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Introduction to Computation (CS1602) - Lecture 7
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Part lll: Problem Solving with Al - Fall 2026

25 1 T - Recursion 333
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| How Large Is the Course Archive?

A folder may contain files and more folders.

| Foetrserpedkarines, BERMREXHAN?

% 2 T1 - How Large Is the Course Archive?
FTAZFE—TEILES: BERESH, SIBETEROXERN, XEREGREISE—T
XEXNEEEN, TEREEFER,

B2ESHR, TEAEBRBBEREGN, EESAEEENATXGNREIIRRT, 1LEF.
B5EREI R



| Predict: Open and Close

B

£ 3 71 - Predict: Open and Close

FE— B HANE B X 4RIV E] open 5 close, HEFAELMIMUIN, T LEAMER,

BEHANRHSEXEAES, ENAERFEZRREE, WEREREBRFFTREZ
&, AEINLOFIENERR—DRE.,



| How This Lecture Fits Together

One idea: solve smaller tasks of the same kind.

1 A folder contains smaller folders.
ZFER, NMAREM RITERKIVIXEE,

2 Acall solves a smaller task, then returns.
FZEEFERIVMNT, BEREIRXBERSLELEM,

3 Design smaller tasks for different goals.

' v V
Split & merge - $& Order steps - iXi&1E Try & return - Eli#f

| cm@mAtasRd, BERREETR, BREFIFRISHIMES,

£ 4 T1 - How This Lecture Fits Together

TIREFHNEREF FU—TERN, BEFER, MARAERRATERANXMGE, RE
SEEER/NT .. ZERAMTLEZRREE, MARTHERLAAECHENX.

RENEFEETHRE: BETFEFRNNT, BEKBFAZEM. MLEHEER. F
5. BRESEXERREBIPRT: MRELEX TN IRETERT, BREFBTRTIHES.
ERZETENERRBESITE,

RETENRT ARESKBUBRBNERER, EEEMDRITIMES? HIFERFAREH,
XinE BRI ZH TG, ERRFIERE. BEIPRMIREIMRE, KE=F0XZEAFRBR
TRIRITRE, TEMRRXITHN=ZTSR, BAR=XKEREE. T-—HRFREAXMRE
HASIRITREHXR.



| How Recursion Connects the Strategies

Recursion expresses tasks; the strategy chooses the subproblems.

Recursion i&!3 - express a task using smaller instances
Base case + smaller task + combination

| |

Hierarchies Divide & conquer Backtracking

BERE R VDI (o34

Process each child. Split, solve, combine. Choose, check, retry.
Folders — total size Merge sort = records Queens = placement

Hanoi: arrange smaller tasks in a required order.

| BIIRREXAR; SARSEMSIRIHEHRE, haRBEIRMEELTH,

%5 5 T1 - How Recursion Connects the Strategies

FE=TMIREANEEEH. BAR—MEFRAHN: BENNREXESTHRIERIES, HR
BEENREEMNIE, DA RITFRBASASERNKE, ST B D BHERRA
REREERREE, ENAR=TERNED, BAZUANTT B EHRIMKS.,

AR RAAARBEARKEXLEES, ARRDEBHEMAIUEIZI . N B F5iTFI R
EESNER, PEEFAAHFENFOHEH, ANZ2EREFREFRERE, SXEEN
SRR/ MESFTRRF . IRNAERFEZESII, REVHEERKAHE,



| One Loop Does Not Reach Every File

Same archive: five files, sizes measured in MB.

Course
notes: 1 Labs Projects
2 3 4 Draft

l

5

| BRISHHIE; BEINXGE, RASLBEHRS,

%5 6 T1 - One Loop Does Not Reach Every File

ElE A notes X4 1 MB, Labs FF X HR 2. 3 MB, Projects 5 4 MB X144 Draft
FBFHH 5 MB X4,

SERE=1TIEH, EFATEER. BE—ERRNIEAEMLSEETREEN. 8XHNTFE
F, MAREZTHRITX—EBE2EBXXEX/NIEEES.



| | - Where Does outer Continue?

Calling inner() leaves unfinished work in outer().

| - Calls i§lA - pause at L7 Call, then continue FAE44E

1 def inner() —> int: outer() has not finished

2 print("B")

3 return 2 L7 result = inner() B

4 . Next: L8 print("C")

5 def outer() —> int:

6 print("A") I 2
-7 result = inner() ca

8 print("C") -

9 return result + 1 inner() runs

10 .

11print (outer()) prints B, then returns 2

| VA inner BY, outer Eid{F B EEH—1T,

28 7 71 - | - Where Does outer Continue?

AIHNERESEELET FERBELERIRBER. THAREE outer/inner MERHN—TREN
EEHERERE, BASINER%, HAEKIC push 3 pop, M TRBEEEN, FEFE
FA outer, outer 3JEN A GREZRIZE 7 17, BFEFHEIAA inner BIMAUE, BFUN inner IR[EIfF

SITEM 4.

SHEBELHAN inner: SLITED B, BiRME 2, /BH—R A FE LB EITLEEIE 7 17, K5
B result BOMH1E, BH1TEE 8 1T4TED C; outer FEEFME 6 1THIR. N THEIX—=, BEF
WNTTRER outer [BIARTTRBIIRIE, AEBIEX—EHIT, TERRNBITATERE,



| Why Keep a Call Stack iEIF#?

Each call keeps its local values and place to continue in a frame.

Frame i@ - one call’s record
Most recent call runs 1

Push A
Call inner(): add its frame. inner() - running
L2 print("B")
Wait &1 —
- outer() - waiting
outer stays at L7 until inner returns. L7 result = inner()
result is not assigned yet
Pop 3¥HH
Return 2: remove inner’s frame; resume outer at L7. Program - waiting
L11 print(outer())

| XL RTEREARICRAMERE, REHARRLEE.,

55 8 T1 - Why Keep a Call Stack 1A #%?

Az E— J\ﬁa%ﬂﬁ‘éﬁ FEUEMNEHE, ESARNBEREMSENITHUERNERICE,
0L A A, l"]fEr—uEJZE’Jﬂﬁﬁle:%QHEJZiﬂﬁﬁ’fﬁ ABEMNDRLE—TRE—1F: £EFHE
outer, outer ?“% 7 175 inner, RAE®x LED inner f£1517.

VA inner BIFME—5KIC%K, &FEA push; outer (REARZTHUMUEMEHE, SFFRT,

B—TIRIRIE, inneriR[E] 2 NREFREIDE, 23 pop, /G outer MEE 7 TRRIKIE.
result EMERIEAFE, AUEEPHEHREARME. BRRNEEEHRXR, A2 CPython
MEBNEFERR. T—TIIMNERFFRESERRRELRE.



| Follow the Calls: outer = inner

Begin at the top-level call.

Code #2F - 01/10 Call stack iEf#% - top 1
1 def inner() —> int:
2 print("B")
3 return 2
4
5 def outer(l)l :> int: Program T12F
6 print("A") Running L11
7 result = inner() unning
8 print("C") . . _
9 return result + 1 Printed Bi#ith

10
—1lprint(outer())

| #isk: MEHEG; BIE: BT, BIE: 4,

%5 9 T1 - Follow the Calls: outer = inner
REEXEHITT, MERERSE 1117FIR, 8ikRREPERITHIRERITHNIED,

HNEREAS FEFNZEERE, 2 CPython MBEAEFEHRE. RAEXITREEKE., BN
i, —IHE—THITIRES.



| Follow the Calls: outer = inner

Push outer(): the caller waits.

Code 2% - 02/10 Call stack iFf#% - top 1
1 def inner() -> int:
2 print(“B")
3 return 2 UL
: . Running L6
5 def outer(l)l :> int: Program L%
-6 print("A") e N
7 result = inner() ait at
8 print("C") - . -
9 return result + 1 Printed B4t
10

11print(outer())

| #isk: MEHEG; BIE: BT, BIE: 4,

%5 10 T1 - Follow the Calls: outer - inner

A outer() EAKIR, FFIaHITEE 617, THMNARBEEEBCHIART, RESHMER
SERLRVIRIE

RIFRBAEAMMEARS), BREESRTNT—IIN. FUTTmENERL.



| Follow the Calls: outer = inner

Call inner; keep the assignment unfinished.

Code f2F - 03/10 Call stack iEf#% - top 1
1 def inner() —> int:
2 print("B")
3 return 2 outer()
4 . Running L7
5 def outer(l)l :> int: Program 12
6 print("A") Wait at L11

-7 result = inner() ot
8 print("C") . .
9 return result + 1 Printed Bi#fiti A
10

11print(outer())

| #isk: MEHEG; BIE: BT, BIE: 4,

%5 11 71 - Follow the Calls: outer = inner
outer 7£58 7 17%1F inner JR[A], result tEETEREDE, FEEIRBIER 2.

RISEMERMUEARR), BFERTN T IR, FATITEEmEZER,



| Follow the Calls: outer = inner

Push inner(): the caller waits.

Code f2FF - 04/10 Call stack iEf#% - top 1
1 def inner() —> int: inneﬂ)
-2 print("B") Running L2
3 return 2 outer()
4 . Wait at L7
5 def outer(l)l :> int: Program 12
6 print("A") et L4
7 result = inner() ait at
8 print("C") . .
9 return result + 1 Printed B4iii A

10
11print(outer())

| #isk: MEHEG; BIE: BT, BIE: 4,

%5 12 T1 - Follow the Calls: outer - inner

A inner() EAKIR, FHEHITESE 217, TEHREREFEEECHERT, RESHMEAR
SERLRVIRIE

RIFRBAEAMMEARS), BREESRTNT—IIN. FUTTmENERL.



| Follow the Calls: outer = inner

Return from the active frame.

Code #2F - 05/10 Call stack iEf#% - top 1
1 def inner() —> int: inneﬂ)
2 print("B") Running L3
-3 return 2 outer()
4 . Wait at L7
5 def outer(l)l - int: Program 12
6 print("A") et L4
7 result = inner() ait at
8 print("C") . . ]
9 return result + 1 Printed B4iii A B

10
11print(outer())

| #isk: MEHEG; BIE: BT, BIE: 4,

%5 13 T1 - Follow the Calls: outer = inner

BIAHAT inner() B9 return, EAX—FEEHCHBEHMEE., T—I7TRREREIEHELAVAES,
RISEMERMUEARR), BFERTN T IR, FATITEEmEZER,



| Follow the Calls: outer = inner

inner() = 2; resume outer().

Code f2FF - 06/10 Call stack iEf#% - top 1
1 def inner() —> int:
2 print("B")
3 return 2 outer()
4 . Received 2 - resume L7
5 def outer(l)l :> int: Program 12
6 print("A") Wait at L11

-7 result = inner() dif3at
8 print("C") . . )
9 return result + 1 Printed B#it A B
10

11print(outer())

| BEMEARSRRE, BrRRRLEENED.,

%5 14 T1 - Follow the Calls: outer = inner

inner() J&[E 2, ZFAMERL ., FXEZEAES 717 HERNKEINETRX—1T, B
WET—1T,

RIFRBAEAMMEARS), BREESRTNT—IIN. FUTTmENERL.



| Follow the Calls: outer = inner

Execute this print, then continue.

Code f2F - 07 /10 Call stack iEf#% - top 1
1 def inner() —> int:
2 print("B")
3 return 2 outer() result = 2
4 . Running L8
5 def outer(l)l :> int: Program 2
6 print("A") Wait at L11
7 result = inner() cllizdl
_'g print("C") Printed E5ith A - B

return result + 1
10
11print(outer())

| #isk: MEHEG; BIE: BT, BIE: 4,

%5 15 1 - Follow the Calls: outer - inner

Fi k8RB HATAIEE 8 1T print, A T A RERBLEKEETENAET, T4 BIAITHF
R,

RIFRBAEAMMEARS), BREESRTNT—IIN. FUTTmENERL.



| Follow the Calls: outer = inner

Return from the active frame.

Code f2FF - 08/10 Call stack iEf#% - top 1
1 def inner() —> int:
2 print("B")
3 return 2 outer() result = 2
4 . Running L9
5 def outer(l)l :> int: Program 12
6 print("A") Wait at L11
7 result = inner() ot
8 print("C") : . . .
-9 return result + 1 Printed Bi#fiti A B ¢

10
11print(outer())

| #isk: MEHEG; BIE: BT, BIE: 4,

%5 16 T1 - Follow the Calls: outer = inner

BIHH4T outer() BY return, EAX—EEHCHEHEEZ. T—H1FRRERLIERLAVIATE,
RISEMERMUEARR), BFERTN T IR, FATITEEmEZER,



| Follow the Calls: outer = inner

outer() = 3; resume Program F#2F7.

Code f2F - 09/10 Call stack iEf#% - top 1

def inner() -> int:
print("B")
return 2

def outer() —> int: Program X2

print("A") ) )
result = inner() Received 3 - resume L11

print(llcll) - . .
9 return result + 1 Printed 25itH A - B - C
10

—1lprint(outer())

1
2
3
4
5
6
7
8

| BEMEARSRRE, BrRRRLEENED.,

%5 17 T1 - Follow the Calls: outer = inner

outer() iR 3, ZIFAMERL ., &kERFERESR 1117: SEBRIKEINETRZ—1T, B
WET—1T,

RIFRBAEAMMEARS), BREESRTNT—IIN. FUTTmENERL.



| Follow the Calls: outer = inner

Finished: the stack is empty.

Code #2F - 10/10 Call stack iEf#% - top 1

def inner() -> int:
print("B")
return 2

def outer() —> int:
print("A")
result = inner()
print("C") : . . .
9 return result + 1 Printed Bi#fiti A B ¢ 3
10
11print(outer())

1
2
3
4
5
6
7
8

| REEANEALER, SMARREECIRS.

%5 18 T1 - Follow the Calls: outer = inner

REFEER, FEEBYERE, #HHTBIRE,
RIFARBAEAMUEARS), BRERTN T TN, FUTTMmENERL.



| Recursive Factorial

Fornz1:nl=nx(n-1):0!=1.

code Output
def factorial(n: int) -> int: 6
if n == 0:
return 1

return n *x factorial(n - 1)

print(factorial(3))

| BMERASMER)T; EEHERE, HRERSHFFISHEES.

55 19 T - Recursive Factorial
REBAENITHERABRBEE, AR, ABEEATIER/NIM TR LR — 1R, MFEIE—R
n&Ef;, =MEE=FT_k—, NTHE 3!, HTK2, BR=, HALDTNIENEL, 0 HETE
XH—,
n AEMHRE—, HEiAREE factorial(n - 1) 98, BFEYEI n, BB —RAZRNE, £8
RN A=Eo R R, T—4EHsiEsZEEERE—HRE,

=



| Follow the Stack: factorial(3)

Begin at the top-level call.

Code #2F - 01/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
2 if n ==
3 return 1
4 return n x factorial(n - 1)

5
—+6 answer = factorial(3)
7 print(answer)

Program £i2f%
Running L6

Printed EfiH —

| #isk: MEHEG; BIE: BT, BIE: 54,
£ 20 T - Follow the Stack: factorial(3)
RENE X EWNITTT, MERRSE 6 1T, SikRREMEHRITHIRENITRIIED,

HNEREAS FEFNZEERE, 2 CPython MBEAEFEHRE. RAEXITREEKE., BN
i, —IHE—THITIRES.



| Follow the Stack: factorial(3)

Push factorial(3): the caller waits.

Code f2F - 02/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
-2 if n == 0:
3 return 1
4 return n x factorial(n - 1)
5

6 answer = factorial(3)
7 print(answer)

factorial(3) n=3
Running L2

Program £12%
Wait at Lé

Printed EfiH —

| #isk: MEHEG; BIE: BT, BIE: 54,
%5 21 71 - Follow the Stack: factorial(3)

#RF factorial(3) EAKIR, FFIAMITE 217, TEMNEREEEECHERT, RESH
RS RAIERIE .

RIFRBAEAMMEARS), BREESRTNT—IIN. FUTTmENERL.



| Follow the Stack: factorial(3)

This multiplication needs a smaller result.

Code f2F - 03/15 Call stack iEf#% - top 1
1 def factorial(n: int) —> int:
2 if n ==
3 return 1
-4 return n x factorial(n - 1)
5

6 answer = factorial(3)
7 print(answer)

factorial(3) n=3
Running L4

Program £12%
Wait at L6

Printed EfiH —

| #isk: MEHEG; BIE: BT, BIE: 54,
8 22 T1 - Follow the Stack: factorial(3)
factorial(3) BNSEAE/N—/R; HEIn Rk 3, FEEFHEIEARE.
RISEMERMUEARR), BFERTN T IR, FATITEEmEZERL,



| Follow the Stack: factorial(3)

Push factorial(2): the caller waits.

Code f2FF - 04/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
-2 if n ==
3 return 1
4 return n x factorial(n - 1)
5 ; -
6 answer = factorial(3) 1:\cto'r|alf_22) =2
7 print(answer) unning
factorial(3) m=3

Wait at L4 - 3 x?

Program £12%
Wait at Lé

Printed EfiH —

| &5k HBNED; BIE: 317, BIE: %4,
%5 23 71 - Follow the Stack: factorial(3)

#EA factorial(2) EAMKIR, FAHTE 217, TEHRNBEREEEESHNERT, RESHA
[ RFEARIIERIE

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

This multiplication needs a smaller result.

Code #2F - 05/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
2 if n ==
3 return 1
-4 return n x factorial(n - 1)
5 . -
6 answer = factorial(3) 1:\cto'r|alf_24) =2
7 print(answer) unning
factorial(3) m=3

Wait at L4 - 3 x?

Program £12%
Wait at L6

Printed E5itH -
| &5k HBNED; BIE: 317, BIE: %4,
55 24 T - Follow the Stack: factorial(3)

factorial(2) BNGEARE/N—/F; SEIn N 2, FEEFFEFIEAIRE,
RISEMERMUEARR), BFERTN T IR, FATITEEmEZERL,



| Follow the Stack: factorial(3)

Push factorial(1): the caller waits.

Code 2/ - 06/ 15 Call stack iEf#% - top 1
1 def factorial(n: int) —> int:
-2 if n ==
3 return 1 factorial(1) n="1
4 return n x factorial(n - 1) Running L2
> factorial(2) n=2

6 answer = factorial(3)

7 print(answer) Waitat L4 - 2 x?

factorial(3) m=3
Wait at L4 - 3 x?

Program £12%
Wait at Lé

Printed EfiH —

| &5k HBNED; BIE: 317, BIE: %4,
£ 25 T1 - Follow the Stack: factorial(3)

#EA factorial(1) EAKIN, FaMITE 217. TENEREEEECHERT, RESLHN
[ RFEARIIERIE

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

This multiplication needs a smaller result.

Code 2/ - 07 /15 Call stack iEf#% - top 1

1 def factorial(n: int) —> int:

2 if n ==

3 return 1 factorial(1) n="1
-4 return n x factorial(n - 1) Running L4

5 A _

6 answer = factorial(3) :’/z\a\/c'tonall(f? 2% 7 n=2

7 print(answer) alt at :

factorial(3) n=3

Wait at L4 - 3 x?

Program £12%
Wait at L6

Printed BiiH -
| &5k HBNED; BIE: 317, BIE: %4,
%5 26 T1 - Follow the Stack: factorial(3)

factorial(1) BMEAEN—/E; SHEin A1, FERFHEEAIRMD,
RIFARBAEAMUEARS), BRERTN T —TIN. FUTTMmENERL.



| Follow the Stack: factorial(3)

Push factorial(0): the caller waits.

Code f2FF - 08/15 Call stack iEf#% - top 1
1 def factorial(n: int) —> int: factorial(0) n=0
-2 if n == 0: Running L2
3 return 1 factorial(1) n="1
4 return n x factorial(n - 1) Wait at L4 - 1 x ?
5 . _
6 answer = factorial(3) @c'tonall(f? 2% 7 n=2
7 print(answer) IS :
factorial(3) n=3

Wait at L4 - 3 x?

Program £12%
Wait at Lé

Printed EfiH —

| &5k HBNED; BIE: 317, BIE: %4,
%5 27 T - Follow the Stack: factorial(3)

#7118 factorial (0) BN, FHANTE 247, TENBREEEECBRT, RESHA
RS R AIRAE,

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

Return from the active frame.

Code #2F - 09/15 Call stack iEf#% - top 1
1 def factorial(n: int) —> int: factorial(0) n=0
2 if n == 0: Running L3

-3 return 1 factorial(1) n="1
4 return n x factorial(n - 1) Wait at L4 - 1 x ?
5 . _
6 answer = factorial(3) @c'tonall(f? 2% 7 n=2
7 print(answer) IS :

factorial(3) n=3

Wait at L4 - 3 x?

Program £12%
Wait at Lé

Printed EfiH —

| &5k HBNED; BIE: 317, BIE: %4,
%5 28 T1 - Follow the Stack: factorial(3)

BI4$A1T factorial(0) Y return, {EFAX—EECHENEE, T -7 RRERE/EELAVIA

10N o

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.

Mt



| Follow the Stack: factorial(3)

factorial(0) = 1; resume factorial(1).

Code ¥/ - 10/ 15 Call stack iEf#% - top 1

1 def factorial(n: int) —> int:

2 if n ==

3 return 1 factorial(1) n="1
-4 return n x factorial(n - 1) Next: 1x1=1

> factorial(2) n=2

6 answer = factorial(3)

7 print(answer) Waitat L4 - 2 x?

factorial(3) m=3
Wait at L4 - 3 x?

Program £12%
Wait at Lé

Printed EfiH —

| REEARGERE, BRRLAEENED,
%5 29 TT - Follow the Stack: factorial(3)

factorial(0) i[E] 1, ZIFAMERE . FikEZNERESE 417 SERNIKEIRETRIX—
17, BYET—1T,

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

factorial(1) = 1; resume factorial(2).

Code #2F - 11/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
2 if n ==
3 return 1
-4 return n x factorial(n - 1)
5 - _
6 answer = factorial(3) T\TCtérzlal(f)_z n=2
7 print(answer) Xk =
factorial(3) m=3

Wait at L4 - 3 x?

Program £12%
Wait at Lé

Printed EfiH —

| REEARGERE, BRRLAEENED,
%5 30 T1 - Follow the Stack: factorial(3)

factorial(1) JR[E] 1, ZIFAMEML, FkEEERESE 417: FSEARNKRINETRX—1T,
B#ET—1T,

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

factorial(2) = 2; resume factorial(3).

Code #2F - 12/15 Call stack iEf#% - top 1
1 def factorial(n: int) —> int:
2 if n == 0:
3 return 1
-4 return n x factorial(n - 1)
5

6 answer = factorial(3)
7 print(answer)

factorial(3) n=3
Next:3x2=6

Program £12%
Wait at Lé

Printed EfiH —

| ‘BEMEARSRRE, BrRRRLEENED.,

%5 31T - Follow the Stack: factorial(3)

factorial(2) IX[@ 2, ZIEAMEREE, FikEENERES 417 SERRIKEINETRIX—
17, BYET—1T,

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

factorial(3) = 6; resume Program F#2F7.

Code #2F - 13/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
2 if n ==
3 return 1
4 return n x factorial(n - 1)

5
—+6 answer = factorial(3)
7 print(answer)

Program £i2f%
Received 6 - resume L6

Printed EfiH —

| REEARGERE, BRRLAEENED,
%5 32 71 - Follow the Stack: factorial(3)

factorial(3) iRl 6, ZFAMEM L., FXEZEAESE 617 SERNIKRIRETTRX—
17, BYET—1T,

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

Execute this print, then continue.

Code #2FF - 14/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
2 if n ==
3 return 1
4 return n x factorial(n - 1)

5
6 answer = factorial(3)
—7 print(answer)

Program £ answer = 6
Running L7

Printed EfiH —

| &5k HBNED; BIE: 317, BIE: %4,
%5 33 T1 - Follow the Stack: factorial(3)

FikIERBIRHATINEE 7 17 print. A TARERELEIEITERNAZR, T—07 HIMARTTRIF
R,

RIFRBAEAMMEARS), BREESRTN T IR, FUTTEmENERL.



| Follow the Stack: factorial(3)

Finished: the stack is empty.

Code #2F - 15/15 Call stack iEf#% - top 1
1 def factorial(n: int) -> int:
2 if n ==
3 return 1
4 return n x factorial(n - 1)
5

6 answer = factorial(3)
7 print(answer)

Printed EfitH 6
| REEANBRAEERR; SMIRKREESIPRS.
£ 34 T1 - Follow the Stack: factorial(3)

BEFEER, FEEBYERE, HHTBIRE,
RIFARBAEAMUEARS), BRERTN T —TIN. FUTTMmENERL.



| Opening Quiz Review: Close the Inner Folder First

The paused calls still have their own level.

code Output
def inspect(level: int) —> None: open 2
print("open", level) open 1
if level > 0: open 0
inspect(level - 1) close 0
print("close", level) close 1
close 2

inspect(2)

| FFi7%%: open2. 1. 0, #AJF close 0. 1. 2,

% 35 71 - Opening Quiz Review: Close the Inner Folder First

BRI FiaE—p B, TEEHAN 2. 1. 0; BEAHEREMA, FiTE close 0, R[EFLE—EM
BIEREmEEE, FEitigERmE close 1, &7 =2 close 2,

XEXHEERFZHNFERBOEIRBENINFHEN ., =1 level BTAEREA, FoBERNE

BE



| A Base Case Must Be Correct and Reachable

Check 1#&& Factorial example 5% What to ask [G]R&%

Task 1£55 Return n! forn =0 What must this call
accomplish?

Base &/ factorial(0) = 1 Is this direct result correct?

Progress # & 3-2-1-0 Does a bounded measure
decrease?

Combination A& n x factorial(n-1) Does this complete the

current task?

| B if EAE, ERLEESSHER—ERE,

%8 36 T1 - A Base Case Must Be Correct and Reachable

BRITEEES. BE. FES. AR, € factorial(n - 1) ENERMRFES, Fn
BESTRNHRIESS; BEDAISNTNERILER. ERSEULERRE,

ATBMESHH LIV, HENERRBEREHANEEM, FRITEED.



| Predict: Will the Base Case Be Reached?

B

55 37 T1 - Predict: Will the Base Case Be Reached?

SE_RM down(3) FFiR, B 2, FllFAEFIMSIREIM AL TAEIR, FERER
REIR TSR,

N ZERERBNBNTEE. EFRANNEELIERE.



| Quiz Review: Smaller Can Still Miss Zero

There is a base case, but this input never reaches it.

down(n - 2): start at 3

Base: n ==
3 = 1 skips 0; every later value is odd.
HEZ/N, TERERTIEEE,

| ABISERRSH: RecursionError, SEAQEENAME, BITIORE,

%8 38 T1 - Quiz Review: Smaller Can Still Miss Zero

SHE 3. 1. A1, A3, BARFH, BFRARERERN 1, BASAKAE, RAMAIIMEIT
105 H ) RecursionError,

A—MEREREEE, IBXEATEHENSH. RN TFTERESE, TERIE
RREESFIBT, FBEMMAZCL,



| Termination, Depth and Saved Work

Check termination, maximum depth, and saved state.

Version 5i% State kept K7 Practical choice fEE ¥ Ef
Recursive factorial One waiting frame per call Along valid chain can be too
deep
Loop factorial Running product and loop Direct for sequential
index accumulation
Nested traversal Unfinished levels or branches Use calls or an explicit stack

| Beglt, TR, BEIREAIRNRET, BRESNERERE.

25 39 T1 - Termination, Depth and Saved Work

B SRAREIHA RS MR HENRE, BARFREFHIRS, BI—& down(3) IR TE
H; A—ERKREFRATEL, BARERARENBY SpERSRERRERS, XM TF)
B D TT,

B SLia 79 countdown(5000) &)X —8ERIE, {ESALA RecursionError; RERHIFZE
PFE—TRAFER., IWXRITBRERBIERE, BERSHSXNFTERARIELNRE, 35
XAE—BREREN K,



| Il - Data and Repeated Subproblems

| - Calls iBF Il - Data #iE Il - Divide 9934 IV - Hanoi ;Xi&& V- Search [Eli#f

Use recursion on data; then ask how much work repeats.

Carry forward EE1E Next decision IEE5EE
Each call keeps its state and returns Follow nested data; check whether
a result. the same task repeats.

| Use it for F3i&: Archive size; fewer repeated calculations.

%5 40 71 - Il - Data and Repeated Subproblems

s _ih NAELMEFABFREFRAS, BFLL, REEXTHMREFIZERE
X, ERMBHOHRELSIE. FEHA— Fibonacci RHEIGAREEREMAIAEREEEET
5. MERFITERAEN, FBRREEKEL—FE-A.



| Total Size of a Nested Archive

A loop handles this level; recursion handles the next.

code Output

def deep_sum(items: list) —> int: 15
total = 0
for x in items:
if isinstance(x, list):
total += deep_sum(x)
else:
total += x
return total

archive = [1, [2, 3], [4, [51]]
print(deep_sum(archive))

isinstance(x, list) ¥IFR & ATIR;, FEREKNT, BMAKRE,

£ 41 T4 - Total Size of a Nested Archive
BEARIMEAD, FJIRRKEBEXERRANS, isinstance(x, list) HIFTHAIMEREIIR, THIRD
WE. MAERER. RBERWSIANGRESIR, HFOREN, XBRUEHIERT, T2HE
API,
BEAMIL total, BIHEEARM, FIRLEFRIT, BIAKRERE. IEBASHIZED
XN, SBARNTE MB,



| Archive Review: Every File Is Counted Once

The opening task is complete: 15 MB.

Course =15
. T
notes: 1 Labs =5 Projects = 9
T T
2 3 4 Draft =5
l
5

| =x#3I6EE 0; SMESHESERI.

%8 42 T1 - Archive Review: Every File Is Counted Once

Labs jR[E] 5, DraftiR[E] 5, ProjectsiR[c] 9, FIMNESEI 1005 509 =F 15,

EXHRKBWE, BHAFR, total (RIFZFRE, FREMNE—1if, BREBBREXMHRI
MENEREE, HFiEHEE total DHIET .



| Fibonacci: Two Calls for One Result

Standard indexing: F(0) =0, F(1) = 1.

code
def fib(n: int) —> int:
if n <= 1:
return n

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

print([fib(n) for n in range(8)1])

| BEMEEH, TENESREEEMERES

%8 43 T1 - Fibonacci: Two Calls for One Result

RIBIRBFME Fibonacci #¥){E, IEEEINEELE

2, 3. 5. 8, 13,

XEZXFIROAESHTEIE. B—1TSHEER

Output
[e, 1, 1, 2, 3, 5, 8, 13]

BIBIMIN, BAEM. SERRET/\IIZ 0. 1.

SETREBZREMITE, EEXLMEAN,

1.



| The Same Subproblem Is Solved Again

Find repeated fib(3): 15 calls for fib(5).

fib(5)
-
fib(4) fib(3) - B
— e
fib(3) - A fib(2) fib(2) fib(1)
— T — —
fib(2) fib(1) fib(1) fib(0) fib(1) fib(0)
—
fib(1) fib(0)

%8 44 T1 - The Same Subproblem Is Solved Again
fib(5) MK EHEE fib(3), BT TREXRZMER, sEAEXE+AR,
BEEELMRRFRNEESETKE—TES.

HH2NSBERIFISENERER, RFELFRNE, SRMMED LNEIMERE, A
BRER; (NMEABBRIEEMREER, XBRINCEETRE, TBIINEMESHA—HN

15 calls; fib(3) - A and fib(3) - B are separate calls.
| REERNERBHTUSREY; REETHNERESES T,

SRS, EEEERENERN, TESREEHESRE.

RAZIRE T,



| 1l - Divide and Conquer 93'i&

| - Calls iBF [l - Data £i2 Il - Divide 334 IV - Hanoi ;Xi&& V- Search [Eli#f

Design the pieces; combine what the task needs.

Carry forward BE1{E Next decision {EE5E2%E

Choose one half, or solve both halves
and combine.

A smaller result can be saved and
reused.

| Use it for F3i&: Binary search finds an item; merge sort orders records.

% A5 71 - Ill - Divide and Conquer 934
KEE=IL: ECESFERENNES, bEREEXRBENRMN ., MEEDZITFO#E, =
SEIREERE

DHRBEFERFE—TCE, BAKRTEFFEREAEST. BIARKER, 2EREE
FOMERER; XrAEEEXCHIFHRENERILR,



| One Chosen Half, or Both Halves?

Ordered search keeps one half; merge sort needs both halves.

target =15
Sorted input; inclusive range [lo, hil
0 1 2 3 4 5 6 7
1 3 5 7 9 11 13 15
lo=0 hi=7

Indices 0—7; values increase from left to right.

| BFERHR—EEE, FFHEFOBIRERE, BASER.

%8 46 T1 - One Chosen Half, or Both Halves?

BintRAUTBERN/\THF, PREECNTTR, MREREEAMSYATHRR, RRE
B, XRBEMACHF; ER—IRRAFBRE—TFE)R,

RAX—KEZEYNER, THAREDARE., T—IHFLATNIERY, B BEER
B3, FRBIRENREIFNIEDAR. o EWMNmR. RENEXESSVREFEH
Mo



| Sort Smaller Piles, Then Combine

Splitting alone is not enough: merge the sorted results.

Split Return
[7, 3, 4, 1] [1, 3, 4, 7]
[7, 3] [4, 1] [3, 7] [1, 4]
N O\ PN PN
[71 [3] [4] [1] [7]1 [3] [4] [1]

Base cases: one-element lists are already sorted.

28 47 T1 - Sort Smaller Piles, Then Combine

IEMEKSMEK 7. 30 4. 1 oM, BESRIRK, BOANFRBERFN3. 7M1, 4,
HEMESERBTM, DIERMTNBRFEREH . BFNFD5REIZRE—HHEARM M

Ez.



| Only Compare the First Unused Cards

Both piles are sorted; choose the smaller front item.

a=[3,71b=[1, 4]

Before Compare Append Merged prefix
i=0, j=0 3vs1 1 (b[j]) [1]

i=0, j=1 3vs4 3 (alil) [1, 3]

i=1, j=1 7vs 4 4 (b[j]) [1, 3, 4]
i=1,j=2 b exhausted 7 (ali]) [1,3,4,7]

i and j point to the first unused item in each input.

% 48 T1 - Only Compare the First Unused Cards

MTEFIRF, EEE-TRERBTEMZZMFREIVE, ERMIRIE, FERNEMA
&R, AEBEIXIN TR,

HWORIAN 1. 3. 4, AMERGZLFHRN 7, XEFREEEH, MEUREMHE,



| Recursive Merge Sort

Two smaller results need one combination step.

Excerpt - DO RER
def merge_sort(
nums: list[int]
) —> list[int]:
if len(nums) <= 1:
return nums.copy()
mid = len(nums) // 2
left = merge_sort(nums[:mid])
right = merge_sort(nums[mid:]1)
return merge(left, right)

Complete runnable example T2

% 49 T1 - Recursive Merge Sort

XEROBEARER, TRANGITEFEEZES merge 5 merge_sort, SLFREITEE 1. 3

4. 7 195K,

Actual output LI H
[1, 3, 4, 7]

* Base: return a copy of an empty or

single-item list.

* Sort both halves, then merge.

= Slices and new results also use

storage.

N

BREIEFENIIR, KETH—ERROEIR, REBEFRRAFN—REHENF, Kb

BREARTHAXFER,


https://taohuang.info/cs1602/en/lectures/l07-recursion/#merge-sort-example

| Hanoi Rules

| - Calls iEF [l - Data £UE [l - Divide 938 IV - Hanoi U&1& V- Search [Eli#f

Plan legal moves in a required order, from A to C.

One disk
per move

Top disk only

No larger disk
on a smaller disk

A physical puzzle 34

DPIWiN = —

B C
Goal: A= C

Disk number increases with disk size.

£ 50 71 - Hanoi Rules
AIHAS FEREBINEFNE XBREEARTEHBESEARNNE. IMSAHM=EFE
E A, B, CHEBZIRBAHMN: —RIABHNE, KEAEBEVNEL,

Bine 2883 C, BESHAEEA, BAPNEHNRERATEZN, FILFEFBHAR
RENTLERIAREERD,



| Free the Largest Disk First

Two smaller transfers surround one required disk move.

Start Subtask 1 Move disk 3 Subtask 2
3 disks:A—>C 2 disks: A— B disk 3:A—>C 2 disks: B —> C
A B C A B C A B o A B Cc
source: A source: A source: A source: B
target: C target: B target: C target: C
spare: B spare: C no spare needed spare: A

Each subtask transfers two disks; the middle step moves one disk.

| T(0)=0; T(n)=2T(n-1)+1=2"-1, ENIMESBURAEETHK.

£ 5111 - Free the Largest Disk First

%?BE‘#(*%M AR C, SIELE n-1TMETERE B, BEMRAE, &L BINNEBE
o BRNBRKRBHEERERBENAEN.

Jt:ﬁ FRBHELEN: RAREERS CHI, NEOAZE B &ZKRERCHE, NEXER
ILRABETERREEINNERE, TEAD TR, ZMEMEARIRX&ITIVES

}’7\%% o), T(0)=0, T(n)=2T(n-1)+1, 32 2 B n ) XFGB—, FHEKPTRRPERILSZE

o

+H



| Pillar Names Stay; Their Roles Change

Name the subtask before arranging its parameters.

Current task %gi{E

= source #25 target &5 spare &£H
hanoi(3, A, C, B) A C B

First subtask: move 2 A B C
disksA— B

Second subtask: B C A

move 2 disks B — C

| sEisENmMEIM, EBRIET, BEEH,

% 52 T1 - Pillar Names Stay; Their Roles Change

A, B, CREIERR, xR, KRNEATABHRIESHE. TH—0ERTENTFES,
BYNZHUE.

B—FEBHNBE B, FiAiACHAEERE; BE_FESMBESD, FH A&,



| Three Stages Become Three Lines

Smaller stack — largest disk = smaller stack.

code Output
def hanoi(n: int, source: str, disk 1: A —> B
target: str, spare: str) —> None: disk 2: A —> C
if n == 0: disk 1: B —> C
return

hanoi(n - 1, source, spare, target)

print(f"disk {n}: {source} -> {target}")

hanoi(n - 1, spare, target, source)
hanol(z’ IIAII, IICII' IIBII)

| mMAFRBMETR,; PERBHUMBAR,

% 53 71 - Three Stages Become Three Lines
REESBRMESIASES, nHIENBHR. EBEAHEE. TEREZRE, HihiERR=M
BT,
B AR print I FANFIREMAZE, FrbAmBIRF EF RIMES LR, R EFEF
§|J§O



| Predict: The First Hanoi Subtask

B

55 54 T1 - Predict: The First Hanoi Subtask

RE—ENNINE=ZFSHP, BE 3 ZAETAMTFER, EXFERBER. ZRA
AN, BRESHTHIIBER,

AEAT—IHIRBEHEIX IS, BERITERARERE.



| Seven Moves, Eight States

Quiz review: hanoi(2, A, B, C) comes first.

0 - initial - disk1: A=>C 2-disk2:A—>B 3-disk1:C—>B

=T AT IIT I

A
4 - disk3:A>C 5-disk1:B—=> A 6 -disk2:.B—>C 7 - disk1: A= C

e fpo lE :

SRNEHE A B, BLEABNRAE,; INIERLEBEFER.

uIl|E

£ 55 T - Seven Moves, Eight States

CfE=3: =& AR CZHl, lAE AZIB, CEEHENFIESE, AtE—FRAAR
hanoi(2,A,B,C), BElFRIE = /X EIFIX T FES, FRABRAE,

E’E‘%ﬂ?‘.ﬁ*ﬂt}iélﬁﬁblzﬂ’ﬂﬁﬁﬁ, FEE—THIXE _1T. BSRBINE, REA[EK/)
2, RKEAN AR CESTRFAERNSHES, REENRERCRTIRFHAEL,



| Moves, Return Values and State

Printing an instruction is not returning a move list.

Excerpt - #ZORER Actual output LI H
result = hanoi(1, "A", "C", "B") disk 1: A —> C
print(result) None

= Lab: return a list of moves.

* Check legal moves and the final
state.

* Alegal sequence need not be
minimal.

Complete runnable example STEF2F

%5 56 T1 - Moves, Return Values and State
SRNRERESTITENZ—M A 2 C, BITENREE None, TAfEMEKIREIFZRNFIFR, (XFTE]
BAEmEREO, FEXDEMIES . REFUENRITXENEENESTRE,

BRI EINE . KOFNFELS; BTIMEERNEZNESDB Y., SE1FTHRM, — 02
ENFSEEETRNFEINAEES&SEEZLE, &OTHBERESAITER. FBEEERLIR
¥%EN5 +HIRREER.


https://taohuang.info/cs1602/en/lectures/l07-recursion/#hanoi

| V - Choices and Backtracking [E]iff

| - Calls iBF [l - Data £i2 Il - Divide 9934 IV - Hanoi ;¥i&# V- Search [EIif

When the next choice is unknown, search and reject conflicts.

Carry forward BE1{E Next decision {EE5E2%E
Hanoi gives a required order of Try partial choices; stop when a
smaller tasks. conflict appears.

| Use it for F3i&: Find feasible seating plans, assignments and lineups.

£ 57 71 - V - Choices and Backtracking [El3}f

B sl SEEN T -—IHESAMNERES, 2RNTAINFEZ RS MEE, &)3
RIAMGTHINERERARRE D EREML D T4EE, LS ZRHPRIRE, REER
BELT—RE, AEESHHREARNME. DEHY, FET—MERIN—TBENLR
:_Eto



| Place Queens One Row at a Time

Place four queens: no shared row, column or diagonal.

queens = [1, 3]

0 Q

1 Q Next row = len(queens) = 2
2 Try columns 0, 1, 2, 3.

3 Keep only safe choices.

i R RARFEEBFHIRILT,.

%5 58 T1 - Place Queens One Row at a Time
BireElUENEERETNEE, FERTAERIT. BIESENAL%. TYOESITH—.
XERBIFEIATT, queens=[1,3] RREZFTEF I, F—1TEHE=F. T—1TFTFTZHRT
®*RKEZ,
BITRECREBRETAR, AFHREIIFIENAL ., A1 EETEBIME DB, TiLFE4E
AT —1T B RE,



| See the Conflict Before Writing the Formula

A diagonal has equal absolute row and column differences.

Same column Both diagonal directions

o 1 2 3 o 1 2 3
0 0
1 Q Q: placed 1 Q

C: candidate

2 2 ¢ \_
3 C 3 C
col=c=1 2-1=10-1=1

%5 59 T1 - See the Conflict Before Writing the Formula

Q REMERE, CREFE, FEHEE LRAIREFINMIM AR AL, BYNIISHEFSTE.
JIEBXHERS.

I ENEESMECHERELTER. T5S5SMNEFE, JUEAXAMIBEHEEE,



| No Legal Choice? Return and Try the Next

A failed child does not end the parent’s search.

Choose col 0 Try col 2 Return to [0] Try next: col 3
o123~ 0123~ 01237 0123
0 Q 0 Q 0 Q 0 Q
1 1 Q 1 1 Q
2 2 x x x X% 2 2
3 3 3 3

No legal square in row 2 — return, then try another column.

B A ZERAMIIER; BEE, KEM [0] BARE,

25 60 TT - No Legal Choice? Return and Try the Next
FEERY, BRI 1785, 55 [0,2], E=TOMIEZEFR, FESTIETH,
REIRE [0],

RESET—RIEE =5, T3 [0,3], XEBXAMIIEK, RERIIXRRE, TEERME
fH; SR HEZFIK append, FMOTHENIRE .



| Count Only the Safe Branches

Check conflicts before making the next recursive call.

Excerpt - DO RER
def count_queens(
n: int, queens: list[int]
) => int:
if len(queens) == n:
return 1
total = 0
for col in range(n):
if is_safe(queens, col):
total += count_queens(
n, queens + [col])
return total

Complete runnable example FTEF2F7

£ 61 T - Count Only the Safe Branches

Actual output LI H

2
92

* A complete placement contributes
1.

* An impossible branch contributes
0.

* New lists keep the parent state
intact.

TEDXIBIN—TER, FMRTEALD, T nITRE—1MR, SMIEREDSZAIREAENM.,

B EMRZIREN total (RIFE,

EiEFS is_safe, XWRFEIMNZ/EM
, STERAESLI A MIHSCRILIETT,

=
7C
iz

. \ERNTIME, RELEHIIRSIREHR


https://taohuang.info/cs1602/en/lectures/l07-recursion/#queens-example

| Return to the Route: Choose a Design

Match the task structure to the strategy and saved state.

Task {£53 Design choice i&iHi&iF Why it helps Fi&

Nested archive Recursion over a hierarchy Follow folders of unknown depth
Sorted data lookup Keep one smaller range Discard impossible candidates
Sort records Divide, sort, then merge Combine ordered smaller results
Hanoi instructions Order smaller recursive tasks ~ Respect move dependencies
Queen placement Backtrack over partial choices Stop conflicting branches early

| B#ES, RERE, #RSHS,; L08 BRXEKREHENRIIER.

% 62 T1 - Return to the Route: Choose a Design

EEIFKREE, FUELMRMESSIRITRENNEXR, BRMBERER, —DHIRRTAI8E
SEE, AAHFDEEH, NEEZHHREINF, 2EEHRITRNRE, BAREFES, ©
Bl REMM D EER, BABWERESITE.

B 5B AR LMRALER: 285 EERESIKITMERRE, IWXRITEERETE
1%, BREDZAILAAE, e EXUREFLIBRE, DI EE, #R. EETFENR
AHR, T—HEXERIEE LM EE S L,



| Lab 7: Design, Implement and Check

For each task: state the contract and test small boundaries.

= A - Recursion: digits, reversal, palindrome, flatten and coins.
* B - Josephus: compare simulation with recursive reasoning.

* C - Tools: search files, count and summarize with shell commands.

| EmBAHTER, BRIRBALY,

%5 63 71 - Lab 7: Design, Implement and Check
SCHRIZIOE IR SRR EN, HEF . THRA . —BREANRABMNICRRIIE, HFEBFE0E
5B LEREIORE LS,

BRp#izEs. oE. TRGLSTIRFICERAONIELRITT K, FAEEERREEARLS
BZ 5L,



| Solo Assignment 1: Change One Movement Rule

The same objects can define a different recursive task.

Ordinary &i& Adjacent only tB4BFR#I

Any pair of pillars Ao B CnodirectA< C

2" -1 moves 3" - 1 end-to-end moves

Return and validate a move list Derive the new task decomposition

| RRFITFZALL - 5% - due 10 Nov, 23:59 GMT+8,

25 64 T1 - Solo Assignment 1: Change One Movement Rule

PTAELEZEBXIAES RAVFRBERNNER, MPARNEHELS BB FIRAESTE
ME5RE,

"’“171‘712“‘551%6% TBRAZE—SEHIRRNEN. SEXGEIBSTHXRR, TBFIIH
SR IR 5T

AFTER CLASS

Selected References gt &

SEXNRENERFB BTN ELIZRAOMR, =B, 4%, Ackermann, B/
TEMEMT RINEIBICHN, TOBEHENIRY,

XETUE R HPIMIIRRARE, 0 EREATIRRLS LB EF R,



| Use an Explicit Stack for the Same Archive

pending explicitly stores unfinished work.

Complete code pop EXH Action / total
def sum_stack(items: list) —> int: [4, [5]] extend; total =0
ending = items.copy()
’ontal 2 0 Py (5] extend; total = 0
while pending: 5 add = 5
X = pending.pop()
if isinstance(x, list): 4 add =9
pending.extend(x) [2. 3] extend: total = 9
else: ’ ’
total += x 3 add = 12
return total
archive = [1, [2, 31, [4, [5]]] 2 add = 14
print(sum_stack(archive)) 1 add = 15

| pop MKRERH; FIREF, BHEM, FAARISERE,

%5 66 T1 - Use an Explicit Stack for the Same Archive

pending #iaEHIFMNEIIR . HMIREFR pop IFFREFT: F5EX Projects 5%k, HBEX Draft, BE/g
WOXZEMA. MW, =, =, —,

extend IBFFIRAB NGRS, FEM total; BEHA RN, XPARAMGERIEE, 518
JARFAR, BEANA+TH, MRESEKRZRRFEY, MAEREAEIRE.



| Boundary Checks You Can Explain

Input A Expected behavior Fiifj Reason [RE

factorial(0) 1 The direct base result
deep_sum([]) 0 The loop has no items
deep_sum([1, [1, [2]]) 3 Empty folders contribute zero
merge_sort([]) [] (a new list) Nothing remains to sort
hanoi(o, ...) No printed moves No disks to transfer

A very deep valid chain May raise RecursionError Finite does not mean shallow

| MESLHTHSTRE, BiETHY.

% 67 T1 - Boundary Checks You Can Explain

dr

L%Lﬁ$EMMWMMMﬂ MmeEEERERBANENEE. TEETIIR. TESEME

DAIRAT AESS, BiaTRERERFEY.

BIREFFIABEIUERAEEREMRE; SAEY
UFHXBENET.

dit
i
X
)>d'§
i
)G
&5
0

IREVFIN T P BB AR 2R RR



| Coin Combinations: Use or Skip a Denomination

The two branches are disjoint and exhaustive.

Branch 9% Smaller task F{E5 What decreases i# &
Use a 2-value coin 4 — 2, keep {2, 1} Remaining amount

Skip the 2-value coin Keep 4, only {1} remains Available denominations
Amount=0 One empty completion Direct answer

Positive amount, no coins No completion Direct answer

| €51 4 =FPAS: 2+2, 241+1. 1+141+1, IRFEREHHE.

%5 68 T1 - Coin Combinations: Use or Skip a Denomination

MEF, B _M—RAREAEEL R EFRED>—ZaiEm, e MER T
M, ERDXREISIE, BRI ABREE,

EE/NEIFE 242, 2+1+1, 1+1+1+1 =FAES, INFAEN AR, BEVIESRHENIE, XB
RBESHIR, TEITER BT,



| Why the Hanoi Count Is Minimal

A construction is optimal only after a matching lower bound.

Necessary stage % HBME  Cost TH Construction #3i&

Clear the largest disk At least T(n-1) Transfer small stack to spare
Move the largest disk At least 1 One source — target move
Finish the smaller stack At least T(n-1) Transfer small stack to target

| T(0)=0; T(n)=2T(n-1)+1=2"-1,
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RAREHEBOBENZAE, TEHNNEOATRUTERE; BEBmE, NEXBRBITE
LFH. SABEZUERE, FEFIIMNEB/NE, TZED TR,
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| Adjacent-Only Hanoi: Five Necessary Stages

No direct A « C move: transfer the small stack three times.

Start 1.smal: A= C 2.disk3:A—=>B

A B C A B C A B C
3.small:C—> A 4,disk3:B—>C B.smal:A—=>C

A B C A B C A B C

| T(0)=0; T(n)=3T(n-1)+2=3"-1, small EFEFH, TEELEME,
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ARSI RIS AMEBREIVRS, ATIERARE AR B, FENERR C, AEZC,
BIENERE A RAEBEICRE, NEREMARE C,
Ftbif =R R T(0)=0. T(n)=3T(n-1)+2=3 B9 n XA B—, FZ/NEBEERZNHETEELR
MR, EPHNBAFTARMIEFES, F2—RXih—22.



| The Recursive Star: See the Actual Path

Each non-base call draws five smaller recursive branches.

360 - 120 - 40
- 13%; = stop

780 segments
781 calls

NEEx, NESHEIRE,

| 8NMNELRBREMBSHE, REAERLET—FRiL,
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XoK IR A X H[E—17 star RENSEFRIER forward 1 left &£ 5%, B/XEI#H size FE/NE, B
It 216 E; size NFEFTHEIE.

360 FFia1§2I 780 FK&Ek. 781 )XAM, ERMUBENHEEME ., BRRAEIERFNT, T
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