LECTURE 8 - HANDOUT

Al Programming and the Linux Workspace

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 8

Al Programming and Linux

Instructor: Tao Huang

Part 3: Problem Solving with Al - Fall 2026

Slide 1 - Al Programming and Linux

ARPFCAERE LLM BEAEREIE, RIFAESR Python UIB4RECIE. BERKEN. 12ETikEH
BIE; FRH¥IAMR Linux, AMERJLMRIIAIMIIFESIRIR, FEBCES. BTHZEAR,



| What Is in Our Course Folder?

As course files grow, count them by file type.

Course folder iR {4 x Target report FRHIIR S
LO1.PDF L02.pdf (none): 2
README .env csv: 1
notes. txt data.csv pdf: 2
labl.py diagram.PNG png: 1
py: 1
txt: 1

| PDF 5 pdf &F4iit; RXHERIERE,

Slide 2 - What Is in Our Course Folder?

JUENRIE TR, XHUREBFIRHE. K13, ZiciHiE. EBNESEXESIESZON: £
MFNE/\ N EFIER, AMERNEEEINRE., ITNTERFITXER, TEEITH
PDF. B REIiERNE.,

SCHERREFNI: LO1.PDF 1 LO2.pdf #/&F pdf; README 1 .env & BERGEE, Y3 (none),
[FRMXEGBNRIFAE, GMEFEXERNNBERRE, tEATESEREFIHZY,
B RRDINRIBENINE, BREVIRREBES HEXLEEK,



| Start with the Initial Function

We will read and review the first version.

108-classroom-demo/ 1. Download & unzip
candidates/first.py #h ~PIIRE ZIP
inventory.py sE

2. Open the initial function
check_inventory.py #&

_ candidates/first.py
sample-files/ Y]]

Slide 3 - Start with the Initial Function

o NEA ZIP FiEE, FT7F candidates/first.py, ERBHIRGEITTERE, 2 TRKEEN
Mg, ElEzX—17, EMMXEIERFAEAIE: inventory.py RS E,
check_inventory.py 2 1702, sample-files/ {RIFHEF], =AM inventory.py 18] LAEJH
T#HZEAB.

B AEABEFIZEF main() BT, STIEMMRRE, T—IA=TXHRIERENEIH L
5%, BTt EEEENEEIR Al S KEEEEE, TESER A python3
check_inventory.py 142, F python3 inventory.py sample-files 51T, 1RE# I AL HISLIGIE

—_
A

Ko


https://taohuang.info/cs1602/slides/l08/demo/inventory.py
https://taohuang.info/cs1602/slides/l08/demo/l08-classroom-demo.zip

| It Runs, but Does It Meet the Rules?

The initial function counts PDF and pdf separately.

Input: ["LO1.PDF", "L@2.pdf", "README"]

Initial function #JRREH Expected =21 NI M 1SE]
{'PDF': 1, {'pdf': 2, '(none)': 1}
'pdf': 1,
"(none) ': 1}
Review code Ask Al locally Run checks
Find the mismatch Explain or suggest a fragment Verify the change yourself

| EEELERTH, BIIA A BIHE; BUNEECRIL,

Slide 4 - It Runs, but Does It Meet the Rules?

SEHN=1"2F, FREEHEZFRROANFEE, £ PDFH pdf HNAEH. RIENIZHER
BHAN, FANHAEEMER., PVREBRER candidates/first.py; ZMiELEMTESZNA
MZERELEAR Python LFRIZTTICHR . RMIEKRAM/ANG, WNERBHEOMNREE, K
BRI AR R R T RAIRBIREANEKR,

XMESRNER: EFEETT, EFEFRTEERLNEES. BILZENBNERITH,
BRWX ARGER. REDTEEEMEELG BMBECEE, SRHBECTITHRN,
[EE%F DeepSeek AR SEXHTERINLRS]

HENR T ZTRENITE, hERBTRARTREREIMEN. FESHE—1TIREIFRHA,

/



| How This Lecture Fits Together

Two parts: Al + debugging, then Linux.

Part 1 - Al + Debugging
IEEARE, R LT, RISSEEE,
BHCIE1T. BN,

Part 2 - Linux

MASE. RZEIRITHRS shell,
BN F RS RURIRIE

Slide 5 - How This Lecture Fits Together
KFDRAERD . BIFGERANESRIENGENSEIR, BRAMXHITEEKEN, FRMHAM
WIS CKIE, FHTE Linux 50, IMRBE. Wiz, &RIThRH shell, BEZ&IJLTERL
IR {E
BXRSGUTIBE RAT Al HEISRREEERRG]; Linux o {ERBEE. JRIZAY hello.py X4
1R,



| Why Can an LLM Answer Us?

Large Language Model (LLM, XiESIEHE)
Train - 238

Text + code [ adjlust

Instructions + feedback
Use : IR FTX

Prompt —— —> Reply

LLM

— Predict

| IgRESY; REREETX,

Slide 6 - Why Can an LLM Answer Us?
RNESEREZE—MEREFTEINENBRENS, BEPNRAANKILESH: IGHERE
XFMMCIBEFEFIZRII TN, HRERZEEESE, BHFIES. ABEM5 L T ZERrIX
BX, B85 EERM. RIFFIIZL, #H—PRSKREE/ERNEZTNEN.
FERAREN, BIRERBREXLETY, RENREFANSHERLEE ., E@HRFIEMm
BRER, RENERRBAN; XSG BARSHANE, BREHAFERFLREZFAETFEER.



| Text Is Generated One Token at a Time

Read the context = choose a token = append — repeat.

Context L TFX Candidates : =&

— " today

The | sky | is | blue —

t LLM and

Full context + new token = next step

| ABREERE LT, BERT—HE.

Slide 7 - Text Is Generated One Token at a Time
BERIFGRAER— token, Bl — 1T XAFRE. BHF5H The sky is fFALTX, ==
blue. clear. dark FRJEERVIEELE, XL blue 7, IBEREIR LT T—XREAMET
is blue, BFIIIERTRUFE, RE"FT—F"AIURRX—T1E.

he sky

token FIRER1E. W —EDHITR, AFT—TINFHTERE, EFRNDRMRESRER

2 BADRADERRE, FRANKETREESTNER, [end] RERTEREIZHTK
tric, B SHEKRERE., ERESETBENI N LT, MIFERERE—MTE; EFEALN

‘@Z:_E,‘%‘,'\Eym%%%lﬁo



| Why Can the Same Model Write Code?

Code is structured text; generating it does not execute it.

Learned from

D len = number of items
_B >t IndexError = check index
— | Docs ° °
- «—%—»

B [1] [ 1]
< >| Code / Same LLM PDF".lower()

'‘pdf' SERRHET

Code text — Python

| #MEVERRIDSA,; RERRIIT, MikRETA.

Slide 8 - Why Can the Same Model Write Code?

REDIZATRMEINSCF . IASUEMAE, BAEEXNER: ZORXSHE. #x5FEA.
BRERBRERZE#HMEERR. Eit, B—MREJNERRSER. mxomAlEHRAE.
BHRE=MOZLANTE, FIEEDTTmIEFRXITEICE,

ARBRBIMAR—ERXAER, RERLA Python ZRREHT, ToBREMETER. THET
KA "PDF"lower() 8951 F, IR print("PDF".lower()) E1EiR%E Python 3.13 RALFRIET, i
t pdf, BRGEHAE, HABKREESELWTIRE. MEXNHE, HRIETESHAEE
*O



| A Fluent Answer Can Still Be Wrong

A plausible suggestion may use an unavailable method.

Teaching example 256 F * Afamiliar-looking APl may not exist.

s = "hello"

* Check the actual object and method.
print(s.reverse())

= Use documentation and execution.

Actual Python error SERREEIR

AttributeError: 'str' object has no attribute 'reverse'

| s EOMESs, BRAEN,

Slide 9 - A Fluent Answer Can Still Be Wrong

PR s.reverse() E—ERBTHEEIEONHZRIK, FRPREIZTE, BT Python 313

SEPRIz1TiSEI T 7 AttributeError, XERBREFMEIRRE—1T, TEICRERE,

LLM BERREE R, BAEEENREO. BFLAFRDIRIRAKER . TERRGIERE
REFILE, ABEIEMRE Al RIEHIRMAEIR.



| LLM, Chat App and Coding Agent

Who edits files and runs the code?

Level 1 - Chat - &R Level 2 - Coding agent
code / error Chat app Agent program
@ _ tool call
. L R
You stggestion LLM read - edit - run
J [ output/errors |

You edit + run .
You review the changes

| ZEBEWRE, BTERIET, Fik Al KSR

Slide 10 - LLM, Chat App and Coding Agent

LLM fassE Rk, BIRNARFRARMNEN LT, ZEF, BERXRBMNESLRTE
RWIRBNF, BEBRIETEN BEESEHXM. BITRIEARYER.

AER, agent FFRIERBEEHNTEBERRAXHEH. RigZETENT, BIERLIREIZEIE
B, 5RET—4, TERFRERRBAE, REAGASETHIZEERWN, XA NENE
LR AIBITIEYE

KEXRME Level 1: RFWIRNAER. debug 5FEERBEMTMEN, ERRXFIRIEREEEZE
R AR, thMER coding agent 121EIE . Level 2 7 FFIGEERLINA] agent BEEX. BT
548, REONIMNIAEREEBNZM—REE



| How to Use Chat Al

Our examples use DeepSeek Chat.

Chat Al tools < G % chat.deepseek.com DxE ¥ & & 0 :

@ chatGPT & Do

* Claude

& DeepSeek
C« 54 & 747, IEEHE(TAITIE?

2 Fid

@ BINITE

K. Kimi BREes ) (@ Brez )
@ 8 GLM

qlln MiniMax

W VK MiMo https://chat.deepseek.com/

Slide 11 - How to Use Chat Al

= MAYENR Al TE B3 ChatGPT. Claude. DeepSeek. 8. Fia. BiflocE. Kimi, £
GLM. MiniMax Fl/\k MiMo, ZiHf5%E{E A DeepSeek Chat {1 B K5+,

FEN T 22T https://chat.deepseek.com/, TESHEMAIERE T, BAESREF, ET
SRBETEARIESREG, 43IEHERGM, EERE, HESERMEITRE,


https://chat.deepseek.com/

| Al in Practice: Four Ways to Get Help

Use chat at different points in your own work.

Understand
EIERL

Trace state changes.

Add a fragment
4R EERE

Keep one local change.

Diagnose
D IREE

Use the real traceback.

Review checks
HERNERR

Find a missing case.

| GPBREME, FRTE A EH—LH.,

Slide 12 - Al in Practice: Four Ways to Get Help

OPEEAE: RESRIURE. #—TRERER. o EinkiE. REMNLSR. ZENEE

E55. EAERZIAIETT,

EEGAEBRAE BESEEEN, BEE IndexError, BEAREIREMEAE, UG AETEENEMR

B, RE. PETERNERIN,

A



| Give Evidence, Not “It Doesn’t Work”

Make the same problem reproducible.

Missing context (SEF 2 Useful context ER{ER
It does not work. Python: 3.13
Please fix it. Input: "README"

Expected suffix: "(none)"
Actual: IndexError

Code: parts[1].lower()
Include the full traceback.
Ask: explain + local change.

| iLBIAZRIHRE, TUSHRE—NIE,

Slide 13 - Give Evidence, Not “It Doesn’t Work”
B— 1AM, TAREKRE, GRFIEARA. WA, T, ZRS5EXAE, HEKKE
STREM, BFREREBIER D3> THAEN,
ARIEKRTS, EHEEEGITHERTRE—ELEER. TEANKESBNEXER: BR
BB, . MABNERTAEL 18,



| Start from Code and a Clear Contract

Decide the expected behavior before asking.

Classroom example i§ & 55l * Merge PDF and pdf.
names - suffix handling = Use the final valid suffix.
- count with a dict
- print the report * README / .env = (nhone).

Classroom files - R{JITE ZIP " Keep the input names unchanged.

inventory.py - TESELH

| EEE5RPECTRE, Al BNBRILRS,

Slide 14 - Start from Code and a Clear Contract

AT REIIE ZIP'EFREERTER . MIIKNENFGIXMY; #EERTHEIE README,
inventory.py Ea8HA/NEEHEESESI, candidates/first.py {REBISIXEIRI RS, (@
TXREEMER. XTMBEBTREMENET, MENTRIRR, FTHPEREESTE:
REBAVRER. NE. FHRXEFBMARE,

IEREN, ERLE. FEITHRITED . SKRAE ANSKEMNUER—TBH AR B%
MeasTINRIDBEBTRME, 112 RERT.


https://taohuang.info/cs1602/slides/l08/demo/l08-classroom-demo.zip
https://taohuang.info/cs1602/slides/l08/demo/inventory.py

| Al in Practice 1: Understand Code

Ask about the part you do not understand.

Sent to Al & HE41%} Al reply EIZT5i%
XEABEERREE, get EEN 0 2TFWHE? BEEFE— MRFHEERH ext XM, BMIRE 0; W
IREA & R 057 R8B, MEREIECXYNYE,

Code sent —i{E RiXHILES B403CHl: get/ counts

counts = {} 0

for ext in ["pdf", "pdf", "txt"]: {'pdf': 1}

counts[ext] = counts.get(ext, 0) + 1 )
» DeepSeek Chat
REMKTEXE

| BiER— RS, BECSRIL,

Slide 15 - Al in Practice 1: Understand Code

BANEEEEIZREIANLE] DeepSeek, Eixlo)"get FEAY 0 2 TWHAY", BFBL: FHER
BXNEERS, get IREIZKINE 0; EFXTHN, REIFERAITE., BEREECRIEENE 1
25153 {"pdf": 1},

AMZEXEFRRIZFNRXTE, B SBRAZEFHIETT counts.get("pdf", 0), 132 05 STAE—IX
Eif/E, counts 79 {"pdf": 1}, MERERENIN B SRMCHEMNEMRT, 1BEIRFENITS AT A%
#2380,



| Al in Practice 2: Change One Line

Clarify the context, then choose one local change.

Sent to Al & HEI44% Al reply EIZT5i%
BIMZEK: PDF/pdf &F%&it, EthEio kAR s, X+ PDF # pdf 2&FHAE—14 pdf,
REEREA ext YZHMIR, REBNNE, xRy | PO A SHEXAEROEE,
SRHEERE., RBRXHET: | REm strip(), ENIREBHBRBEE,
Follow-up #3E89/X3 Local suggestion BEBEIN
ext = parts[1] ext = parts[1].lower()
counts[ext] = counts.get(ext, 0) + 1 .
BREE R0 lower() TTLAIS? — DeepSeek Chat

RERKTESIE

| #7ELETX, FERN, IRNFEESHBHLE,

Slide 16 - Al in Practice 2: Change One Line

FE— R AR T PDF/pdf D FFEit, DeepSeek X lower, thERIMERIT strip., FH{IFEREMG
HAESBFETT, 1A ext EIREATFEHE . XHERATKEMRE, BRI lower 2F R, SLFR[E]
BHIARBEOX—1T, HEBHWAZEN strip,

XEREIZ ext = parts[1].lower(), lower REIFAFRE; FKITRMERMEEE, BEXHR
FIRIRIE, EEHMNIFRSITILEBERSE pdf EEEH, O BERERNETEELIE TR,
B—INEIMEREBERTSIIE.



| Al in Practice 2: Run and Check

Compare actual outputs before and after.

Before LR After ESL4R

{'PDF': 1, {'pdf': 2, '(none)': 1}
'pdf': 1,

'(none)': 1}

| HRBANLER, BEWALMATRERE.

Slide 17 - Al in Practice 2: Run and Check

MRELIRE{TERMBES A LO1.PDF, L02.pdf. README, #IhI& PDF 5 pdf 0F; IINEER
|ower}= pdf 53—, README {AEFLEEZET.

Eﬁﬁ&i’ﬂﬂj?ﬁwﬂﬂ%{ﬁﬂ’\]*ﬁi, ATLERE—MATEITN, 2ERFXHG. BCHRITEBMIL
WE; TERETMA. WATES, TEIRFLHRMF



| Why Did the Input List Change?

result = names points to the same list.

Input mutation ¥ A#{E2L

def prepare(names):
result = names

result[0] = result[0].lower()
return result

files

one list

101.pdf
L02.pdf

\

files = ["LO1.PDF", "LO2.pdf"]
print(prepare(files))
print(files)

result

Actual output SR H

['101.pdf', 'L02.pdf']
['101.pdf', 'LO2.pdf']

| B—5Rwsa, BNEFEEELLTK,

Slide 18 - Why Did the Input List Change?

BITRMIIREF: RGTEHETRETXEREEZNNG, B files M result $5@1E—71
x, MEARER. FTHRREREITHL,

FUHERABICHBRFNS, TIRERIIR, 2 A BN, BRERLOE, BAEEHRA
MEMRSESEMN.



| Al in Practice 3: Read the Traceback

For README, splitting produces only one part.

Failing expression XM\ &
return parts[1].lower()

Full Python traceback 552 [G]i#
Traceback (most recent call last):

File "debug_suffix.py", line 5, in <module>
print(suffix("README"))

NNNNNNAAAAAAAAAA

File "debug_suffix.py", line 3, in suffix
return parts[1].lower()

A AN

IndexError: 1list index out of range
| RES/NMAA. BXABMTEEZ,
Slide 19 - Al in Practice 3: Read the Traceback

B —XHRESBN S —EHFBEFEMFTNIT parts = name.split(""), #AEEX parts[1], TBH
1TRBIE T —IIMEE XY debug_suffix.py, & suffix("README"),

RTISTREARA Python 313 LFRia T4, HERNUERFE AT, KMIEFE =17, README
RER, FPRE-I, R5|—#R, FIFEEUBAXBERSKBREN,



| Al in Practice 3: Diagnose an Error

Send the code, input, expected result and traceback.

Sent to Al & a1 Al reply EI&Ti%
RXJT—IBTMIREET, README AHARTTIE? BREE | I EE "README" split(".") iIREIHIZ
%, BALIRE "(none)'., BREBEX/LITEALE, ['README"] (RE—1TXR) , FrlA
parts[1] AR 7T,
Code + input —f2 RiZHIKIBSHA
def suffix(name): Local condition &R ¥k
parts = name.split(".") if len(parts) ==
return parts[1].lower() return "(none)"

print(suffix("README"))
DeepSeek Chat

S E—RZEE: = REMKTEXE
IndexError: 1list index out of range

| LERRERBRIRIEE, BREEUREFARBYIT.

\)

Slide 20 - Al in Practice 3: Diagnhose an Error

BANELE—TIRAITRAS. README i\ . FREAIR[E] (none) F15EEE traceback & %4
DeepSeek, SEFREIZEIEL: README.split("") R1FEI—IR, FILA parts[1] #5, ©EINA
rsplit WEMITI—IR, HEHEERE—E.

AMREREL 2 PENESP - FHEAIRT ., AEiTE—RRZEIN, README EiR[E (none),
EXRFENERENOEPNEMIER. T—T1IAKRET R notes. PEEZITIRENE, TEEEN
SEEKIMIANEEBIER.



| Al in Practice 3: Test the Suggested Fix

No exception — does the return value meet the rule?

DeepSeek suggestion $—hiFEEE Input Actual Expected
def suffix(name): . README '(none)’ '(none)
parts = name.rsplit(".", 1)
if len(parts) ==
return "(none)" notes. " '(none)'

return parts[1].lower()

SEHEKE, HEZMANESLEREIE,

Slide 21 - Al in Practice 3: Test the Suggested Fix

X2 - —T71 DeepSeek LFRAHMNE—RBFERGE, AH1T/E, README EiR[E] (none),
File. TXT iR[E] txt; 1B notes. IREIFTFERH, SKRKEKRSHA (none) MEBAEAT .

IERSREMES MIIFRHAAI IR, T REAMIX TR, DeepSeek 7 IM2EE 1 FRiE X HRIIEIR,
BXTREIBESAERS. BNERINEREGES, NERESLIERIMTER
$O



| Al in Practice 4: Find Missing Tests

Ask for test ideas using requirements and existing cases.

Sent to Al & HEI44% Al reply EIZT5i%

RS T AR XHEEINES, POFFl pdf BE—%, 8 | FUL SR : F/mE A IR/
BEENE "(none)", BARBERIRENHE, ZRXHE,

BERIET [0 PDF, b pdf], £RE (pdf" 2}, P ppp—
XMENLTIZ? ERZ TR RAERE? README - (none)

| BRFREEEHEIN, R Al WA, archive.tar.gz » gz

.bashrc - (none)

DeepSeek Chat
REBATEXSE

| Mt BTN, ZIREIRTIIEBNBIETIER.

Slide 22 - Al in Practice 4: Find Missing Tests

XREPMERABEMEHENMA . ER, REKERHEZI, FLt, FHATRZ1E DeepSeek
MR, TEEELFRERE THABSIERREER, ERNTER, MUKREX M4
ZRXHR, HREXEERTFEZREAN,

BEEEFSYE README 5 .bashrc Y3 (none), archive.tar.gz IEEN gz, AMEREFRNE
CIETRESELNEIN, FTE2ERBEBHNATHONNL, EERREIE, AHEERMIZR
]S, HABSETHIINNGE, REFRBTEA. BALRTNREFHEBEEMITFRNSE,



| Al in Practice: Review the Changes

Keep the local change and its evidence together.

Change + version {E2¢ 5 iR * Explain why the changed line fits.
- ext = parts[1] * Rerun the independent checks.
+ ext = parts[1].lower()

* Save the intended working version.

git diff —— inventory.py . .
git status = Disclose the local Al assistance.

| E25. BRE. RERAK, FECIRBEHTE.

Slide 23 - Al in Practice: Review the Changes

EMBEERS R —2, TBEFESHNE docstring, iERRE. BT diff FERD
B, BRFFENHEHSRA,

AlEIRELR TR, BEEMSESCEE. AASHMRIED S BLME, RN SHESLEA,
KA Al tBIELIRER, Git ARAAIERBABIERf .



| Give Al Runtime Evidence

Check an Al explanation against what your program actually does.

Reuse L7 SF:&1361F 1 Ask a concrete question
def factorial(n: int) —> int: What is n in each recursive call?
if n == .
return 1 2 Pause and inspect

return n x factorial(n - 1) Observe the line, variables and stack.

3 Follow up with evidence
print(factorial(3)) Send the code + paused state to chat.

| AlEBRDHR; IR SIRUSIIRRS; Bk EAEE

Slide 24 - Give Al Runtime Evidence

AIEEE ELHANBMENE Al NEEEIN, EXBAEREE-—FTNES, REREERM
T\ﬁkT HIREDFRIDARERRACRS, EB(TRBIEARNEERSRAEN, EFRENREIFR
1517,

AT IR EER S SIRRA T SRS, S8 L7 /Y factorial(3), Q@R BARNT—EN, ZA
MnEME, SXARSERZD? KEC KA. EET=NARK, BRYEE, &4
HAR, IEXEAE. EEE/NT. EPNEARRZBAANEEE—EREGIMREF, XEBR
WMERETE, REER—BRIMNEXKEELNE,

plan: 58 4 17ER, |RRE n=1, ZINMRERAES, DAEUREINEMEESR n=3, {5
S5REE—RRM, Level 1 PINEFLEB CENMRIEREIREE, BIX Al RIZMHHERRFSERE
S



| Pause a Python Program in VS Code

Open factorial.py and pause before line 4 executes.
R RE Microsoft Python 5 Python Debugger, ITH#EEFHITREXHE,

 eemse—ernEEm o o e 1 Select Python 3.13
factorialin: dnt) = dnt: Python: Select Interpreter

2 Set a breakpoint

1
2
3
4
5
6
7
8

print(factorial(3)) Click beside line 4 in factorial.py.

3 Start debugging - F5
Run — Start Debugging

4 Continue twice - F5
Observen:3—=2 = 1.

Slide 25 - Pause a Python Program in VS Code

&% Microsoft B9 Python #1 Python Debugger ¥ B, BEEIR=EMBRE, £ VS Code F File
- Open Folder ¥ FF 108-classroom-demo X432, AReERITFH zIP, EEEMT factorial.py
.vscode/launch.json,

F17F factorial.py, @i View > Command Palette #F& Python: Select Interpreter, E1FiRIE
Python 313, 7% 4 1T11SAMB T, LIMLISFEMA. T Run and Debug Efk, %
BIBC & Classroom factorial(3), B H Run - Start Debugging 5 F5 FHi5., &RITA—TECS
9 Python X1, R BEE, FIEEIRTHIE Python Debugger - Python File, i@ Run
Python File Riz1T, AEFT/EnhE .

H—/REI% 4 1789 n=3, B Continue FIXEHUXIETE n=2. n=1, BFRPIERITTLLET BIZRIA
1T, T—T1&E% Variables # Call Stack; EHFAEHAMEEERENISENEHEEZ, T&
IR AR EIZT. BEXRBES VS Code HiXAE1E, AIRETA TANK: HEMESRIK
L Python 3.14.7, HHECHBAMUAS S AR Z Python 3.13 JRIZ1%XT
FREANOSERRIEEE VS Code B Python &1 X443 :
https://code.visualstudio.com/docs/python/debugging . INEERM AL AN T aGH Al TR
oA Run S8,



| Inspect a Recursive Call in the Debugger

Each frame keeps its own local n.

. ST | Classroom 1. BE- :cx ;:":“"”" e >2YtToOO ot ;]v Dj im - Paused: faCtoria|(1)’ n= 1
v ER factorial.py > @ factorial
1 def factorial(n: int) -> int: . Waiting: factoria|(2), n=2.
\\\\\\\\ 2 if n == 0:
~ a return 1 R iti . i =
- 4 return n x factorial(n - 1) n =1 Waltlng. factor|al(3), n=3.
5 .
6 * Select a frame to inspect
7 print(factorial(3)) its locals
8 .
Into - F11 Over - F10 Out - Shift+F11 Continue - F5
HAER B, FAEABA BITESRARERD R MT B AR

Slide 26 - Inspect a Recursive Call in the Debugger

IR C-2, {REBESE VS Code 155 mE: factorial(1) EEMUITEE, BIMAR/X factorial AR
%, EHINEERRE, EBCHBEE n=3, LMhEEEERS

SESZRRHERAAH Python 3.14.7, HHRIAZS S EHEAE Python 313 SIRRBERES . AAVEL
SHSRAET IO Al FARER, Into EATAF, Over BHHITUFHTERZTHATEM, Outia
{75 MATHAIEE], Continue ST AR, MEHI SbATALELTIREE; TEERTSE
AEE TR, EHMRIEEEN n=3 FETERRERLN n=1,



| Ruff and Runtime Tests Check Different Things

Choose evidence that matches the question you are checking.

Existing C-1 fixture Rule  Actual finding

import math F401  math imported but unused

def f(1): E741  Ambiguous variable name: |
unused = 1
return missing_name + len(1) F841 Local variable unused is assigned

to but never used

F821 Undefined name missing_name

| PLFIAZRRERY, RRE Al HIRE,

Slide 27 - Ruff and Runtime Tests Check Different Things

REBERA C-1 4£IJNZFENMNAIES Ruff I KMERSAN. ZRERF. KNMERBHEE
MAREX B RAESRIBICRRET.

BIVEEWM SRR, lint 0EMBAHN, SITUNAMEIREMANITA, HilZNREEIR
S NELREH, TESAEIRTEEIES.



| Al and Debugging: The Working Habit

Use context, local help and your own checks.

Ask locally Integrate Run Review
BERKEf EISIERY HCEfT B ESR

T

Input + expected + actual = a specific follow-up

WAERSES CPU BFE., EBAEF. _RIEXMHiHE?

Slide 28 - Al and Debugging: The Working Habit

R BAIROMUIBTEMT 4 48 A EXRRBANEX, REREEIN, BRET. BillNEZ
N1TH. EFREREFX—TIEL,

HAEREBEE TR —F: ElEENERFIERIET, B/ CPU IEMERH? TEMEME?
XA int it X HESRS? UBiERITEZE, Python BRHHITXLZYE, BiEFE
KERIF AR ER T RTRMHRS .

T—TISRM—1T Python ik, BERERARENSIE. FMTHLILEANFE AR, LA Linux A
BRANRRERS, BHIKIRER; NMEMMBEREES.



| Linux: A Short Introduction

An operating system provides the services a program needs.

MRS~ Python 7t

print(1l + 2)

Tux

. Larry Ewing FRLREAT=

Linux / Inside the Kernel - 8:54 - MP4

| A—17 Python, BB RERAEREMMHA,
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E—TT8): HLEFZLHE CPU I8, EEAFHRMEMEIAN)? XMz FRBINRANRIER
%1, Python BERRZRHATICNE, BRIERRERETABNRFRARMARS. Linux AZZXER
SZtZ0ALZ—,

MEAM—1T print(1 + 2) Bk, ILBNEIERSLINER A, SEEMEHAHETIE,

MEWES, FE=TEE: ITAZSTEFRAILEREIT? Linux RZRAZTMETE? Bl lfE
ANRiR. shell INARER, SAREHTAXRR?

ESTEHA Linux 819, BEIARAZ. RITAR. shell, BRLNIVEFEASEIHERIE.
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| What Does a Running Program Need?

A useful tool needs services beyond its own code.

* Read program code from a disk.
* Keep variables in memory.
* Get CPU time while other programs run.

* Write output to a terminal or file.

Slide 30 - What Does a Running Program Need?

— P EEM hello.py hEBERSG I MEEIEEER, EREFHPREFIETIRE, 3X1E CPU KN
i8], FHiE hello 53R,

Python f#FE28 3T 4T Python 18 IRMERRAREEREFEANSR, HiRHEXHAREF
RSS. EEIMEND T, 7TEERE—ERABAIMAESREGITER. NRMIMENR
1)



| Unix at Bell Labs

Useful tools grew around a shared computer.
* Thompson and Ritchie at a PDP-11.
* Unix began at Bell Labs in 1969.

* Terminals connect people to the
system.

-

Bell Labs archive - erIy 1970s
| NEXHERBELL, RASTIEERSKRE,
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Unix F 1969 FENI/RER=FFRS, BRBET _+HEt+FEREE, B/ Thompson (4
&) # Ritchie (I53Z) {$/H8 PDP-11 iz =.

S, —BIENEEREHRS ABIRIRER. EFILARESHENES. BELEiE
XHNXF, #EEPRFK. Unix EREBTEFEININXFLE; RESTAENERR, 51X
LERMESEERE,



| Tools and a Kernel Grow Together

A working system needs more than a kernel.

1969 1983 1991
Unix GNU project Linux kernel
M/REW=E BHRRETIA INEER, FFEEHME

Unix ideas - GNU tools ‘- Linux kernel
Linux 237/ E 192 Unix R,
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XEMEEEZE="TEET S : 1969 &F Unix #£45, 1983 &£ GNU B =%, 1991 4 Linux &
2B, Linux &€ Unix BigiT R, RAZKEBIIES.

— 1A ANARLEEE shell, fwiFss. ENEMITE, GNU RS Linux RiZES, BMRITE
Linux RITARAVEBAEME 7. Linux 0.01 NRIRIREAIEEI T X XEINLTANFE. (18
BEANKRITR, 2FZANMIEHXETRMESR.



| A Student’s Hobby Project

In 1991, a student invited others to help.

* Linus Torvalds started Linux as a
student.

* The public announcement came in
August 1991.

* Early release notes describe a small
i386 kernel.

kuvaaja / Linuxmag.com - CC BY-SA 3.0

| BAETF 2004 F; IMEELSE 1991 &F,
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Linus Torvalds 7EHf/RFEERKFIEPRFRES Linux, HF 1991 F/\BAFNEXTINE,
BEHMASS, mE LNEBREIAT 2004 &,

B Linux BB AR08 HERBBR, 0.01 IRAIRIAWIANA T SIS 158004, iR TIE
TTRAXFEE shell, FiFSME, N—1"2ENXNBINE, BIANET ROWMEDE, QAR
MARBHEE T EEER,



| Linux Beyond the Desktop

One kernel family supports many kinds of devices.

= A small board can run a Linux
distribution.

= Servers run Linux-based systems too.

* The kernel and the desktop are
different layers.

Raspberry Pi - official image
| RERR, BEFNEERAASESR,
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ElFhaY Raspberry Pi 5 @ —&/NBUEIRITEMN, vIIE1TE T Linux Y Raspberry Pi OS, RS
sSFZHRIREMERET Linux BIRZ.

RERFNAE. NANTARGERA—F, EHRFEAREERIR. Linux A5 REFEHRE
TAEERR: RSF[AINKERE, (£ Linux BARERE REERABL.



| The Kernel Manages Shared Resources

Applications share hardware through managed services.

Browser - ¥R Music - IBES Python - B1TIE2F

l l l

Kernel 3% - manage shared resources

l | l

CPU time Memory Devices / files
BEIETT EERTF EIE1E)
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MABTEE. BRM Python BIENEITSILIEA: AE#RE. SERAFMMLTE, BEXHRS
S5IRshEAHEE IR &I,

ZREIMHIT, BRBRAEZMES., FERBIMRERKAG—MZb, XBEETBR, K
RAIRHRERGIRIEZ AT,



| Follow One Program Launch

Bash starts Python; Python requests system services.

For this terminal launch XX SHIBINTIE

Terminal Bash Python
hosts a shell starts Python runs hello.py

l

System calls = Linux kernel = hardware

LiREFRHE; shell EREW<SL; Python H1THEE,
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BARBHE—B: KIHAS; Bash, Bash {RIEIRZERIEE, Python ETHIA, EXHS
SRHEERSRS.

ILFA IR — B shell, —Z/%F Python, A python3 hello.py B&i— 1 ME8fiEF, X
7 shell f#Ra <5 Python H1THREE; NATREEESEIZRMEH.



| Ubuntu Is a Linux Distribution

A usable system needs more than the kernel.

Ubuntu
A Linux distribution Z1Tkx

Applications ifF  Editors - Python - ...

Linux kernel R#% Tools TH Bash - libraries - apt

CPU - memory - devices Linux kernel B#%  CPU - memory - device access

Other Linux distributions: Debian GNU/Linux - Fedora Linux

Ubuntu @—f Linux Z1ThR, Linux RZ2E8IEMED .
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Linux P8 A%, 3R CPU, RFNIIRESKERREE. BILAPAERENERR
%, ®FEIR. E. ROLZENEFMNGIARNAE., RITIRMEEXEAHAS. BEEHYE
FPR—TAERNIRHERS.

FI15F Ubuntu #44: E8E Linux At%, A BashEIT HE. FE. apt BEENNAH, B2
AHXARE, TRAES—MLEARIAEAT EEFAINA, Ubuntu Desktop B] LARC R H,
Ubuntu Server B AREEF.SH, BEHEEXLHRE 2, RELRITRAPN—THEE,

FA, Ubuntu @— Linux &Z1ThR, Linux RZ2ENARKED . BER"A Linux", B8L%E
7Z35{#F Ubuntu. Debian GNU/Linux Y Fedora Linux IXZEETF Linux RZNERS; K1THRZ
BEsEITRZAE. 8FE. MARENEMEFPLFANER. XBAEETEXR, TEF
EBILEER

HEBRE: Ubuntu INE https://ubuntu.com/about . Debian

https://www.debian.org/intro/about . Fedora https://fedoraproject.org/ . Tux [R{EZ Larry
Ewing, {£A The GIMP 8IfE; ERIFAIS HAbR4IFIE=x.



| Linux on a Windows or Mac Laptop

Use the environment you have actually started.

* Windows: WSL 2 runs a Linux kernel in a lightweight VM.
* macOS: XNU kernel; many Unix-style tools are similar.

* Check the shell, file location and Python interpreter.

| Setam, FMKRNZAER.,

Slide 38 - Linux on a Windows or Mac Laptop
FTHIAB CHANETHERI T RSME, BG5S RENEN,

WSL 2 7R BB FIEITESE Linux 1%, 24 PowerShell #4M1L, macOS &M XNU,
HOBMURSFARAER., FPLADESE, RERRSA,



| Know Which Shell You Are Using

Commands depend on a shell and filesystem context.

Windows - usual defaults Linux - typical home FS
C:\Users\Ana\project /home/ana/project
Reporttxt = report.txt Reportitxt # report.txt
PowerShell / cmd Bash / other shells

KINEFTHEMRTFXGRFESEE.
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STERZEE LEIA, Windows AIEEE A/NE&8UR, Linux BAIEHEMXERS, LB Rimin
BRI, 9978 PowerShell, cmd. WSL Bash,

BITEHZR. BRSBESTBETARLTX., BRI, SRMIASmER. shell MIfERZE,



| Create a Folder and Run Python

Start with one small program.

Command &% Actual output SLHIZER
mkdir -p terminal-demo hello

cd terminal-demo
touch notes.txt
# Save print("hello") in hello.py
python3 hello.py

| %1% hello.py, BEEFHENBERIET,
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A EHCHEGI)UERIIE terminal-demo, #HAN1ZB %, B touch BI}E=H notes.txt, FEEH
REE2RFNE hello.py, B print("hello") #R7E, BT python3 hello.py, HMIEiX—H LR
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touch A2BHANEREF, UAZBZEERXMH. XEZE—TMIKIm/NIF, FTH FEEI+iH
HZHIE, BRPRIRAR, XERERILECEIZNESIXE.



| Paths, Completion and the Interpreter

Know where you are and which Python runs.

Useful checks iAIRIZ * Quotes keep a spaced path together.
pwd * Tab completes a known name.

cd "course files"

python3 —-version * python3 -m pip uses that Python.

thon3 -m pip —-version . .
Py PP * apt and pip manage different

software.

| etIA LRI BNRRES, BHAKSONHALE,
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pwd EFZHRIIE; HTIENIRIERASISHERE, course files REFEERMNEERS, AE
KUZIEEE., Tab BTHEEFENRTF,

python3 --version ffIAfEFEZS, python3 -m pip MRNIXMERFZRME TR, Ubuntu apt ER ST
B4, pip EXIN Python MERE, MREARIZRIZEGIRE, TEXERFALEME.



| Count Files with a Pipe

find selects paths; we - counts their lines.

find . -type f -name "*.py' | wc -I

find stdout R wc -
./hello.py __. | one path per line .12
/helper.py RIT ISR count newline chars

EBENA: RITRERLS we-l, 8E 2,
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E—1EEBEZEH, hello.py # helper.py & Python X4, notes.txt A2, find MHEIEER
SHIREYA, -type f REEEXMH, -name FHVRI RiEF .py BF., ESHES|SRIP, &
% shell FeEFF.

find #EFITIRE, BEEIEXLEXARLE we -, ERFEIZ, XBAXEZEERT, FAU—
FIRREF—1T. Is - BUHRIT R BEE RS E AL,



| Save Command Output

> sends standard output to a file.

Command &% Actual output SLHIZER
python3 hello.py > output.txt hello

cat output.txt

| > &%=, >> BN, cat ERERFRFNARS,
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i€ hello.py MItR &R EE @R output.txt, B cat IEENE ., XFr&iniit hello, EEMMHA
shell £M8, REE(S Python 2%,

output.txt EFERN, >SBEE; >> RiEM. B& > FRERFNERIR. REBCSHNG
SJEFRETR.



| Find Text in a File

Use grep to locate a line in your source.

Command &% Actual output SLHIZER
grep —n —F 'print(' hello.py l:print("hello")

| BE—NXMPH—1T, BY RIBRER.
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ERIZTRY hello.py RERFEXA print(, -n BR1TS, -F XRREBRXFLE, MNEES
ANEFIENFRIAIU, EFRL 1:print("hello"), BIERY 12175,

REEE-TXHFTENK: FEERTERN, BEE grep FUB)IET, XEFS|IAFIMIX
Rl E R,



| Stop, Search and Get Help

Use a few shortcuts to keep working.

* Ctrl+C: interrupt a foreground command.

= Up / Ctrl+R: recall or search history.

* Tab: complete a path or command.

* man / --help: inspect syntax; q leaves a pager.

| 278, LEEEGSREIA,
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Ctrl+C iR ®m <, AFTMIRXHEXERE, HEGLIAINER, ENERIASEI
B,

man 2Tz q BY, --help EEXZFEVRATREKGS, shell REG<tATA help,
macOS BSD 5 Linux GNU TEME D RINAE, EHEEEEE),



| Predict: How Many Python Files?

B

Slide 46 - Predict: How Many Python Files?

TEAEE—TEEBZE, RE hello.py. helper.py. notes.txt. output.txt, find M=gaIEFi%
B .py BEXH, WMEMITERE, we-115,
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| Linux: What You Can Now Explain

Quiz 1: 2 Python files — find selects, wc counts.

* Kernel manages CPU, memory and devices.
* Distribution combines a kernel, tools and applications.

Shell reads commands and starts programs.

| BERBRASE, BEERERMENE,
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EEXE/NN: RAE hello.py 1 helper.py ILEE .py, FIAZERAN_, find HIHEERXA, wc -l
FTiR1T, AR TIRT.
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XF. REMERER,

RHEXBLER, AIHFS Al BEHEENS AAFERIIE, FHINR Linux HohFERLIR. 5
ZSETRTREER, TH3IANBRELRNRHA,



| Reference - Requests and Failure Reports

Use facts that another person can reproduce.

* Request: local issue + relevant code + constraints.
* Environment: OS, shell, Python and directory.
* Failure: command + input + expected + actual.

* Follow-up: cause and smallest relevant change.

| BUtn: #R%% PDF/pdf =R, REWY ext BIEK,
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WRERODARE, FTEREFEHER., FERHTERER, EERMREMHBARDOE.
BRATIRIToANCE, REITEMIESLRR,



| Reference - Inspect, Restore and Disclose

Preserve a known version before a small revision.

Inspect before restoring * Read the diff before committing.

git status * restore discards uncommitted

git diff

git diff —— inventory.py changes.

git restore — inventory.py - Save a copy if those changes matter.

* Declare actual generation and checks.

| tREZ8, SHINEEEBLLE,
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FTEER, WARMIRRZ., restore REFEENXMHRRERNEN, DENSE, FANEBENIE
FERIETT.

BEIz
XEBEEGE, FEXRMERT, REHEAESNKIIIE, FEEESSEHEENT,



| Reference - Terminal Quick Guide

Connect each command to one observable action.

Action Command Action Command

Locate pwd/lIs/cd Count find ... | wc -l

Create mkdir -p / touch Save command > report.out
Read cat/ head/ less Interrupt Ctrl+C

Search grep -rn -F Help man / --help

| NERIERER, EBEEROEROMRE,
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touch AERHY, > FIREEE, EEREINERL, we -l #iRiT. SIDERTHRITHERNY
EO

EHCHEI BRIRF: g BERLED IS, BNENE SRR,



| Reference - Windows, WSL and macOS

Match paths to the actual environment.

Environment Distinction * C:is typically /mnt/c in WSL.
Windows PowerShell / cmd: drive * Linux home: commonly /home/name.
paths * Case behavior depends on
WSL 2 Linux kernel in a lightweight filesystem/config.
M * Prepare WSL and course Python
macOS XNU; Unix-style tools before class.

| EUSLREFHRARZS RS,
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Windows C #&125 WSL ##HE5EAE, REMMEHIALE; macOS BSD TAS Linux GNU
TEESHER.

RADEEWE, XEAELRWNED . EXRFENRREE.



| Reference - Traceback and Debugging

Combine the traceback with paused state.

Meaning

* Follow calls to the failing operation. Action

* Read exception type and message. Into

* print checks a few known values. Over

* A breakpoint pauses before execution. out
Continue

| BEESEDRRMESRIE,
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enter called function
execute current line
run until this call returns

run to breakpoint/end

AE "BIEE _TMEERT", E8STRMLBERMNABNUE., print 5TEINEREE

bo

EFMEEEZXAR, TRILEEMET; n=1EERIMNEnDRH=, BREERTFEEUE.

P ERmMAZEE, ETEE



| Reference * Tools and Environment Checks

Check the environment before changing system software.

Environment checks * The Ruff extension is another entry.

python3 —-version

* Enabled rules determine findings.
python3 -m pip —--version

ruff ——version * Use course Python, not sudo pip.
ruff check practice.py . . .
ruff format ——check practice.py Retest behavior after repairs.

| 387 lint B, HEETHERE,
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