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Introduction to Computation (CS1602) - Lecture 11

Complexity, Exceptions and
Testing

Instructor: Tao Huang

Part 5: Robustness and the Real World - Fall 2026

25 1 71 - Complexity, Exceptions and Testing

LI0ERFT=1e)l: SEMEB@MZDTAE, RITELIE, R ABEERXNN. NiHo5E

=
= o

D450, EE32M RIS IBFIREER, NTANRELH,



| Three Ways a Program Fails 12 FHI =151

Way A= Symptom fEIR This lecture ZiHAIRI RS

Too slow small data is fine, real data never growth and cost
finishes

It crashes unexpected input ends the program  exception handling

Quietly wrong no error, wrong answer assertions and tests

| R E=/iER, FEES—REK—%,

55 2 T1 - Three Ways a Program Fails &R =F50g
—EEERXIX, EXEZR—TEEN=TH: EH4RXBEEFENTH,
BHRNRIEHMARIE. BT F. AIEAK X—IHE=MIEE.

| Two Reports on the Same File El—% X {489% fh I8

Run i&1T Observed WM&
Small sample both finish instantly
Full file one finishes, one does not

| %R EHARER—1NEF? What makes one of them better?

%5 3 T1 - Two Reports on the Same File [E—1{ SX{ERIFRFRLLIR
FTALRIE, RAMMIIE—/NRNTEHIE LRI, L2410 HIRRIE.
TR EREZNEE, BT —HA—EFTEXMIIEZ AR QIO



| Quiz 1 - Counting Iterations

11 RS - 18
H— BN REF— T IR

Submit this round once. IR EZGRNI IR

£ 4 T1 - Quiz 1 - Counting lterations
FiaREELFZINBIRS R, TEREREIDS,
FILFENFHR—B, FINEHEEADH, FEERR.



| Lecture Structure
1 Cost and growth B, measure work, not seconds
A5iEK
2 Failure and expected problems and clear boundaries

exceptions XM 55

AL

5]

3 Assertions and checks written down as code
testing B 5k

4 Five prime methods this week's solo assignment

RYAE

s

55 5 T1 - Lecture Structure

I BB (e) RSt - S, BAERFREARRIN, AEREMZRENER, KERER
RBIfE E.

SSEBRMAAIBEETT; F1MESERIELevel 1TERERR,

Part V - Robustness and the Real World
AHSB1R2EARREAE D, NHAREA. FESNL; E12B BB, RBS X,
ST TTE=S) X AIEERINE, BiRKIFIIEE,

|- Cost and Growth pi A~ 5184k
SEAERGNTRRRYER, BiRBBE N T AT BERIN{E N ELEKIE,
BRAREHNSE: RIRTEMAIE, MRz,



| Why a Stopwatch Is Not Enough 83 At AR E R E—IKIE

What changes ®IE % Why it matters A+ AFINLEL

Machine speed the same code takes different seconds on different laptops
Background load the number moves when the machine is busy

Interpreter version a newer CPython optimizes different things

Input value same size, different data, different work

| HEREE X—KBA , FEZE XNEESE,

£ 8 T1 - Why a Stopwatch Is Not Enough 1T R+ AT ER E—IKIE

E—EBABEREZSH TEANRE, ITIHAHNEETRE.
FINBE— I SELTRNE: BERRFNRE, T-TIHaEXTE.

| Count Steps, Not Seconds £{5#

* **Basic operation
* total = 0 once, for runs n times, the body once per pass, return once

* So this function takes about n + 2 steps, independent of the machine

=

55 9 T1 - Count Steps, Not Seconds #1471
CImMFizE: RE—H 6.8, MEEE—TMERNER
HERIREG A RS, 1B n+2 3858 n2, MBENERNET—TIRARIHER.,



| Big-O Keeps the Leading Term R{REm=EMIRN

Expression Rixzm Kept {78 Dropped Eig

n"2+3n+5 n”2 3n and 5 are lower order

5n n the constant factor 5

100n n a bigger constant is still a constant
3 1 (written O(1)) no n at all

| oC.) #kfR; BSOS EETLH,

2 10 T - Big-O Keeps the Leading Term R{REBHREMIN

AR n RAREIED, FRAXIREM I E R,
XEEMERAR, TE2HEWIE: On) FRKRELEH n &,



| The Ladder of Growth 1<k}

steps

— e s s input size n
Shapes only REFR, ARINS; A NHESLSE, RETE,

0O(1) a[i] - O(log n) binary search - O(n) walking a list - O(n log n) sorted(a) - O(n*2) a loop
inside a loop - O(2”n) naive recursive Fibonacci. Bk RETRMIK, FEIMS,

%8 11 71 - The Ladder of Growth &<

XERERAHNATR . S, MABEEARES. A0l FE22FEELEINN
ﬁ% S ?Fﬁ%l]l/\o

T—E—"ANNERER, HEEE— T HREAN RS



| A Practical Anchor —/"a] BRYE (it

Measurement & n Best of 3 Elgz/\
Python loop 3,000,000 0.043 s
steps
Built-in sum 2,000,000 0.012s
items
Steps per second — about 7 x 10*7

Measured on the build machine AHAGEESCN, F—HERNESENZH/IVE,

£ 12 T1 - A Practical Anchor — N RIIER(Hit
XM FRE Python RAEFRMOR: —HULF HIRIEIHFE,

FHIEERTBAEE . n=10"6 &9 O(n) £9 0.01%; EHHMER O(n"2) B 10M2 &, ERJL VAT,
NERETE C FHIT, SR—EMITHER, FIANXTHRE TR,



| Prediction - Which Cost Grows Faster?

Which one costs more when n becomes large? 5&cflilll, BETE.

def value_at(numbers: list[int], index: int) -> int:
total = 0
for i in range(len(numbers)):
total += 100 x i
return total + numbers[index]

%5 13 T1 - Prediction - Which Cost Grows Faster?
FRE: —TBHRANEMERBIF, T—TMASBENELIRIE, EER,
ATIRERXERNEKE, T—IUkn TKRELER.

| Constants Do Not Catch Up EHUEAR LM

n 100n (O(n)) n*2 (0(n"2)) Smaller EEI—7F
10 1,000 100 0(n"2)

100 10,000 10,000 tie

1,000 100,000 1,000,000 O(n)

10,000 1,000,000 100,000,000 O(n)

| BHEARBEIE; MESRER,

%5 14 T1 - Constants Do Not Catch Up BB LM%

n



| Costs of Python Operations Python 1Z{ERIS 2 E

Operation 1£4E Cost SRE Note it

alil, len(a) 0o(1) position is computed, length is stored
a.append(x), a.pop() o(1) touches the end only

a.insert(0, x), a.pop(0) O(n) everything after shifts

x in a (list) O(n) scans from the front

x in s, d[k] (set/dict) o(1) looked up by hash

sorted(a) O(n log n) comparison sort

ali;jl, s1 +s2 O(j-i), O(n+m) builds a new object

| FIREHREN, EEFHREY, SESBNE—FIKE.

25 15 T - Costs of Python Operations Python R2{EIIE ZE

XEZENLL, TEEELIAT., ERICMF: JIRIMLBARPFZLE, FHRE5EEH
BELEEN.

T—TTASSNENEE — 5, XIER L06 Fe3ikBARa) 51EhIME .

| List or Set, Measured LR E5ES

Container 88 n = 30,000 n = 60,000
list: xina 0.0127 s 0.0500 s
set: xins 0.043 ms 0.043 ms

| B—EkEW, RirEE, JIKRIEL 297 £, n BEEITGHLMLE,

%516 T - List or Set, Measured LSR5 ES

n



| Prediction - Building a String

Is the loop slower, and by how much? 248 HifE%, BETE.

words = ["hello"] * 80 _000

result = ""
for word in words:
result += word

# or collect and join
same = "".join(words)

£ 17 T1 - Prediction - Building a String

IR, FiRLER, FERE

TR =M E AR

nth

b

REERE TFNSBAAE, MUESXEET,

ERNERTE. XRERNHREEN—ELT,




| In-Place Concatenation it a9 50 2%

Kind & n =20,000 n = 80,000
plains +=w 0.467 ms 0.00166's
keeping every prefix 0.0235s 1.1580 s

" join(words) 0.049 ms 0.195 ms

| CPython RBE—SIBMNFHERILT B, FEEREIILS BITRESH,

%5 18 T1 - In-Place Concatenation FitthH RS0 45
SO EBEREMS join TEE—=24%, BREEREEREEFNSEIE T =1THEX,

JRERZ CPython 3§ RBE—5|HNFRER UG B, SFieUTER TBURTHEREHIRIS]
A1, TS MERFHE—RT AR, SRIBNAER join, ERNERMRBXFZLINMAT,



| Why Binary Search Is O(log n) ZH & A+ AR

Measurement |2 n Best of 3 El&/)\

1,000 elements 10 log2(1000) = 9.97
comparisons

1,000,000 elements 20 halved 20 times
comparisons

1,000,000,000 elements 30 halved 30 times
comparisons

Measured on the build machine ANAIZISSEN, FE—HERNESENR/IVE,

£ 19 T1 - Why Binary Search Is O(log n) Z 9 & {4 23K
L07 BE=HBH, UNPEREBIKE, SHE—REEEELE, IHEM n 5 1Sk
JUR 2, BEREENE,

TATERSZS=TRER, IMBNHERE, LEHHFFHBEERNERR,



| Space Complexity Z=iASEHfE

= O(1) space: a running total — a few variables whatever n is
* O(n) space: a list of length n, built before returning
* The same notation describes memory

* Memoisation trades space for time

55 20 T - Space Complexity =B E & E
B S ARBIAARNEFESH, X—KRFEF RN,
AR ERANMEE O(n) FiEFEE O(1) 7 L13 118, XEBF B

N)



| Improve the Order First M BERLEE

* **1. Change the algorithm
= **2. Change the data structure
= **3. Avoid recomputation

= **4. Use built-ins

%8 21 T1 - Improve the Order First MBI ES

I eedifE: RNERHIREEHZN, A THNEZE, SN sum(range(2*1076)) LEF
SRRY 2.4 f5, MEHZ O(n).

XME TR, BMABEL NEARSX, 12 Knuth BOERER.



| Quiz 2 - Logarithmic Growth

11 RS - 18
R B ST T

Submit this round once. 32 B3R NIHEIE

55 22 T1 - Quiz 2 - Logarithmic Growth
DIRBITF IR ENE, NERES.

=
E
BIOTIERGHTSE, AFREG TIUHTRED T,

e

Il - Failure and Exceptions W5 F&E
MBEAFERIKIN, X I FRERRY /MR el AN ANz & A R ER

FELEZMS.

7 ABEERE: FTESARIERSR, BXAEAINAE.

[ |

, X—KX




| Syntactically Valid, Still Fails i&ZIE{ISKM

code
x = 10
y=20

print(x / vy)

Actual exception - final line ZZ[FRE

ZeroDivisionError:
division by zero

£ 24 T - Syntactically Valid, Still Fails i&3%IE{ISKN
XEEIBIE AT EIE M, Python [iF)4RIFT, BT HEE., XMEIRIUEE.

BN RE—TALRESHER AOEMEEFAEXERL, FEMEG—THAIIT,

| Two More Runtime Failures B4MAME1TET M

Code X85 Actual exception SL[ERE
print(value + spam * 3) NameError: name 'spam'’ is not defined
print(text + 2) # text is "2" TypeError: can only concatenate str (not "int") to str

NameError: a name was never defined. TypeError: two types cannot be combined. FFF#B

RERTEBR—TAaRE,

%5 25 T1 - Two More Runtime Failures B4MNAMNIEITATRN
F—TRRKRE, X—mBE«4RMRE RNZTIEIR,

HERERFHRELNEALR, DRERNTEIBETE. FT—TUAEAEEN],



| try and except

code output
def safe_divide( 5.0
a: float, cannot divide by zero
b: float, None
) —> float | None: program continues
try:

return a / b
except ZeroDivisionError:
print("cannot divide by zero")
return None
print(safe_divide(10, 2))

print(safe_divide(10, 0))
print("program continues")

25 26 T1 - try and except
try R IEEHATAITEKT except; —BMESE, TZIBFICEND T,
XIESFARIR T LO3 BB TRYEIRR: BREHMRIZMANIEFIZEF S, L1 HEAD,

| Catch Specific Types R EL{F2ER

code output
def parse_age(text: str) —> int | None: 18 —> 18
try: 'abc' is not an integer
return int(text) abc —> None
except ValueError: '3.14"' is not an integer

print(f"{text!r} is not an integer") 3.14 —> None

return None '' is not an integer

—> None
for s in ["18", "abc", "3.14", ""]:

print(s, "->", parse_age(s))

25 27 T1 - Catch Specific Types ik Bk EY
HREAFREE, ERUTUAHEFP—9BBNRRFREL,
T —TUE =M ERRMEHRE—EX try, 15D X

0%



| Prediction - Handler Order

Which handler runs? e N & IR F .

def classify(value: str) —> str:

try:

number = int(value)
except Exception:

return "general"
except ValueError:

return "specific"
else:

return f"ok {number}"
finally:

print("cleanup")

print(classify("abc"))

£ 28 T - Prediction - Handler Order
FIRE: REBEFERIHE. BAXBEEERH, HIRENEEHN—1.
ERERE 'FEEANSSTE), T—TIAXXNEREIZE, Hi%ARR except HITAEE,



| First Match Wins 5cICER 1T

code output
def classify(value: str) —> str: cleanup
try: general

number = int(value)
except Exception:

return "general"
except ValueError:

return "specific"
else:

return f'"ok {number}"
finally:

print("cleanup")

print(classify("abc"))

%5 20 T - First Match Wins SclCERSci T

SCRRSTFTED cleanup FBiR[E] general, R EZBEINFEM LRI TRE, TXBEFERSEFRFERN
B{RER,

1R except EMTFHER—1), BIEHEE IR Keyboardinterrupt; EREME except
Exception as error FIEE EITENL 3k,



| else and finally

except
type match

try body

runs first —>| else code after
nothin% raised / runs. once
finally
always

finally runs on every way out @& B IEEEBHIT, return B—H,

S 10/ 2 7 else 5 finally, 10/ 0 zE except 5 finally: 10/ 2:/ ok, result 5.0 / cleanup /
10/ 0:/ failed / cleanup

£ 30 7T - else and finally

else R try R BAMFERRIT, BRINZEZIZMEE; finally TICAEEHRIT, BUFEL
(=R

SO P04 T4 iR R IR RRIZER: BINE else 1 finally, KIKIE except f finally, T—7Tith
& finally 289 return,



| Prediction - finally and return

What does the function return?

def f() — str:
try:
return "from try"
finally:
return "from finally"

print(f())

% 31 71 - Prediction - finally and return

SEIRE: try BELEEWIRE from try, finally EXE T — return, RERZIRETA,

WEZRZ fromtry, F—T18HLMER, HixbA finally BaY return RESHIHIEEEBNE

o

JE



| finally Cannot Be Skipped [BI2{{I3 A5 return

code output
def f() —> int: 42
try:
return 1 / 0
finally:
return 42

print(f())

28 32 T - finally Cannot Be Skipped jBIEAEAE return
SLPRIR[E 42, TAEHHE ZeroDivisionError: finally BAY return BB =IREE, thEFSER

M=,

finally ZEEIETT try BUESZ LEHIT, RIERFEABAEIRNFS return BYIEMH. with B9=
EHIFIZE—RBR,



| raise &N

code
def set_age(age: int) —> int:
if age < 0:
raise ValueError(f'age cannot be negative: {age}")
if age > 150:
raise ValueError(f'"unreasonable age: {age}")
return age

print(set_age(18))
print(set_age(-5))

Actual exception - final line LS %

ValueError:
age cannot be negative: -5

55 33 71 - raise =&ML
SERA A FIEZIEETA raise, IR[E] None BS 2, HBiFSEBRABRITNMASTI®EL.

WREIUZET, EMEREQLRBNME. ARELIER ValueError B2 X FHNAIA
5£O



| Custom Exceptions BEX R E

code output
class InsufficientFunds(Exception): caught: too low
def __init_ (self, balance, amount): short by: 400

super().__init__ ("too low")
self.balance = balance
self.amount = amount

def withdraw(balance, amount):
if amount > balance:
raise InsufficientFunds(balance, amount)
return balance - amount
try:
withdraw(100, 500)
except InsufficientFunds as e:

print("caught:", e)
print("short by:", e.amount - e.balance)

%8 34 T1 - Custom Exceptions BEX®&E
BE X S5 475 Exception, L10 4R AEXER EAZ.

9P 2V AT BEARRRIRIR X — RN, MARELMAN ValueError, REXRFRGH R, BERE
FENER.

HALFWAY

Break
M4SN R, EFTHTHRAEA, FESIEE,
THFHHERIREE. MXNEE, UERERRRENIES A,



| with and Cleanup L TX & 5i51E

code output
with open("demo.txt", "w") as handle: closed: True
handle.write("hello") still closed: True

print("closed:", handle.closed)
try:
with open("demo.txt") as reader:

raise ValueError("body failed")
except ValueError:

print("still closed:", reader.closed)

%5 36 T - with and Cleanup F FXEBES5EFE
with fRIERHFHITEIR, FMTEEH tryffinally,

RE _enter__ BINRE, __exit__ ZAS#IAM; RENWRE, XHREXH, XHEREENTT
ERBHE L12,

| Check First or Catch Sci& & X2 Scilzk

Style K& Shape 5% When it reads better {+ ABHRE AR
LBYL if key in d: use it simple preconditions

EAFP try it, catch KeyError the normal path is the main line

Both are correct choose by intent neither is a rule

| ERE, RN,

%5 37 T1 - Check First or Catch St & 2 i

Python



| Quiz 3 - Handler Order

WELE] Set% 1S
PXIRFS finally BT E

Submit this round once. & BN NIHETE

£ 38 T1 - Quiz 3 - Handler Order
BN EDZINFS finally WE. FIBEIBEESIATIRIEEZ 5T,
T REREDH, THEAER,

Il - Assertions and Testing Ei = 5l
HANB=ZFMEKW, BISIE TERMA—ERKIL SRARTRE, MHENRESHEELLR,
MEHIE@IERE, BE—TNERFBE SRR, —TMEXNIMTA,



| assert Writes Down an Assumption BiS S T{Ri&

code output

def average(nums: list[float]) —> float: 2.0
assert len(nums) > 0, "empty list"
return sum(nums) / len(nums)

print(average([1, 2, 31))

58 40 T1 - assert Writes Down an Assumption Bfi=5 TERi%

assert £, HE WERE: WIANNXERE—EMIL, FRIUMIRARERFS bug, LZIET.
RERER NXBUTMIL), FREAFENRTR, T—IREEEMMEN TIITH,



| Prediction - Assertions Under -O

What changes when assertions are disabled?

def average(nums: list[float]) -> float:
assert len(nums) > 0, "empty list"
return sum(nums) / len(nums)

print(average([1, 2, 31))

%8 41 71 - Prediction - Assertions Under -O

E—1TERE, —REZBENTIET, —XILE -0 28, SFNRXNERB+ATE

ENENE EHIEARDT—BRE), T—AEMRETOSRER, Hh—RaLR
TR,



| Assertions Can Be Removed Ki=S#i28

Mode &3 __debug__ Result 4558

python3 example.py _debug__=True AssertionError: empty list

python3 -O example.py _debug__ = False ZeroDivisionError: division by
zero

| FERFKPORE, RERRBFBA; BBER if M raise, AWK,

58 42 T1 - Assertions Can Be Removed = S# %%

EEEXTISAEXR, WX E AssertionError; -O & FEIS#BLT, RERBEH TR
IR, HHAIZSEY ZeroDivisionError,

PRABT S REERILA A . Bt assert (R4, HE) ERTHEKZENE, RERTER.



| Quiz 4 - Assertion Side Effects

1! HBEE - 18
S S LoE s

Submit this round once. IR EZGRNI IR

58 43 T1 - Quiz 4 - Assertion Side Effects
XETNBEMHESRAXENEER: FEBEXRMIL, LMRANELR TR,
EEIEEEH, THHE,



| Assertions as Documentation BF={E 934

Place (i & Written as S5 Catches REEHt4
Precondition assert sorted(nums) == nums an argument that is out of
contract
Postcondition assert 0 <=i<len(nums) ori==  aresult the code promised but
-1 did not deliver
| BFSH#RERL; RATT, WSRES,

%5 44 T1 - Assertions as Documentation BT ={E 1Y
WISt TRMADIDER) XEFERGERAIHRTIRSE, tBFEE, EAFESTHE,

EEZHREFTMNE: REIMW b2 BEir, ERE -1 BERHEAEEFR, T—IE
B — {4 E3R4E pytest,



| pytest 1Billil IEM L

* Files and functions both start with test_
* Expectations are ordinary assert
* pytest.raises when a failure is the expected outcome

* python3 -m pip install pytest

25 45 71 - pytest M3 ML

LO8 At ETBRIFLEITHAEE(E, pytest IEXEMFITENL. MMRB=5K, FCEXHRSHE
BEEM test_ T3k,

TG —XEXTEITHHEL, S —THRESHEAE.



| Running pytest 175X BUSER

Actual pytest -q output - real run EXLiE{THIE (LiRiTIREARZERT)
Soolt

[100%]
FAILURES

E ValueError: cannot divide by zero
mymath.py:6: ValueError: cannot divide by zero
short test summary info

FAILED test_mymath.py::test_divide_by_zero - ValueError: cannot divide by

zero
1 failed, 3 passed in 0.00s

25 46 T1 - Running pytest 5175 L2 HT
XM REESXIHRT: = TAAED, — KK,

WMEAE=HE BTBGIKK. EBEEHt24 (ZeroDivisionError) . SEfR&4Et4A
(ValueError) , X1IERELLFERIAEANM S, TEZHEAS -v. -k SHESEX,



| What to Test izl{+4

Category #5l Example §IF

Normal a typical input

Empty an empty list, an empty string
Single exactly one element

Boundary zero, negatives, largest and smallest
Failure does invalid input raise as agreed

| 8- A =58 IRESR.

55 47 T1 - What to Test iZM{t4
*%i/n\/_\Ei/l\ ﬁ 9 ﬂ::_ﬁ°

o)
LO8 NS B RARBMEFER: Al RERNDAR =1 M =71, T—EXKEXAE—
TRIAGRIRIR E,



| Test Code You Did Not Write £33 A BY4CE3 5 izt

- nn -
Excerpt - complete definition in notes word_count(™) -> 0

FITN
def longest_word(text): normal IER [l

words = teXt.Spllt() . Iongest_Word("") ->
return max(words, key=len) ValueError max() got an

empty sequence

* average_word_length("")
-> ZeroDivisionError
division by zero

Complete runnable example TEF2F

%5 48 T1 - Test Code You Did Not Write £33 ABSRE B i
AELRAHEIR, = PTREBZTE—IXH, HRBRTENEELD,

SSM=TEEMNMETH LKW, XEHRBOENHA, EREFZHEMMT, TBRERS
NHEEHX .


https://taohuang.info/cs1602/en/lectures/l11-complexity-exception-testing/#textstats

| Prediction - How Many Fail on Empty Input?

How many of the three fail on an empty string?

def word_count(text: str) —> int:
"""Count the words."""
return len(text.split())

def longest_word(text: str) —> str:
"""Return the longest word. On a tie, the first one."""
words = text.split()
return max(words, key=len)

def average_word_length(text: str) —> float:
"""Return the mean word length."""

words = text.split()
return sum(len(w) for w in words) / len(words)

% 49 T1 - Prediction - How Many Fail on Empty Input?

TiLFALRENFNIER, BETE.

4

XE TXHESTIMA— 7, EE2MNHFENEX: FEHEETXR, BE
o

.

=l
Pl
i
E



| Expected and Actual Hi22 55CfR

Actual output SIS * Two of three fail on the empty
word_count: @ string Z M ER N KK

longest_word: ValueError

O * The docstrings never mention
average: ZeroDivisionError

it
* A test writes the expectation
down first

%5 50 T1 - Expected and Actual BA2E 5 LR

SC3M word_count("") iR[E] O IEE; longest_word("") il ValueError, average_word_length("")
i ZeroDivisionError,

REDAZ max() WRIZFIFFEAT, MERESERES Tk, BE
REo

IMZEEH

¥



| How the Platform Marks Work & tn{al 4

def average(nums: list[float]) -> float:

print(sum(nums) / len(nums))

got = average([1, 2, 3])

print(got == 2.0)

£ 51 71 - How the Platform Marks Work & {al#) 4>
TRt RE{EMEAEELR, M L clamp WGERIRERE—4E.,

F3 print BYERFUR[E] None, EEIRKIZABR—XFEM LO3 EHT TEEEE return A~ print]
BEINE], A2—FKIMIZAIFN,

| Quiz Review - Assertions and Testing

Question

Actual result

Reason

Q4 assert not
events.append("hit")

Q5 Iru_cache over a list
argument

1

TypeError: unhashable
type: 'list’

25 52 T1 - Quiz Review - Assertions and Testing

Q4

append returns None, so the assert
passes; the element is already in
the list

a cache must build a key from its
arguments



| The Cost of the Five Methods A7 %8I

Method 5% Time BHASRE Space ZFjd  Idea B

brute 0(n"2) o(1) every p tries every d below it
sqrt O(nsqrt n) o(1) a factor below sqrt(p) is enough
6k+-1 O(nsqrt n) o(1) skip multiples of 2 and 3

sieve O(nlog log n) O(n) mark the whole range at once
Miller-Rabin O(n log"3 n) o(1) a few modular powers per

%8 53 T1 - The Cost of the Five Methods FH 75 iARI AN 4~

number

XERBTAEL 2 BOIBIBIKIE, BI=MEM . BHARE; HEFETH, KNME—MKER

AITRICE4H,

SERERMRAB KK, EMENTEEREEH, T ITASSMRA.



| Measured Prime Counts Z&{7;%895CM

Method 7% n =2000 n =100000
brute 0.0042 s too slow
sqrt 0.473 ms 0.0864 s
6k+-1 0.195 ms 0.0288 s
sieve 0.036 ms 0.0021 s
Miller-Rabin 0.455 ms 0.0267 s

| BARPFELEIIRERS 303, KHURERS 9592; FKIMIEFHITH,

%5 54 T1 - Measured Prime Counts Z#/ 58952

FHIRERS ek+1 EA—/, BHEN=1(E;: Hi—E&RR, KNERH O(n) =E.
REBERFWUEIERIEBFITE, BHAAIFEFITRNME, EBRERKRAS—MEIEE .

| Quiz 5 - Caching and Keys

1) FBEE - 258
BEEKUREINSE BIFRRME—RE FaR
Submit this round once. & S £ N HEIE,

£ 55 T1 - Quiz 5 - Caching and Keys
MRS HINE EFEEXRTRAENZEL 5 TROTE—RE Fol,
EEIEAEH, H57TEHT,



| Memoization: Remember Computed Results ic1Z2{t

) |
0 |20 o oo

One call tree —RIFARAHE; fib(3) and fib(2) are computed again and again.

orange =
recomputed

5L fib(20) = 6765 calls = 21,891; fib(25) = 75025 calls = 242,785; fib(28) = 317811 calls
=1,028,457, n il 3, WRAXREAABOME, FRRABKI=FEELAE,

55 56 T1 - Memoization: Remember Computed Results i2/2t,

LO7 REMRERBREENTEEER, HEBEREXE. EFRE— fib(3). fib(2
8, XM RRRBITBERNERR,

RER—TFRIEKE T LB, BRINEZIEETINC TR,

) RE



| The Cache Key Identifies a Subproblem &1F#25 FialRR

Key on amount alone. What comes back?

def ways(amount: int, coins: list[int], index: int) —> int:
if amount in memo:
return memo [amount]
if amount ==
return 1
if amount < @ or index >= len(coins):
return 0
memo [amount] = (ways(amount - coins[index], coins, index)
+ ways(amount, coins, index + 1))
return memo [amount]

memo: dict[int, int] = {}
print("key = amount: ", ways(10, [1, 2, 5, 101, 0))

£ 57 T1 - The Cache Key Ildentifies a Subproblem &775#5 F (a5

FZEEE 11, R amount {fE#15% 129,

RERZ ways BERTESENSE: RE amount, S TARIRMELIUEL 10 21 M TREE
POAEL 10 21 SRE—MIRES, TREF T —TRETINFRIENE, T—IIXRMMHE,



| Two Conditions for a Correct Cache EFIEMRIIFA N M

Condition &4 Why 2

The key identifies the every varying argument belongs in it: (amount, index),
subproblem uniquely not amount

Same input, same output a function of the clock, of randomness or of outside

state cannot be cached

11 =11, ways(100) = 2156, calls = 801, cache entries = 400; fib(28) = 317811, calls = 55,
cache entries = 27

£ 58 T1 - Two Conditions for a Correct Cache E1ZIEFRIIF &4
A TTHR Z EERIE, EEFRENZBERIEGFZEME (amount, index) BIEIEHEE.
ICICIIBIERRERIZ M, KMBEFE TXELR, XX —LT(EiRAtE,



| functools.lru_cache

code output
from functools import 1lru_cache 55
8 11 11
@lru_cache(maxsize=None) 55
def fib(n: int) -> int: hits: 9
if n <= 1: 354224848179261915075
return n

return fib(n - 1) + fib(n - 2)

print(fib(10))

i = fib.cache_infol()

print(i.hits, i.misses, i.currsize)
print(fib(10))

print("hits:", fib.cache_info().hits)
print(fib(100))

%5 59 T1 - functools.Iru_cache

ﬁ)ﬁfﬁ?&fﬂbﬂuﬁiiﬂ KSR ASE LA R, AIIRH=HF: EeR. SHERITER.

maxsize £FRHIEHE

cache_info A s R 5 Ran /R E0; S 2RE fib(10) B appEuLm, HEEEEFHiET. Q5
89 TypeError IERXFEXRNEIRER.,



| Solo Assignment 2 - Counting Primes

* Five genuine methods

* Range 0 <=p <n,n<=100000; n<=2

* Verify first, then time

* Miller-Rabin bases 2 and 3 are certain for n < 1,373,653

* Three solo assignments: 15% total; this one: 5%

| ABESRREHE; KAESNSERTERE12AE,

25 60 T1 - Solo Assignment 2 - Counting Primes
RMTRES10AEM. ENERK, = TAFLE S 5%,
MR BIHE M SEABIEANKIL, FEEIMEIERARI ., TESERAILA, BERNEHA
EERNEXXZI,



| Choosing a Method A5 5 E 4%

Situation &#2 Method %% Why £H

many numbers, modest range sieve one pass marks the whole range
one very large number Miller-Rabin O(1) space, a few modular powers
this week, n <= 100000 any trial division all finish; only the constant differs

| eEMIEMZE, BiEH*,

2 61 11 - Choosing a Method A5 EEAE

ZRNEERNESEE: MEE—MKER n WITICHE, E&5—RQLENEXIE; Miler-
Rabin /X R#IET—1T 2, Z=EZEH,

REESSBRE n < 100000, =FAFRIEETRESTAY, XAITERERTS, ATEMER.



| Lab 11 - Fixed Interfaces ElE#O

Entry AQl Contract 24

w11-complexity-measure comparable timings; no printing

w11-string-build three builders agree; build_keep is the comparison
w11-memoize the key holds every varying argument
w11-safe-convert specific types only; no bare except
w11-config-review a missing file differs from malformed content
w11-custom-exception set_celsius raises TemperatureError

w11-tests four cases per function, one pytest.raises

%5 62 T1 - Lab 11 - Fixed Interfaces EE#EO
CUEBMEES, BOEIKRIIER, BRRXAMtEATE,

E11EHR Level 1 ERIBRZERFR; AREFSRIKAFT% LR,

| Common Misjudgements E ILiZ¥

Written £ 5} What actually happens SLfRE %

except: catches everything safely it swallows typos and Keyboardinterrupt
assert validates user input assertions are removed under -O

return in finally just returns early it replaces the value and discards the exception
assert (cond, msg) addsa a non-empty tuple is always true

message

more tests means better tests covering the branches matters, not the count

read the implementation, then write write the expectation from the docstring first
tests

£ 63 T1 - Common Misjudgements & ILiZ#

INFH N AHTNINREE, T2RAERT .
RE—%EHITINEREEIL, HE L08 IEEMil) EARBNAEREKR,



| Three Kinds of Evidence /\&&

= **Growth
= **Boundaries

= **Checks

£ 64 T - Three Kinds of Evidence /J\&5
EEET= AN NERRKNES, SHAXMLREE, HEEEETRGTREE

o

BI2EALLIERENLEL. WIES XM, BENRMAEANTE, AHN=MMLEZRE(ER. £43|
LSRR, EmE32TRIREER.

I

Reference &
SZREBETENEENG . HRNERESEAHAR., RHRAFNTEIINSRERINE,
FEARBRIRE, KIEFRIETEH N, MEMILE TR,



| Worst, Best and Average Case RRIFRIFS F13

Case 151 Definition EEX Role here AR A4 IE

Worst the most expensive input at that size  the default

Best the cheapest input rarely worth quoting

Average the expectation over inputs needs a distribution assumption

25 66 T1 - Worst, Best and Average Case RIfRiIF5F13

—NEHFERIET, TR RN ATETE
RGBT AR RAER ST TIMRNERET T BRI

| Asymptotic Meaning 3iEE X

* O(f(n)) is an upper bound
* n+ 2is O(n), and also O(n"2) — we write the tightest bound
* Dropping constants is safe only when the input is large and the orders differ

= Same order means the constant is all that is left

£ 67 T1 - Asymptotic Meaning #TE & X

n+ 2 f@5CHR n* M EFSFUE, ATIAERL O(n?) 18, REARE,
FHIREKXS ek+1 Mz TR, REBEL 16+



| Polynomial Evaluation ZIR=, k(&

* Naive ¥FEEE uses x ** power

Actual output SCiiaH
every iteration

5.4642884629601965e+70
* Horner replaces powers with
repeated multiply-and-add

* Same mathematics

£ 68 T1 - Polynomial Evaluation ZIA=K{E
400 IMALB MM EEASTNEEL 37 1%, MEBHER. BEHAE.
XAEMEER, RE—THXFHRMEE, BESMNEEXTER.



| List Memory Model 51 RAFER

* Elements are stored contiguously
* Index corresponds to element one to one
* Together: a[i] costs O(1); a.insert(@, x) anda.pop(@) cost O(n)

* Measured inserting at the front: n = 5,000 in 0.0015 s, 10,000 in 0.0046 s, 20,000
in 0.0199 s

25 69 TT - List Memory Model Fl|3RATZAEEY
XMFRigEL EEEEEIL, 251507 AKTRAMKIE,

n BB B RAFIUE, BAS—REAKREEEMERE, MERBERT n X, IHRFEW
insert/find/remove SLIYRBIEIH X .



| Hash Table 1% &

Idea #8i% Consequence ffif

A position function computes where a value lookup does not scan

is stored
More slots than elements space for time
Two keys can land on one slot collisions exist and have standard remedies

58 70 T1 - Hash Table IR%H R
FHMESH O(1) KEMERE, KNMEMEZE,

RRPERIRIITIRRRE, REKIERY); MENFEISEFIELTHNENERK.



| hash() and Contracts 157324}

Expression RiXz{

Result SEM4ER

hash(1) == hash(1.0)
hash(True) == hash(1)
hash((1, 2))

hash([1]) /hash({"a": 1})

a class that defines __eq___ only

| HENREE; TENRAME,

£ 71 T - hash() and Contracts 5% 224

True

True

works

TypeError: unhashable type

__hash__ becomes None

MNE MEENNRUTEEENRREL, 1. 1.0, True =F18%E, FIUBHEREE,

FERBAAER: RERE, NRESHE, NATMSULRRAR, EX _eq_ MAEX
__hash__ 892§, ZPIERZEMRAAIGR.



| Custom __hash__ BENXIEHE

* Equal objects must hash equally
* The hash need not be unique
* Mutable objects make unsafe keys

= Easier route

% 72 71 - Custom __hash__ BENXKBH
TIHEENNREFHEE, MEENEE—38 _eq_ M __hash__,
IEFZHERA— T THISRME T, TVBCSXIES.

| Binary Search —#3 &%

Actual output SLHIIH * The +1 and -1 keep it moving

* Sorted input is required

* -1 means absent

%5 73 T - Binary Search Z9 &
{REBEERY while SEI 50K B, 1 LO7 BOBEYIRRAITER,
HEFRIRER =N S EE M T AT HITIRE,



| Recursion Cost 3K 2s

n Calls BRRE Answer &8
20 21,891 6,765

25 242,785 75,025

28 1,028,457 317,811

55 74 T1 - Recursion Cost &3 7~
TBRARBKRARERN=E%, HALARZHNERHEEEETEELEEINERA,

BITREWME LR: 44 sys.getrecursionlimit() 3 1000, #BidHM RecursionError, FRLA%H
= fib(2000) ~21€, BEIEHR; ICIUMURAESRXREFTE—E, REX MO,



| Memoized Fibonacci 11244 3K BE 22

* Dictionary cache
* List cache
* Both are O(n) time and O(n) space

* @lLru_cache(maxsize=...) caps the entries

£ 75 T1 - Memoized Fibonacci i2/Z {385 AR 22
fib(28) IE1ZMCEER 55 /8. &17F 27 158, AARE 28 M ARBHIFIEE,
FHESIRMMEEFEHNERL T, X REEREHINAEFNZRMERE.

| Space and Recursion Fia5i&!3

= Each recursive call saves its own state
* Naive fib occupies O(n) of stack
= An iterative version finishes in O(1)

* Generators take this further

%5 76 T1 - Space and Recursion Z=jg53)3
B & fib, EARAREARITEE, BARAEREBEZ R,
L13 AR, RIE T—RRFE—NME. TEENIIFR) XFEBEBRARINE.



| raise Forms il 23t

Actual output - real run LR H

value: alpha
logged: 'missing'
the caller decides

= Class plus argument
* Bare raise
= from keeps the cause

* Returning None instead

| B raise L TEEEHEE LN, FEWMA from RBER, HXETEHLF,

58 77 T1 - raise Forms =
BREIC ME R R AR raise $R4E/E i, EIMREE, RERABAAAREEALIE,

REESHEFENGEEREEXE—B T RE None i1, ITENHRNE—91E; HWEERIE,
BR A LIRS,



| Multiple Handlers £53%

Form 5i% Meaning & X

except (KeyError, tuple form

IndexError):

except: catches everything, including Keyboardinterrupt
except Exception as error: catch-all with a message

sibling clauses do not catch each other

55 78 T1 - Multiple Handlers 29

[E—EX% try B9 except NMERFIH LS E, ESEFLE,
BRRIGICHE S raise, XEEB MEENXNRBBEIRHIE,



| Custom Exception Hierarchy BEX R EEHR

Level B4 Purpose {EF

class ConfigError(Exception) a base for one family of problems

class callers can catch the whole family or one
ConfigMissing(ConfigError) subclass

fields carry the values the handler needs, such as the

rejected value

55 79 T1 - Custom Exception Hierarchy BEXFEER
— MRRBENZMEXEERN, BERMERAEELBIRE,

LO9 HJ Temperature S E 5, set_celsius MIR[E] False Z I TemperatureError, &
A EEBRZRIREET ,

| Resource and OS Errors FiE5 A F IR

Exception & Typical source EILEIR

OSError, FileNotFoundError, files, directories, permissions
PermissionError

ValueError a failed conversion, such as int ("abc")
TypeError mismatched types
KeyError/IndexError missing key / index out of range

%8 80 T1 - Resource and OS Errors &R 5 R4 1R

with



| assert Forms Bi=5;

Form 5% Result 45 5%

assert condition raises AssertionError with no message
assert condition, "message" the message is shown

assert (condition, "message") always true

side effects still happen

| HESHEESEE, FEQHES,

\iE =y

55 81T - assert Forms Bi=53%
BoTRRBZILNE: ZE—XWIES, MEMTEER,

$EPU4TM Q4: assert not events.append("hit") @I, (BTEELH TR,

| _debug__ and Optimized Mode L {LiER

Setting i% B Effect {EF

__debug__ a constant; False under optimisation
python3 -0 assert statements are removed

python3 -00 also drops docstrings

PYTHONOPTIMIZE the same effect through the environment
cached bytecode the file name carries the optimisation level

25 82 T1 - __debug__ and Optimized Mode it &
SO IEERERXT _debug__ 9 True, -O T False, KRBk
FRLAMTS R eEARREQA AN, BREBESHEMMAE,



| Assertion Pitfalls Ki =82 F

Misuse iz What goes wrong l58R

validating user input removed under -0, so the check disappears
handling an expected failure the bug is treated as a user error

side effects in the expression the effect happens even when the assert passes
catching AssertionError the bug is hidden

28 83 T1 - Assertion Pitfalls B SRR
WS XRWERETZFE bug, ERNMIERILERE, XFEATESRIEM,
FARBSAEFNEMEXE: MEEFAKHNNE,

| pytest Conventions and Options £ 5i%&IR

Item I H Meaning & X

-V show every test name and result
-q progress dots and a summary only
-k expression run only tests whose names match
pytest.raises(Error) expect the given exception
pytest.raises(Error, also check the message

match="...")

pytest.approx(x) ==y float comparison without precision surprises

%5 84 T1 - pytest Conventions and Options A& 51%IR

FRERESEIMIE: 0.1+ 0.2 ==0.3 LA False, Z#HFINEFERTIX=74,

BERFRERMA pytest.approx Si4a— T8 ZE.



| Notes and a Real Suite i# Xl 5 E 3Ll

* The notes run as single files
* pytest needs discovery
* So the notes show a checking loop

* The real pytest output is quoted verbatim

25 85 71 - Notes and a Real Suite 3 3RS BT
MERKNER—HE: PEESIMEA—HE, LHEBINEREM DM,
WXRBA R HIZITHIREE, BRGEES pytest B, TFERIGXA,

| Platform Grading SE& %1%

Situation & Result 4553

the function returns a value compared against the expected value

the function prints instead returns None; None == expected is never true
the expected outcome is an the test expects the type, not a return value
exception

58 86 T - Platform Grading F&¥#I%
FTaRERIRRIRER, EREEHAEELK.
XFEM LO3 ARG TREE return RE printy & EHINEL,



| Edge Case Checklist ii5Ri&

Category #5l Examples I F

normal a typical input

empty an empty list, an empty string

single exactly one element

boundary 0, negatives, largest and smallest, equal bounds
repetition duplicate elements, consecutive spaces

failure does invalid input raise as agreed

£ 87 T1 - Edge Case Checklist 85758
BT o EZD—TR,

b ALERCANRBIRY, DAEBCSHIERKRY—E: L08IRT, T=1 M T—1 ERRESRK
HAIMEL,



| textstats Under Test it E=FHiEkR

Actual output LHIIH * Repeated spaces do not make an
. empty word ELEFIERE BIF

Vatuekrror * The docstring never pins down
the empty string

* The discrepancy is the finding

55 88 T1 - textstats Under Test it 58 = HiEHk

NHERIR T DREIGRKNERE), REAEZFHEE,
MRNMMEMZITROENBAZELE, LEFZMAINNEL,

| Prime Counting - Brute and Sqrt BN 5EHIREIH

* Brute

= for...else runs the else when the loop was never broken
* Sqrt
* Measured n = 2000: brute 0.0042 s, sqrt 0.00047 s

25 89 T1 - Prime Counting - Brute and Sqrt 15 FEHREIR

for...else EXBIFIFEA: BIFSEW break ITHT, ME—TEFEBEKE, p 2=,
FFEETE n < 2 IFERIR([E O



| Prime Counting - 6k+1 Bif&

* Rule out multiples of 2 and 3 first
* What remains is 6k+1
* Candidates become 5, 7,11, 13, ...

* Order unchanged at O(n sqrt n), about three times faster

25 90 T - Prime Counting - 6k+1 Bif%
METEE, REIRRABDTAH=92_,

XZ TRMAREE SEWRGIF, FE67TTANHITE XIFN,

| Prime Counting - Sieve ffii%

* Mark the whole range at once

* Start marking atp * p

* O(n log log n) time, O(n) space

* Measured n = 100000 in 0.00212 s, the fastest of the five

£ 91 T4 - Prime Counting - Sieve &
fmz—EB&RIR, ANEBRMNEKERN n BOIRICHAE.,
ISEEINERNYIIRMTRAENES, X—RESSNREHERLE,




| Prime Counting - Miller-Rabin

* Write n-1 asd x 2r

* Test pow(a, d, n) for a few bases

* pow(base, d, n) isthe three-argument built-in
* Bases 2 and 3 are certain for n < 1,373,653

* O(log”"3 n) per number, O(1) space

£ 92 T - Prime Counting - Miller-Rabin

EATEEWIRER: AR 2 3, n<1,373,653 WEILCEMEN, ZFHMA n < 100000
VIR

BEXMRZE, RIUTERBRAZMRELEE, TEMYEEARBAE.



| Timing Fairly 2AFit8

Requirement E3k Reason 12

verify correctness first all five must agree at the same small size
fix the size and the machine otherwise the numbers are not comparable
warm up, then take the minimum avoid scheduler noise

a slow method may use a smaller size but it may not swap in another algorithm

£ 93 T - Timing Fairly A itAT
IREEMNFENEZG ALY, FIAXLEREER,
ATRMEREMEME—RNE, RARIERERSEE, FREEMRNESELSRIEFEN
e



| Solo Assignment 2 - Specification 123§

Item IRQ

Agreement 45

five functions
range

small values
invalid input
report

weight

count_primes_brute / _sqrt/ _6k/ _sieve / _mr

0<=p<n; 0<=n<=100000

n<=2returns 0

a negative n raises ValueError

method notes, timing table, call counts, usage declaration

three solo assignments: 15% total; this one 5%

BN

55 94 T1 - Solo Assignment 2 - Specification 23 #1&

BROTREEZ$10. 138, s1E5—K7A,

i
N

| Lab 11 - Required Boundaries #4%i#% a0 R

Entry AR

BSEMANTT, BRI HERENE

/

S REEEEFEZHETMNIER,

%z

Required boundary i1}

w11-complexity-measure the helper returns the smallest of repeats

w11-string-build
w11-memoize
w11-safe-convert
w11-config-review
w11-custom-exception

w11-tests

the kept-prefix version is the comparison
count_ways and count_ways_memo agree
unexpected failures must escape

the file is closed on every path

a rejected update keeps the old state

the suite must fail a wrong module

%5 95 T1 - Lab 11 - Required Boundaries @ JU# RN R

R AR EINES B FH; MABFLARENLIESRY, hEREESZTE. 21

BHRNZFE,




| Summary and Connection /N 5{§11&

Thread £% Answer B &

Too slow count steps and keep the leading term

It crashes catch what you can handle, raise what you cannot
Quietly wrong assertions inside, tests outside

This week five prime methods, with correctness before timing
Next randomness, Unicode and files — messier input

25 96 T1 - Summary and Connection /&5 1E
AFHN=FIHERHE(ER  IBRKMEERER, KWOFRNDRE, THRITNES THIE,

BI2ELERENE. wIBS X, ABENMABARTE, EIFRRAHINKBILAS IS
Ao



