHAI JIAO TONG UNIVERSITY

Introduction to Computation (CS1602) - Lecture 4

Conditions, Loops and Functions

Instructor: Tao Huang

Part I: Foundations and Python Basics - Fall 2026
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| An Opening Prediction

A B
for s in [50, 70, 90]: for s in [50, 70, 90]:
if s >= 60: if s >= 60:
print(s, "pass") print(s, "pass")
print("done") print('"done")
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RECAP - LECTURE 3

| Where Lecture 3 Ended

* Avariable is a reference: the name holds an address, and the type lives on the
object

* input () always returns a string. Convert it yourself

* Format output with an f-string

* Afunction is a name, parameters, a return value. Defining is not running
* print is for people, return is for the program

* And the question L3 closed on: what does grade(95) print?
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Slide 5 - Where Lecture 3 Ended
F—RE: T2, FRE. XBRERBRSBA . B tEmE. R,

MERXARANZEEMF. EXRFENFHNEARLFHEEREEA, A MEXAREF
Fiz(71 M TREAEA returny SRE—ERE.

return S XKAE—1NHAE: BREBIAE, break HEEHKE—Z, return BJIA—XBLHFRBEE.
B—EZNAFERSKAGSAZS, 55 HAIIRRZEZ.

F—HERRB 7T —EM: grade(95) TEMT4, BERESKE—ERIKRE.
OVERVIEW
Today

SREANBTA—OEERE: ILREF®RE, WeREEEE,



ROADMAP

| Outline

* Conditions: if /elif /else, choosing which lines run

* Loops: while and for, running the same lines many times

* Bitwise operators: working on the bits directly, as L2 promised
* More on functions: default arguments, *xargs / *xkkwargs

* Type hints and indentation: one habit to start, one mistake to avoid

Slide 7 - Outline
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| The Structured Program Theorem (&5#3{LiZFEEIER)

sequence + branch + repetition = any computable process

A theorem, proved by Béhm and Jacopini in 1966. After today you have all
three.
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Conditions
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| Boolean Expressions (fi/RFIAI()

comparison output
print(3 > 2) T e
print(3 == 2) False
print("abc" != "abd") True
print(3 >= 3) s

52 WXL, if EEENRIXE— True 5 False,

Slide 10 - Boolean Expressions (#i/RFIAT)
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| Precedence of and / or / not

precedence output
print(True or False and False) True
print((True or False) and False) False

not &%, HiXand, &/F or. ERERINES,

Slide 11 - Precedence of and / or / not
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| Chained Comparison (§%3{EbLER)

written as in mathematics output
X = 5 True
True
print(1l < x < 10) # same as 1 < x and x < 10

print(0 <= x <= 100)

CHlJava B 1 < x < 10 FiREE, BREREFRE: £E 1 < xFE—1H/RE, BE
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| if / elif / else

a multi-way branch

score = 85

if score >= 90:
print("excellent")
elif score >= 80:
print('"good")
elif score >= 60:
print("pass")
else:
print("fail")

output
good

Top to bottom: the first true branch runs, the rest are skipped.
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| How a Multi-Way Branch Runs (59 3Z89#117)

score = 85
False
True
Y
[ Ilgoodll ’
>
score >= 60 [ else IRAGHFIEE BEWITT—T

FHENEETEMEE, BRIE— True BNITH—Z, EENFBE,
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| Order of the Branches

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

elif score >= 90:
print("excellent")

# a 95 is graded "pass"

if score >= 90:
print("excellent")

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

3|

# strictest condition first

EOXBRARE, RRENTDULBASRFAIN T R,
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| Leap Years with Early Return

early return output
def is_leap(year): 1900 False
if year % 400 == 0: 2000 True
return True 2024 True
if year % 100 == 0: 2026 False

return False
return year % 4 ==

for y in [1900, 2000, 2024, 2026]:
print(y, is_leap(y))

The rule: divisible by 4 is a leap year, unless divisible by 100, unless also divisible by

400.

Slide 16 - Leap Years with Early Return
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| Two Other Ways to Write It

NESTED: works, but tiring to read ONE EXPRESSION: harder to read
def leap(y) def leap(y):
ify %4 == 0: return (y % 4 == 0
1f y % 100 == and (y % 100 '= 0
1f y % 400 == or y % 400 == 0))
return True
else:

return False
else:
return True
else:
return False

=MERERTE—1F, BREE, AACKRIIFIE,
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| The Conditional Expression (F{4FRiAI()

Aif cond else B output
score = 75 pass
result = "pass" if score >= 60 else "fail"

print(result)

AEHREE, B a if p else (b if q else c) BY, FhiZi#a[E if-elif-else T,
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| match-case (13 [LED)

Python 3.10 and later output
def http_message(code): 200 OK
match code: 302 Redirect
case 200: 404 Not Found
return "OK" 418 Unknown
case 301 | 302: # | means "or"
return "Redirect"
case 404:
return "Not Found"
case _: # _ 1s the wildcard

return "Unknown"

for c in [200, 302, 404, 418]:
print(c, http_message(c))

| means or; _ is the wildcard, the equivalent of else.
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| Matching Structure and Binding Names

pattern matching output
def describe(point): (0, ) —> the origin
match point: (0, 5) —> on y axis: 5
case (0, 0): (2, 7) —> point (2, 7)
return "the origin" hello —> not a point

case (0, y):

return f"on y axis: {y}"
case (x, y):

return f'point ({x}, {y})"
case _

return "not a point"

for p in [(0, @), (@0, 5), (2, 7), "hello"]:
print(p, "->", describe(p))

case (0, y) does two things at once: it checks that the first is 0 and binds the

second to y.
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Loops
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| while Loops

three moving parts output

n=1 12345
while n <= 5:

print(n, end=" ")

n += 1
print()

Migthbn = 1 Fffn <=5 BEHin += 1, R—PEZHE.
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| How a while Loop Runs (while BJ11Ti3 i)

n=1 |k
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| An Infinite Loop (FEfEIF)

X—IUgAMHER: XRAEKEARE, WERREXRIET, HERSFE.

this page does not run

n=1
while n <= 5:
print(n)

# forgot n +=1
# n stays 1, the condition stays true

FEECEM EARNCIEIT TR, 1R Ctri+C flf,

Slide 24 - An Infinite Loop (3E{&IF)

RIEEMET, FHMXKENE, BFE—EITHTE,

X—MEREMRGERE—LEREERNABEI. ERE-—THNELHEMEREFRNEIERT
SRy, MEX—ERETA5%.

SRR IRTE, BFRERREELERIE, REKEALER, BEIXMIER, & Ctri+C Flf,

— T for, BERE for Mt RIA for, —MEZREAR for F1HEEBCEFEMED, MAS
R



| for Loops

one item at a time output
for ch in "Python": Python
print(ch, end=" ") 10 20 30
print()

for x in [10, 20, 30]:
print(x, end=" ")
print()

Anything you can take items out of one by one can follow in.

Slide 25 - for Loops
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| range()

range
print(list(range(5))) # 0 to 4
print(list(range(2, 8))) #2 to7
print(list(range(@, 10, 3))) # step 3
print(list(range(10, @, -2))) # backwards
output

[0, 1, 2, 3, 4]
(2, 3, 4, 5, 6, 7]
[0, 3, 6, 9]

[10, 8, 6, 4, 2]

range(a, b) BAERE, ME I HWDHFRER—TUE,
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| range Is Not a List

why wrap it in list() output
print(range(5)) range(0, 5)
print(list(range(5))) e, 1, 2, 3, 4]

1 to 100 = 5050
total = 0

for i in range(1, 101):
total += 1
print("1 to 100 =", total)

range(1000000) uses almost no memory: it does not build a million numbers; it

computes the next one when asked.

Slide 27 - range Is Not a List

BEIZ$TED range(5), 2EIAYZ range(0, 5), MAEIEATEL, range HARIEXLERIF TR, E
QIEFER. 2Pk, FSETFT—THNMERBELE,

PRI range(1000000) JLFAEAZF, ME—BATHNIIRES/L K, Xif TREIR AT
8 BMCAIEIEKIE, 13 HERHE

list() IBERFRIIR, RENTITHHFRE., SERHNAFTERF, HIES foriinrange(...).

FE=172 range &% IRAIAE: M 1503 100,



| Choosing Between for and while

USE for USE while

you know how many times you do not know how many

you have a collection to walk you loop until something holds
most of the time reading input until it is valid

iterating toward a precision
the count is fixed, so you you own the init, the

cannot forget the update, condition and the update
and cannot loop forever

gEF for HiH for,

28

Slide 28 - Choosing Between for and while
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| The 3n+1 Problem (EHi%%i58)

the Collatz conjecture output
def collatz_steps(n): from 6: 8 steps to 1
steps = 0 from 7: 16 steps to 1
while n != 1: from 27: 111 steps to 1
if n %2 == 0:
n=n// 2
else:
n=3%xn+1
steps +=1

return steps

for start in [6, 7, 27]:
k = collatz_steps(start)
print(f"from {start}: {k} steps to 1")

ESRBAREIER, NMHIEEHHAGZEHSEE 1,

Slide 29 - The 3n+1 Problem (ZhI%455748)
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| break and continue

break: leave the whole loop now continue: skip the rest of this round
for i in range(2, 50): for i in range(1, 11):
if 100 % i == 0: if i % 3 == 0:
print("first divisor:", i) continue
break print(i, end=" ")
first divisor: 2 12457810

break ZEREMEAR - continue R4 FRIX—40

Slide 30 - break and continue
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| break in Nested Loops

for i in range(3):
for j in range(3):
i if 3 == it
break # inner only
# the outer loop goes on

def find(...):
for i in range(3):
for j in range(3):
if ...:
return i, j
# return leaves every level

To leave two levels at once, pull the loops into a function and return. A return
ends the whole function, however deep it is.

X2 MERBREABIRE XFEMEH—TRA,

Slide 31 - break in Nested Loops
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| for-else

for-else output
def find_divisor(n): 15 is divisible by 3
for i in range(2, n): 17 is prime
ifn%si==20:
print(f'{n} is divisible by {i}")
break
else:

print(f"{n} is prime")

find_divisor(15)
find_divisor(17)

The else runs when the loop finishes normally; a break skips it.

Slide 32 - for-else
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| A Misleading Keyword

It means "the loop was never broken out of", not "the condition
failed"

It should have been called nobreak. Learn to read it, since you will meet it in
other people's code. In your own, a found flag is usually clearer.

Slide 33 - A Misleading Keyword

else X MIE if BORMNBBRE TEUETRIL, ERFENERME HEHEH break 1TH.
AN ERFERHEN, KEAAIGHERRE.

HAXEFAZBEENRRM nobreak, BEXBFRIUEAESERNEBAMY, MU—BERBEHR, ©
DRRERHSE TR IEERE.

X TRAERZE: BEIEEMIT. AANRKBEREIE, ENEMZZEEFNEE. BE5
RORTfiR, ZRA—1 found BE, ENAARSHRZE, XHFELHF.
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Bitwise Operators
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ONE BIT AT A TIME

| Six Bitwise Operators (EZEF)

= & AND 1Zf5: 1 only where both bits are 1

* | OR #%fi3k: 1 where either bit is 1

* ~ XOR #Zfi%5f: 1 where the two bits differ

* ~ NOT #Z{UBUR: every 0 becomes 1, every 1 becomes 0
" << left shift: shift left, pad with 0. One place left is x2

* >> right shift: shift right. One place right is floor-+2

They turn the integer into binary and work bit by bit.

Slide 35 - Six Bitwise Operators (iDEEF)
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| Bit by Bit

line the bits up
a, b = 0bl1100, 0b1010 # 12 and 10
print(f"a = {a:04b}")
print(f'b = {b:04b}")
print(f'a & b = {a & b:04b} = {a & b}")
print(f'a | b = {a | b:04b} = {a | b}")
print(f"a ~ b = {a ~ b:04b} = {a ~ b}"

ob FFL2 i S, #hEE 4 4L,

H5EL; {E:04b} R

Slide 36 - Bit by Bit
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| Shifts and the Parity Test

n & 1 tests parity output
n=>5 5<<1 =10
print(n, "<< 1 =", n << 1) # times 2 5>>1=2
print(n, ">> 1 =", n >> 1) # floor-divide by 2 7 odd

8 even
for k in [7, 8, 9, 10]: 9 odd
print(k, "odd" if k & 1 else "even") 10 even

n & 1 takes the lowest bit: if it is 1, the number is odd.
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| Permission Bits (fXPR{i)

three switches in one number output
READ, WRITE, EXEC = 0bl0@, 0b010, 0b001 101
False
perm = READ | EXEC # r—x True

print(f"{perm:03b}")
print((perm & WRITE) != @) # may write?
print((perm & READ) != 0) # may read?

— P bit H—1NHX: | 5 IH, ¢ BEE. s -1 B rwxr-xr-x BEXE#EEFL,
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| Precedence of Bitwise Operators

8&4 +1
# not (8 &4) +1 =1
# but 8 &5 =0

1<<2+ 3
# not (1 <<2) +3 =7
# but 1 << 5 = 32

(8&4) +1
X (1 <<2) +3

# always parenthesize

GEIMFR: + -FF << >, << >%F& "~ |, &~ | XETHREERN.

EERKR, MEEMANNEEFEE—EN, —@NES,
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More on Functions
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| Default Arguments (ZXIASE])

default values output
def greet(name, greeting="Hello"): Hello, Alice
return f"{greeting}, {name}" Good morning, Alice

print(greet("Alice"))
print(greet("Alice", "Good morning"))

Give a parameter a default and the caller can omit it.

41
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| Defaults Come Last

wrong order

def bad(greeting="Hello", name):
return f'{greeting}, {name}"

traceback

File "example.py", line 1
def bad(greeting="Hello", name):

ANAAN

SyntaxError: parameter without a default follows parameter with a default

RE5 2 SyntaxError: XZ2iEEME, REEXAKEMBEBAE,
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| Positional and Keyword Arguments

three ways to call it

def describe(name, age, city):
return f'"{name}, {age}, from {city}"

print(describe("Alice", 18, "Shanghai"))
print(describe(name="Alice", age=18, city="Shanghai"))
print(describe("Alice", city="Shanghai", age=18))

output

Alice, 18, from Shanghai
Alice, 18, from Shanghai
Alice, 18, from Shanghai

BN, BRUBENSHURSERME.
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| *args

when you do not know how many output
def total (knumbers): got: (1, 2, 3)
print('got:", numbers) 6
return sum(numbers) got: (1, 2, 3, 4, 5)
15
print(total(1, 2, 3)) got: ()
print(total(1, 2, 3, 4, 5)) 0

print(total())

One star collects every positional argument into a tuple. Zero of them is fine.

44
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| **kwargs

the order is fixed: plain -> *args -> **kwargs

def show(first, s*rest, sxkopts):
print("first =", first)
print("rest =", rest)
print("opts , opts)

show(1, 2, 3, mode="fast", retry=2)

output

first =1

rest = (2, 3)

opts = {'mode': 'fast', 'retry': 2}

Two stars collect the keyword arguments into a dict. args and kwargs are only

customary names; x and *x are the syntax.
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| No Function Overloading (&8 &&E)

the later def wins
def f(x):
return x *x 2
def f(x, y):
return x + vy
print(f(3)) # the one-argument f is gone

traceback

Traceback (most recent call last):
File "example.py", line 5, in <module>
print(f(3)) # the one-argument f is gone

AAAN

TypeError: f() missing 1 required positional argument: 'y'

FASNEY, EEXNSESHEN, FESH—EA—1,
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Type Hints and Indentation
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| Type Hints (ZRUHRR)

Python 3.5 and later

def c_to_f(c: float) —> float:

return c x 9 / 5 + 32

print(c_to_f(37))

output
98.6

c: float says the argument should be a float; -> float says a float comes back.

SHREEMESEZHRIRE, FS/EEM

X—THRER: XTRERZ—NFRE, RO

H
T—TIE—TEZEAIRF.

K 5IREMEMNRE, XTIEZEM Python 3.5 71

—MEFRE. THIZREE, HAEEAR



| Hints Are Not Checked

try passing a string
def c_to_f(c: float) —> float:

return c x 9 / 5 + 32
print(c_to_f("37"))

traceback

Traceback (most recent call last):
File "example.py", line 3, in <module>
print(c_to_f("37"))
File "example.py", line 2, in c_to_f
return ¢ x 9 / 5 + 32

ANy

TypeError: unsupported operand type(s) for /:

'str' and 'int'

KBRTAMINE, XEULHERFIET, BERFICHIB—1TZRE.,
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THREE REASONS

| Why Write Type Hints

* One: they are documentation that cannot go stale.

A comment drifts away from the code. An annotation sits on the parameter
* Two: your editor can use them.

Completion gets sharper, and wrong types are underlined as you type
* Three: they are the spec you hand an Al.

Write the signature and the types first, let the Al fill the body. Far more precise than a
paragraph of prose

=RIEH, —RIE—REE,
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| A Signature as a Specification

What goes in, what comes out, what it does: all three lines say it.

a spec an Al can read

def merge_sorted(a: list[int], b: list[int]) —> list[int]:
"""“"Merge two sorted integer lists into one sorted list."""

NiX—ifte, HYENRERFIMSERSEFRERR,
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| Common Signatures

four common signatures output

def fl(x: int) —-> str: 42 6 Ada is 18
return str(x)

def f2(items: list[int]) —> int:
return sum(items)

def f3(name: str, age: int = 18) —> str: # default
return f"{name} is {agel}"

def f4(x: float) —> None: # no return
print(x)

print(f1(42), f2([1, 2, 3]), f3("Ada"))

EEIREEFE —> None, XN 3 ift: €A return BIHREHEE] None,
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| The Opening Question Revisited

"done" outside the for "done" inside the for
for s in [50, 70, 90]: for s in [50, 70, 90]:
if s >= 60: if s >= 60:
print(s, "pass") print(s, "pass")
print("done") print("done")
70 pass done
90 pass 70 pass
done done
90 pass
done

FMEEARE, —RRITED—IX done, —EREBHEITED,
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| Tabs and Spaces

def f():
print(1) # 4 spaces
s print(2) # one tab

# TabError

def f():
print(1)
print(2)

# 4 spaces throughout

Tab MIANSHIRER R L IJBE—HE%, Python ZBARENIARRE, SR TabError:
inconsistent use of tabs and spaces in indentation,

VS Code BAIAIE Tab 3= 1E . MF ESHINBNRSS HXA @,
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| BEZ/NI - 56 2 48
FIBIEE - X—1ME

' score = 95 FTEN{+4A XERETITENM+ A
6 & 3 + 1898 xrest KB4
£, B, 8. SHE—F, —A—a, Ex—AAH—A,

Slide 55 - BE=/J\ - 28 2 %
ETENI, POERR, BIPUERE—, —F—Fit, SRERA1 A,
[55 155 - score = 95 Bf3TENH+42 ]

ZHE MF—THENDHIITI XFHN, UARDXINFERNER. BXEENTEEMN
EETEMAFHE, BRE—THENHE, FEN—EZRE,

WRIEWERAS, DFZEDZICKEFTHA—E,
[55 2 & - XERMBIFTENMH A7 ]

ZHIZ break, continue FIEIFRY else =FHME S, BIEZREAERLEN: 8—RIES
Do TR —1). BRI X—ERMEE M EN . BB TEERSE.

R LELATRSR, FEHEANENEER.
[3&-6 & 3 + 1i9EERZI? ]

ZHNRUCEMER. INELRUSKE, FIALEE 3+115 4, BE 6&4, 6 E#H|
110, 4 2100, #1575 100, HHE 4.

% (6&3)+1EE1BE 3, XTHEFERMERIE,
[5450-show(5, 6, 7, 8, level=l) B, rest 2(t4°? ]

EZNE=MSNELDE: KIRUBEEESEEH, FTHUESEH xargs, XBFSN
# xxkwargs,
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7 first TZE T —1

RECAP

| What to Take Away

" sequence + branch + repetition expresses any computable process
* if-elif-else takes the first true branch. Write the strictest condition first
* Use for whenever you can. while is for “| do not know how many times"

* break leaves the loop, continue skips the round. Nested, break leaves one
level

* Aloop's else means "never broken out of". Read it, rarely write it
* Mix bitwise with anything else and always parenthesize
* Defaulted parameters go last. *xargs is a tuple, xxkwargs a dict

* Type hints are not checked, and still worth writing. Indent with 4 spaces
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LAB 4

| Lab 4 — +iERE, FRHS5TEF

* 4-1grade(score) &% EBDXIAF

* 4-2digit_sum(n) BFUBFEZH, MFERFHSH

" 4-3 is_prime(n) FIBKTEE

" 4-4 collatz_steps(n) BRZLLE: BEFR 2, FEE3I M1

* 4-5 triangle(n) ITENES=AK, REAERT

" 4-6 BEGIR: B—ERF, NE2EE

* 4-7 hanoi_steps(n) IBEERDSE - FTANTAEL 1 B9FHA

" 4-8~ 410 MEREES. YHEL. FEHGIRE: EFFEMELBER

#E BRI CER (55917, HIXREE) . NMXXHIE, MARSHMEREEBRETR,
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4-7 FTETARL 1095, BERXEE, XAREREEHEDTH, FHxdlE, TAB

5 2NEE,

4-8 3| 4-10 B=E/\&: MRBEEAAHSEHN split(); BERBAEE 2 #AY ord A chr,
AR Kk FTARREG #HIFERN 4-2 EE—1BE, 8 nFT 0 NIER,

MZRTHR, P REEHEREREIRTR,
A BRZ5NER B BRH C B, =REINFAM, CREZMIITERL), HRES,

RR3 MR 2,, EBEHE 45/ 6/E, 10 A 27 HELE.



| Next Lecture

You can repeat now. But the data is still scattered

L5: lists. Until today you handled one value at a time. With a list, a whole batch
becomes one thing you can pass, compute with and store.
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