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Introduction to Computation (CS1602) - Lecture 12

Randomness, Text and Files

Instructor: Tao Huang

Part 5: Robustness and the Real World - Fall 2026

25 1 71 - Randomness, Text and Files

AHES +—IHNREINABRIIMNBEE L. BAIMAIEMBNENLETR, S3FH5F
T, X, BN, ERBEESITSI21. EEX64TT, FE20TIAREERNSERND, ~TH=E

P,



| Review: Failures and Tests [G]]d

Failure Boundary Evidence

Cannot open a file file operation exception + path
Cannot parse a record one input record line + raw text + reason
Wrong statistics program logic known cases + tests

s

28 2 71 - Review: Failures and Tests [E]Jai

L1MX 7 TSRS HIEEE, SMHERBIAFREFRRIX M. BRICRMNRLRRAIT. BFRERED:
EFBETEIE+TFRIER, BTW—RKXN? FERANRBERENIERKIE.

| A Log Processing Task B4t IE

A file contains valid records and malformed lines.
INFO user=alice duration=42ms
ERROR user= duration=abc

Deliver counts, a CSV file, and useful diagnostics.

25 3 71 - A Log Processing Task HiG4bIE
FTREARES, FER1B, HEPEEHRIOEK. ROVBFPEMIENFITK, 2AFTERSIT.
FIEEAICSY, MAKRBEEIZEM M ARIRE, B2 RER"ETERW 91857 1L1h1]
WHEXHFR. TSHREARS.



| Prediction: How Many Bytes? 7R

Predict both numbers. 5670, 4RA3EE5186%,

S = "AEP@"
print(len(s))
print(len(s.encode("utf-8")))

5 4 71 - Prediction: How Many Bytes? FFi5&
FEFRER: MTIKEMERDLE? FRLEE, RET. Ao, $£220EEIX—T1FR,
AEEABE., RERKBELNINFRAERE; encodeEEA—TTRERZFRIE.

| The Data Processing Pipeline I8

Generate Decode Parse
seed + input rules bytes — str text — fields
I
v
Validate Aggregate Export
types + ranges > records — counts CSV + diagnostics

25 5 T1 - The Data Processing Pipeline £MERTE

ELRXMESHER: ERMAERFYE, BRFET, XA, #hFR, BRI, &
FSt. PHRFETAERNNLR., FEETR—RMELELEEN—D8EN,



Simulation: sample possible outcomes.
Testing: exercise different inputs.

Debugging: replay the failing experiment.

%5 6 T1 - Random Data for Experiments Ba,s23&

AE—HRESER=1TFX: EREFLM. ERTEHBAR. LIRENEER., XLEH
KBS himtFRE . AT,

| Integer Sampling Z UM

Expression Possible values Upper endpoint
randint(1, 6) 1,2,3,4,5,6 included
randrange(1, 6) 1,2,3,4,5 excluded
randrange(0, 10, 2) 0,2,4,6,8 follows range

| 55, BIRRmERL.,

% 7 T - Integer Sampling B&UmE

1E2 A FIE R ARIIER FRAZER—1T, BixBHrandrangeirange™ B AM—T., B
MNkEBRIEES, A randomREHE—FN,

=}
e

=
-

A



| Floating-Point Sampling iZ = ili#¥

Expression Range / rule

random() 0.0=x<1.0

uniform(a, b) a+(b-a)xrandom()

Endpoint b may occur because of floating-point
rounding

£ 8 T1 - Floating-Point Sampling 3% S h##

SR EAIX Ef#FErandom, BA—RIEMFAFRZERuniform, uniformA~Z & ifirandrange
MNAImREAGL: EMFREENEATEEFELLEI. Monte CarlofI5TRERFIESE.

| Sampling and Replacement F{[El5 A HL[E]

code

output
import random C
rng = random.Random(42) [1, 2, 1]
print(rng.choice(["A", "B", "C"1)) [*A', 'A', 'A', 'B', 'B']

print(rng.sample([1, 1, 2], k=3))
print(rng.choices(["A", "B"], k=5))

£ 9 T1 - Sampling and Replacement i[E5 A [al

choiceBY—; sample BRI B TEIEK; choicesAIFB/RMEIR—E., 15 TEM
MY N MIE, BMEsampleRBEEME—UE, FREMUEE, LiLFAETN=MIE
2ENHMEASEHEI,



| In-Place Shuffling [FRit1ikhE

code

import random

rng = random.Random(1602)
original = [1, 2, 3, 4, 5]
cards = original.copy()
result = rng.shuffle(cards)
print(original)
print(cards)

print(result)

£ 10 T - In-Place Shuffling [Ritt5che

FALOSHY R (S 24t 2 it shuffle: 3R[E]None,

| Weighted Sampling &0+

output
[1, 2, 3, 4, 5]

[4, 1, 2, 5, 3]
None

T REEcardsIRE , FLEHIBITEL, MEER
Boriginal, 1BEF 415 EcardsliE B shuffleiR [E{ES H A 6] &5

code

import random
rng = random.Random(1602)
levels = rng.choices(
["INFO", "WARN", "ERROR"],
weights=[6, 3, 1], k=100,
)

for level in ["INFO", "WARN'", "ERROR"]:

print(level, levels.count(level))

% 11 T1 - Weighted Sampling ##UhtE

=T HERIZRG:3NEEENNE, A HEIPYython3.135EfRIE1T
4760, 30, 10%; WNEMEMEERR, AHNESHAIECE,

output

INFO 58
WARN 32
ERROR 10

%I, 100% HERMRIEN



| Pseudorandom State {ABEHIRS

State SO State S1 State S2
deterministic state deterministic state deterministic state
seed = SO draw 1 = output 1 draw 2 = output 2

Same start + same calls = same sequence

%8 12 T1 - Pseudorandom State {ABEHLIATS

IERENAE R ERRERSHNSR: —RARBRLSE— 18, URTERIIRS., BEVEIRE
*D*Eﬂﬂﬁ%ﬂ*zzr BEEM ., RTHEERINF, SXRTEENHEL. TR FHEARIERE—X
T AT



| Independent Generators JH37FEHLAT SR

code output
import random [3, 3, 4, 6, 2]
def rolls(seed): [3, 3, 4, 6, 2]
rng = random.Random(seed) True

return [rng.randint(1, 6) for _ in range(5)]

print(rolls(1602))
print(rolls(1602))
print(rolls(1602) == rolls(1602))

% 13 T - Independent Generators I 37 fEH 33 52

Random(seed) 2 EXFIITHINRAEL, SFXLEIBEMIDIAS., RE—REIL—1H, 1EIMNERIE
EMF, EFER, OXTRG: EEBRHRERIMFR#Hseed, 2—EHERE-—TER; S
ZHEESresetinfl,

| Dice Frequencies 8% F5i%

n=:60 n = 6000

Orange line: expected frequency 1/6

Measured with seed 1602 - BEERHEEN; BRENEIRD,

25 14 T - Dice Frequencies 8% F45mEk

B HEEMFHI60RFME000KINRITE, HIMELFMTE, BMEREILMRA D Z—. KiF
REHEERE, EMRIEESRINRERN T, XEEDILE, FAEMREEIER,



| Tests for Random Programs FE#/1i2 Filliz

* Range and count: every roll is in 1...6; exactly n results.
- State and mutation: replay the same calls; check the original sequence.
* Reproduction record: seed, input, Python version and call sequence.

* Security: use secrets for tokens and passwords.

25 15 T1 - Tests for Random Programs FE#Li2E M3z
BENEREADRAMAENEEER. TWEE. KEMMERITH, BUNEERGEN. BRA
NS BHEEATTRETY, FACEIMRAS, randomTEES LT LR, BRAREORFEE: WA
NERBEIXHE, REFNEFHERFT?



People recognize visible shapes.
Programs exchange agreed representations.

FR BRI AR A A?

25 16 T1 - Written Symbols and Digital Text XF&R/R

REERELNENE, XKEFRARAE—TEE: ABRRRK, BEFREEFFENHR
F? AENL L. FRFEFEX., T—TIMNEERMEDFHFSN, TMERASMRREILELH
RN =N



| Glyphs and Character Identity 5%

A OF SR

o oh @ e ¥ Glyph: a visible shape in a writing style or font.

@ ,’. Tfé ‘ﬂ %:‘ °Y° @f Character identity: what a text standard represents.
% K484 B R & FRAR, AUARRAEN, HLFHBREEESRED
mETREDL A

# ORke E B &

2 17 T1 - Glyphs and Character Identity =5 =%

FRENGSFEEBXDERN25XRR 4. FRRE-—NESFELORE—BR. AR
FARARE—TANRERREAERLL: XAINEFTELEFH SN, MARLRSKEDE—1T
WS,

| ASCIl and Unicode Z&F4RIDHRE

N
* ASCII: 128 assigned values.

UNICODE * Unicode code point #853: a number such as U+4E2D.
&J * Encoding #®H3: how text is represented as bytes.
e | BESXHEHEEATINE,

nnnnnnnnnnnnnnnnnn

%5 18 T1 - ASCIl and Unicode F&F4RIE4T

LO2I#IIASCI, XBHRYT AFHRTEE, BIEBRSFN . UnicodeMIZHRSER, EE
MEFRRUESHEIMN; NRRELR, NEERTERFRFEE

7



| Character Lookup F{F&Eif]

code output
for ch in "Af©@": A 65 U+0041
print(ch, ord(ch), f"U+{ord(ch):04Xx}") 1 20013 U+4E2D
print(chr(20013) == "\ude2d") © 128512 U+1F600
True

s
Ny

%5 19 T1 - Character Lookup Ff5&1f

ordEXEPNFRNBR, chrifikm@ikik, U+ZBRICiE, FREENRFIIIuZPythonk X5
&, MEBHRRAXXESLTFT. BIPXIN20013EMRE SEREAHF,

| Text and Byte Sequences X A 5FT5

encode("utf-8")

str XK »  bytes F

AR 41 e4b8ad ...
<

decode("utf-8")

25 20 71 - Text and Byte Sequences X A5 =FT5

HBEBATIZD: XARBRFT, FREBRNAE, bytestIZE5I20F266098 K, FHHR
BT EILREF AR M RERIBRIGRTE ; DIREDN. XEFRRIENAE,



| UTF-8 Byte Lengths FHKE

A h ©
U+0041 U+4E2D U+1F600
41 e4 b8 ad fO 9f 98 80

3 code points > 1 + 3 + 4 = 8 bytes

5 21T - UTF-8 Byte Lengths FHKE

=M REMRIER. 3. 47FT, DHELISTEhex—H, FEMIEMBERIXHRE=F
. FiEemojifll 20T : FIXFAIEFE, iiemojittAlEERIBRFY. BRCEE
BAXZZE,

| The Opening Prediction F1i7 RG] 5

code output
S = "AEP@" 3
print(len(s)) 8

print(len(s.encode("utf-8")))

25 22 T1 - The Opening Prediction FF17 &R [c][5

EREFEATIRIFR T T 3718, len(st)E8 =, len(bytes)FT, BLILREFIANEREIIEZ
RFTNREHER. T1EEERE—EH, ASFHNNRKELRESEI,



| Decoding and Mojibake #3583

code output
data = "fR#F".encode("utf-8") R4F
print(data.decode("utf-8")) 'a5\xa0a¥s '
wrong = data.decode("latin-1") True
print(repr(wrong))
print(wrong.encode("latin-1") == data)

| FiRsE, CEERIRBENNS

£ 23 71 - Decoding and Mojibake 235 ELA3

EIHENFET, FAUTF-8REEZIfREF, FLatin- 128 2SR AMEARIRE ., XBRA¥E, ENE
BEFT;, TE—MRAMBEBIEMRE., T—XEKWEHEASCIEEMEE, TEFENHX
FR19,

| Source and File Encodings W fi#fgil1 5}

Object Who decodes it? Rule

Python source (.py) Python interpreter UTF-8 by default in Python 3

Input data (.log) your file-reading code use the actual source
encoding

New course text the program that writes it choose UTF-8 explicitly

28 24 T1 - Source and File Encodings #1057

Qﬁ’f“ﬂl’ PyfFRYUTF-8, NEERIERZFFTARNE MIMNIXHEERBUTF-8, EiBIRXHEIfRRE
. BHEX A Ropen MAR . BEIRATEUTF-8, EREUERIERSTRIZIEEN.



| Encoding Diagnostics fRi3iZkh

* Locate: file name, byte offset and the actual error.
* Check the source: declared format and writing program.
* Decode again with the correct encoding; check known content.

* Avoid silent loss: ignore and replace change the data.

£ 25 T1 - Encoding Diagnostics #Ri3i2#T
ZHTERB LM T, UnicodeDecodeErrorffystart/end @ 18X BEIBMAN RNR, &
XEFETREENAXANLIEE, SRR, BEL FTESAKSLEERENNE
BRI,

| Quiz 1 - Randomness and Encoding

FABBEE - 3 &

ENRSETEMNE 2 AEmESESE
BB SRS R I

-I"!FE; WRIERIA ST NI AL IR —IR,

25 26 71 - Quiz 1 - Randomness and Encoding
F—R=m, BFEN=0MHEZE, B—oHERE. QIEMFEEA, Q2sampler]ABREE
B, Q3Latin-1 T RETIEBAYRIZIE . FREMSLLRIEE, T5IANFAPL,



File Processing S {4238

AXEBLMEF T EFERANAR, FTEHOERBINHE. TS, ZB55ANNXERD
IR, EXHRERSICRRERX DT, NIENBITHTES.

| Paths and the Working Directory T{EE#

project/ cwd: project/
src/ data/app.log = intended file
analyze.py
data/ cwd: project/src/
app.log data/app.log — src/data/app.log

Relative paths start at the working directory. EAREIXX I EHBIATIER R,

25 28 T1 - Paths and the Working Directory T{EE &

B RZWERfR A7Esrc, FiETEdata, MprojectiziTHIMsrciz T, HEBEEERAE.,
FileNotFoundErrori’i—EEXHi& T, et TEBRARN. BEMANEX TR A
_ file_, MZ&RE, TREITEEFFBE0A,



| Paths with pathlib §&{23152

code output
from pathlib import Path app.log .log labl2
root = Path("labl12") True 6

root.mkdir(exist_ok=True)

p = root / "app.log"
p.write_text('"hello\n", encoding="utf-8")
print(p.name, p.suffix, p.parent)
print(p.exists(), p.stat().st_size)

28 29 T1 - Paths with pathlib B2 %

FRE Bl FEMIZIG TEBRETT, BEFENBERBENMNEb124>3 8%, EHFWindowsH]
macOS, RTEPathiiZE R, name. suffix. parentdfiiRE ), exists RE—/XANER, FTFFES
B IELM,

| File Lifetime with with {4 dnEHA

Enter with > Process Leave with
open file read / write close file

A
Normal exit
Exception

%8 30 T - File Lifetime with with {4 @5 B EA

withfASTBARIEIRE XX, BREEBANERERT; EARRTEERE. opents
KMEDSBERRINHEAX G L TX, BRALNKRIRFE, TR _enter_/__exit_ 3L,



| File Modes X {1E=

Mode File missing File exists

r FileNotFoundError read from start

w create truncate immediately
a create append writes

X create FileExistsError

| B=. . ELEE, 2=NFRAER,

%5 311 - File Modes {4 4&E=;

REFRAEFENCIRXHERAN, XRRRAERERXEEIRBRFRIER. AR b

ERE#E, (DRRE X IERBENIZE P,

| File Truncation 3 {4 &;kR

code

from pathlib import Path
p = Path("demo.txt")
p.write_text("keep me", encoding="utf-8")
with p.open("w", encoding="utf-8"):

pass
print(repr(p.read_text(encoding="utf-8")))

25 32 T1 - File Truncation X{4& &

output

*E%Eiﬁ#ﬁﬁoﬁﬂﬂﬁmmmm BRAWITH. pass. %[, AEZT, AWiitZE4E5
BERAERBZRINFTFR, MmiEE—Rwrite, XHRR EEEEIRERIIANSEE,



| Writing Text and Newlines 5 A 5#&17

code output

with open("demo.txt", "w", encoding="utf-8") as f:
f.write("one")
f.writelines(["two", "three"])

with open("demo.txt", encoding="utf-8") as f:
print(repr(f.read()))

'onetwothree’

25 33 T - Writing Text and Newlines B\ 5117

write5 writelines# N BEIINIRTT, FERRMKREFRIIFETFFH. EFELN &S G
RITER—TEZFNS, RITHERSENBERESA,

| File Reading Methods 3Z{4i%EY

code output
import io 'ARR!
text = "Af\nlast" "Af\n'
print(repr(io.StringIO(text).read(2))) ['Af\n', 'last']
print(repr(io.StringIO(text).readline()))
(

print(io.StringIO(text).readlines())

% 34 T1 - File Reading Methods 3 {4i%EY

StringlOIEEMX AEXER, FFE—TURIIRBR=FEE, read(2)B2IM N ERFAFF; &
—HFEread )M Z2EZMWIFT, readlinefrBB#:17, readlines— XIRTFEET.



| Blank Lines and EOF =175 X {445

code output
import io "\n'
f = 10.StringI0("\nlast") 'last’

for _ in range(3): t
print(repr(f.readline()))

%5 35 T - Blank Lines and EOF =475 X445k
REFERNXHERPENT ., F—1TTTREIRFIN, REEBERITNasNZE2—RBRRIT,

ZETRETEFHE, B2EBERMAIf not lineREEMHREGreadlineFJEOF, AEETEstrip
FEXD=1T.

| Streaming and Accumulation i zUiEEY

Program Retained data Memory depends on

for line in f: update counts current line + counts longest line, buffers, keys
for line in f: lines.append(line) every line total stored input
content = fread() one complete string decoded text size

£ 36 T1 - Streaming and Accumulation Fz(IEEX

MIVENZ MRS, FRAFIEENFIE, EFITHRIRIEN, FHRBRIER, F87
append®lFIR, MERFEZEHE. MNSRERFRECENEE, ERHARyield.



| Whitespace Preservation ZH{R &

code output
line = " alice \n" 'alice'
print(repr(line.strip())) ' alice '

print(repr(line.rstrip("\n")))

%5 37 T1 - Whitespace Preservation =H{#2

MR SEIEN IR stipERF REIEAREBEME, rstripiT RAMEEFRF. BAAIE
NELIEERTEE N HRIT: MRUSAFREEMKREZH, FE—IER.

| File and Record Errors KA R

Scope Examples Response

File missing / permission / report context; stop this file
decoding

Record missing field / invalid value report the row; follow policy

Program unexpected bug preserve the traceback; fix it

% 38 T1 - File and Record Errors £M3H R

REH—/Eexcept ExceptionfE =L RIMER S ALz, MILACR AFIRIT RIESRLIRE . X
HIREFEEN T EEMELETHERELE; RERDFNIIE RIEZRH,



| Line Numbers and Raw Input TS5 5[&3X

with open("app.log", encoding="utf-8") as f:
for lineno, raw in enumerate(f, start=1):
line = raw.rstrip("\n")
# Parse one record; keep lineno and raw.
print(lineno, repr(line))

%5 39 T - Line Numbers and Raw Input 17258

XEEMZEE, BITRIEEESapp.log, ELATIIIFAEMERRE, T\Eﬁbmﬁo
enumerateiENIBITSEE MR, EXEEEstripT iR 2 BIfRE . TR ANSITERAIEIH N,
RE—T1IEER NS,

| CSV Quoting FERPHIES

code output
import csv, io ['*"'eit, " Jr."', '92']
text = '""Li, Jr.",92\n' ['Li, Jr."', '92']

print(text.rstrip("\n").split(","))
print(next(csv.reader(io.StringIO(text))))

25 40 T1 - CSV Quoting FEEARIES

BFLESJIL.E—TFE, splitiBEIRIFRMER, csv.readerfZiZXLFMNLRFIE|S, XEBAIFH M
BEN, TEPRPTERHE, FCHENEACSY,



| CSV Reading and Writing i£E i If

code output
import csv True
rows = [["name", "score"], ["Li, Jr.", "92"]]
with open("scores.csv", "w",

encoding="utf-8", newline="") as f:
csv.writer(f).writerows(rows)
with open("scores.csv'", encoding="utf-8",
newline="") as f:
loaded = list(csv.reader(f))
print(loaded == rows)

£ 41T - CSV Reading and Writing 1£5 H12F

SANBIEIMEREREK; XBRIAFNERTDE, HERKE -, CSViEEHER
newline=FRFEH, IHEREEIRIT; encodingiZHl X A%RE, FKAtLEEXBEANN—1T,

| CSV Headers and Field Types F&3k 538!

code output
import csv, io Li, Jr.
data = 'name,score\n"Li, Jr.",92\n' ‘92!
row = next(csv.DictReader(io.StringIO(data))) 93

print(row['"name"])
print(repr(row["score"]))
print(int(row(["score"]) + 1)

25 42 T1 - CSV Headers and Field Types &3k 558

DictReaderfE R KMREIpLHE, (BEDRINEFNSH, DIRWSHMNLRMIQETRE. FS191E
. KB, BESER=S, TNRAN—IK, [RIZEDEEHET 1000 NiZEM—FEE,



| File Processing Boundaries 3 {42 18/)\4&

* Locate and decode: path, working directory, encoding.
* Manage resources: mode, with, reading strategy.
* Choose the parser: CSV library for CSV; string methods for simple separators.

* Next: patterns for semi-structured log fields.

55 43 T - File Processing Boundaries {448/

IERERBEN RO EL: XHRILUE#HE, FMRFERELZAS, CSVEILMEIETES: S8
splitBEAMIBRZ BB R, FEEN T 5IHIENTMS RFRF 75 ARITRRE.

| Regular Expressions in Text Tools IENIRiX3

Ken Thompson implemented pattern matching in QED.

A text editor needs to find and replace patterns, not just fixed
words.

His UTF-8 work with Rob Pike connects text tools and
representation.

55 44 T1 - Regular Expressions in Text Tools IEMZRIA

W—TREN—7HHE, XARERETETHEMIIKX A, ThompsonEQEDHLIEL
ITHe, XEEAEREINESIZITOMAF, th5PikefJUTF-8 TEX IR, HkIERitchiefd
QEDA S 5PikeZE A, AEFRThompson&B T IENIEE, L AEBFBENH.



| String Methods and Patterns T Bi%#%

Task Suitable tool
Separate words with varying whitespace str.split()
Separate one fixed key=value pair strsplit("=", 1)
Parse quoted comma-separated records csv

Extract fields with a defined text pattern re

£ 45 T - String Methods and Patterns TEi%#%

WIEIRHX"Z— 1= MEsplitii A "HRIE, splithHEDRFREMIEEET R, BEESEMSEN
RILNEFISIHIEN, BATERSHERENAR, VikiEREHEZANTE,

| Raw Strings and Literals [RIAF 5

code output
import re ['v', '1', '.', '2']
text = "v1.2" ['.']

print(re.findall(r".", text))
print(re.findall(r"\.", text))

% 46 T1 - Raw Strings and Literals [Ri{AF 15 E

S FPythonFH B RX—BMENLEEX—R. raw stringiil/>Pythonse B RFHTAITFHE, 1B
TEECHENBORE AN, ALRESIHMTEN, RMIATREEESS,



| Character Classes F{F&ES

code output
import re 123 True True
for text in ["123", "1 23", "abc", "f"]: 123 True False
digit = bool(re.fullmatch(r"\d+", text)) abc False False
ascii_ok = bool(re.fullmatch("[0-9]1+", text)) f False False

print(text, digit, ascii_ok)

| \w: Unicode alphanumeric or underscore - \s: whitespace - [*...]: complement

%5 47 T1 - Character Classes Z9&ES

BATHON : AT EUnicode T #FIERF, ERETASCIROZRI9, A REZERKASCIN
SN Sa-z, MERFIIWSFRITRXFE, RFIsKRZH, HESREREIRFHTRRA

£&®=

Ko



| Quantifiers EE XA

code output
import re "' False True
for text in ["", "a", "aaaa"l: 'a' True True
plus = re.fullmatch(r"a+", text) is not None 'aaaa' True True

star = re.fullmatch(r"ax", text) is not None
print(repr(text), plus, star)

?:00r1 - {n}: exactlyn - {m,n}: frommton

%5 48 T1 - Quantifiers B )%
SRS BESANER, MEERED—R, HSAFEHA—R, HESHIR
5, a7, a{3). al2 ARPEECIHIN, XEMAHSaRERNETHESREE; AR
THFRZBMNSEE,



| Search, Prefix and Full Match PCESSE E

abc12345

search scan = "123"

match start only = None [0-91{3}
fullmatch whole input = None

%8 49 T1 - Search, Prefix and Full Match FLEZSEE]

=MERBEEREBA L ETFEEETE, searchfEHEARIM1237 AT, matchMFFKix,
fullmatchBRENMIANGS ., BRIGIF={IASCIZFERfullmatch, TilsearchplIhHRIGIEB
i\—J_-.o



| Missing Matches 7% %l ITEg

code output
import re no match: 'no digits here'
text = "no digits here"

m = re.search(r"[0-9]+", text)
if m is None:

print("no match:", repr(text))
else:

print(m.group())

£ 50 T1 - Missing Matches <2l ITHD

Se#ETNone, B EXgroup, BIFKRTEZAPINIEEER, FRIUZINWNEE ., EEIEXINoneEX
groupZt 24 AttributeError, STERFIBKRI9, XD X @B ERRANS ZEEBRZEND

N
L /nWo



| Capturing Groups {35k 9 ¢H

code

import re
p = (r"user=(?P<user>[a-z]+)"
r' ms=(?P<ms>[0-9]+)")
m = re.fullmatch(p, "user=alice ms=42")
if m is not None:
print(m.group(0))
print(m.group("user"))
print(m.group("ms"))
print(m.groupdict())

55 51 T - Capturing Groups 3k 4A

output

user=alice ms=42

alice

42

{'user': 'alice', 'ms': '42'}

IERAESM T ZFRYNMER, groupTSIREIRIF, ﬁ%@ﬂ?%,wwmmﬁﬁ%iﬂ

FRENTFH, NKI2NEBFFEH, BELERR,

int,

IEEA R A MBS ELIEA



| Log Pattern Construction HE&ET

import re

p = re.compile(
r' (?P<leve l>INFO | WARN | ERROR) \ s+"
r'‘user=(?P<user>[a-z]+)\s+"
r''ms=(?P<ms>[0-9]+)"

for line in ["INFO user=alice ms=42", "INFO user= ms=x"]:

= p.fullmatch(line)
print(m.groupdict() if m else None)

£ 52 T - Log Pattern Construction HEHE
Z\

EERIEERMNABRRLA . user, IR=T8%7. —XRABM—TFHE ARULFELED

o S R TR, ROIRBlevel. userfims=ATH, SR ATERE O
X5, THISHEREESER,



| Syntax and Semantic Validation I§R 58 X

code output
import re True
from datetime import date ValueError

s = "2026-02-31"
p = r"[0-9]{4}-[0-9]{2}-[0-9]{2}"
print(bool(re.fullmatch(p, s)))
try:
date.fromisoformat(s)
except ValueError as exc:
print(type(exc).__name__)

£ 53 71 - Syntax and Semantic Validation 885 & X

2026F2A3THKIGEAN, AMAZESTAM, BA NI, datetimefaZiABIEN . XE
NRSCAMVEREIIE, ABKRFERTFSHBMN, compileiBENwmRER, NESMGIM
BIERREHIEF AR EIR,

| Parsing and Aggregation f#th 54tit

* Read one record and keep its source location.
* Parse and validate before modifying the result.
* Count only records accepted by the contract.

* Report rejected records with the raw input and reason.

2 54 T - Parsing and Aggregation &7 5 £5it

TR, B, REEMGR. AEEINERMINAIsetdefault 8 F=FH, EiRIZEMAM
M parse_line, HIx7SOREIZHT; XML AT UM ERIT, BB,



| Actionable Parse Diagnostics O] E{ B Hh

Actual output SZHIIH * Location: file and physical

app.log:2: invalid record line.

input="'ERROR user="'
expected: INFO|ERROR user=<a-z+>

{"INFO': 1, 'ERROR': 1} * Reason: what was
expected.

* Input: the original record.

* Recovery: valid rows still
count.

55 55 T - Actionable Parse Diagnostics B E{iIAYIZHA
AT BRTRERISSHAER, ERRMICRNAXER. 175, EXHMEIER, AERES
TTIEMRIER . 2ANMZERBXMDEBEEZRSH— RN, FERER "invalid record”—
17



| Greedy and Lazy Quantifiers R¥ 53 %

code output
import re ['"alice" action="Tlogin""']
s = 'user="alice" action="login"' ['"alice"', '"login"'l]
print(re.findall(r'".x"", s)) ['"alice"', '"login"'l]
print(re.findall(r'".x?""', s))
print(re.findall(r '"[A"\n] ", s))
25 56 T1 - Greedy and Lazy Quantifiers R 53ER %%
AER—1TAT 5| SFERIEREE, 74 %E%t’t, ERBHEREE, ERBELIHEEIVE
A D, E=MERIAHIIRS I SHHRIT, BEEENEFERILA ., FTEEX M FEEGERBRITE

BH#REHTML,

| Replacement and Pattern Splitting it 51149

code output

import re user=REDACTED; duration=42ms
s = "user=alice; duration=42ms" ['a', 'b', 'c'l]

p = r'user=[a-z]+" user=alice; duration=42ms
print(re.sub(p, "user=REDACTED", s))

print(re.split(r"[;,]\sx", "a, b;c"))
print(s)

%5 57 T1 - Replacement and Pattern Splitting E#5t])%

sUbIREIFIFFE, splitiREFIR, RFNFHRXBHRIEN, BIERAFPRRARRENF; EEAE
BEEEBTREXMBEMNFER, THAGIFEIRESTRIERE,



| Quiz 2 - Files and Text Patterns
AHiEEE - 3

Z=17. K175 EOF BERIUED 5 %2 R 10 IE
AP HER None 9%

.-I"!FE; WRIENIA 2T MR, A IR —R,

55 58 T1 - Quiz 2 - Files and Text Patterns

FIHTEH AR T ITAETFEOF, searchAEFIRIE. RICEHAMENone, EEQ6RTA

FINBIANFEE, MESHNE, FHFEERA,

| From Log File to CSV &8

Generate Decode Parse
seed + input rules bytes — str text — fields
I
v
Validate Aggregate Export
types + ranges > records = counts CSV + diagnostics

% 59 T1 - From Log File to CSV L& 4bHE

EEFZRE, —FREBCRELBRNTNINIEENITRESCSV, —FIMCREM@MISH. BIFER
XHS5PXHNDE, MERBEEHCSY., XEERBTMLab12HTE BN EEHEM,



| Tests for Text Pipelines A<t 183z

Case What to check

Empty / malformed record no silent loss; stable classification

Last line without newline the record is still processed

Unicode / comma in field correct text and CSV round trip

Export and read back field values and order, not only row count

%5 60 T1 - Tests for Text Pipelines SCAZNIEN iz

MLEGI BAEUR . IR R LERZEARGE, MEAEICRBAIREEEESE, tBRETEN
FESINEF, MIFEKRCSVFTTEMEE, RNRITEGASISEENENE.,

| The Log Processing Result BEGIRLE R

Deliverable Evidence

Statistics accepted records follow the counting
contract

Csv read-back records equal exported records

Diagnostics path + line + raw input + reason

Accounting every input line is classified

25 6171 - The Log Processing Result HE4MEER

EHEEBEEFZES. FBRIRGITRIN . BEXSZT. . IMTHBRINCR, NER&ED
%X, SIS TIEREYIEITE,. B DHARSTRNRORE, TEMRZE—XBEA,



| Summary AN

* Randomness: control the initial state and the experiment.
* Encoding: distinguish code points from stored bytes.
* Files: make modes, resources and memory use explicit.

* Text patterns: parse, validate, test and diagnose.

5 62 T1 - Summary A&
BEEABCESERET R, TEREEERNE. MILEEEN XAEDBBREF
T, XEEMEEAMNTRLR; BHERITMEMER, MERESE—FERE, M2
O TERAITEREBE,



| Lab 12 and Solo Assignment 3 SCIEFAES

Part Task

A - Fundamentals encoding, files, fields, extraction, seeded rolls

B - One log pipeline load — diagnose — aggregate = CSV —
verify

C - Computer skills SSH login and scp file transfer

Solo assignment 3 big integers over strings - weeks 12-13

£ 63 T7 - Lab 12 and Solo Assignment 3 SLIQFieS

EIt5XNEE—XK, MRS, BESE—ASE#E, CERRERECELINE, TA
R 3SR 12ZN3EAF R, ABER/IBNIMEBARE H&E LS OKIRWRE. SEPrsilt HRRIR
EHARBMELEEER,

| Preview: Iterables and Generators Fififiiss

* Today: process a file one line at a time.
* Limitation: returning a full list still stores all records.
* L13: produce and connect records on demand.

* How can a function provide the next record only when needed?

25 64 T1 - Preview: Iterables and Generators FIH¥iss

IEL2RTVEERAIRFENLIBAL, JIRREESREFEHICE, TIHNCREFETEEAR
MEHESLELR, XBFRAIEEMSFRENRyield, FTiLFEFERBEDRTT.



| Random API Reference [iEHliEOQ&E

API Rule

randint / randrange closed interval / choose from range

random / uniform / gauss unit interval / scaled interval / normal model
choice / sample / choices one / without / with replacement

shuffle mutates the sequence; returns None
sample population sequence required; repeated values allowed

%5 65 T1 - Random API| Reference fHliE15Z

SETAEEY, gaussRIETREAEESHHERE, T REZFIRE, Python3.13fMsampleZE K
5, B4R ERMAEREESENER, T IERMET AN DI EENNEE.

| Monte Carlo Estimation of Pi S4F k&

Code - quarter-circle sampling

import random
rng = random.Random(1602)
inside = 0
n = 10000
for _ in range(n):
X, Yy = rng.random(), rng.random()
if xkx + yky <= 1:
inside +=1

I M= 4 xinside/n

0 1 I pi estimate: 3.1428

First 500 of 10,000 points - BI500
PRIFR

25 66 T1 - Monte Carlo Estimation of Pi S45K&

FERMIEAEHRITRE, Blsz—BERLFGITERAER, BREBERMF5RAIZAHE
500 =, MIHEBRES—ATRITE. BRAER, ke, BEZFHILEHNATESE,
RIBIZZ RN,



| Birthday Collision Simulation £ H{=#1

* Model: independent, uniform birthdays on 365 days.
* Trial: compare the number of birthdays and distinct birthdays.
* Repeat: collisions / trials; set the seed once per experiment.

* Interpretation: a finite simulation may cross 50% at a different n.

55 67 T1 - Birthday Collision Simulation 4 B &1

|HLab12ZE Hel@RENT B, 23AZIYIMIURR FEICHREINELT —FHIAL, BRED
BIKE), FEEEXRMMEMIGITHAEXTEE, IHNAEMENEIT A, FTE—TREEX
AU {EREF] IEHR.

| Bytes and Hexadecimal —i# #I %%

code output
data = bytes.fromhex("41 e4 b8 ad") AfR
print(data.decode("utf-8")) 41 e4 b8 ad
print(data.hex(" ")) Beh

editable = bytearray(data)
editable[0] = 66
print(editable.decode("utf-8"))

%5 68 T1 - Bytes and Hexadecimal Z il &7

bytesf"u]Z, bytearrayA]Z; RI|RITEBFTEE, hex5fromhexit —AFINBETIEE,
AER—MNAFZHREE, IBE—NASCIETMAKNB, EEMNUTF-8ETRIEART,



| Unicode Escapes and Names # X 5F/F&

code output
import unicodedata as ud AR ©
print("\x41", "\ude2d", "\U0001f600") CJK UNIFIED IDEOGRAPH-4E2D
print(ud.name("#")) €
print(ud.lookup("EURO SIGN")) €
print("\N{EURO SIGN}")

%5 69 T1 - Unicode Escapes and Names X 5F /&%

X3 Python¥: X . UnicodelB R 5RIBFT ., REAIXEStrFEHEERTU+00XXIFRF, T
BIRE— T FEF T, unicodedata@BEIMEFREBERK, IHRGNEXRGFERERT.

| UTF-16, UTF-32 and BOM 4Ri5& &

code output
for text in ["A", "', "©"]: Al24
print(text, len(text.encode("utf-8")), 324
len(text.encode("utf-16-1e")), © 4 4 4
len(text.encode("utf-32-1e"))) ff fe 41 00

print("A".encode("utf-16").hex(" "))

% 70 71 - UTF-16, UTF-32 and BOM i35 Z

BI=5UMEFIIERA RIS, TS EEIBOM, FRINEEMIER1/3/452/2/45MBTKE, UTF-1640%
HTEBARER M6, BE—TRAUTF-16RTATABOM, TEAFHFLMS
BELEEAN,



| Code Points and Displayed Characters {3358 FF

code output
import unicodedata as ud 'é' 12
for s in ["é", "e\u@301", "@&"]:

'é' 2 3
print(repr(s), len(s), len(s.encode("utf-8"))) "&\u200d®' 3 11
print(ud.normalize("NFC", "e\u0301") == "é") True

£ 71 71 - Code Points and Displayed Characters 5=

e MBE—BER, LANZe5HEES

; MSemojir] LA Z MEmAR ., len(str) REEHE—
AR FfTE, NFCR

— T EXFFRTASEHEN, TEREZEXLINFRERIE,

| Source File Encoding iEi34mt5

* Python 3 source defaults to UTF-8.

An encoding declaration can appear on the first or second line
* Editor settings describe the file being edited.

* Data files still need their own decoding rule

B7270-

REBIRRERETTNANIRR, BRALFERAPYthon3.INEI=HE, EFERTRERINS, &
ASEFRMERIFREE, ATTABFIRRE R, TASEMEE ., EEIMEGBKSHJFE Ef
BE LR,

Source File Encoding SRI34%13



| Command-Line Arguments <178 %]

Run: python analyze.py "data folder/app.log"

import sys

print(sys.argv[0])
print(sys.argv[1:]1)

/

25 73 T1 - Command-Line Arguments a3 $ {75

F&ImIE1Tpython analyze.py "data folder/app.log”, BIABERSIE, BERERN—TSH. B
ANBZ5ETEREDHER, <5 SHshellbE, A= ASEERN—IBD.

| Runtime and Standard Streams iZ{T715

Object Meaning

syswversion_info interpreter version

sys.argv / sys.path program arguments / module search path
stdin / stdout / stderr input / normal output / diagnostics
sys.exit() raise SystemExit

sys.maxsize platform Py_ssize_t limit; not the int limit

25 74 T1 - Runtime and Standard Streams Z{TIfE

REEIHsysABHEIEMMIRS: sys.pathREEIEXEHEREB R, maxsize N EPythonZE &
KE, MERAIAEERG, XEHHEE, TEERNEREASMEEE, EEHIES 2D
BT EEM,



| Filesystem Operations {4 R F1RE

code output

from pathlib import Path demo.txt True
p = Path("practice")
p.mkdir(exist_ok=True)
(p / "demo.txt").write_text("hello", encoding="utf-8")
for item in sorted(p.iterdir()):
print(item.name, item.is_file())

£ 75 T1 - Filesystem Operations X4+ Z&SiiRE

pathlibEIEIXT HHRIAKZ, osiREETES5 RZAAIEN, XERTCEIEEFpractice B FHN
2, MUY EEER, PurePathRAMERRIZITE, PathiRgEIAlRI RS, LinuxBlWSLZ
TR, ~aflFEREEL.

| File Methods and Modes X{}iEO0&%

Operation Meaning

read(n) / read() at most n units / remaining content
readline() / readlines() one line / list of remaining lines

write(s) / writelines(parts) write text; no automatic newline

closed / mode / name file state / mode / name

b/+/a/x binary / update / append / exclusive create

25 76 T1 - File Methods and Modes X{iE05E

ERNERNENREXARER —HFAR, XAreadIRURFRF, —HFBIZFT. EBINE
NS MNSEMRENAEEEM, LRI EREREH, FEARSEMEZFTX.



| Binary File Copying it S #I

code output

from pathlib import Path True
Path("source.bin").write_bytes(bytes(range(256)))
with open("source.bin", "rb") as src:
with open("copy.bin", "wb") as dst:
while True:
block = src.read(64)
if not block:
break

dst.write(block)

print(Path("copy.bin").read_bytes() == bytes(range(256)))

£ 77 T2 - Binary File Copying — ##IE 4|

THIE206MF T HRABEERER, BLEBTBEAT. —HERTEEBINRTHRR. RE
WithEEFIEE, ABERIFS T L TXEESNERTE, EXAXGTEZELE, MR
BRERDRAFE,



| Position and Buffering X {4\ B 548t

code

with open('data.bin", "w+b") as f:
f.write(b"0123456789")
print(f.tell())
f.seek(2)
print(f.read(3))
f.seek(0)
f.write(b"AB")
f.flush()
f.seek(0)
print(f.read())

£ 78 T - Position and Buffering X4 &5 %%

output

10
b'234'
b'AB23456789'

TiAfltellZAIEFTIE, seekBBIEN, XAtellEN ZfFfiiseek{EMAIMRIC, THEEEAR.
flushflFTPythonZEif, FAEEIRFUTBEENITX . XEMUPythonZfR T ARSIk, T8

MCIRERR TR R E SO,

| Regular Expression Syntax IENig&ix& &

Syntax Meaning

[abc] / [a-z] / [*abc] class / range / complement

*/+/?/{m,n} zero+ / one+ / optional / bounded

A string boundaries; line boundaries with
MULTILINE

IGNORECASE / DOTALL case-insensitive / dot includes newline

\d /\w /\s Unicode classes for str patterns

%5 79 T1 - Regular Expression Syntax IENEESZE

HEREFRFEERUBENRFERFEIZENX . RAETEAIULEFFERERITA, T8
BIGUEL Fcfullmatch, DOTALLEAZ =S, MULTILINEZHm, —&EA A =R—IED,



| Match Results and Iteration PCfigsE

code

import re

s = "alice:12 bob:7"
print(re.findall(r"[a-z]+:[0-9]+", s))
print(re.findall(r"([a-z]+):[0-9]+", s))
print(re.findall(r"([a-z]+):([0-9]1+)", s))

output

['alice:12', 'bob:7']
['alice', 'bob'l]
[('alice', '12'), ('bob', '7")]

%5 80 T1 - Match Results and Iteration ICEE4s

findall TAAIREIRMK, —MERAROAFRE, ZPMAERETTAIIR, BAA

Match.start/end/spanEfi, finditeri&ILECIE, HHIRBLEL13, ANEXEEKRBRENZHNH
W, BREBFOESEFRIONER,



| Pattern Tests and Parser Choice {&3%lix

* Specify scope: common contact forms, not every possible address.
* Positive cases: ordinary input and agreed variations.
* Negative cases: missing fields, extra suffixes, Unicode surprises.

* Use a format parser for CSV, HTML and other structured formats.

%5 81 T1 - Pattern Tests and Parser Choice &M%,

MRAESRS) IMIE XIRZTEE, TREBERFEBCKRBTEME, PythonENEEMAS|IAEFY
B, FTEERFEFIVESRPNENREN., EFHRTHRBNRE IREERE, FRAE—FT5E
AU R RIA MM = SRR,



| File-Based Membership Benchmark f R &EifJSCie

* Generate database and query files with a recorded seed.
= Load the same values into a list, dict and set.
* Compare membership results before comparing elapsed time.

* Scale gradually: begin with small inputs; separate 1/0 and lookup time.

55 82 T1 - File-Based Membership Benchmark 5 Z185L56

REBEF LNAROER, [BRA-—BARERADIIREWAIERIE, AMEAZVIOMERL
&, SRS R -, BIRERK; IxBRENRNENRARX . FR588E
RANBEFIRN, MEEFHRABEHRIL,



| Diagnostic Examples F5E$8i1R 2l

Actual Python 3.13 traceback : line-wrapped

Traceback (most recent call last):
File "decode_error.py", line 2, in <module>
print(data.decode("ascii"))

AN N NNNNNANNAN

UnicodeDecodeError: 'ascii' codec can't decode byte 0xe4 in position 0:
ordinal not in range(128)

| RBESEXR NESRHBRA; FERENRE—G.,

£ 83 T1 - Diagnostic Examples B2 551%T 4l

=E KB decode_error.pyLfRiEa T, ERITITTREHIR, THESERNEMER, BX
. MR, FEREBFNTERGINHX ., BENMBAFTERELE LA, MASERESR
— Rk,

| References &&&§}

* Python 3.13 - random

* Python 3.13 - re

* Python 3.13 - files

* QED history - Dennis Ritchie
* UTF-8 history - Rob Pike

%5 84 T1 - References SE & $

B ANXERAPYthon3131T R, BHERAFEHEN, FTERREEITNEE, H—FHEIZAIM
XEXHSRIHERBTTIE.


https://docs.python.org/3.13/library/random.html
https://docs.python.org/3.13/library/re.html
https://docs.python.org/3.13/tutorial/inputoutput.html
https://www.nokia.com/bell-labs/about/dennis-m-ritchie/qed.html
https://www.cl.cam.ac.uk/~mgk25/ucs/utf-8-history.txt

